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Welcome to the Conference

Welcome to Paris, welcome to ‘Our Common Future under Climate Change’!

On behalf of the High Level Board, the Organizing Committee and the Scientific Committee,
itis our pleasure to welcome you to Paris to the largest forum for the scientific community to
come together ahead of COP21, hosted by France in December 2015 (“Paris Climat 2015").

Building on the results of the IPCC 5th Assessment Report (AR5), this four-day conference
will address key issues concerning climate change in the broader context of global change. It
will offer an opportunity to discuss solutions for both mitigation and adaptation issues. The
Conference also aims to contribute to a science-society dialogue, notably thanks to specific
sessions with stakeholders during the event and through nearly 80 accredited side events
taking place all around the world from June 1st to July 15th.

When putting together this event over the past months, we were greatly encouraged by the
huge interest from the global scientific community, with more than 400 parallel sessions and
2200 abstracts submitted, eventually leading to the organization of 140 parallel sessions.

Strong support was also received from many public French, European and international
institutions and organizations, allowing us to invite many keynote speakers and fund the
participation of more than 120 young researchers from developing countries. Let us warmly
thank all those who made this possible.

The International Scientific Committee deserves warm thanks for designing plenary and
large parallel sessions as well as supervising the call for contributions and the call for
sessions, as well as the merging process of more than 400 parallel sessions into 140 parallel
sessions. The Organizing Committee did its best to ensure that the overall organization
for the conference was relevant to the objectives and scope. The High Level Board raised
the funds, engaged the scientific community to contribute and accredited side events. The
Conference Secretariat worked hard to make this event happening. The Communication
Advisory Board was instrumental in launching and framing our communication activities on
different media. We are very grateful to all.

We very much hope that you will enjoy your stay in Paris and benefit from exciting scientific

interactions, contributing to the future scientific agenda. We also hope that the conference
will facilitate, encourage and develop connections between scientists and stakeholders,
allowing to draw new avenues in the research agenda engaging the scientific community to
elaborate, asses and monitor solutions to tackle climate change together with other major
global challenges, including sustainable development goals.

Christopher Field, Chair, CFCC15 Scientific Committee
Jean Jouzel, Chair, CFCCI15 High Level Board
Hervé Le Treut, Chair, CFCC15 Organizational Committee
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L1.1- Climate variability and change over the last millennia:
Paleoclimate information and climate simulations

K-L1.1-01

Model-data comparison over the last
millennium: progress, uncertainties and
challenges

F. Gondalez Rouco (1)
(1) Instituto de Geociencias, Madrid, Spain

Present day climate variability and change, including
recent anthropogenic warming, poses questions that
cannot be answered based solely upon instrumental
records. The last two millennia (L2k), and specifically the
last millennium (LM), are immediate temporal intervals that
involve climate processes similar to nowadays. The last 2k
and LM have the potential to expand our understanding of
climate variability from inter-annual and decadal to multi-
centennial timescales, place a wider context for current
warming and explore internally induced and externally
forced responses of the climate system. Knowledge about
proxy-based climate reconstructions, paleoclimate model
simulations and estimations of external radiative forcing
emerge then as key elements to gain insights about the
relative roles of internal versus forced variability.

Comparisons of last millennium simulations and
reconstructions constitute opportunities for learning
about pre-instrumental climate variability beyond the
lessons that climate simulations or reconstruction efforts
can offer by themselves. Model-data comparisons provide
insight about the relative roles of internal variability and
external natural or anthropogenic induced changes and the
?rocesses involved. The relatively short ranges of external

orcing variability within the last 2k/LM nevertheless make
these comparisons challenging and further complicated by
the large uncertainties that aff%:ct both reconstructions and
model simulations (Masson-Delmotte et al. 2013).

This work reports on the progress of about a decade of
efforts in L2k/LM model-data comparison and discusses
how model-data comparison exercises focused on the last
millennium can improve our understanding of decadal to
multi-centennial climate variability as well as contribute
to our knowledge of present and future climate and/or
associated projection uncertainties. For this purpose, the
available continental, hemispherical and global L2k/LM
temperature reconstructions, an ensemble of simulations
including both Paleoclimate Modelling Intercomparison
Project Phase Il / Coupled Model Intercomparison Project
Phase 5 (PMIP3/CMIP5; Taylor et al 2012) and non-
PMIP3 model experiments, as well as the external forcing
configurations applied (Schmidt et al 2012) are analysed.
In addition, for each simulation considered, a total external
forcing (TEF), including all individual forcing factors,
is estimated as a simple approach to compare the total
radiative forcing applied to each experiment (Fernandez-
Donado et al., 2013)

At hemispherical and global scales, simulations and
reconstructions broadly agree on the major temperature
changes and suggest, despite the important influence
of the internal variability, an overall linear response to
external forcing above multidecadal timescales. The
rate of temperature response to LM changes in TEF is
quantified as a metric of the transient climate response
during the LM (LMTCR) and its distribution from the
model and reconstructed ensembles are compared
to other estimates of climate sensitivity and transient
climate response. LMTCR also allows to frame a simple
quantitative comparison between simulations and
reconstructions where discrepant behaviors can be singled
out. The uncertainties in reconstructions and model
experiments that impact our understanding of simulated
and reconstruction responses at these spatial scales are
also discussed.

At regional/continental scales we focus on the
assessment of PMIP3/CMIPS experiments and temperature
reconstructions developed within the PAGES 2k project
(PAGES 2k consortium 2013) and their responses to
forcing and report on their consistency across regions and
timescales. Inter-regional behavior is more homogeneous

in the simulated than in the reconstructed climates.
Agreement between simulations and reconstructions is
higher for Northern Hemisphere regions whilst models
disagree more with the reconstructions in the Southern
Hemisphere.

Fernandez-Donado, L. et al., 2013: Temperature response
to external forcing in simulations and reconstructions of
the last millennium. Climate of the Past, 9, 393-421.

Masson-Delmotte, V., M. et al., 2013: Information from
Paleoclimate Archives. In: Climate Change 2013: The
Physical Science Basis. Contribution of Working Group |
to the Fifth Assessment Report of the Intergovernmental
Panel on Climate Change [Stocker, T. F., D. Qin, G.-K.
Plattner, M. Tignor, S. K. Allen, J. Boschung, A. Nauels, Y.
Xia, V. Bex and P. M. Midgley (eds.)]. Cambridge University
Prsess, Cambridge, United Kingdom and New York, NY,
USA.

PAGES 2k Consortium, 2013: Continental-scale
temperature variability durlng the past two millennia.
Nature Geoscience, 6, 339-346.

Schmidt, G. A., et al., 2012: Climate forcing reconstructions
for use in PMIP simulations of the last millennium, Geosci.
Model Dev., 5, 185-191

Taylor, K. E., R. J. Stouffer, and G. A. Meehl, 2012: An
overview of CMIP5 and the experiment design. Bull. Amer.
Meteor. Soc., 93.

K-L1.1-02

Variability of the North Atlantic Oscillation
during the past millennium

V. Masson-Delmotte (1) ; P. Ortega (2) ; F. Lehner (3) ; D.
Swingedouw (4) ; CC. Raible (5) ; M. Casado (6) ; P. Yiou (7)
(1) IPSL, Paris; (2) TLSCE/IPSL, UMR 8212 (CEA-CNRS-UVSQ),
CEA Saclay , Gif-sur-Yvette, France; (3) University of Bern, ,
Climate and environmental physics, physics institute,, Bern,
Switzerland; (4) Universite de Bordeaux, UMR CNRS 5805
EPOC, Pessac, France; (5) University of Bern, Climate and
environmental physics, physics institute, Bern, Switzerland;
(6) TLSCE/IPSL, UMR 8212 (CEA-CNRS-UVSQ), CEA Saclay,
Gif-sur-Yvette, France; (7) Laboratoire des Sciences du
Climat et de I’Environnement, Saclay, France

The North Atlantic Oscillation (NAO) is the dominant mode
of winter atmospheric circulation variability in the Northern
Hemisphere. This atmospheric mode is characterized by a
changing dipole of sea-level pressure between the Azores
and Iceland, and has widespread impacts on temperature,
precipitation, storm tracks and therefore on strategic
sectors such as insurance, renewable energy production,
crop yields and water management.

Recent developments of dynamical methods offer
promising advances for seasonal NAO predictions.
However, assessing potential predictability at multi-
annual time scales requires a documentation of past
NAO low-frequency variability. A recent bi-proxy NAO
reconstruction spanning the last millennium suggests that
long-lasting positive NAO conditions were established
during medieval times, explaining the particularly
warm conditions over Europe; however, this result is
still debated. Here, we present a new annually-resolved
NAO reconstruction for the last millennium based on an
initial selection of 48 proxy records distributed around
the Atlantic Ocean and surrounding continents and built
through an ensemble of multivariate regressions. This
approach has been validated in perfect model analyses,
using climate simulations as physically consistent
surrogates of the real world. The analysis makes evident
that the multi-proxy reconstruction outperforms the bi-
proxy index.

The final reconstruction shows no persistent positive NAO
during the medieval period, but suggests that positive
phases were dominant during the thirteenth and fourteenth
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centuries. It also reveals that a positive NAO emerges two
years after strong volcanic eruptions, consistent with
results obtained from models and satellite observations
for the Mt Pinatubo eruption in the Philippines.

K-L1.1-03

European summer hydroclimate variability
during the last millennium

H. Linderholm (1) ; K. Seftigen (2) ; E. Cook (3) ; D. Chen
(4);T.Ou 4)

(1) University of Goteborg, Institute of geography,

Goteborg, Sweden; (2) Swiss Federal Research Institute

WSL, Birmensdorf, Switzerland; (3) Columbia University,
Lamont-doherty earth observatory, Columbia, United States
of America; (4) Gothenburg University, Department of earth
sciences, Gothenburg, Sweden

Associated with global warming, changes in extreme
weather and climate events have been observed in
Europe, including increased frequencies of heat waves as
well as the frequency or intensity of heavy precipitation
events. In a future warmer world, it is likely that the risk
of hydroclimatological extremes will increase. Extreme
hydroclimate events, such as droughts and floods, can
have significant impacts on society, e.g. by affecting food
availability, water quality, health, energy, infrastructure
etc., but also on ecosystems. It is apparent that climate
variability and change already pose a challenge to Europe’s
economic sectors, production systems, and ecosystems.
Increased drought frequency will significantly affect natural
and human systems, and compared to other hazards, hey
can persist for long periods and affect large areas. Floods,
associated with heavy precipitation events, can pose
threats to human life and property, and also affect water
quality, e.g. by spreading pollutants and fertilizers.

Clearly, society must prepare for an intensification
of hydroclimate extremes in the future. However,
major uncertainties and knowledge gaps still exist in
understanding and modeling hydroclimate, making it
difficult to quantify future changes and their impacts on
systems and sectors. A prerequisite to mitigate extreme
hydroclimatological events is good understanding of their
spatiotemporal characteristics as well as the mechanisms
generating such events. However, the lack of instrumental
observations limits the period of spatial analysis to the
recent century, making it difficult to fully understand
natural hydroclimate variability.

Tree rings can provide annually resolved environmental
and climate information and are widely used as proxies
of past climatic events, such as drought or floods. The
wide geographical distribution of tree-ring chronologies,
compared to most other high-resolution climate proxies,
provides a potential to infer past climate change on large
spatial scales. Recently, past hydroclimate variability has
been reconstructed from networks of moisture-sensitive
tree-ring chronologies in North America and Monsoon.
These reconstructions have not only provided valuable
information of past hydroclimatic characteristics, but
they have also contributed essential background data
for increasing the understanding of the underlying
mechanisms of past drought variability.

This presentation will focus on a new reconstruction of
summer hydroclimate variability in Fennoscandia during
the last millennium. Using tree-ring data from a dense
network, a point-by-point multiple nested regression
approach was used to reconstruct June through August
average Standardized Precipitation Evapotranspiration
Index (SPEI) with a spatial resolution of 0.5°x 0.5°. We will
show that the data provides highly useful information
of regional natural hydroclimate variability in time and
space in a long-term context, making it possible to
assess the impact of global warming on hydroclimate in
Fennoscandia. It also allows for identification of historical
extreme hydrological events, including severity, duration
and magnitude. Moreover, we will discuss potential drivers
of hydroclimate regional drought variability on different
time scales. Finally, we will take a broader, European, look
on summer hydroclimate variability during the last 1000
years.

K-L1.1-04

Atmospheric carbon dioxide tracks climate
and land carbon changes during the past
millennium

T. K. Bauska (1)

(1) University of Cambridge, Department of earth sciences,
Cambridge, United Kingdom

The land carbon reservoir is predicted to turn into a net
source of carbon to the atmosphere if global warming
continues unabated. Multi-decadal, global-scale
observations needed to test this predication are difficult
adding uncertainties to projections of atmospheric CO2
and climate. Ice core records of the last millennium
document atmospheric CO2 variations on multi-decadal
to centennial timescales but attempts to constrain the
underlying drivers of atmospheric CO2 using the stable
isotopic composition of atmospheric carbon dioxide
(513C-C02) have been limited by the precision and
temporal resolution of existing data. This spurred
discussion on the magnitude of climate-carbon feedbacks
and emissions from past anthropogenic land use change .

We developed a new high-resolution, high-precision
ice core record of 13C-CO2 and use it to show that
terrestrial organic carbon likely controlled multi-decadal
scale atmospheric CO2 variability from 760-1850 C.E.
Our results put strongaI limits on the net source of land
carbon to the atmosphere prior to the Industrial period.
If significant long-term carbon emissions came from pre-
industrial anthropogenic land-use changes, they must
have been offset by some natural 13C depleted land sink,
plausibly peatlands. On multi-decadal timescales, carbon
cycle changes appear to covary with reconstructed regional
climate changes, consistent with climate as an important
driver of land carbon storage on these time scales.

Our new observations present a challenging benchmark
for models attempting to simulate the climate and carbon
cycle of the past in order to understand the projections
for the future. However, reducing the uncertainties in
past temperature reconstructions and developing stronger
constraints on pre-Industrial anthropogenic emissions
are likely needed to provide further insight into climate-
carbon cycle interactions.

L1.2 - Climate Change and Land Systems: Impacts and

Feedbacks

K-L1.2-01

Climate change and land systems: Impacts
and feedbacks related to drought

S. Seneviratne (1)
(1) ETH, Zurich, Institute for atmospheric and climate
science, Zurich, Switzerland

Land systems have numerous two-way interactions with
the climate system. While they are often strongly affected
by climate variability and changes, in particular in relation
to droughts and hot extremes, they also impact climate
through direct forcing and feedbacks. In particular, the
modulation of soil water dynamics by ecosystems is an

important factor affecting itself the evolution of droughts
and heatwaves in several regions. In addition, human
management, e.g. through changes in surface properties
associated with agriculture practice, also affects these
interactions. This presentation will provide a brief overview
of the underlying mechanisms, including insights from new
research, and will introduce the main topics addressed in
this session.



K-L1.2-02

Climate and the water-energy-food nexus

C. Dalin (1)
(1) LSE, Grantham research institute,, London, United
Kingdom

Water, energy and food are essential for human well-being,
and socio-economic development. Global projections
indicate that demand for these resources will increase
significantly over the next decades, under the pressure of
population growth, economic development, urbanisation,
diversifying diets, cultural and technological changes,
and climate change (Hoff 2011). Annual and seasonal
climate variability, as well as climate change, strongly
affect all components of the water-energy-food nexus,
adding to the challenge of using resources sustainably
across sectors. While uncertainties remain high, climate
models project decreases in annual precipitation in many
developing countries, e.g. by as much as 20% in southern
Africa by 2080. These changes would propagate into
reduced water availability and crop yields, which, combined
with projected population growth, reinforces the need for
planners to collaborate across sectors and account for
climate variability and change. Recognition of spatial and
sectoral interdependencies in the nexus should inform
policies, institutions, and investments for enhancing water,
energy, and food security, and thus support sustainable
development in climate-sensitive environments. This
presentation will highlight the importance of recognising
these linkages, and identify spatial and topical hotspots in
current nexus research.

K-L1.2-03
Revising the planetary boundary for fres-
hwater use

D. Gerten (1)
(1) Potsdam Institute for Climate Impact Research, Potsdam,
Germany

Nine intertwined ‘planetary boundaries’ demarcate
the multidimensional ‘safe’ space for key earth
system processes. Leavin? this safe space due to the
environmental imprint of collective human activities,
Earth may be moved out of its Holocene status which up
to now enabled the development of a human society of
several billion people. While the concept and quantitative
basis of planetary boundaries has recently undergone
a comprehensive update (Steffen et al., Science, 2015),
some boundaries still require a more robust quantification,
especially in terms of upscaling regional patterns to the
planetary scale and in terms of boundary interactions.
Moreover, comprehensive assessments of development
pathways for civil society under the constraint of planetary
boundaries are still lacking.

This talk shows ways to improve the definition and
assessment of the planetary boundary for human
freshwater use, which is challenging as the regional
pattern of water availabilities and limitations and the tight
interactions with land cover and use are to be considered.
The core approach is to account, spatially explicitly, for the
environmental flow requirements of riverine ecosystems,
which define local limitations to human water use and
serve as a basis for a geographically explicit ‘bottom-up’
estimation of the planetary boundary. A pilot assessment
- based on high-resolution simulations with a dynamic
global vegetation and water balance model - indicates
that the value of the planetary boundary may be lower
than suggested earlier. Different estimation methods to
assess environmental flows suggest a value between 1,100
and 4,500 km3 consumptive water use per year (original
estimate from Rockstrom et al., Nature 2009: 4,000 km3
per year). Thus, humanity’s current consumptive water use
(at least ~1,600 km3 per year), let alone water withdrawal
(~3,600 km3/year), already exceeds the lower end of
this range that reflects stringent environmental policies.
Moreover, local tolerance limits of water use are already
exceeded in many places, such as in parts of southern
Europe, southern Asia, the Near and Middle East, and in
the western US. Building on these results, the presentation
elaborates on how the definition and quantification of the
freshwater boundary can be further improved, for example
by including “green” water, by specifying linkages with
other planetary boundaries (such as the one for land-
system chan?e), and by water ethical considerations. Initial
estimates of the potential of improved on-farm water

management to increase crop production while staying
within the planetary boundaries for freshwater use and
land-system change are also presented.

K-L1.2-04

Land use changes and their impacts on
climate

J. Pongratz (1)
(1) Max-Planck Institute for Meteorology, Hamburg,
Germany

About three quarters of the ice-free land surface have
undergone some form of land use change: about one
quarter has undergone a change in land cover, in particular
deforestation for agricultural expansion; on another one
half the vegetation cover has been kept but is managed, as
happens e.g. in forestry. This land cover change and land
management affects climate through multiple pathways.
The political focus mostly lies on land use change as
contributor to the human-induced rise in atmospheric
CO2 and thus global warming. The local-scale climate,
more relevant for adaptation, can show strong effects due
to biogeophysical effects such as changes in water and
heat fluxes.

Land use change (mostly restricted to land cover change)
has therefore entered into most Earth system models
(ESMs) used to project climate change. With the Coupled
Model Intercomparison Project 5 (CMIP5) land use change
has for the first time been considered in the climate
simulations underlying the IPCC assessment report.
However, the spread across model results for both carbon
cycle and biogeophysical aspects has been found to be
substantial. This initiated a range of studies that aim
at understanding the reasons why estimates differ so
much. These findings can be arranged along a chain of
uncertainties from uncertain land use datasets, differences
in their implementation in ESMs, to various definitions of
land-use-induced carbon fluxes in models. This talk will
discuss these sources of model spread and ways forward
to reduce the uncertainties.

Understanding the sources of uncertainty is particularly
important now: Recent observational studies suggest
that land management can have effects on climate that
are of similar strength as those of land cover change,
yet occur on much larger area. The ESM community is
therefore moving beyond land cover change towards land
management for a more complete representation of the
human impact on climate.

K-L1.2-05
Terrestrial carbon cycle feedbacks in the
climate system

L. Mercado (1)
(1) University of Exeter, Exeter, United Kingdom

Terrestrial ecosystems take up around a quarter of the
human CO2 emissions from fossil fuel burning, land use
and land cover changes each year (Le Quéré et al., 2015),
mitiﬁating climate change for the present day. Can we rely
on this carbon sink in the future?

Terrestrial ecosystems store a vast quantity of carbon in
biomass and soils and their storage capacity depends on
environmental conditions. Elevated CO2 is known to act as
a fertilizer, stimulating plant production, and a changing
climate (e.g. temperature and precipitation) will alter the
lifetime of carbon in plants and soils. For example, the
seminal work by Cox et al., (2000) suggested that future
climate warming will lead to a release of carbon from
terrestrial ecosystems, throu%h temperature-enhanced
soil decomposition, and highlighted the vulnerability
of tropical forests to climate change. This represents a
positive climate carbon cycle feedback, whereby an initial
warming leads to a terrestrial release of CO2, which in turn
leads to further warming.

Subsequently much research has focused on the role
of terrestrial ecosystems and their feedbacks in the
Earth system. Here we review the current state-of-the-
knowledge drawing from the latest synthesis in the IPCC
AR5 WGT report, and our research at the University of
Exeter, Met Office Hadley Centre and Centre of Ecology
and Hydrology, UK. In particular, we present the effect of
aerosols, implications of plant acclimation to temperature,
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and the resilience of tropical forests on the future
development of the land carbon sink (Mercado et al.,
2009, Booth et al., 2012, Huntingford et al., 2013). | will
highlight the key uncertainties in our understanding of
climate- terrestrial carbon cycle feedbacks, and present
recent work on emerging constraints on climate carbon
cycle feedbacks (Cox et al., 2013, Wenzel et al 2014).

K-L1.2-06

Global impacts of climate change on ter-
restrial biodiversity and ecosystem service
supply

W. Cramer (1)

(1) CNRS, Imbe, Aix-en-Provence, France

Impacts of recent climate change have been observed
and attributed worldwide. Many of these affect land
ecosystems, their function and the diversity of organisms

in them. Scenarios of future warming, changes in rainfall
patterns, and sea-level rise all “indicate significant
impacts on biodiversity in natural and managed
landscapes, despite uncertainties regarding spatial
patterns and confounding drivers such as land use and
land management change, and urbanisation. While
biodiversity loss may be considered a major impact of
climate chan?e in its own right, concerns are growing that
the supply of essential services to humanity, where these
depend on intact ecosystems, is also at risk. For certain
key ecosystem services, such as climate regulation, food
and timber production, water purification and others,
the global nature of possible losses has been considered
widely (also by the IPCC), but other ecosystem services
are less easily quantified. | will summarise the state of
knowledge for more comprehensive assessments of future
global biodiversity loss and changes in ecosystem service
provisioning, and thereby indicate the need for interaction
between assessments of risks made by the IPCC and the
Intergovernmental Science-Policy Platform on Biodiversity
and Ecosystem Services (IPBES).

L1.3 - Climate Change and Ocean Systems: Introduction and

Background
K-L1.3-01

Climate Change and Ocean Systems: Intro-
duction and Background

JP. Gattuso (1)

(1) CNRS and Université Pierre et Marie Curie, Laboratoire
d’Océanographie de Villefranche, Villefranche-sur-mer,
France

The ocean moderates climate change at the cost of
profound alterations of its physics, chemistry, ecology,
and services. However, despite the ocean’s critical
role in global ecosystem processes and services,
international climate negotiations have only minimally
touched on ocean impacts. Any new climate regime that
fails to minimize ocean impacts will be incomplete and
inadequate. This session, as well as session «2207: Ocean
Change: Understanding and projecting the impacts of
warming and acidification on natural and human systems»
on Wednesday afternoon will provide an integrated and
updated perspective on the changes, risks and projections
for both natural and human systems. This will facilitate the
construction of key messages for the COP21 negotiation
process on the Ocean and associated issues.

K-L1.3-02

Challenges to ocean life and associated
human interests: IPCC assessments and
beyond

HO. Portner (1)

(1) Alfred Wegener Institute for Polar and Marine Research,
Bremerhaven, Germany

Oceans cover more than 70% of the planet and their biota
create half the oxygen humankind uses to breathe and
burn fossil fuels. Oceans cover about 11 % of the global
population’s demand for animal protein. Climate change
causes oceans to warm and stratify, and sea level to rise,
as well as Arctic summer sea ice to shrink. Ocean warming
accounts for more than 90% of the energy accumulated
in the climate system. Warming causes oceans to lose
oxygen overall and during an expansion of hypoxic water
layers. Concomitantly, the accumulation of anthropogenic
CO2 in ocean surface waters disturbs water chemistry and
causes acidification. These climate drivers alter ocean
ecosystems and the services they provide. They frequently
relocate and reduce marine biological resources on which
human societies depend, affecting economic benefits,
livelihoods, food availability and public health particularly
for coastal communities. The recent IPCC assessment
report (AR5) as well as the Structured Expert Dialogue
have comprehensively considered impacts, vulnerability,
adaptation options and projected climate risks for the
oceans and their services to humankind. Ocean warming
has caused geographical shifts in the distribution of
marine species, associated with changes in the species
composition and function of ecosystems. Recent meta-

analyses indicate that ambient temperature and hypoxia
extremes in some regions are already close to permanent
tolerance limits of marine animals and plants indicating a
risk of expanding water bodies void of higher marine life.
Empirical observations together with mechanism-based
knowledge of organism and ecosystem vulnerabilities
support the detection of climate impacts in the field and
their attribution to climate change. They also support
more accurate, higher confidence projections of climate
change impacts in the oceans, as we{I as of associated
risk such as of ocean acidification effects on key animal
phyla and their economic value. Such assessments of
risks were recently developed further by the Oceans 2015
initiative. Warming-induced shifts in ocean productivity
and species distribution, including of exploited fish and
invertebrates, and declines in their body size are projected
to result in reductions of fisheries productivity, especially
at lower latitudes. In contrast, fisheries at high latitudes
may benefit from increased abundance and diversity of
commercially valuable species. Evidence is increasing that
anthropogenic ocean acidification is affecting organisms,
ecosystems and associated human interests (particularly
bivalve fisheries and aquaculture) in areas with and without
a natural background of elevated CO2 concentrations.
Hypoxic areas that exclude active pelagic fishes such
as tuna and their fisheries are expanding. Impacts thus
go beyond those of simply warming and include effects
of acidification and deoxygenation. These combined
effects of the three climate drivers will lead organisms
to reach long-term tolerance limits even earlier than
with temperature changing alone, enhancing sensitivity
through dynamic shifts of thermal limits. For example,
recent modeling emphasizes that combined warming and
oxygen loss constrain metabolic scope of key species and
thereby habitat and biogeographical distribution across
wider ocean areas than previously thought. Through
effects on performance at the levels of reproduction,
behaviour and growth, marine life forms including those
that are economically relevant, are thus threatened by
climate drivers changing individually and even more so
by their additive or synergistic effects. Together with
shifts in ocean circulation and productivity the resulting
dynamic changes in thermal bioenvelopes have major
implications for the ranges of geographical distribution of
marine species, their competitive and trophic interactions,
population dynamics and community compositions.
Such integrative view is also being developed for paleo-
observations of climate change effects. It should also be
included in modeled projections of ecosystem change,
which will inform social-ecological models projecting
effects on fisheries and aquaculture. Assessments of
risks of ocean warming, deoxygenation, and acidification
to ecosystem services have generally concluded that
human communities and artisanal fishermen at low
latitudes often have the lowest capacity to adapt to
losses in natural resources, for example by replacement
with alternative foods. Substantial challenges remain to
anticipate the ecosystem-wide impacts of the combined
drivers of warming, deoxygenation, and acidification, and
the ensuing alterations of ecosystem services for human
communities. Finally, the projections of climate change
impacts in the oceans and along coasts, including sea level
rise, and the associated risks and scopes for adaptation,



need to be considered when setting the long-term global
goals (LTGG) of climate change mitigation. As an example,
the long-term risks of sea-level rise, Arctic sea ice loss
and combined impacts of ocean warming and acidification
on key groups of corals, bivalves and other calcifiers, that
have high economic value in tourism, coastal protection
and fisheries, strongly support setting the LTGG to but not
above 1.5°C global warming above preindustrial values.

K-L1.3-03
Oceans of Concern

E. Poloczanska (1)
(1) CSIRO, Ocean and atmosphere flagship, Brisbane,
Australia

Climate change and ocean acidification will reorganize
food webs and alter ecosystem function, with attendant
impacts on human communities and activities. The
impacts of climate change have been detected across
all oceans; changes to ocean have altered the timing of
plankton blooms and migratory patterns and spawning
in fish and invertebrates, over recent decades. Shifts in
species distributions to higher latitudes are a commonly
reported response of marine fishes and invertebrates
to warming oceans. Differences in rates of change with
climate change amongst species and populations imply

L1.4 - Climate change and healt

K-L1.4-01
A holistic approach to assessing the risks
of climate change

D. King (1)
(1) Foreign and Commonwealth Office, London, United
Kingdom

Sir David King will present a new approach to assessing the
risks of climate change, designed to inform governments’
decision-making on how to prioritise the objective of
reducing the risks of climate change relative to other
national objectives. At the core of this is a different way
of interrogating the science: instead of projecting ‘most
likely” climatic changes and then describing the impacts of
those, this approach asks first what it is that we might wish
to avoid, and then considers its likelihood as a function of
time under different scenarios. This assessment of the
science is complemented by assessments of the relative
difficulty of achieving different global emissions pathways,
and of the systemic risks of climate change to the global
economy and international security. When combined
with a recognition of the essentially subjective nature of
any valuation of future events, this approach can give
governments a clearer and more holistic assessment of the
risk that climate change poses to their national interests.

K-L1.4-02

2015 Lancet Commission on Health and
Climate Change: Emergency actions to
protect human health

W. Nick (1)
(1) Lancet Commission On Health And Climate Change,
London, United Kingdom

In 2009, the UCL-Lancet Commission on Managing the
Health Effects of Climate Change called climate change “the
biggest global health threat of the 21st century”. Five years
on, a new multidisciplinary, international Commission has
formed to map out a comprehensive response to climate
change, in order to ensure the highest attainable standards
of health for populations worldwide. The Commission
represents a collaboration between over 80 European and
Chinese climate scientists and geographers, social and
environmental scientists, biodiversity experts, engineers
and energy policy experts, economists, political scientists
and public policy experts, and health professionals - all
seeking a response to climate change which is designed to
protect and promote human health.

that marine ecosystems may be substantially reorganized
at regional scales. Indeed, at a global scale a strong
warming signal is already evident in fish catches, with
an increasing dominance of warm-water species found
in catches coastal and shelf areas. Modelling approaches
project a global redistribution of marine biodiversity
this century with regional differences driven by species
invasions and local extinctions. The emergence of novel
assemblages of species with no past or contemporary
analogues will consequently require new strategies for
managing coastal areas and fisheries. Large changes
in species composition are projected in both polar and
tropical oceans with increases in species richness at
high latitudes. High local extinctions are projected in
equatorial oceans, particularly in the central Indo-Pacific,
as species are eliminated with warming. The different
futures emerge for tropical biodiversity by 2050s under
high and low emission scenarios with widespread species
losses and declines in species richness around the
equator, particularly in the central Indo-Pacific, if global
temperatures exceed the 2°C limit. Further, under the
medium to high emission scenarios, ocean acidification
poses substantial risks to marine ecosystems, particularly
coral reefs and polar ecosystems. Climate change is a
risk food resources, coastal livelihoods, and industries
dependent on the Ocean, adding to the threats of over-
fishing and other non-climate stressors, and the likelihood
of exceeding adaptation limits increases with greater rates
and magnitude of climate change.

h - Risks and Responses

Nick Watts will present the key messages and
recommendations from the Commission’s work.

K-L1.4-03
Climate change, co-benefits and the global
public health agenda

N. Maria (1)
(1) World Health Organization, Geneva, Switzerland

Dr Neira will address the implications of the evidence
presented for the wider public health agenda, and in making
a positive contribution to the preparations for the UNFCCC
CoP21 in Paris in December. This will include outlining
how evidence is now being translated into a support
programme to build health system resilience to climate
change, focussing on the most vulnerable countries. It will
also focus particularly on the opportunities for large, local
health cobenefits of climate change mitigation policies,
particularly in reducing the over seven million annual
deaths that WHO estimates are attributable to air pollution.
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L1.5 - Climate variability, change and vulnerability in the
Pacific, Indian and Southern Oceans

K-L1.5-01
ENSO and the Tropical Pacific in a Chan-
ging Climate

M. Mcphaden (1)
(1) NOAA/PMEL, Seattle, United States of America

The El Nifio/Southern Oscillation (ENSO) cycle represents
the strongest year to year fluctuation of the climate system
on the planet. El Nifo, the warm phase of ENSO, and La
Nifa, the cold phase of ENSO, arise through coupled
ocean-atmosphere interactions in the tropical Pacific
mediated by positive feedbacks between surface wind
and sea surface temperature variations. Warm and cold
ENSO episodes lead to global shifts in patterns of weather
variability that cause droughts, floods, heat waves and
other extreme events around the world. ENSO-related
natural disasters have significant consequences for society
in terms of lives lost, property damage and economic
vitality. Understanding how ENSO may change in the
future as a result of anthropogenic greenhouse gas forcing
is therefore a compelling question that has challenged the
scientific community. This presentation will review our
current understanding of ENSO dynamics, predictability,
and societal impacts. It will also assess current efforts to
understand how ENSO may change in the future based on
analyses of the instrumental record, CMIP models, and
paleo data.

K-L1.5-02

Indian Ocean interannual to decadal varia-
bility in the context of climate change

J. Vialard (1) ; W. Han (2) ; M. Lengaigne (3) ; A. Nidheesh, (4)
; V. Parvathi, (4) ; I. Suresh, (4)

(1) IRD, LOCEAN, Paris, France; (2) University of Colorado,
Boulder, United States of America; (3) UPMC, Paris, France;
(4) National Institute of Oceanography, Goa, India

In the sixties, the Indian Ocean was the focus of the
oceanographer’s international community due to its
dynamic response to monsoons. In the eighties, this
focus shifted entirely to the neighbouring Pacific, berth
of the El Nifio Southern Oscillation (ENSO), most powerful
interannual climate mode on earth. It is only at the turn
of the century that the Indian Ocean came back into
fashion with the discovery of its own intrinsic interannual
climate variability (the Indian Ocean Dipole) and the
development of a basin-wide observing network. After
reviewing interannual variability of the Indian Ocean, |
will turn to the natural decadal climate variability, which
has comparatively been much less described in this basin
than in the Pacific and Atlantic Oceans. | will in particular
question if this decadal variability purely arises from
the neighbouring Pacific or if an intrinsic variability also
exists in the Indian Ocean. The climate change signal will
finally be discussed in the Indian Ocean. We will show,
on the particular example of anoxic events along the
west coast of India, how long-term trends and shorter-
term variability can cause extreme events with important
societal consequences.

K-L1.5-03

21st century projections for the Pacific
region

S. Power (1) ; M. Collins (2) ; K. Hennessy (3) ; E. Guilyardi (4)
(1) Bureau of Meteorology, Cawcr, Melbourne, Australia;

(2) Exeter University, Exeter, United Kingdom; (3) SCIRO,
Dickson, Australia; (4) LOCEAN/IPSL, UPMC case 100, Paris,
France

Here we will examine the latest scientific information
available on projections for climate in the Pacific, and
what this means #or developing island states in the region.
Particular attention will be paid to changes in surface
temperature, winds, rainfall, El Nino, tropical cyclones,
and ocean acidification, for different scenarios of future
greenhouse gas emissions. The continuing importance

of decadal climate variability for the region will also be
highlighted. This presentation will draw upon the latest
IPCC report and more recent research, including research
conducted in the Pacific Australia Climate Change Science
and Adaptation Planning Project.

K-L1.5-04

Southern Ocean in a changing climate

A. Thompson (1)
(1) Caltech , Los Angeles, United States of America

Recent Southern Ocean studies have suggested a
slowdown of ocean carbon sequestration, an acidification
of the water-masses, an overall warming and freshening
in the vicinity of Antarctica, and drastic changes in sea-
ice and ice-shelf distributions. Observed changes are
profound: the warming rate is faster than the global
average, and occurs in the deepest layers of the ocean,
therefore isolating the climate signal for decades to
millennia ; ice-shelves are melting, which accelerates the
discharge of the ice sheet via the ice streams, and has a
direct and major impact on the global sea level rise. These
important changes are directly related to the large-scale
circulation of the Southern Ocean and the associated
biogeochemistry. This talk aims at summarizing our
current understanding of how the large-scale circulation
of the Southern Ocean works, how it impacts the carbon
cycle, and how interactions with the Antarctic cryosphere
influence it.

0O-L1.5-01

Future changes in the South Pacific conver-
gence zone and its tropical cyclones using
regional dynamical downscaling

M. Lengaigne (1) ; M. Bador (2) ; C. Menkes (3) ; J. Lefevre
(4) ; N. Jourdain (5) ; S. Jullien (6) ; P. Marchesiello (7) ; S.
Thibaut (8) ; L. Terray (9)

(1) UPMC, Paris, France; (2) CERFACS, Climate Modelling

and Global Change team, Toulouse, France, France; (3) IRD,
LOCEAN, Noumea, New Caledonia; (4) IRD, Legos, Noumea,
New Caledonia; (5) CNRS, Lgge, grenoble, France; (6) UPMC,
Locean, Paris, France; (7) IRD, Legos, Toulouse, France; (8)
CNRS, Legos, Toulouse, France; (9) CERFACS/CNRS, Sciences
de I’'Univers au CERFACS, URA1875, Toulouse, France

The South Pacific Convergence Zone (SPCZ) is the largest
convective area of the Southern Hemisphere and has
been recognized as a hot spot for climate variability
(CLIVAR, 2012) as its functioning is poorly understood.
Regionally, the SPCZ is the main source of rainfall in a
vast majority of the Southern Pacific Island nations and
the strong precipitation gradients related to the SPCZ
make local hydrological conditions very sensitive to small
displacement of this rain belt. The interannual variability
of the SPCZ location is related to the El Nifio/Southern
Oscillation. El Nifio events tend to occur accordingly with
a northeastward displacement of the SPCZ, and La Nifa
events tend to occur with a southwestward displacement
of the SPCZ. During strong El Nifio events, the SPCZ
undergoes an extreme swing by up to ten degrees of
latitude toward the equator and collapses to a more zonally
oriented structure. The SPCZ location not only strongly
constrains the hydrological cycle but is also the breeding
ground of tropical cyclones (TCs) in the South Pacific, as it
combines all the large-scale atmospheric conditions that
favor the genesis of TCs. Current climate models poorly
reproduce the key characteristics of the SPCZ, leading to
large uncertainties in the potential evolution of the South
Pacific TC activity. Hence, assessing the SPCZ and its
tropical cyclones in the future climate remains a challenge.

Here, we use a dynamical downscaling approach. Using
results from an ensemble of 14 CMIP3 climate models
under the SRES-A2 greenhouse gas scenario, we force
a regional configuration of the WRF atmospheric model.
The configuration uses a two-way nesting approach to
increase the spatial resolution from 1° to 1/3° in the SPCZ
region. We first perform a control simulation forced by
the NCEP2 reanalysis over the past 30 years, and a future



simulation based on an anomaly method (e.g. Zhao et al.
2009), where we add the mean 21st century regional SST
warming pattern and atmospheric change along lateral
boundaries to the NCEP?2 fields.

Results show an accurate representation of the SPCZ
location, its north-south displacements in response to
El Nifo/Southern Oscillation, as well as a correct TC
distribution in the region. The future simulation indicates
an increase of the precipitation within the SPCZ and the
equatorial region, and a decrease northeast of the SPCZ
mean location, in good agreement with climate models.
The mean SPCZ location under future conditions presents
a southward shift in its eastern part, and generally an

increased variability of its interannual geographical
position. We also find more frequent strong El Nifio events
in the future, with zonally oriented SPCZ. We explore
the respective role of increased greenhouse gases in the
domain versus the role of lateral boundaries. Large-scale
conditions from lateral boundaries induce a significant
(-20%) decrease of cyclones frequencies in the region.
However, greenhouse gases locally counter this decrease.
Overall, we do not find any significant change of cyclone
frequencies in the Southwest Pacific in a warmer climate,
in contrast with most recent studies, which find a decrease
of cyclogenesis (-6% to -34% according to references
gathered in Knutson et al. 2010).

L2.1- Drivers of Change and Visions of Development: Are
Climate Policy and Development Compatible Goals ?

K-L2.1-01
Energy Transition towards Two-Degree
Target: The Case of China

K. Jiang (1)
(1) National Development and Reform, China

Abstract not communicated

K-L2.1-02

The Climate-Development ‘Conflict’: Asking
the right questions

N. Rao (1)
(1) IASA, Energy, Laxenburg, Austria

There is both confusion and concern regarding the impact
of poverty eradication on climate change. Some equate
poverty eradication with coal use, particularly in India and

China; others assume consumption from people rising
out of poverty would be highly material-intensive. What
if all the world’s poor had re%rigerators? What implications
does economic development have for stabilizing climate
change at 2 degrees C? Conjectures abound, but scientific
research so far offers few real answers to these questions.
This is in part because we haven’t been asking the right
questions. What stands between poverty eradication and
greenhouse gas emissions is the nature of developing
countries’ development pathways, income distribution,
patterns of energy use, technological development, and
different scenarios of global cooperation on climate
change mitigation. There is much yet to be learned
about the interaction of these drivers. New approaches to
quantifying human development and energy use shows
that there have been many low-carbon development
pathways in the past, and that meeting basic needs may
be less carbon intensive than growth in affluence. Current
trends in India reveal an exponential growth in low-carbon
resources, even among the poor. Whi?e basic development
aspirations cannot be thwarted, their impact on climate
change is by no means outside the realm of influence by
both national and international policy.

L2.2 - New pledges (INDCs) for 2025/2030: Are they
reinforcing development and consistent with a 2 oC pathway ?

K-L2.2-01

INDCs and development objectives

N.Dubash (1)
(1) Centre for Policy Research, India

Abstract not communicated

K-L2.2-02

What science tells us about the emission
levels for a 20C pathway

P. Ciais (1) ; T. Gasser (2) ; P. Friedlingstein (3) ; GP. Peters
(4); J. Rogelj (5)

(1) IPSL, Lsce, Gif sur Yvette, France; (2) LSCE, Gif-sur-Yvette,
France; (3) University of Exeter, Exeter, United Kingdom; (4)
Center for International Climate and Environmental Research,
Oslo, Norway; (5) IIASA, Laxenburg, Austria

Limiting global warming to below 2°C above pre-industrial
levels wil?require sustained and important efforts to reduce
anthropogenic emissions of greenhouse gas emissions
and to enhance and maintain sinks of carbon dioxide
in the land-use sector. Fossil fuel CO2 emissions have
continued to grow at an average rate of 2.5% per year over
the past decade. Even at today’s annual emission levels,
the cumulative CO2 emission quota in line with staying
below 2°C would be exhausted in less than 30 years. We
will examine how pledges of largest emitting countries to
reduce emissions, or maintain sinks in the land-use sector
are consistent with a trajectory enabling not to breach the
international agreed 2°C temperature limit. In particular,
we examine how forest carbon sinks in the US, Canada,
Russia, China and the EU, as well as reduced deforestation
in tropical countries, can help efforts to attenuate near-

term climate change. A specific attention will also be given
to the contribution of nations to historical radiative forcing
and climate change, including long-lived greenhouse
gases and short-lived forcers such as CH4 and aerosols,
ogfwhich the latter can have a climate cooling or warming
effect.

K-L2.2-03

Assessment of intended nationally deter-
mined contributions to a 2015 internatio-
nal climate agreement

M. Den Elzen (1) ; N. Hohne (2)

(1) PBL Netherlands Environmental Assessment Agency,
Department of Climate, Air and Energy, Bilthoven,
Netherlands; (2) New Climate Institute, Cologne, Germany

One of the most fundamental questions in the preparation
of a new international climate agreement is whether
countries’ proposals to reduce greenhouse gas emissions
after 2020 are equally ambitious compared to their peers.
Methodologies to rate countries’ climate action often
rate different things and therefore come to different
conclusions (Surminski and Williamson, 2014).

From the variety of methods that have been applied in
the past to rate the ambition of countries climate action
proposals, we distinguish two main strands, which
are described here as black and white for illustration,
acknowled?ing that they overlap in practice. Both relate to
the principle of common but differentiated responsibilities
and respective capabilities:

- Moral obligation: From this viewpoint, countries have a
moral obligation to reduce their emissions. This moral
obligation can be measured in a simple way, e.g. for
developed countries as the sustained emission reduction
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effort since 1990 (a commonly used base year) or more
sophisticated using a variety of equity principles, so
called “effort sharing” calculations (including the IPCC
AR5 equity database (Clarke et al., 2014; Hohne et
al., 2014)). This strand relates to the “differentiated”
element of the agreed principle.

- Technical necessity: The starting point of this
viewpoint is whether the proposal is in line with what
is technically necessary from now on, irrespective of
the moral obligation. This could be judged by whether
the countries’ proposal is in line with its contribution
in globally cost effective model pathways (according
to scenarios such as those included in the IPCC AR5
scenario database (Clarke et al., 2014) and model
comparison studies, like LIMITS (Tavoni et al., 2015)),
leverages all mitigation potential, or covers all policies
that the country’s peers undertake. This strand relates
more the “common” element of the agreed principle.

The two strands may lead to fundamentally different
outcomes. A developing country for example may have
limited moral obligation, but significantly more mitigation
potential, as developing countries are characterized by
higher energy and carbon intensities, have rapidly rising
baseline emissions and a high share of new infrastructure
(Clarke et al., 2014). For a developed country it may be the
other way around, it may have a very high moral obligation,
but may have technical difficulty to reduce domestic
emissions in the same order of magnitude without retiring
old infrastructure before the end of its life (“carbon lock in”
or “stranded assets”).

The methods are applied illustratively to the recent post-
2020 climate proposals by the USA, China and the EU. The
results differ substantially per method, which confirms
that a comprehensive ambition assessment is necessary to
provide the full picture.
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K-L2.2-04

Integrating development and climate
policy in South Africa
T. Caetano (1)

(1) University of Cape Town, Energy Research Centre, Cape
Town, South Africa

South Africa’s approach to its INDC will very likely be
framed by development and climate. The formal process
of consultation by government has yet to take place, but
we know that the National Development Plan (NDP) is as
important as South Africa’s climate policy. Some research
we have undertaken at the Energy Research Centre
(ERC) illustrates the challenges of seeking a substantial
reduction in poverty, inequality and emissions.

The key question facing the mitigation community in South
Africa is the pace with which the country can decarbonize
the energy sector, which currently accounts for majority
of total emissions, without undermining development
imperatives - the NDP places reduction of poverty and
inequality at the top of a list of multiple priorities.

The current structure of the South African economy has

resulted in sub-optimal environmental (high carbon
intensity) and social (hi?h Gini-coefficient and low HDI)
outcomes. High levels of poverty and inequality are likely
to be exacerbated substantially by climate change impacts
in the future, while a reliance on energy- and capital-
intensive, and low-labour-absorbing sectors means that
even with a sophisticated tax and redistribution system,
there are simply too few employed and skilled citizens in
the economy to drive improvements in living standards
and key socio-economic indicators for majority of the
population. Inclusive growth is a necessary condition for
attaining better socio-economic outcomes in the future,
but the type of growth that South Africa has experienced
in the past few decades has not been sufficient.

A key question then is the extent to which a structural
change in the economy can meet both mitigation and
development objectives. Growth in sectors that are labour—
intensive, absorb low- and un-skilled workers and are low
carbon need to be incentivized if South Africa is going
to move forward with climate compatible growth and
development.

The domestic policy system is characterized, however,
by lock-in and path dependency. While consultations on
the INDC are ongoing, ERC research suggests that what
is crucial is an understanding of how a just transition
over the next decades from an inequitable and carbon
intensive economy to a more equitable and low carbon
economy can be achieved. South Africa’s national climate
policy, as indicated in 2009, is that its emissions will
follow a ‘peak, plateau and decline’ trajectory to 2050.
The NDP includes an environmental chapter that talks to
“an equitable transition to a low-carbon economy”, yet this
remains to be fully integrated with chapters on economy,
employment and infrastructure. ERC research has provided
initial analysis on what would be required, either with a
more skilled work force or possibly a different structure of
the economy, to move toward a successful integration of
development and climate policy.

K-L2.2-05
The economic and competitiveness dimen-
sions of the Draft Chilean INDC

A. Rudnick (1)
(1) MAPS Programme, Latin America, Santiago, Chile

Chile’s national contribution to mitigation is based on a
commitment to reducing greenhouse gases for the post-
2020 period. It is based on the sectorial analyses and the
mitigation scenarios developed in 2013-2014 with MAPS
Chile (Phase 2), the results of the National Greenhouse
Gas Inventory, and additional information provided by
the Ministries of Environment, Energy, Agriculture and the
Treasury.

Chile aims to reduce its greenhouse gas emissions while
decreasing poverty and inequality as well as continue
advancing toward sustainable, competitive, inclusive and
low-carbon development. To confront these challenges
successfully, the country should direct all its efforts
to decoupling economic growth from greenhouse gas
emissions.

Draft Intended Nationally Determined Contribution on
Mitigation

Chile analyzed a subset of three forms of contribution for
the whole economy, namely: i) carbon intensity target, ii)
a deviation below business as usual scenario specified
ex ante, and iii) trajectories. From a review of existin%
literature and considering the national experience wit

the Copenhagen pledge, Chile has chosen to report its
contribution for the post-2020 period in the form of
emissions intensity. Chile’s contribution will allow the
country to reach high levels of economy-wide mitigation.
Methodologically, it takes two components into account:
a) a carbon intensity target, expressed in greenhouse gas
emissions per unit of economic development (GDP) which
includes all sectors where mitigation is possible in Chile
except for forestry; and b) a separate target for forestry. t

The draft INDC was submitted to a national consultation
process, were two options of carbon intensity target were
consulted.

Option A: Chile is committed to reducing its CO2eq
emissions per GDP unit by 30-35% below their 2007 levels
by 2025. Chile is also committed to reducing its CO2eq



emissions per GDP unit by 40-45% below their 2007 levels
by 2030.

Option B: Chile is committed to reducing its CO2eq

emissions per GDP unit by 25-30% below their 2007 levels

by 2025. Chile is also committed to reducing its CO2eq

Emizsgg%ns per GDP unit by 35-40% below their 2007 levels
y .

Figure 1:Upper value of Option A expressed in emissions
(excluding LULUCF) per unit of GDP

Source: Draft INDC. Government of Chile. 2015.

In addition, for the forestry sector Chile has proposed
restoring about 100,000 hectares of degraded land
(forestation) with its own resources investin? an estimated
US$250 million, reaching an area of at least 100,000
hectares of managed native forest by 2035.

National perspective

Chile already has concrete and ambitious goals and
policies, and has consistent energy policies to move
towards a clean, safe, sustainable matrix (Law on
renewable energy, energy efficiency targets, carbon tax).
Emission mitigation is seen as an opportunity to low-
carbon development with multiple benefits such as job
creation, improved population health, competitiveness
and others.

The mitigation scenarios considered for the draft INDC
were modeled through a dynamic stochastic Peneral
equilibrium model (in Phase 2 of MAPS-Chile) for two
macroeconomic variables: increase in the value of GDP

and increased employment. The values presented in the
table below correspond to percentage deviations from the
baseline from 2013 to 2030. The three scenarios represent
the mitigation range included in Option A and Option B of
the draft INDC.

Table 1: Macro economic effects of mitigation options

GDP Employ | CO2eq
ment Emissions

Scenario
2030 | 2030 2030

80/20 (Lower value of | 1,2% 0,0% -18,8%
Option B)

Medio (Upper value | 6,7% 5,5% -23,4%
of Option B and lower

value of Option A)

Alto (Upper value of | 7,4% 6,3% -26,2%

Option A)

Source: MAPS Chile results (Phase 2).

According to the GDP growth rate, the population
projections, and the mitigation measures and policy
choices considered in the three mitigation scenarios,
the macroeconomic modeling results indicate that high
mitigation scenario is not only the most ambitious in
terms of emission reduction, but also verifies the largest
increases in GDP and employment levels to 2030.

L2.3 - Climatic Variability and the Social and Human

Dimensions of Vulnerability

K-L2.3-01

Extremes of climate variability and impacts
on society: The drought and water crisis of
2014-15 in Southeastern Brazil

J. Marengo (1)
(1) CEMADEN, San Paolo, Brazil

Deficient rainy season during the austral summers of
2013-14 and 2014-15 over most of southeastern Brazil
affected the Sdo Paulo Metropolitan Area (SPMA)-South
America’s largest metropolis, home to 20 million people
and where 10% of Brazilians live and a third of GDP is
produced. Together with high temperatures throughout
2014 and up to January 2015 and a subsequent increase
in water demand, the persistent lack of rainfall determined
a drought situation, impacting on the use of water for
human consumption, hydropower, as well as water for
agriculture, creating an acute “water crisis” situation. In
the last 60 years, some extreme dry events have impacted
Southeastern Brazil, including the 1953-54 episode and
the 2000-2001 as the most intense. Here we intend to
assess how extraordinary the recent extreme drought that
started in summer of 2013, persisted throughout 2014
and continued up to January 2015 was, and to analyze
some of the main factors contributing to it.

The hydropower reservoirs—which account for around 70%
of the country’s entire hydroelectric power generation-
and the rivers feeding the Cantareira reservoir system,
which provides almost%qalf of the city of Sdo Paulo’s water,
were almost dry by the end of 2014.The severe drought
of the summer 2014-2015 was associated with a wide,
intense and very persistent high-pressure area placed
from surface to the upper troposphere. The anticyclonic
system that dominates the atmospheric circulation over
eastern South America extended from the sea level to
the upper troposphere inhibiting the distinctive seasonal
convective activity. This anticyclone lasted 45 days,
extremely rare in terms of duration and never previously
recorded for that region.

The region of Cantareira region experienced the most
severe drought during the summer of 2014, and this
year corresponds to the warmest year in the region since
1962. Other drought years, as in 1971 and 2001 were

also among the six warmest years during that period.
Therefore, the worse water crisis in Sao Paulo during
the warmest year during the last 52 years is a relevant
example of climate change risk due to rising temperatures
due to anthropogenic influences.

However, origins of the current water crisis go beyond the
rainfall deficiency, to include an array of interconnected
factors: the city’s surging population growth in the 20th
century; a chronically leaky system that spills vast amounts
of water before it can reach homes; and the destruction
of surrounding forests and wetlands that have historically
soaked up rain and released it slowly into reservoirs.
Rainfall over the Cantareira system has been decreasing
during the last decades and the levels in 2014 were the
lowest since 1940. Longer-term planning by regional
governments has fallen short, and many residents are
already enduring sporadic water cutoffs, some going days
without it. SABESP, the state utility company has reduced
its extraction from the reservoir by a third, cut its pump
pressure at night, and offered discounts to customers
who reduce their consumption. Some parts of the city are
relying on water trucks to maintain their supply.

K-L2.3-02
Managing multifunctionnality for Climate
Smart Landscapes

C. Mbow (1)
(1) Institut des Science de I’Environnement, Faculté des
sciences et techniques, Dakar-Senegal, Senegal

This presentation addresses the importance of managing
trade-offs for sustainability in the face of climate change
and how in particular the integrated landscape approach
could be the one way to achieve many climate change
related objectives. The presentation suggests a analytics
for harnessing the climate smart landscape approach to
the emerging climate challenges using some examples of

ractices that are suited to different contexts. From the

istorical footprints of the co-evolution between policy
and science in the aim of achieving integrated solutions
to climate/environmental crisis, we suggest some avenues
on how to use landscape management principles in the
design and the implementation ofgmultiple goals; and what
are the key barriers.
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K-L2.3-03

Exploring the human dimension of urban
resilience: perspectives from the Pacific
region

D. Mcevoy (1)
(1) RMIT University, Melbourne, Australia

Cities in the Pacific region, which in many instances
are already vulnerable to a range of natural hazard and
weather-related events, will be faced by a multitude of
resilience challenges in the future as a consequence of
the interactions between a changing climate and rapid
urbanization processes. These challenges are further
complicated in the Pacific by land tenure arrangements,

with tensions between municipal and customary land
ownership often commonplace. Drawing from ongoing
research activity as part of UN-Habitat’s Cities and Climate
Change Initiative, the presentation will explore the human
dimension of climate vulnerability in the capital cities of
Honiara (Solomon Islands) and Port Vila (Vanuatu). Both
these case studies have been affected by recent weather-
related disasters as evidenced by the Honiara floods in
2014 and the impact of Cyclone Pam on Port Vila in 2015.
Discussion of the human dimension of urban resilience will
not only address the current and future hazard component
but also how changing levels of exposure, sensitivity and
adaptive capacity will affect the resilience of the urban
system (and its component parts). Lessons learnt from
this analysis have the potential to positively influence the
development of adaptation pathways and the enhancement
of local resilience strengthening activity.

2.4 - Early Warning for Thresholds and Tipping Points in the

Earth System

K-L2.4-01

Early warning of climate tipping points

T. Lenton (1)
(1) university of exeter, exeter, United Kingdom

A ‘tipping point’ occurs when a small change in forcing
triggers a strongly non-linear response in the internal
dynamics of a system, qualitatively changing its future
state. Large-scale ‘tipping elements’ have been identified
in the Earth’s climate system that may pass a tipping point
under human-induced global change this century. At the
smaller scale of ecosystems, some tipping points have
already been observed, and more are anticipated in future.
Our capacity to forecast such abrupt, non-linear changes
has historically been poor. However, much excitement
has recently been generated by the theory that some
approaching tipping points carry generic early warning
signals. | will critically examine the prospects for gaining
early warning of approaching tipping points. Promising
methods are based on detecting ‘critical slowing down’ in
the rate a system recovers from small perturbations, and
on accompanying changes in the statistical distribution of
its behaviour. | will show examples of early warning signals
in paleo-data approaching past abrupt climate changes,
and in models being gradually forced past physical climate
tipping points. | will also discuss the conditions under
which the methods fail. Finally, I will show an example of
pronounced slowing down in observational climate data,
for North Pacific sea surface temperatures, and explore
t?'lefimplications for well-known marine ecosystem ‘regime
shifts’.

K-L2.4-02
Are there tipping points in terrestrial
ecosystems?

M. Hirota (1)
(O] Felderal University of Santa Catarina , Santa Catarina,
Brazi

Terrestrial ecosystems have  been undergoing
unprecedented climate and human-induced disturbances,
which are likely to push these systems towards changes
in their physiognomies, structure, and functioning. It has
been hypothesized that these new configurations may be
alternative regimes of systems comprising vegetation—
climate-disturbance interactions. Thus, one way of
explaining the dynamics of ecosystems in transition may
be the theory of multi-stability and concepts such as
resilience, hysteresis and tipping points. However, whether
such multiple regimes indeed exist in climate-vegetation—
disturbance systems and whether we can identify and
quantify tipping points of such systems still remain
largely unclear due to various reasons such as the role
of heterogeneity and multi-scale processes in amplifying
or dampening hysteresis and environmental change. This
highlights the need to inter- multidisciplinary teams,
which investigate such questions and help addressing
management practices and preserving ecosystem services
for future adaptation policies.
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K-L2.4-03
Approaching Tipping Points: context, anti-
cipation and community-based monitoring

M. Nuttall (1)
(1) University of Alberta, Department of anthropology,
Alberta, Canada

From the Arctic to the topics, Prairie and steppeland
environments to high mountain areas, deltaic regions
and low-lying ecosystems, people are observing and
experiencing significant environmental shifts. However, it
does not necessarily follow that they think about climate
change as the most pressing issue affecting their lives.
In this presentation, | discuss some aspects of how to
understand the consequences of climate change, as well
as identifying tipping points and thresholds, in a broader
context. Rapid social, economic and demographic change,
resource management and resource development, quota
systems, trade barriers and conservation policies, among
many things, have significant implications for human
security and livelihoods. In many cases, climate change
merely magnifies existing societal, political, economic,
legal, institutional and other challenges that people
experience in their everyday lives. In the far north of
Greenland, for example, while the thinning sea ice and
melting glaciers are perceived as troubling and worrying,
local people see economic opportunities for their
communities in the form of emerging halibut fisheries.
Yet, although dramatic changes in climate require people
to respond in particular ways, transformations in global
markets that affect small-scale fisheries often have greater
consequences. And while the disappearance of sea ice and
glacial retreat may indicate approaching tipping points,
irreversible social, cultural and economic change was
precipitated in the 1980s by environmentalist opposition
to seal hunting, while the prospect of oil development and
mining mean different kinds of tipping points in the near
future. As they reflect on a changing climate, local people
do so from the position of living through considerable
social and economic transformation that may have nothing
to do with environmental change.

In this presentation, | consider the above and then focus on
two things. First, building on earlier work on tipping points
and anticipatory knowledge, | consider anticipation; how
people think about the world around them, how they orient
themselves and live toward the future, and how they create
and enact change within a world that is also undergoing a
constant process of becoming and being remade. | discuss
how a focus on anticipation in local settings would give
us a greater understanding of a diversity of approaches
to precaution, pre-emption and preparedness. Given the



challenges (as well as opportunities) that climate change
brings to environment and society, understanding how
anticipation is inherent in everyday life and implicit in
social relations and cultural practices, and how aspects
of those relations and practices can emerge from
anticipation, is a way to understand successful local
strategies of adaptation, the nature of resilience and how
people prepare themselves for uncertain futures. Second,
| discuss some anthropological methods and prospects
for identifying and gaining early warning of tipping points
through reflection on collaborative and participatory-
based community research. By way of example, | draw on
an interdisciplinary project in the High Arctic environment
of northern Greenland (the EU-funded ICE-ARC project)
which is working with communities to help them prepare
for and negotiate change in the future. Central to this
project is community-based monitoring, a process that
not only seeks to identify early warnings of tipping points,
but something that builds local research capacity and puts
in place a local observing system. This will help improve
climate predictions for understanding the impacts of
climate change on marine ecosystems and Arctic societies
and enable communities to build capacity towards
ensuring sustainable livelihoods.

K-L2.4-04
Can we avoid the next tipping in Antarc-
tica?

R. Winkelmann (1)
(1) PIK Potsdam, -, Germany

Sea-level rise is a given consequence of anthropogenic
climate change. How much and how fast it is going to
rise will depend critically on the future evolution of the
Antarctic Ice Sheet which stores water equivalent to more
than 50 meters of global sea-level rise. Most of West
Antarctica’s marine ice sheet lies on an inland-sloping
bed and is thereby prone to an instability mechanism, the
so-called marine ice sheet instability. Recent observations
suggest that the grounding line has probably already
transgressed into the unstable regime in part of the West
Antarctic Ice Sheet due to warm water intrusion into the
shelf cavities. Similar topographic configurations are
found in large parts of the East Antarctic Ice Sheet which
holds marine ice equivalent to 19 meters of global sea-
level rise, more than five times as much as West Antarctica.
For Wilkes basin in East Antarctica, it has been shown
that removing a specific coastal ice volume, a so-called
ice plug, can destabilize the entire basin, leading to self-
sustained ice discharge and long-term sea-level rise of
several meters. Here, we will explore the regions which
might be subject to the marine ice-sheet instability, the
processes potentially triggering it, and the consequences
and implications for future sea-level rise.

K-L2.4-05

Effects of climate change and other driver
of global changes on biodiversity

C. Bellard (1)
(1) Université Paris Sud, Paris, France

L2.5 - Food and water security

K-L2.5-01

Future landscapes of food supply and
demand and implications for emissions

JF. Soussana (1)
(1) Inra, Paris, France

Climate change and the rise in atmospheric CO2
will reorganize food systems and alter agricultural
productivity, with impacts on food security, land use and
?reenhouse gas emissions. Food security is still an issue
or about 795 million undernourished people, mostly
located in the least developed countries of the planet. The
agriculture sector is already affected by climate change,
with significant global negative impacts on wheat and
maize yields being observed over the last decades. The
global food systems would be severely threatened under

Current threats have greatly accelerated the rate at which
extinctions occur. Climate change is expected to become
one of the most important threat in the future (Bellard
et al. 2012). In general, multiple threats, such as habitat
destruction, invasive species, overexploitation, and
climate change lead to an increase in species extinction
risk. The combined impacts of multiple threats are also
diminishing the capacity of natural systems to cope
with the effects of these changes. Yet, over the past
decade most studies have assessed the future spatial
distribution of these threats individually. This approach
can be ineffective and ecologically misleading, because
cumulative effect of different threats are not considered.
Most of the conservation measures that are based on such
studies consider a subset of threats, which may be of little
benefit if other threats remain unaddressed. In addition,
the combined impacts of different threats might be larger
than the cumulative effect of each threat on biodiversity.
Because little is known about the possible existence of
interacting effects, quantifying the magnitude of potential
synergies should become a priority.

Here, we J)ropose to use two case studies at a global
scale: biodiversity hotspot (Bellard et al. 2014), and USA
to illustrate the need to consider multiple interactions
between climate change and other threats. For instance,
we will examine the ef?ect of climate change including sea
level rise and land use changes on biodiversity hotspot.
We will discuss congruence between threats, species
vulnerability and protected areas through the biodiversity
hotspot. We will also discuss the potential impact of
future interaction of climate change, land use changes,
and invasive species for 196 endemic species across
USA (Bellard et al., submitted). To this aim, we took into
account the spatial distribution of biodiversity vulnerable
to these threats. In particular, we found high cumulative
threat values (>2 threats) aggregated over the eastern part
of the USA, with lower values in the central and western
parts. Cumulative impact analyses also suggested that
the return on investments for conservation purposes
may be low when high cumulative threat areas with low
species diversity require protection from many threats
(e.g., Minnesota, Wisconsin, Michigan, lowa states). These
analyses provide a useful means of identifying where
conservation measures and monitoring programs that
should consider multiple threats should be implemented
in the future. Ultimately, we will further discuss why
manager should consider multiple threats to mitigate the
future effect of climate change.

Bellard, C., Bertelsmeier, C., Leadley, P., Thuiller, W., &
Courchamp, F. (2012). Impacts of climate change on the
future of biodiversity. Ecology Letters, 15(4), 365-377.
doi:10.1111/j.1461-0248.2011.01736.x

Bellard, C., Leclerc, C., Leroy, B., Bakkenes, M., Veloz,
S., Thuiller, W., & Courchamp, F. (2014). Vulnerability of
biodiversity hotspots to global change. Global Ecology
and Biogeography, 23(12), 1376-1386. doi:10.1111/
geb.12228

Bellard, C., Leclerc, & Courchamp, F. Combined impacts of
global changes on biodiversity across the USA submitted

under climate change

high end global warming scenarios. The agriculture,
forestry and land use sector contributes to 24% of global
anthropogenic greenhouse gas (GHG) emissions, with
livestock alone estimated to contribute about 14.5% of
total human induced emissions when a supply chain
approach is considered. Globally, GHG emissions from
agriculture could be reduced by 20-30% if less efficient
producers would adopt the best practices of their peers,
in the same production system and region. Technologies
and practices that help reduce emissions exist but are not
yet widely used. Those that improve efficiency and plant
and animal health also have productivity co-benefits.
In addition, the agriculture sector could benefit from
carbon offset programs that represent potential additional
income. Climate change matters to the agriculture sector.
Direct impacts on production range from extreme climatic
events, droughts and floods, to thermal stress and reduced
yields. A large proportion of low income farmers are highly
exposed to climate change. Forward-looking scenarios of
plausible agricultural sector developments were developed
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based on the new IPCC scenario framework. The results in
terms of agricultural market developments, land and water
use, and GHG emissions going until 2050 highlight the
role that demand driven and supply driven changes in the
sector could play both for greenhouse gas mitigation and
for adaptation to climate change.

K-L2.5-02
Past and future weather-induced risk in
crop production

J. Elliott (1)
(1) University of Chicago, Chicago, United States of America

The global food system has seen increased volatility
in recent years, with spiking food prices blamed for
civil unrest on several continents. Rising prices for
global commodity products like soy, meat and palm are
increasingly driving deforestation around the globe, and
with agriculture increasingly interconnected to global food
and energy markets, weather-related risk and supply-
side shocks have become a key issue or concern for
governments and businesses alike.

Using archives from the Agricultural Model Intercomparison
and Improvement Project (AgMIP) and the Intersectoral
Impact Model Intercomparison (ISI-MIP), we look first at
the impacts of 65 years of continental and global extreme
events using observation-driven models and data. We
identify the most severe historical events in caloric terms
at national to global scales and evaluate the ability of
models and model ensembles to identify weather-induced
extreme years, correctly assess the magnitude of large-
scale extreme events, reproduce historical country-level
variability, and reproduce spatial patterns of losses under
extreme drought.

We next consider global crop models driven with large
ensembles of climate model output (both under historical
forcing and with future scenarios) to characterize present
day risk and the extent of non-stationary risk in global
crop production. We find increasing, and in many cases
accelerating risk, of extreme global loss events even in
scenarios with little to no climate-induced long-term mean
changes. In some cases, one-year global-scale production
loss events that would have recently been called 1-in-
100 year events are estimated to occur every 30 years by
mid-century, and every 10-20 years by end-of-century.
We discuss some regional and global protective measures
that might be introduced, including increased trade,
stock-hoarding, crop breeding, and improved forecasts,
monitoring, and modeling.

K-L2.5-03
Future landscapes of crop water supply
and demand

T. Oki (1)
(1) University of Tokyo, Tokyo, Japan

The real hydrological cycles on the Earth are not natural
anymore. Humans are now driving changes in atmospheric
processes through emission of green-house gases
and land cover changes directly and indirectly. Global
mean temperature is projected to rise approximately
proportional to the cumulative total anthropogenic CO2
emissions from 1870 (AR5, IPCC WGI). Temperature rise
itself will have direct impacts on the availability of water
resources through changing flow regimes in snow-
dominant or glacier-effluent river basins, and it will
also be associated with sea level rise because thermal
expansion is one of the major causes of observed and
projected sea level rises. Further, climate change is
projected to alter hydrological cycles: changing temporal
and geographical patterns of hydrological components,
such "as precipitation, evapotranspiration, runoff, and
ground water recharge, and particularly in their extremes.
Consequently, the frequency of floods and/or droughts is
projected to increase some parts of the world.

However, as articulated in the AR5 of IPCC WCGII, “Risk of
climate-related impacts results from the interaction of
climate-related hazards (including hazardous events and
trends) with the vulnerability and exposure of human and
natural systems”, increasing frequency of natural hazards,
such as torrential rainfall or long-lasting heat wave, alone
will not cause damages on human and natural systems,
and both climate and social changes are relevant for

planning sustainable development in the future.

AR5 (WGII) also says “Significant co-benefits, synergies,
and tradeoffs exist between mitigation and adaptation
and among different adaptation responses; interactions
occur both within and across regions”. Mitigation and/or
adaptation actions should not be planned in an isolated
manner, but should be integrated into wider frameworks,
such as integrated water resources management
and sustainable development. It would preferably be
integrated into a risk management framework assessing
and managing possible global risks, and ultimately pursue
increasing human well-beings.

These issues will be discussed with reviews of the latest
estimates of water demand and supply in the future.

K-L2.5-04
Planetary opportunities in crop water

management: Potential to outweigh cro-
pland expansion

J. Jagermeyr (1)
(1) Potsdam Institute for Climate Impact Research (PIK),
Potsdam, Germany

A major humanitarian challenge for the 21st century is
to feed the growing world population in face of climate
change and sustainability boundaries. However, as the
planetary boundaries for freshwater and land use are being
approached rapidly, there is little potential for additional
cropland appropriation or irrigation water diversion. In
addition, competition between food production, bioenergy
plantations and biodiversity conservation increases
pressure, while considerable yield gaps remain in many
world regions and various water conservancy methods
proved instrumental to boost yields in a sustainable way.
In the here presented modeling study we investigate, at
global scale, to what degree smart on-farm crop water
management might contribute to a sustainable global
yield increase. We do this under current and projected
future climate conditions and under the constraint
of environmental flow requirements to represent the
planetary boundary for human freshwater use and its
regional pattern. We recalculate from this potential how
much cropland expansion could be avoided and also
quantify associated financial investment needs. The
portfolio of management options studied here consists
of methods aiming for elevated crop water productivity
(irrigation improvements and expansion with thus saved
water) and an optimal use of on-field precipitation water
(reducing soil evaporation and collecting surface runoff for
supplemental irrigation).Global yield simulations based on
hypothetical scenarios of these management opportunities
are performed with the process-based agro-biosphere
model LPJmL, driven by reanalysis data and GCM ensemble
simulations. We consider a range of 20 climate change
projections to cover respective uncertainties, and we
analyze the effects of increasing CO2 concentration on the
crops and their water demand. Crops are represented in
a process-based and dynamic way by 12 crop functional
types, each for rainfed and irrigated areas, per 0.5° x
0.5° grid cell. Irrigation is represented through a newly
implemented dynamic irrigation module that accounts for
beneficial and non-beneficial irrigation water consumption.
Our results show that irrigation shifts to more efficient
systems can save substantial amounts of water (54-76%
of non-beneficial water consumption) at the basin level,
and if used to transform rainfed into irrigated systems,
can increase crop yields significantly in many major
river basins (14-18% global production increase). Large-
scale irrigation transitions are however very expensive.
Moreover, affordable low-tech solutions for small-scale
farmers on water-limited croplands can increase yields to
a similar extent. A simulated global ~15% yield increase
from a low-intensity water management scenario could
outweigh, i.e. possibly avoid, an estimated 120 Mha of
cropland expansion under current climatic conditions. A
maximum-intensity water management scenario shows
the potential to increase global yields by more than 35%
without expansion or withdrawing additional irrigation
water. Climate change will have adverse effects on crop
yields in many regions, but as we show such adaptation
opportunities have the potential to mitigate or compensate
these impacts in many countries. Overall, proper water
management (sustainably maximizing on-farm water use
efficiency) can substantially increase global crop yields and
at the same time relax rates of land cover conversion.



K-L2.5-05

Agricultural Adaptation to Climate Change
in Rich and Poor Countries

D. Lobell (1)
(1) Stanford University, Department of environmental earth
system science, Stanford, United States of America

This talk will review the evidence on the effectiveness of
adaptation in reducing climate change impacts in different
countries. Much of the model—baseg evidence is relatively
weak, not only in that it relies on models, but that it
depends on strong assumptions about what farmers would
do in the absence of climate change. A few observational
studies have been published in recent years, which will
also be reviewed. Overall, the challenge of adapting to
climate change is formidable, and rapid learning will be
essential for achieving as much reduction in impacts as
possible.

K-L2.5-06
Adaptation to Extreme Weather Events by
Farmers in China

J. Huang (1)
(1) Chinese academy of sciences , Center for chinese
agricultural policy, Beijing, China

Growing evidence indicates that climate change has
aggravated the intensity and frequency of extreme weather
events in the past and will future aggravated in the future.
Overcoming the challenge of increasing extreme weather
events, particularly drought and flood, has captured much
attention in many developing countries. In China, the
annual average crop area suffering from serious drought
and flood has also increased in recent decades. Key issues
to be discussed in this presentation include: how farmers
have responded or adapted to the extreme weather
events? What are major measures that have been taken by
farmers when they flace serious drought and flood? How
effectiveness of these measures in mitigating the risk
resulted from the extreme weather events? How policy can
facilitate farmers to better adapt to the rising intensity and
frequency of extreme weather events in the future? Based
on primary data from a large-scale field survey in China,
the results show that when faced with severe drought or
flood, farmers do take various measures to mitigate the
climate risk. Most measures taken by farmers are related
to investment in and management of water used in
agricultural production. The local irrigation infrastructure,
policy supports and early warning information services as
well as farmers’ social capita have facilitated farmers to
take the adaptive responses. In addition, existing village,
household and plot characteristics also significantly
Further analysis shows that the adaptation through
farmers’ responses significantly reduce crop yield loss and
risk of crop yield. The presentation concludes with several
policy implications.

|.3.1- Socio-economics and Instruments for Transforming the
Energy Sector: Economic Policy Tools for Mitigation of Energy-

related GHG Emissions

K-L3.1-01

The economic and policy structure of
energy transitions
M. Grubb (1)

(1) University College London, Institute of Sustainable
Resources, London, United Kingdom

This presentation will summarise key structural lessons
from quarter of a century’s debate and experience
in seeking to foster low carbon energy transitions,
offering a new framework to explain how climate and
energy challenges can be tackled more effectively whilst
containing energy bills. It will explain three domains of
socioeconomic processes each of which involves different
actors and decisionmaking characteristics. These three
domains operate at different scales of time and social
entities and rest on different theoretical foundations. The
unique characteristic of energy and climate change is that
the issues raised span all three domains in approximately
equal measure. The policy implication is the need for
three distinct pillars of action, each being approximately
equally important.

Drawing on the book Planetary Economics, co-authored
with Professors Hourcade and Neuhoff, the presentation
will explain from these foundations how the different
pillars are complementary and why only packages
spanning all three are credigle, economically efficient and
environmentally effective - and hence, politically stable.

K-L3.1-02
Carbon Markets: Past, Present and Future
B. Pizer (1)

(1) Sanford School of Public Policy, Duke University,
Department of economics, Duke, United States of America

Carbon markets are substantial and expanding. There
are many lessons from experience over the past 10
years: fewer free allowances, careful moderation of low
and high prices, and a recognition that trading systems
require adjustments that have consequences for market
participants and market confidence. Moreover, the
emerging international architecture features separate
emissions trading systems serving distinct jurisdictions.

These programs are complemented by a variety of other
types of policies alongside the carbon markets. This
architecture sits in sharp contrast to the integrated
global trading architecture envisioned 15 years ago by
the designers of the Kyoto Protocol and raises a suite
of new questions. In this new architecture, jurisdictions
with emissions trading have to decide how, whether,
and when to link with one another, and policy makers
overseeing carbon markets must confront how to
measure the comparability of efforts among markets and
the comparability of markets to a variety of other policy
approaches.

An important recent development is the 2014 U.S.
Environmental Protection Agency (EPA) proposed rules
to regulate fossil fuel power plants under existing U.S.
law. Final rules are expected this summer. The rules’ key
features include state-by-state emissions rate targets and
considerable flexibility for the states to achieve them. This
flexibility includes the states’ choice to implement the
targets through traditional regulation or the use of carbon
markets. If implemented through carbon markets, states
face additional questions about carbon market design.
Different strategies for emissions reductions and regulation
design will have important near-term consequences, in
terms of the cost of electricity generation and market
prices, and important long-term consequences, in terms
of retirements and new investments. These consequences
can vary significantly from region to region and from
stakeholder to stakeholder.

The long-term consequences are particularly important
in terms of the legacy for future policies. If current
regulations turn out to be inadequate to address future
mitigation goals, debate could begin again over federal
legislative options, namely, a tightening of the existing
program, an explicit national trading program, emissions
taxes, or other alternatives to reduce emissions such as
renewable or clean electricity goal. In this event, it will be
important to understand how responses to the current
proposed regulation may both affect the ability of the
electricity industry to respond cost effectively to any new
policies in the future as well as the distribution of ?uture
costs across stakeholders.
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K-L3.1-03

Carbon Pricing Future in China

J. Kejun (1)
(1) Energy Research Institute , National development and
reform commission, Beijing, China

A global 2 Degree temperature increase was identified as
a political target for climate change. The newly published
IPCC ARS presents a lot of research on scenarios, policies
for the 2 degree target. Carbon pricing is one of the key
policy options for CO2 emission mitigation. In China, CO2
emissions trading was adopted as a policy for China’s low
carbon development. The emission trading was launched
in 2011 in 7 pilot cities and provinces. An implementation
of carbon tax in China was widely discussed, and now
is under decision making process in government. This
presentation summarizes the analysis of a carbon
tax based on IPAC model simulation, and discusses
the choice between carbon tax or emission trading in
China. In the modeling analysis, in order to support the
global 2 degree target, CO2 emissions in China have to
reach peak before 2025 and then start deep cut on CO2
emissions. In IPAC modeling analysis, feasibility analysis
for this emission scenario was developed. By using this
detailed analysis modeling tool, it is feasible for China
to peak CO2 emissions before 2025, and start deep cut
after that, reaching more than 70% cut by 2050 compared
with that in 2020. In the analysis, various policies were
considered, including energy efficiency improvement,
fuel switching in end use sectors, low carbon power
generation, land use mitigation, carbon pricing etc. Based
on China’s policy making regime, these policies could be
implemented in different government agencies according
to their functions. There has been a significant progress
on energy efficiency improvement since 2005 when China
started the energy conservation program as a national
fundamental strategy. And in recent years, renewable
energy development in China is also playing the main role
in the world, accounting for nearly one third of the global
production capacity for renewable energy added per year.

However, we do need to consider an economic method
for GHG mitigation in China. We have started analysis
on carbon tax and emission trading from 2005, by now
ETS is undergoing, and a carbon tax was proposed to
government. In the modeling analysis, it is found that
carbon pricing has significant effects on CO2 emissions
mitigation to reach the global 2 degree target, and could
be implemented in China. By reviewing the progress
of ETS in China, we have discussed the advantages and
disadvantages of both carbon tax and ETS, and suggested
the future pattern for carbon pricing in China. Carbon tax
is strongly recommended as a national policy for GHG
mitigation. A system to combine carbon tax and ETS in
China is also proposed.

K-L3.1-04
India’s Energy and Climate Debate: Uncer-

tainties in Future Emissions and the Scope
for Co-benefits

N. Dubash (1)
(1) Centre for Policy Research, New Delhi , India

India occupies a dual position in global climate debates.
As a large and rapidly growing economy, India’s future
energy and emissions trajectory holds considerable
importance for global efforts to address climate change.
On the other hand, India starts from a very low base of
energy use and emissions on a per capita basis, illustrating
the considerable future energy needs required if India is to
meet the development needs of Indian citizens.

This duality frames Indian climate and energy policy.
Given the low levels of current energy usage, poor quality
of infrastructure and the need to provide jobs for large
numbers of people entering the workforce, the only
acceptable starting point from a domestic point of view
is India’s energy needs, rather than carbon limitations.
However, Indian policy formulation is able to consider
climate impacts through explicit consideration of ‘co-
benefits’ of alternative development policies. Hence,
understanding and operationalising co-benefits is an
important theme in Indian energy and climate policy.

This study reviews recent national energy and climate
modelling studies to assess the projected range of future

emissions, energy demand patterns and energy supply
futures. What emerges is a wide variation in projected
business as usual futures. Policy scenarios included are
a carbon tax, and bottom up demand and supply mix
scenarios, leading to a relatively modest deviation from
reference cases until 2030.

Key results include: a projected doubling or tripling of
carbon dioxide emissions, and an increase in coa?use by
2.5-3 times, despite considerable increase in renewable
energy use. However, these projections assume continued
high GDP growth rates until 2030, which partially drive
these results.

Despite the importance of co-benefits, the studies do not
systematically assess the co-benefits arising from various
climate policies. However, a review of global integrated
assessment models applied to South Asia do suggest that
air pollution and energy security co-benefits in particular
can be considerable.

Looking to the future, the co-benefits framing of India’s
climate policy is likely to result in sector by sector policy
formulation, driven primarily by sustainable development
and energy security concerns, with some attention to
climate benefits. The co-benefits analysis suggests that
the climate gains in terms of ‘bending the curve’ could be
substantial. In order to assess the magnitude of potential
reductions in CO2 will require more careful attention to
sectoral scenario construction in future model runs.

K-L3.1-05

Mitigation of Energy-related GHG Emis-
sions in Brazil

E. La Rovere (1)
(1) Federal University of Rio de Janeiro, Rio de Janeiro, Brazil

Brazil is one of the largest developing economies in
the world. Its long-run developmental pathway needs
to face huge challenges, such as: poverty eradication,
reduction of inequalities, food security, access to energy
and water, public security, technological innovation and
competitiveness. Climate change will have to be added
to this list, due both to the country high vulnerability
to climate change and to its important contribution to
global GHG emissions. In this context, this presentation
summarizes an analysis of the social and economic
implications of different GHG emission mitigation
scenarios for Brazil.

Brazilian voluntary commitment to reduce emissions until
2020 shall be reached thanks to the sharp cut on Amazon
deforestation achieved since 2004. As the economy
rows, emissions related to the combustion of fossil
uels for energy production and consumption have been
increasing significantly and are expected to become the
dominant source of GHG emissions over the next decade.
Mitigation policies and measures, beyond those included
in governmental plans, have been identified and grouped
in scenarios up to 2030, according to expert judgement on
assumptions about its economic and political feasibility,
resulting in different penetration rates of technological
and management innovations.

Comparative analysis of the scenario results has allowed
for highlighting economic (GDP, inflation, trade balance,
industrial competitiveness) and social (employment,
income distribution, low income household consumption
patterns) implications of lower carbon pathways in Brazil.
These results provide new insights as an input to the
national debate on the strategy to curb down country’s
GHG emissions up to 2030.

In the past, different policy tools have been used in Brazil
to foster the development of renewable energy in Brazil,
including: a mandatory blending of ethanol to gasoline; soft
loans to increase ethanol production; fiscal exemptions for
planted forests of fast growing species such as eucalyptus
and pinus, used for charcoal manufacturing; tendering
of hydropower plants to be built through public/private
partnerships; feed-in tariffs for power generation from
wind farms, solar PV and biomass; among others. These
instruments have enabled Brazil to reach a level of 45% of
renewable energy in total energy supply in 2010, against a
world average of 13%.

Now, different command/control and economic
instruments may be used to promote a transition to a even
lower carbon energy system: the creation of domestic



carbon allowance market is under study by governmental
bodies; and the possibility of increasing fossil fuel prices
by a variety of taxation schemes is also considered.

The study findings highlight that if command and control
measures coupled to microeconomic policies are able to
overcome the barriers to mitigation options, decoupling of
economic growth and GHG emissions would be possible:
additional mitigation scenarios, on the top of existing

overnmental plans, might increase GDP, employment and

ousehold income of the poorer income classes, providing
a “win-win” outcome. The gain of income is higher than
inflation for low and middle income classes, helping to
reach a better income distribution pattern. However, under
a global carbon tax scheme, applied on burning of fossil
fuels in Brazil as well, GDP is slightly lower. Even though,
the use of the carbon tax revenues to decrease labour
charges and foster job creation might keep employment

levels and preserve social development gains.

The Brazilian case illustrates the relevance of choosing
the appropriate instruments to overcome the economic/
financial and non-economic barriers to the mitigation
options, according to the national circumstances, in order
to achieve a transition towards a lower carbon society.

K-L3.1-06
Macroeconomic and Financial Policies for
Transforming the Energy Sector

J-C. Hourcade (1)
(1)International Research Center on Environment and
Development (CIRED), Paris, France

Abstract not communicated

|.3.2 - Transformational Energy Technologies

K-L3.2-01

Game Changing Energy Technologies

S. Benson (1)
(1) Stanford University, Stanford, United States of America

Successful transformation of our energy system will require
game-changing technological innovations. Some of these
innovations are here today - for example photovoltaics
and wind turbines. Some are likely to be coming soon,
but require additional time and effort to decrease costs
and scale them up to the enormous size of our energy
system. Looking to the future, additional game changing
technologies are needed and on the horizon: carbon
capture and storage, renewal fuels made without plants,
radiative cooling, just to name a few. Now is an incredibly
exciting time be involved in this important research
endeavor. Indeed it is the challenge and opportunity
of the century. In this presentation | will highlight the
tremendous progress that has been made in renewable
energy and present emerging innovations needed for a
more sustainable energy future.

K-L3.2-02

Prospects for Carbon Capture and Storage

G. Hill (1)
(1) BP Alternative Energy, Global carbon sequestration
technology group, London, United Kingdom

Carbon Capture and Storage (CCS) is likely to be a key
technology in a world that has a plentiful resource of
fossil fuels and cares about limiting CO2 concentrations
in the atmosphere. With almost 20 years of development
experience, CCS has still to break through the
demonstration phase. However internationally a number
of large scale projects are about to come on line which
might change t?lis perception. This talk will examine what
our experience has taught us to date and what challenges
remain for CCS.

K-L3.2-03

Energy Systems Integration

M. J. O’'malley (1)
(1) Energy Institute and Electricity Research Centre, University
college dublin, Dublin, Ireland

Energy systems have evolved from individual energy
devices into complex integrated systems that have
strong coupling between energy vectors across spatial
and temporal scales. Energy Systems Integration (ESI) is
the optimization of energy systems across these energy
vectors and scales. ESI is most valuable at the interfaces
where the coupling and interactions are strong and
represent a challenge and/or an opportunity. ESI control
variables are technical, economic, regulatory with a strong
human dimension. ESI benefits include increase reliability
and performance, minimisation of cost and environmental
impacts and in particular, increased penetration of
renewable energy sources.

|.3.3 - Managing Transitions in Cities: Towards resilient, low-

carbon cities

K-L3.3-01
Transition and transformation towards
low carbon, resilient cities

X. Bai (1)
(1) Australian National University, Canberra, Australia

The facts that link cities and climate change are simple -
cities contribute majority of CO2 emissions, and due to the
high and growing concentration of population in cities and
the geographic locations of world major cities, cities are
also increasingly exposed of, and would suffer from, the
impacts of climate change. It is increasingly recognized
that transition and transformation towards low carbon and
resilient cities are critical, and what we do in our cities, and
how we do it, may largely determine our collective futures
under climate change.

The importance of looking at cities in climate change
is paramount, and the need for the role of cities to be

better recognized and for cities to be better integrated
in international climate change negotiations is essential.
However, the real challenge lies in how can we initiate,
manage, and achieve transitions and transformations that
enable cities to become low carbon and more resilient.
Drawing on recent studies and several examples, this
paper explores such challenges and potential leverage
points, from the following four aspects:

a) The complex and multifaceted linkages between cities
and climate change: The linkages between cities and
climate change are complex and multifaceted. Cities
are the largest contributor of CO2, but they might also
be more efficient in terms of delivering the same level of
services. Recent research shows that cities impacts on
climate change have multiple pathways that go beyond
contribution to CO2 emission. Such complexities are not
fully recognized, nor they are reflected to inform policy
and practice.

b) Contextualizing low carbon concept in rapidly
urbanizing regions: The concept of low carbon and
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resilient cities often becomes a relative term and context
specific. In regions undergoing rapid urbanization and
economic growth, the goa?of achieving low carbon and
resilient cities can have drastically different meaning,
which is often contradicted by other objectives that are
more pressing and thus given higher priority. For example,
how to reconcile the tremendous need to provide urban
housing and other infrastructure vs the task of reducing
total carbon emission? Competing priorities exist within
the cities, but can also be dictated by the national policy
and thus beyond the city’s administrative capacity.

o) The need to focus from transition to transformation:
Transition can be defined as the shifting of system state,
in terms of carbon emission quantity, level of resilience.
Transformation on the other hand, means fundamental
changes in the society, that involves different actors
perspective, awareness, behaviour, culture norm, and
business governance practices. Much of the efforts in low
carbon cities are focused on transition. Research shows
majority of consumption based carbon are from upstream
indirect emission, which can only be addressed via
transformational changes.

d) The need for a better understanding of urban systems
processes and interaction: Cities are rapidly changing
system with interlinked actors and processes. There are
synergies, trade-offs and feedbacks between actions
within different sectors, with direct and flow on effects.
Such interactions, and in particular the feedbacks, are not
well understood. As far as cities are concerned, it probably
is not true that all the science needed to take action is out
there. Further, the sector or actor that initiates a climate
mitigation or adaptation action might be responsible for
and own the action, but not the flow on effects, positive
or negative. A better understanding of urban system
processes and interactions can help identify leverage
points and target the most important interactions and
actors, which in turn will enable cities to harness synergies
while limiting trade-offs.

0-L3.3-01

Urban Climate Change Adaptation and
Resilience

C. Rosenzweig (1)
(1) NASA Goddard Institute for Space Studies, New York city,
United States of America

Cities are acting as world leaders in climate action. This is a
crucial stage where significant opportunities are emerging
for the co-production of knowledge between researchers
and stakeholders. This discussion will draw on the Urban
Climate Change Research Network’s (UCCRN) Assessment
Report on Climate Chanfge and Cities (ARC3) as an example
of the co-production of climate knowledge for cities. The
discussion will also highlight the work being done by the
New York City Panel on Climate Change (NPCC) to aid in
developing science-based policy solutions for resiliency in
the metropolitan region of New York City.

The objective of the UCCRN is to bring together experts
working on global-scale, climate change and cities
assessments in order to simultaneously present state-
of-the-art knowledge on how cities are responding to
climate change and to define emerging opportunities and
challenges to the effective placement of this knowledge
in the hands of local stakeholders and decision-makers.

The First UCCRN Assessment Report on Climate Change
and Cities (ARC3) was published in 2011 by Cambridge
University Press, and articulates urban climate risk
frameworks, climate science for cities, and derives policy
implications for key urban sectors — water and sanitation,
energy, transportation, public health — and cross-cutting
issues through land use and governance. The ARC3 report,
containing 46 city adaptation and mitigation case studies,
represents a four-year effort by 100+ scholars from over
50 cities in both developing and developed countries, and
is the first-ever global, interdisciplinary, cross-regional,
science-based assessment to address climate risks,
adaptation, mitigation, and policy mechanisms relevant
to cities.

The UCCRN is now working towards launching the next
installment in this ongoing series, the Second UCCRN
Assessment Report on Climate Change and Cities (ARC3-
2, which has been submitted to Cambridge University
Press for publication. The ARC3-2 Report is scheduled
to be launched at COP21 in Paris in December 2015. The

UCCRN is also launching its Case Study Docking Station
later this year, providing examples of urban mitigation and
adaptation initiatives from 100 cities across the globe.

New York City, one of the cities included in UCCRN’s Case
Study Docking Station, is a leading example for urban
climate change adaptation and resilience. The New York
City Panel on Climate Change (NPCC) is an independent
body that advises the City on climate risks and resiliency.
Utilizing the best available data, NPCC science informs New
York City’s comprehensive climate policies, positioning
residents and planners to confront expected future
changes in the most effective way possible. The NPCC was
established in 2008 by then Mayor Michael Bloomberg
as an ongoing collaboration between scientists and key
stakeholders in the City of New York to integrate resilience
against the future impacts of climate change into long
term sustainable planning.

The NPCC released its first report in 2010 outlining the key
impacts that climate change is projected to have on the city
through 2080. In February of this year, the NPCC released
its second report, Building the Knowledge Base for Climate
Resiliency (NPCC 2015). This provided climate projections
for temperature, precipitation, and sea level rise through
2100 for the first time, representing advancement in the
science for resilience. New topics covered in the NPCC
2015 report also include public health, with a focus on
extreme heat events, coastal storms, and enhanced
dynamic coastal flood modeling, which incorporate the
effects of sea level rise. The work of the NPCC has been
used by New York City planners to guide key adaptation
initiatives. This science information was included in
rebuilding efforts after Hurricane Sandy in 2012 through
the Special Initiative on Rebuilding and Resiliency, in the
City’s $20 billion adaptation plan for climate change,
and most recently in Mayor de Blasio’s One NYC initiative
for approaching sustainability, resiliency, and equality
simultaneously in the 21st century.

0-L3.3-02
Shaping low carbon infrastructures - major
requirements and illustrative examples

M. Fischedick (1)
(1) Wuppertal Institut, Wuppertal, Germany

Reduction of GHG emissions caused by cities plays a
decisive role in the battle against climate change. Due to
rapid urbanization in many parts of the world, particularly
in the developing world, appropriate solutions have to
be found for growing cities and even new agglomeration
areas. In cities with mature infrastructures, their exemplary
roles are especially important in demonstrating the
cornerstones of a low-carbon transition, such as in their
building and equipment operation including deep retrofits,
general procurement and mobility system transformation.

Systematic and coordinated strategic urban planning with
effective stakeholder participation is of higﬁ importance
for developin low-carbon urban infrastructures.
Specification of mitigation priorities has to start at the
very beginning with carefully identifying and addressing
the needs and the challenges in each of the key sectors
(including basic needs of inhabitants). The planning shall
be based on robust scientific analysis, shaﬁ start with a
solid analysis of the given urban infrastructures, the GHG
emission sources (GHG inventory) and their endogenous
and exogenous driver. In addition the whole bunch of
mitigation options (from smart energy efficiency services
to decentralized renewable energy supply structures) has
to be considered and properly assessed.

As consequence of high fixed costs of urban infrastructure
measures and the long life span of those investments,
within the planning process lock-in risks and path
dependencies have to be considered carefully. In the long
term with the growing implementation of energy efficiency
measures to minimize embodied energy becomes more
and more important. A better understanding of the
value chain and of about how to change the existing
relationships is therefore key.

For shaping suitable low-carbon infrastructures no
blueprint is available and specific conditions of every city
are crucial. However, exchange of experience can play
an important role in finding the right solutions. With this
regard international city networks and bi- or multilateral
partnerships (e.g. in the context of existing twinning
towns) can help to exchange experience of how to steer



urban transition processes successfully and how to set a
solid fundament to achieve an appropriate implementation
culture.

Cities often are the crucial driver and forerunner for
significant changes on the national level (or even the
international level). They are often focal point for political
and cultural changes and provide the right framework for
developmentandtestm? of (niche) innovations, innovations
that have the potential for the necessary changes of socio-
economic regimes (including institutional settings and
consumer behavior respectively routines). With this regard
cities can also be seen as perfect real laboratories. In
cities socio-technical texture of modern societies can be
found (comprising energy and transport system, provision
of food and education etc.), but in comparison to states
with a lower grade of complexity. Learning formats can be
better placed under those conditions.

Against that background the presentation will provide
major requirements for shaping carbon infrastructures
and will give illustrative examples for successful practical
steps.

Reduction of GHG emissions caused by cities plays a
decisive role in the battle against climate change. Due to
rapid urbanization in many parts of the world, particularly
in the developing world, appropriate solutions have to
be found for growing cities and even new agglomeration
areas. In cities with mature infrastructures, their exemplary
roles are especially important in demonstrating the
cornerstones of a low-carbon transition, such as in their
building and equipment operation including deep retrofits,
general procurement and mobility system transformation.

Systematic and coordinated strategic urban planning with
effective stakeholder participation is of high importance
for developing low-carbon wurban infrastructures.
Specification of mitigation priorities has to start at the
very beginning with carefully identifying and addressing
the needs and the challenges in each of the key sectors
(including basic needs of inhabitants). The planning shall
be based on robust scientific analysis, shall start with a
solid analysis of the given urban infrastructures, the GHG
emission sources (GHG inventory) and their endogenous
and exogenous driver. In addition the whole bunch of
mitigation options (from smart energy efficiency services
to decentralized renewable energy supply structures) has
to be considered and properly assessed.

As consequence of high fixed costs of urban infrastructure

measures and the long life span of those investments,
within the planning process lock-in risks and path
dependencies have to be considered carefully. In the long
term with the growing implementation of energy efficiency
measures to minimize embodied energy becomes more
and more important. A better understanding of the
value chain and of about how to change the existing
relationships is therefore key.

For shaping suitable low-carbon infrastructures no
blueprint is available and specific conditions of every city
are crucial. However, exchange of experience can play
an important role in finding the right solutions. With this
regard international city networks and bi- or multilateral
partnerships (e.g. in the context of existing twinning
towns) can help to exchange experience of how to steer
urban transition processes successfully and how to set a
soiid fundament to achieve an appropriate implementation
culture.

Cities often are the crucial driver and forerunner for
significant changes on the national level (or even the
international level). They are often focal point for political
and cultural changes and provide the right framework for
developmentand testing of (niche) innovations, innovations
that have the potential for the necessary changes of socio-
economic regimes (including institutional settings and
consumer behavior respectively routines). With this regard
cities can also be seen as perfect real laboratories. In
cities socio-technical texture of modern societies can be
found (comprising energy and transport system, provision
of food and education etc.), but in comparison to states
with a lower grade of complexity. Learning formats can be
better placed under those conditions.

Against that background the presentation will provide
magor requirements for shaping carbon infrastructures

will give illustrative examples for successful practical
steps.

0-L3.3-03

Experiences from the ground: Case study
from a City
D. Urge-Vorsatz (1)

(1) Central European University, Center for climate change
and sustainable energy policy (3csep), Budapest, Hungary

Abstract not communicated

|.3.4 - Ecosystem-based Adaptation and Biodiversity
Conservation: How we can help organisms to adapt by
themselves, what the limits are, and how we can use ecasystem

processes to help people adapt

K-L3.4-01

Strategic approaches for enhancing
climate change adaptation of species and
ecosystems

W. Foden (1)

(1) Global Change and Sustainability Research Institute,
University of the Witwatersrand, Gauteng, South Africa

Even under best case mitigation scenarios, most species
and ecosystems must undergo adaptation if they are
to avoid extinction and maintain their functions under
climate change. Published observations of such adaptation
now number in the thousands and include shifts in species’
distributions and the timings of seasonal activities such as
animal migrations and plant phenology. A large literature
is also emerging, however, on the negative impacts of
climate change on less adaptive species and ecosystems.
The broad spectrum of impacts includes physiological
stress and mortality, population and distribution declines,
food web disruptions, and increased competition with
dispersive ‘climate change immigrants’. Climate change
challenges conservation strategies to make a strong

shift from traditional preservationist approaches towards
promoting adaptive changes while minimising negative
impacts. Here | discuss emerging approaches for enhancing
climate change adaptation of species and ecosystems and
outline some of the key gaps and challenges in this field.

Projecting climate change impacts on species and
ecosystems is an important early step in effective
adaptation planning. This has driven rapid development
of a suite of approaches and methods for assessing the
vulnerability of species and ecosystems to climate change,
generally by co-opting methods used for other purposes.
Each differs in its strengths, weaknesses, resource
requirements and suitability to different contexts, and no
single one has emerged as clearly superior, nor seems likely
to do so in the near future. This introduces a considerable
challenge for conservation practitioners, who must select
between and learn to apply sometimes complex methods
for their focal areas, ecosystems or species. Although
filled in part by the forthcoming IUCN SSC guidelines for
assessing species’ vulnerability to climate change, the gap
between academic developments and their accessibility
to practitioners remains a concerning challenge. Equally,
assessing how human responses to climate change will
impact on natural systems (e.g., changes in agriculture
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and new infrastructure such as dams and sea walls) is
an important gap for species-focused climate change
vulnerability assessment in particular.

A range of approaches have emerged for enhancing climate
change adaptation of species and ecosystems. These
include those focused on landscapes (e.g., increasing
protected area connectivity and permeability), sites or site
networks (e.g., creating habitat refuges and decreasing
non-climatic stressors), and species (e.g., enhancing
evolutionary potential through translocation or ex situ
conservation). Most are extensions or modifications of
existing conservation approaches and, to date, there
has been little investigation of their effectiveness for
minimising climate change impacts, nor of their potential
unforeseen maladaptive effects. Since conservation under
climate change is unprecedented, we can expect errors
and failures along with successes. Development of an
evidence base from which we can learn will facilitate the
rapid advancements needed in this important emerging
field, and will help to avoid both potentially negative
actions and wasted resources. Even while climate change
adaptation strategies and our skill at implementing them
improve, their potential to minimise losses of ecosystem
function and extinction is finite. Reducing greenhouse gas
emissions and thereby limiting the rate and magnitude of
climate change are vital for the success of climate change
adaptation initiatives.

K-L3.4-02
Operational interventions to assist the

adaptation of terrestrial biodiversity to
climate change

G. Midgley, (1)
(1) Stellenbosch University, Stellenbosch, South Africa

The rate and extent of projected anthropogenic climate
change over the next century may be unprecedented in
several million to tens of millions of years. This perturbation
to the climate system is occurring during an inter-glacial
phase, which is a naturally warm phase in the context of
the Pleistocene epoch, which prior to the Holocene Epoch
of the past 12000 years, has predominantly (more than
80% of the time) seen global temperatures of roughly 5°C
cooler than the Holocene, and atmospheric CO2 levels of
180 to 200 ppm vs the 280 ppm CO2 of the Holocene
prior to the onset of the Anthropocene. Scenarios of
500+ ppm CO2 and possible warming in excess of 3°C
represent a fundamental ecological shock to terrestrial
ecosystems globally, especially in the light of the much
cooler planetary history of the Pleistocene. Nonetheless,
ecosystems and their component biodiversity have been
exposed to repeated warming and cooling cycles and
have clearly coped with these, indicating the potential
for substantial natural adaptive capacity, and inherent
resilience.

One clear adaptive response has involved geographic
range shifts, especially at higher latitudes in the northern
Hemisphere where temperature exerts a dominant
control on growing season, biome distributions, and the
geographic distribution of species. This observation,
together with observations of incipient range shift
responses has led to the application of a paradigm largely

3.5 - Benefits of mitigation of
areas
K-L3.5-01

Benefits of mitigation of climate change
for coastal areas

R. Nicholls (1)

(1) Tyndall Centre for Climate Change Research,
Southampton, United Kingdom

This presentation will review the possible benefits of
mitigation of climate change for coastal areas with a
strong emphasis on sea-level rise. This is one of the
most certain consequences of human-induced global
warming and has significant impacts. Importantly, there
is a long-term ‘commitment to sea-level rise’ due to

of “passive” adaptive planning. That is, using projected
geographic shifts of species in response to future change,
the spatial planning of areas that anticipate the direction
and preferred routes for range shifts to facilitate receptive
landscapes. Under extreme scenarios involving high rates
of climate change on flat landscapes with a high “climate
velocity” more active approaches have also been explored,
including assisted migration. A final safety-net approach
of gene or seed-banking has also been proposed. Such
approaches seem relevant for low temperature ecosystems
that are rapidly experiencing warming, and may reach
levels that could exceed existential tolerance limits
established during Pleistocene times.

However, in the subtropics and tropics, where water
availability and disturbance regimes exert control over
ecosystem structure and function, it is far less clear how
important range shifts have been for natural adaptation.
In these ecosystems, for example, the past changes in
atmospheric CO2 levels have had critical direct impacts
on ecosystem distribution, with tropical forests losing
significant areal coverage due to the limiting effect of
low atmospheric CO2 on tree production. This may
have interacted with the fire regime to allow flammable
grasslands to expand and dominate tropical regions,
possibly enhanced by an ascendant grazing vs diminishing
browsing fauna.

Under these conditions, ecosystems respond according
to changing disturbance rules, and not climate rules,
and thus individual range shifts may be less important,
but community effects may be more important as entire
ecosystems may change their structure and function
over large areas, thus changing habitat conditions
for consumers, and indeed interacting with consumer
responses. With future atmospheric CO2 projected to
approach levels not seen for more than 20 million years,
direct CO2 impacts may strongly influence ecosystem
and habitat shifts due to changing fire regime and water
use efficiency in water-limited ecosystems, potentially
encouraging the re-establishment of more woody biomes.
This opens the potential for active management response
versus the passive landscape planning approach. Active
management would involve strategic decisions about
desired future states, achievable through the use of fire
and graze/browse management responses.

Conservation practitioners would benefit by considering
both active and passive adaptive strategies for
biodiversity conservation, as both may have relevance,
albeit with different emphases, in low and high latitude
situations. Much can be learned from experience in active
interventions long practiced in tropical and sub-tropical
situations involving fire management, browse-graze
manipulation, and translocation/reintroduction of animal
species. An urgent effort is also required to understand
the strength of the CO2 fertilization effect on water-
limited ecosystems, and the potential of this process to
transform the structure and function of fire and grazing-
controlled ecosystems.

K-L3.4-03

Title not communicated
B. Vira

Abstract not communicated

climate change for coastal

the long thermal lags of the ocean system and hence
the response of sea-level rise to mitigation is slower
than for other climate factors. Therefore, while climate
stabilisation reduces coastal impacts during the 21st
century, compared to unmitigated emissions, the largest
benefits may occur in the 22nd century (and beyond).
While we cannot avoid some global rise in sea level, we can
still avoid significant losses of the Greenland and Antarctic
ice sheets, with significant long-term benefits to coastal
inhabitants. The available results suggest that a mixture of
adaptation and mitigation policies need to be considered
for coastal areas, as this will provide a more robust
response to human-induced climate change than either
policy in isolation. This point has been clearly articulated
in coastal impact chapters of the Fourth and Fifth IPCC
Assessments. This approach requires the joint evaluation



of mitigation and adaptation in coastal areas which has
not been systematically considered to date. Because of the
long time constants involved such assessments need to
continue beyond 2100 to provide the full implications of
the different policy choices. While the basic science of the
commitment was available and presented in the First IPCC
Assessment, the policy implications are less appreciated
and need wider discussion.

K-L3.5-02

Indigenous knowledge on ecosystem
cycles in Northwestern Amazon: a colla-
borative research towards climate change
assessment in a regional scale

A. Cabalzar (1)

(1) Instituto Socioambiental, Programa Rio Negro, Sdo Paulo
SP, Brazil

Tropical rainforests are of utter importance for ecological
balance and climate stability on global scale. However, as
widely reported, there is a growing threat to them and their
traditional peoples, deforestation performing between 15
to 20% of the global GHG emissions. The Amazon forest
is the largest rainforest in the planet. Indigenous peoples
have a key role in the future governance of the Amazon
biome, considering that 27,5% of the whole extension of
the Amazon basin consists of indigenous territories - in
Brazil the percentage is about 22% and in Colombia, it is
higher than 50% (http://raisg.socioambiental.org/temas/
territorio-indigena). This shows significant interrelations
between tropical forests, indigenous peoples and the
climate change.

The collaborative research initiative here described aims at
joining the efforts of IPCC WG I, as stated in its Summary
for Policymakers, to more accurately address adaptation
and mitigation solutions, as well as knowledge networks
on the regional scale, to face climate change effects.
Rather than supporting local population to adapt to climate
change, this long term applied research project aims to
understand how indigenous peoples are engaged with the
environment through their current management practices.
The notion of life cycle, integrating both sociocultural
and natural aspects, is privileged as an assessment
methodology. Indigenous peoples have developed detailed
and sophisticated knowledge on the ecological processes,
which could improve a more rich and territorialized
comprehension of ecosystem transformations and climate
change.

Since 2005 a collaborative research has been developed
on the ecological and socio-economic cycles in the
Northwestern Amazon, a region of about 250000 square
kilometers of officially recognized and demarcated
indigenous territory at the border Brazil-Colombia. This
cross—cultural and interdisciplinary research involves a
team of indigenous and non-indigenous researchers,
and methodologies aimed at an effective communication
and collaboration between the indigenous knowledge
and Western science. This initiative aims to: (1) describe
the economic-ecological and socio-cultural calendar
of indigenous peoples of the Amazon northwest, from
observations and recordings done by the indigenous
researchers over the years; (2) monitor the annual cycles,
identifying and analyzing their patterns and variations,
noting possible regional effects of more extensive climate
change; (3) as a future perspective, guiding environmental
governance policies of indigenous territories considering
climate change scenarios; (4) propose ways and
methodologies to monitor climate change from the
collaboration between indigenous and scientific knowledge
within the Amazon basin.

Information and policies related to climate change
commonly reach the local communities through biased
and inappropriate ways, typically from top to bottom.
This collaborative research, which emerged in the context
of long-term partnership relations between regional
indigenous local organizations, FOIRN (Regional Federation
of indigenous organizations) and ISA (Socioenvironmental
Institute), who jointly develop several projects in the areas
of sustainable community development, capacity building
etc.), seeks an exchange of knowledge on annual cycles.
It departs from a simple methodology based on daily
written logbooks kept by indigenous dwellers (trained as
researchers) from various communities along the same
river (about 400 km long) and some of its tributaries,
usually young adults who search for additional information

and interpretations with elder knowledge holders, about
the phenomena they are observing. In addition, workshops
are made to organize and discuss this material with
researchers and advisers of ISA. The main assumption is
the recognition that indigenous peoples inhabiting the
same region for generations, even centuries, and relying
directly on ecological and climatic processes and cycles for
their own subsistence activities, are the ones who better
know and understand the life cycles.

This research process has accumulated extensive
material that is being organized, edited and analyzed.
This poster describes the annual calendar of the Eastern
Tukanoan peoples, and indicates its relevance in assessing
ecosystem and climate change on a regional scale and
unfolding possibilities in terms of relevant public policies.

K-L3.5-03

Effective adaptation strategies and risk
reduction to global changes in small far-
mers in Mesoamerica

A. Solano (1) ; E. Castellanos (1) ; C. Tucker (2) ; H. Eakin (3)
; J. Barrera (4) ; R. Diaz (5)

(1) Universidad Del Valle de Guatemala, Centro de Estudios
Ambientales y de Biodiversidad, Guatemala, Guatemala; (2)
Indiana University, Anthropology, Bloomington, IN, United
States of America; (3) Arizona State University, Arizona,
United States of America; (4) El Colegio de la Frontera Sur,
Tapachula, Mexico; (5) Universidad Nacional de Costa Rica,
Heredia, Costa Rica

Mesoamerica is a region highly vulnerable to climate
change because of its geo rapﬂic location and topography.
Moreover, high levels of poverty and social exclusion
increase its population vulnerability. In recent years, the
region has been severely affected by extreme weather
events with high cost in casualties and economic impacts.
A single event such as Hurricane Stan in 2005 produced an
economic loss similar to the GDP increment for Guatemala
for that year. Drought events are occurring more frequently
and threaten food security for thousands of impoverished
families who depend on subsistence agriculture.

Coffee is an export crop that has been most affected in
recent years not only by extreme weather events, but
also by the economic crisis as a result of price volatility in
the international market and more recently by the strong
incidence of coffee rust infestation. Across Mesoamerica,
over 4 million people depend directly on coffee production
for their livelihoods. Most producers are farmers with
limited areas of land and few economic resources but
their system of production results in a robust agroforestry
system, which provides various environmental services.

Our Global Changes and Coffee research program has
been working with small farmers in the region for the last
ten years to study the adaptation strategies of families
whose livelihoods are threatened by multiple pressures
from global changes such as climate change, increase
incidence of pests and diseases, and highly volatile
international markets for their products. Our research
has focused in four countries in Mesoamerica: Mexico,
Guatemala, Honduras, and Costa Rica through the work of
a multidisciplinary research network formed by scientists
from the social and natural sciences.

In this paper, we will discuss results derived from three
objectives of our research program: 1. Studying the
perceptions of farmers to identify situations that affect
them, 2. Identifying the barriers that limit their efforts
to adapt to a multi-stressor environment, and 3. Making
recommendations for stakeholders at the local and
national level working to support these farmers.

Results show that most farmers who participated in this
study perceive that there is a change in climate conditions,
resulting in warmer days and changes in the seasonality of
rainfall (change in the start and end of the rainy season).
The incidence of pests and diseases has also changed:
pests are observed more aggressive and more abundant.
Still, farmers are mostly concerned about the high volatility
of coffee prices in international markets, which of course
determine the prices paid to them locally. One important
strategy adopted by farmers is diversification both of
economic activities and cultivated crops.

Our research shows that there are significant barriers to
adaptation among farmers: limited financial resources,
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insufficient technical support, low availability of key
information such as weather forecasts and market
variations, and difficulty in keeping local organizations
active.

Adaptation should be approached as a two-way process:
top-down, with national-level decision-makers developing
policies and programs to increase access to financial
instruments, and to improve the dissemination of strategic
information on global markets and climate variability. This
should be complemented with a bottom-up approach that
strengthens existing social capital in the form of local
organizations and cooperatives, and increases the flow of
knowledge from local communities involved in processes
of autonomous adaptation to national government officials
and decision makers.

K-L3.5-04

Impact of country-level policies on
smallholder farmer adaptation to climate
change in Sub-Saharan Africa

E. Nkonya (1) ; F. Place (2) ; E. Kato (2) ; M. Majaliwa (3)
(1) International Food Policy Research Institute, Washington
D.C, United States of America; (2) International Food Policy
Research Institute, Washington D.C., United States of
America; (3) Makerere University, Kampala , Uganda

The overarching challenge of sub-Saharan Africa (SSA)
governments is to design appropriate policies that will
increase smallholder farmer uptake of climate-smart land
and water management (CSLWM) practices. This study was
done to determine impact of policies on farmer adaptation
to climate change. The study used a transboundary
approach in  which communities with comparable
biophysical and socio-economic characteristics but
residing in two neighboring countries with different
policies were used. The study shows that investment in
agricultural research and development, strong land & tree
tenure, decentralization and investment in smallholder
irrigation are the key policies that enhance CSLWM uptake
and adaptation to climate change. Additionally policies
that provide incentives for tree planting and protection
and that give mandate to local communities to manage
natural resources are key strategies for enhancing uptaﬁe
of CSLWM.

The study also found that government policies that provide
incentives for long-term land investments are more
important than large top-down public investments that
ignore the role of farmers in planning and management
of such investments.

K-L3.5-05

Achieving the Potential Contribution of
Planted Forests to Adaptation to and Miti-
gation of Climate Change

JM. Carnus (1) ; P. Freer-Smith (2) ; M. Tomé (3) ; P. Tim (4) ;
T. Fox (5) ; W. Kollert (6) ; C. Orazio (7) ; J. Morison (8)

(1) INRA, Department of forest, grassland and freshwater
ecology, Toulouse, France; (2) Forestry Commission, Forest
research, Farnham, United Kingdom; (3) ISA, LISBON,
Portugal; (4) Scion, Rotorua, New Zealand; (5) Virginia
Institute of Technolo%y, Forestry, Virginia, United States of
America; (6) FAO of the United Nations, Forestry, Rome, Italy;
(7) EFI, EFIATLANTIC, cestas, France; (8) Forest Research,
Centre for sustainable forestry and climate change, Farnham,
United Kingdom

Globally, production and provision of ecosystem goods
and services from planted forests are being altered by
climate change. This poses new challenges to forest
policy makers, local communities, forest managers and
the forest-based industries which depend increasingly on
wood and biomass resources from planted forests. Planted
forests can also be managed to make a major contribution
to removal of cardon from the atmosphere and hence the
mitigation of climate change. Climate change adaptation
strategies and recommendations for sustainable forest
management have been developed at global or regional
scales for planted forests in various environmental
and socio-economic contexts, but these need to be
complemented and further elaborated for implementation
at local scales in close interaction with regional, national
and local stakeholders. We will present territorial foresight
approaches, landscape simulation tools, carbon budgeting

and best practice case studies from planted forests in
various temperate regions around the world. These can
provide useful models and demonstrators on which to
base management options to achieve effective future
adaptation to and mitigation of climate change.

K-L3.5-06

Using seasonal forecasts to improve small
farmers’ resilience and adaptation to cli-
mate change and food security in Yatenga
northern Burkina Faso

L. Some (1)

(1) Institut de I’environnement et de recherches agricoles,
Gestion des ressources natutelles, Ouagadougou, Burkina
Faso

Agriculture in the Sahel is strongly dependent on rainfall,
hence the urgent need to disseminate appropriate seasonal
climate forecasts. Since 1998, researchers in several
international and regional forecast centers help of experts
from national meteorological services strive to provide
answers. In June 2014, these predictions were compared
with indigenous knowledge based on observations of
certain signs, made by people in 11 villages of the CCAFS
research site in Yatenga, Burkina Faso. These two types
of prediction convergeéJ and gave a season rainfall deficit
trend compared to the average observed over the last
thirty years. Ten farm managers in each of these villages,
which produce cowpeas and / or sesame each received a
radio to monitor weather information broadcast daily in
local language and in French by a community radio station
covering the area well. Yield squares were placed in their
fields to an assessment of production. Meanwhile, ten
farmers in six villages considered as control were also
selected and their fields, followed in the same conditions
as above. The controls did not receive information on
seasonal climate forecasts through the project and have
not been endowed with radios. The results show excess
rainfall totals to normal in the region, but badly distributed
in time and space, causing dry spells in some localities.
Preliminary agronomic results do not show significant
differences between the two types of monitoring
operations.

Key words: Productivity, sesame cowpea, climate
forecasting, Yatenga, Burkina Faso

K-L3.5-07

Joint public and private finance for eco-
system-based adaptation - an example
from nature-based coastal protection in
Indonesia

K. Meijer (1)
(1) Deltares, Scenarios and Policy Analysis, Delft, Netherlands

Measures to adapt to climate change can have negative
environmental impacts. For example, coastal flood
protection walls prevent the influx of sediment and the
natural build-up of coastal areas, while increased fresh
water storage in reservoirs can lead to fragmentation
of river ecosystems. However, adaptation can also be
done with less impact on the environment, for example
by restoring mangrove forests to protect against floods.
Such adaptation strategies that make use of the natural
functioning of ecosystem processes are referred to
as ecosystem-based adaptation. Ecosystem-based
adaptation can therefore be assumed not to have negative
environmental impacts but rather to strengthen or expand
ecosystems and protect biodiversity.

Developing countries may require financial support to
adapt to the impacts of climate change. The international
community has committed to providing 100 billion USD/
year from 2020 to support climate change mitigation and
adaptation in developing countries. With roughly half the
amount to be spent on adaptation, large financial flows
can be expected in the coming decades to support the
implementation of adaptation projects in developing
countries. Funds should come from both public and private
sources; public funds should be used to ‘leverage’ private
sector funds. Through the provision of finance, investors
and donors may steer how adaptation is implemented.
The question this paper addresses is whether ecosystem-
based adaptation is, or can be made, as attractive to



investors and donors as conventional adaptation.

This paper starts with a discussion of the revenue-
generating potential of  ecosystem-based and
conventional adaptation alternatives for different types
of climate impacts. Subsequently, we analyze the case
of nature-based flood protection in Indonesia, which is
currently being implemented as an alternative for concrete
breakwaters that have been used so far. We discuss
economic benefits and (financial) incentives related to both
options. We pay specific attention to the financial aspects of
the nature-based flood defense, which is financed through
a combination of international and national public, and
international private funds. Based on the analysis of the
case we provide suggestions for international public funds
to further promote ecosystem-based adaptation solutions
and to leverage private sector finance for this purpose,
and provide a first check regarding to what extent such
solutions are actively or passively promoted by a selection
of current funds.

K-L3.5-08

Global change adaptation in the Llobregat
basin: methodology and tool for medium
and long term water resources planning

A. Cabello (1) ; L. Pouget, (1)
(1) cetaqua, Sustainability department, Cornella, Barcelona,
Spain

In recent years, water resources management has been
facing new challenges due to increasing changes and their
associated uncertainties, such as climate, water demand
or land use. In this context, the Water Change project
developed a methodology and a tool which can provide
support to decision makers in assessing potential future
impact of global change on water resources and give
guidance as to the effectiveness of possible strategies of
adaptation.

The methodology focuses on the creation of global change
scenarios, the analysis of impacts and the definition of
adaptation strategies based on a cost-benefit analysis.
The tool developed (Water Change Modelling System
or WCMS) is a software-based system with a modular
approach, linking different models (hydrological, water
management and water quality models). The tool enables
users to quantify the impacts of global change scenarios
and test adaptation measures.

The methodology and tool were applied to the Llobregat
river basin, a highly populated catchment under increasing
water stress in the North-East of Spain. Impacts of global
change scenarios on water supply were assessed for
different time horizons and optimum adaptation strategies
in terms of cost-benefit were proposed.

The user is free to choose the models to be run in the
tool, and different scenarios of global change can be
used as inputs, to assess the impacts on water resources
(in terms of quality and quantity). Finally adaptation
measures can be implemented to test their effectiveness.
Including adaptation to global change in water resources
management planning is quite challenging given the
uncertainty of future predictions in terms of demand,
climate and land use. The adaptation strategies chosen
must minimise the risk at an affordable cost, taking into
account all the scenarios which could occur at a given time
horizon.

As mentioned in the Water Framework Directive, water
management plans will have to include adaptation
strategies taking into account the impacts of climate change
on the water sector. In this context, the methodology
and tool developed aim to provide support to decision
makers in water management: The tool can be used in
any basin and the methodology can be applied in order
to evaluate different adaptation strategies, in terms of
deficit reduction and costs involved. Thus water and basin
agencies are likely to be interested in the final product,
and they could be identified through associations such as
the INBO (International Network of Basin Organisation).

For the tested case study, a total of 65 scenarios of global
change were developed and run using the WCMS. The
possible future impacts on water resources and on the
water supply of the basin were obtained and the results
show the range of impacts increases with time. According
to the projections, in 2030 the deficit may reach 10% of
the demand while in 2100 the deficit could reach 30% of
the demand.

As a response to the impact foreseen different adaptation
strategies which could Ee implemented in the Llobregat
River Basin were proposed and assessed. Specific
adaptation measures were selected to be applied to
the Llobregat river basin. Each adaptation strategy was
studied in detail and the amount of water gained from
its application and the price of implementation were
identified, with the aim to avoid water deficit at the lowest
costs.

Each of these strategies was tested for several future
scenarios with the aim to know which part of the drought
damage has been effectively avoided and which cost
(investment and operation of the measures) should be
assumed. The inclusion of these alternatives into the tool
and the calculation of their costs and benefits provided
insight for decision-makers about how much adaptation
is needed with respect to the uncertainty of future global
change scenarios.

In the case of the Llobregat River Basin, the results showed
benefits are significantly higher than costs and thus
adaptation to Global Change is desirable. Regarding which
strategy should be chosen, the decision-maker can apply
different selection criteria, combining the economic values
with other indicators of impact.

K-L3.5-09

Observations and guidance for land-based
mitigation

M. Herold (1)

(1) Wageningen University, Wageningen, Netherlands

Progress in observations, and the development of
community consensus guidelines and training materials
provide underpinnings for planninfg, implementation and
evaluation of mitigations in the forest and agricultural
sector. We review the observation needs from multiple
stakeholders involved in mitigation and assess how the
evolution of dedicated Sourcebook for REDD+ monitoring
development Global Observations of Forest Cover and
Land Dynamics (GOFC-GOLD) has supported developing
countries. Important developments in the context of
the Global Climate Observation Systems (GCOS) are
increasingly improving the usefulness of monitoring
Essential Climate Variables for climate change mitigation
purposes.

L4.1-The climate, finance and trade nexus: turning a political
challenge into a sustainable development opportunity

K-L4.1-01

Upgrading finance and price signals in an
adverse economic context

JC. Hourcade (1)
(1) International Research Center on Environment and
Development (CIRED), Paris, France

The current context of the world economy in the aftermath

of the 2008 financial crisis makes difficult to implement
a quickly rising carbon price to trigger ambitious low
carbon transition (competitiveness issues, unemployment,
political reluctance to transfers compensating the
segments of population the most affected by higher
energy prices).

This presentation will demonstrate that the emerging calls
for upgrading climate finance will also confront this adverse
context because of the tightness of public budgets. It will
then propose to turn the question upside-down through
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making climate finance a lever to upgrade the efficiency
of the current financial intermediation in directing saving
towards long term infrastructure investments.

It will then display the basic principles of financial devices
apt to a) lower the investment risks on low carbon projects
based on an agreed upon notional value of carbon which
can be increased at a pace higher than this of a carbon
price b) redirect to these investments private savings
which go currently in speculative investments and liquid
financial products c) foster a sustainable growth recovery
out of the current fragile economic context.

It will conclude in showing how such a framework will a)
reduce tensions due to the asymmetry of trade- impacts of
carbon prices amongst sectors and countries b) fulfill the
CBDR principle and ¢) increase the incentive efficiency of
carbon pricing, hence its political acceptability.

K-L4.1-02

Using trade policy to ensure the viability of
massive use of low carbon technologies

R. Meléndez-Ortiz (1)
(1) International Centre for Trade and Sustainable
Development , Geneva, Switzerlan

The recent IPCC-report clearly demonstrates the need
to shift to a cleaner energy mix if we are to stay within
the agreed 2-degree target of global temperature rise. In
order to do so, costs of renewable energy must go down
and markets need to be strengthened so as to allow for
a scale-up of innovation, production and deployment of
sustainable energy technologies.

Trade policy has an important role to play in this respect.
Reducing tariffs and barriers to trade in services related
to clean energy will make it easier for private actors to
optimize their supply-chains, thereby pushing down costs.
In order to further enhance trade opportunities it will also
be necessary to address less tangible but nevertheless
significant non-tariff barriers such as standards.

In the past few years, there has been a surge in the use
of trade remedies in the area of clean energy. Whereas
this to a great extent reflects a natural consolidation of
the market with steeply falling prices, the pressure is
strong on governments to put in place trade restrictions to
protect its domestic industry.

Similarly, whereas decision-makers across the world
recognise the need to scale up clean energy at home, it
can be challenging to put in place policies that may be

perceived as costly unless there is an encouragement
specifically for the domestic industry. This has led to the
proliferation of trade restrictive policies like local content
requirements, which demand that a certain amount of
inputs in different clean energy projects be produced
domestically.

Ironically, many of these trade restrictive policies maintain
costs of climate-friendly technologies artificially high.

There are several options for addressing these trade
obstacles. First, there are regional trade agreements-—
many of the world’s leading trade nations are currently
involved in the negotiations of “mega-regionals” such
as the T-TIP and the TPP. Second, there is a negotiation
underway under a sectoral initiative aiming towards an
Environmental Goods Agreement, EGA. Last, there is the
option of unilateral trade reform.

The engagement and support of the climate constituency
in these efforts would ensure a better alignment of trade
policies with pressing climate change goals.

K-L4.1-03
Connecting emerging initiatives; the les-
sons for the UNEP finance inquiry

N. Robins (1)
(1) UNEP, London, United Kingdom

The UNEP Inquiry was launched in January 2014 to
identify and advance policy options that can better align
the US$300trn IobaJJ financial system with long-term
sustainable development. The Inquiry has worked through
partnerships at the country level - including Bangladesh,
Brazil, Colombia, France, India, Indonesia, Kenya, South
Africa, Switzerland, the UK and the USA - as well as with
international institutions. Its findings show that a growing
number of governments, regulators, standard-setters
and market actors are incorporating sustainability into
the rules that govern the financial system. Across the
Inquiry’s work, climate change has emerged as a key
cross-cutting issue, and the Inquiry has recently published
an emerging framework for linking financial reform and
climate security. This framework identified four priority
areas: risk management and prudential regulation; capital
mobilisation; system transparency; and strengthening
financial culture. Cutting across these priority areas, the
strategic role of central banks has emerged as a critical
theme. In this session, the Inquiry will present its findings,
suggesting ways in which international cooperation could
be strengthened.

L 4.2 - Resilience and Transformative Solutions - Refining Old
Strategies and Developing New Ones for Adaptationin Island

Environments

K-L4.2-01

Climate change governance and Caribbean
SIDS

M. Scobie (1)
(1) The University of the West Indies, Institute of International
Relations, St. Augustine, Trinidad and Tobago

The analysis of governance of climate change is extremely
important, more so for small island developing states:
adaptation, mitigation, climate finance, governance
architectures, environmental justice, equity etc. Albeit a
small proportion of the world, the peoples of these nations
and their governance challenges are part of the global
climate policy discourse. That said, the recent scholarly
literature has focused on the science of climate change
for SIDS, but there is less on the governance of climate
change for SIDS in general and the Caribbean in particular.
The science is clear: adaptation is needed and urgently,
yet the formula to make this happen is hard to come by.
What would be a useful model for the climate governance
architecture in the Caribbean SIDS region? The paper puts
the results of the present science and future projections

into the context of existing governance arrangements
and looks at the weaknesses of the present system and
how those may be eliminated to improve governance
effectiveness. These issues are important for climate
policy practitioners in SIDS and should also be at the
forefront of the minds of academics, policy makers and
practitioners in donor countries as they seek to engage in
the analysis of the best models for effectiveness in climate
governance, especially for SIDS.

While there are studies on the global dynamics of
environmental governance, governance at the local level in
SIDS, and in particular Caribbean SIDS has been neglected
in the literature. Transnational climate governance is
becoming more complex (Andonova, Betsill, and Bulkeley
2009), with a multiplicity of new actors, roles, structures
and architectures of the earth’s governance (Bulkeley
and Moser 2007). This fragmentation of global and
local levels of authority are often a hindrance for climate
change governance (Palmujoki 2013). The effectiveness,
legitimacy and transparency of voluntary non-binding
parallel streams of governance is under debate but
reflects global engagement for governing climate change
(Suiseeya and Caplow 2013) and (Kalfagianni 2014)). The
challenge is to develop a global climate governance model



that balances legitimacy and effectiveness while allowing
participation from stakeholders (Dryzek and Stevenson
2011). This is particularly true as vulnerable small
island developing states try to find a place in the global
governance debate and to govern climate change in their
countries.

As in every other area of governance, climate governance
works  where ood governance is institutionally
entrenched in political systems and climate governance
is difficult where weak and under-resourced institutional
arrangements are present. Environmental impacts
of climate change increase the social, economic and
environmental governance challenges and responses of
governments. At the heart of effective climate change
governance is the successful political coordination of
adaptation and mitigation efforts from global to local scales
by state and non-state actors (Fréhlich and Knieling 2013).
States and international organisations are responsible for
at least a third of the initiatives (Hale and Roger 2014). The
private sector has been heavily involved through private
carbon certification schemes, emission trading markets
and the Clean Development Mechanism (CDM) projects in
partnerships with nation states (Lund 2013).

This research reviewed the 15 SIDS that form part of the
Caribbean Community (CARICOM) and share mechanisms
for climate change governance. Information on climate
change and development impacts for this paper was
obtained from semi-structured interviews with national
and regional officials in climate change related posts.
Secondary sources included reports and publications of
multilateral development agencies, regional agencies and
from the IPCC.  The commonality of perspectives from
the interviews was remarkable but not unexpected, key
themes included: the institutions that provide the greatest
support at global, regional and national levels for climate
change governance and their most important impacts/
contributions; the main sources of financing for climate
change governance in the Caribbean and whether they were
sufficient; challenges in application of funds; adequacy
and effectiveness of regional mechanisms; whether time-
bound project financing allowed for sustainable adaptation
policies at the national level; alternative approaches for
Caribbean states and what more is needed regarding
global, regional and local climate change adaptation.

This paper questions whether and to what extent global
governance dynamics for climate change resonate in
small states. It argues that the Caribbean climate change
problem is both a resource problem and a governance
problem. States have limited resources due to pre-existing
development challenges and insufficient external support
iven the unsustaina%ility of the traditional project based
inancing model of climate governance. These small
states face huge environmental changes that they cannot
influence and weak governance architectures to respond to
this new threat to development.

K-L4.2-02
Creating the conditions for transformative

action - mobilising the private sector in
SIDS

J. Firth (1)
(1) Acclimatise, Newark, United Kingdom

Acclimatise has worked in over 50 countries assessing
the risks arising from a changing climate advising
international, national and sub-national governments,
NGOs, development partners and business and financial
services sectors. Drawing on our experience and
observations from published sources this presentation will
explore a theme which we believe is a significant driver
and enabler in delivering transformative solutions.

The role of the ‘private sector’ in resilience building and
adapting to climate change remains an area which has
received little attention. Most SIDS operate on a market
based economy in which the private sector directly and
indirectly is the largest contributor to a country’s GDP.
However the scope of national adaptation planning, the
vulnerability and risk assessments providing the evidence
base; and the recognition of the sector’s role in providing
and delivering solutions is rarely explored.

This is not helped by using a technical ‘adaptation
language’ during engagement which has little relevance
to those in the sector and treating the ‘private sector’

as a homogenous group. Within many governments the
climate change portfolio is ‘owned’ by Ministries with
environmental or natural resource based departments.
These Ministries are usually under-funded and have
limited political influence within governments. This in turn,
constrains their ability to influence cross-sectoral decision
making, national budget setting and prioritisation, and
ultimately in delivering transformative change working
with the private sector. If we are to respond to the climate
change challenge then we need to see (in both developing
and developed countries) the resilience and adaptation
portfolio passing to where the power is: finance, national
planning and the offices of Prime Ministers or Presidents.

K-L4.2-03

Transformative solutions in two Caribbean
Insular Territories Under Climate Change
Pressure : How can we reach Resilience
targets ? Climate Governance in two non-
independent Caribbean Insular Territories:
two different paths?

J. Priam (1)

(1) Centro de Investigacion, Caribbean islands, Puerto Rico

This contribution shows how two non-independent
islands of the Caribbean reflect the dynamics of climate
governance in their respective Metropolis. For Puerto-Rico,
the approach and solutions adopted are best understood
against the background of USA climate governance, while
in the case of Guadeloupe governance arrangements are
more aligned with climate change policy in France and
Europe. This theme is explored with reference to case
studies on the first wind energy projects implemented in
both Guadeloupe and Puerto Rico, and other renewable
energy initiatives introduced since 2009.

We explore the differences in approach to climate change
issues in the two islands by analyzing the perceptions
and attitudes of residents living near the wind farms, as
well as the local press. While reflecting internationally
accepted approaches to adaptation and mitigation and
those of the Metropole, Guadeloupe and Puerto Rico may
be considered potential “experimental laboratories” for
developing transformative solutions, whose experience
may be transferred to other island territories, and even to
the Metropolis. A brief analysis of the overall contribution
of appropriate renewable energy development to the
building of resilience to climate change in these islands,
is also presented.

K-L4.2-04
Innovative climate financing in Small
Islands Developing States (SIDS)

V. Fayolle (1)
(1) Acclimatise, Oxfordshire, United Kingdom

Acclimatise has worked in over 50 countries assessing
the risks arising from a changing climate advising
international, national and sub-national governments,
NGOs, development partners and business and financial
services sectors. Drawing on our experience and
observations from published sources this presentation will
explore a theme which we believe is a significant driver
and enabler in delivering transformative solutions.

As part of a joint effort to mobilize US$100 billion per
year by 2020 from both public and private sources to
address both the adaptation and mitigation needs of
developing countries, a new global financing mechanism
was established: the United Nations Green Climate Fund
(GCF). Great expectations are being placed on the recently
capitalised GCF: The GCF shall meet ambitious goals
in terms of promoting a “paradigm shift towards low-
emission and climate-resilient development pathways
by providing support to developing countries to limit or
reduce their ?reenhouse gas emissions and to adapt to
the impacts of climate change” with a special emphasis on
adaptation in SIDS, Least Developed Countries and Africa,
as well as mobilize funds at scale in particular through
private corporations, recognising that in the context of
strained government budgets the private sector accounts
for 70 to 85% of total global investments.

Against this backdrop, the GCF’s Private Sector Facility
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aims to play a key role in promoting participation of
private sector actors in developing countries, with a
special emphasis on domestic private sector actors and
adaptation (recipients of funding). However, the specific
modalities to achieve this still need to be defined. If the
GCF is to scale up private investments in building climate

resilience in SIDS, it is essential that it reflects up on the
experience in a SIDS context gained by existing multilateral
and bilateral climate initiatives, such as the World Bank’s
led Pilot Programme for Climate Resilience (PPCR) in the
Caribbean and Pacific, that deploy concessional resources
using a programmatic approach.

L 4.3 - Regional Perspectives on Low Carbon Pathways:
exploring the conditionalities for climate resilient and

equitable development

K-L4.3-01

Regional Perspectives on Low Carbon
Pathways: Exploring the conditionalities
for climate resilient and equitable develop-
ment with examples from India

J.Roy (1)
(1) Jadavpur University, Jadavpur, India

It is beyond debate now that future ‘global’ stabilization
target is fundamental to manage climate change, impacts
and associated risks. Mainstream debate is around the
need to coordinate the national goals with global agenda.
National autonomy argument in fragmented world is
dominating. Also national priorities vary depending on
relative speed and level on growth trajectories.

Low Carbon Pathways : Even though India has much lower
per capita emissions, growth pattern of economic activities
including energy supply sector are going to experience
very high growth rates in coming decades. With a National
Action Plan on Climate Change (NAPCC) in place since
2008 a number of actions are in place. Top down global
model estimated with India specific sectoral parameter
show what additional widespread actions are needed.
This clearly shows need for much larger actions: policies,
technology deployment, institutions and capacity building
are needed. Cross sectoral implications show need for
transformative change in energy supply system. Bottom up
study at national, state and city level help in identification
of sector specific low carbon growth potential of multiple
options compared to base year emissions. Potential is high
in energy supply sector, buildings sector and agriculture
sector with relatively low potential in industry sector
which has made much progress in the past and transport
sector has huge challenges. Looked into the issue from
investment need perspective the sectoral distribution
gets reversed. Industry sector where low hanging fruits
are already harvested, high cost options are awaiting
deployment. Genuine concerns exist on the technical cost/
investment /system change. The cost effective solution
list might not be the easiest to implement based on
public acceptability, market entry barriers, existing policy
vacuum, technical and institutional capacity available.

Resilience : Impact and Adaptation to develop a climate
change proof development trajectory is much in
discussion in India also evident from National Action Plan.
Many adaptation needs in India e.g. flood management
systems, heat and cold related health safety systems,
water system security, food security systems will enhance

manifold the demand for energy supply with implications
for synergistic mitigation efforts. Example of extreme
event led health impact study shows that there is close
link between adaptation and mitigation. To enhance
resilience labour productivity needs to be protected.
This needs huge investment on space conditioning.
Energy intensive appliances demand is on steep rise for
residential, agriculture and mobility sectors not only due
to climatic parameters but also due to rising income. There
is scope for energy efficient technology diffusion for new
technologies but activity level growth is going to take away
clearly the benefits in the short to medium term. Bending
gf cudrve cannot be seen in at least in next one and half
ecade.

Equity : Climate justice calls for faster, larger access to
modern energy. It is not about providing lighting and
space cooling demand but about productive energy
input supply. However, case studies on behavioural
response also highlight the scope of take back effect due
to behavioural response parameter of rebound effect.
Experiments (solar micro grids in village electrification)
are happening but scale up needs multiple interventions.
Technical feasibility is not in question but strategic
implementation and multi level governance issues need
equal attention. So it is not only technology but behaviour
and social practice matter no lesser for making transition
to low carbon growth trajectory. Case studies at megacity
level show how commitment to larger goal of low carbon
growth through conscious decision making can only make
a difference in final outcome. Analysis based on case
studies of building operational energy demand lead us to
conclude that when a technology becomes efficient and if
end user is not consciously guided by larger goal of carbon
footprint reduction but are looking at financial balance
alone may not take a decision in the best interest of low
carbon growth. Full economic, social and environmental
benefit of appliance efficiency can be realized through
better strategic management of operational behaviour
of the end users. It cannot be managed by correcting
market price policy alone so there is need to strategically
balance between social and market norms. Context of
implementation in a fast growing developing country
are important to understand. Implementation of newer
techno-economic solutions does affect host of actors who
will be losers and gainers. Technology deployment policy
needs to be strategically designed through new fiscal
instrument design market correction, land policy, social
goal orientation which most of the time rests either with
the federal government or with other non government
actors. So besides numbers and evidences, coordination
among various layer of governance and choice of new
policy instruments are also at the core of speed of
implementation.

L4.4 - Multilevel Governance of Climate Change - New
Strategies for Coordinating Policies on Mitigation and

Adaptation

K-L4.4-01

The Emergence of new structures for glo-
bal governance: will ‘bottom up’ actually
work ?

D. Victor (1)

(1) University of California, San Diego, United States of
America

With the failure of integrated, top-down bargaining
strategies, analysts and diplomats have now turned to
bottom-up methods such as “building blocks” and “climate
clubs” to coordinate national climate change policies and
to avoid persistent diplomatic deadlock. Decomposition of
the grand problem of climate change into smaller units is



a crucial first step towards effective cooperation. But given
the great uncertainty of the feasibility and costs of potential
solutions, this bottom-up approach will only work if it is
supported by institutions that promote joint exploration
of possibilities by public and private actors along with the
scaling up of successes. As politics precludes creating
many of these institutions under the consensus-oriented
decision rules of the UN system, engaged outsiders—
including especially clubs or building blocks that can learn
in the face of uncertainty—working in parallel with the UN
diplomatic process will have to provide them.

K-L4.4-02
Delivering ambitious climate action and
the role of multilevel governance

J. Corfee-Morlot (1)
(1) OECD, Paris, France

This presentation presents a framework for multilevel
governance, showing that advancing governance of
climate change across all levels of government and
relevant stakeholders is crucial to avoid policy gaps
between local action plans and national policy frameworks
(vertical integration) and to encourage cross-scale learning
between relevant departments or institutions in local and
regional governments (horizontal dimension). Vertical and
horizontal integration allows two-way benefits: locally-led
or bottom-up where local initiatives influence national
action and nationally-led or top-down where enabling
frameworks empower local players. The most promising
frameworks combine the two into hybrid models of policy
dialogue where the lessons learnt are used to modify
and fine-tune enabling frameworks and disseminated
horizontally, achieving more efficient local implementation
of climate strategies. Such integration generates benefits
at all stages of the policy process. This includes agenda
setting and strategic planning, to encourage political
leadership and stakeholders’ support; policy formulation
and approval to promote long-term vision and near term
action; local implementation to overcome obstacles, build
necessary capacity, and establish reliable financing for
action; feedback and evaluation; and dissemination to
promote information sharing and cross-scale learning.

A review of current practices suggests the need for
national governments to create a sound institutional
foundation and knowledge base to support decision
making and action at local levels. National governments
are also essential to help deliver financial resources
to support local action. Key tools include harmonized
GHG inventory methods for local government use and
climate risk screening and mapping tools. Institutions
designed to support learning and iterative policy making
include establishment of regional science-policy centres
or “boundary” organisations, often located in academic
institutions, to provide locally-relevant scientific and other
expert information, and a means for providers and users
of such information to engage in a two-way conversation
that leads to usable information. Strong urban climate
policy networks - working horizontally across local actors
to exchange information and experience - is another key
institution innovation that enhances learning and that is
helping to scale up action from the bottom-up. Designing
tools and institutions to strengthen multi-level governance
of climate change will help governments to scale up climate
action and to find cost-effective climate policy solutions
to drive low-carbon, climate resilient development. It will
also help national governments to deliver on ambitious
climate policy goals in the coming decades.

K-L4.4-03
Climate governance in Latin America: Case
studies of Brazil, Chile, Colombia and Peru

A. Rudnick (1) ; I. Rebolledo (2)
(1) MAPS Programme, Latin America, Santiago, Chile; (2)
Poch Ambiental S.A., Santiago, Chile

Since 2007, there has been an increase in government
institutionalization of climate mitigation actions, and
many of these efforts are relatively recent and in design
or early implementation stage. There is insufficient
literature from developing countries that evaluates this
institutionalization. It is important to monitor this trend
closely to evaluate if policies and institutions created are
sufficiently strong and effective to lead to the reductions
required (Working group lll, chapter 15, AR5 IPCC).

The institutional arrangements case studies aim at
describing and documenting the governance related to
climate change within MAPS Latin American countries
(Brazil, Chile, Colombia and Peru). A case study per
each country (Brazil, Chile, Colombia and Peru) will
be conducted to describe and document, from a
practitioner’s perspective, the state of the play of the
institutional approaches in each country. The results can
be useful for other developing countries when examining
and enhancing their institutional structures.

The research questions that the country case studies aim
to answer are:

What institutional arrangements exist in MAPS LAC
countries (Brazil, Chile, Colombia and Peru), at a public
and national level, to address climate change?- What
institutions related to climate change mitigation (and
adaptation if information is available) exist? -+ How are
decisions taken at a national and subnational level?-  Are
the decisions and actions legally binding? How climate
change decisions are institutionalised or implemented?-
If there is information available about how climate change
is institutionalised in the private sector, local government
and NGOs? - How have MAPS processes benefitted from
certain institutional arrangements? Has there been any
changes or additions in the institutional arrangements as
a result of MAPS processes or during MAPS processes? Has
there been collaboration among MAPS LAC countries to
share and learn from certain institutional arrangements?

Note: Mitigation Action Plans and Scenarios (MAPS) is a
collaboration amongst developing countries to establish
the evidence base for long-term transition to robust
economies that are both carbon efficient and climate
resilient. These processes involve high-level stakeholders
in the research process of determining mitigation
scenarios for their countries. For more information on the
Mitigation Action Plans & Scenarios Programme see www.
mapsprogramme.org

K-L4.4-04

Coordinating adaptation between the
municipal and local level: building adaptive
capacity of resource poor communities in
South Africa

G. Ziervogel (1)

(1) University of Cape Town, Environmental and Geographical
Science, Cape Town, South Africa

It has been acknowledged that much adaptation to climate
change occurs at the city, municipal and community
scale. At this local level, both government and local
communities need to take action. Both groups needs to
strengthen their adaptive capacity and their ability to
interact with each other particularly in the face of shocks
and stress, as experienced through climate change,
resource depletion, economic volatility and increasing
inequality. This paper draws on the experience of the
FLOW Programme (Fostering Local Well-being). This is a
transdisciplinary research project based in the Bergrivier
Municipality, in the Western Cape that seeks to build
adaptive capacity of resource poor community members
and strengthen their interaction with the municipality. We
suggest that individual’s adaptive capacity is dependent
on three interdependent dimensions, namely, 1) the
development of social cohesion, 2) self-determination,
and 3) connection to life-support systems. The paper will
explore how the three dimensions that engender adaptive
capacity have been built in the case study site. Specifically,
the project has worked with youth ambassadors, local
entrepreneurs and the local municipality using a range of
interventions including participatory community mapping,
resource flow mapping, personal and collective reflective
practices, storytelling skills through video journalism
and introducing community currencies. The paper will
interrogate the extent to which these interventions have
built adaptive capacity and the importance of including
this type of work in future climate change adaptation and
transformation responses.

Other authors: Anna Cowen and John Ziniades
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L4.5 - Equity: A Condition to Triggering Action ?

K-L4.5-01

K-L4.5-03

The necessary role of ethics and justice in
climate policy’

S. Caney (1)
(1) University of Oxford , Oxford, United Kingdom

The talk will cover three points:

(1) Justice and the target of climate policy. First, it
is often argued that climate policies should avoid
«dangerous anthropogenic interference» (UNFCCC Article
2). Specifying what constitutes a ‘dangerous’ climatic
changes necessarily requires the use of normative criteria,
and cannot be settled solely by scientific analyses of the
effects of climate changes. Determining what the goal of
climate policy should be requires policymakers to decide
what changes, if any, are acceptagle, and which are not
and call for action; and this requires ethical criteria and
an appeal to ideas of justice. | argue that on any plausible
ethical criteria even a 2C goal permits dangerous climatic
changes,and that recent calls to move away from the 2C
target are misconceived.

(2) Just burden sharing. A second criterion of a just
climate policy is that the burdens of combating climate
change (including the costs of mitigation, adaptation and
compensation) are shared equitably. Many appeal to the
doctrine of ‘common but differentiated responsibility’. |
argue that this requires the endorsement of both a polluter
pays principle and an ability to pay principle, and suggest
how they should be combined.

(3) My first two points emphasise the need for principles
of justice (in both specifying what should be the target of
climate policy and how burdens should be shared). My
third point draws on this to emphasise the importance of
transcending a pure Cost Benefit Approach for evaluating
targets and policies.

K-L4.5-02

Analysis of equity (including as related to
ambition) in submission of INDCs

D. Waskow (1)
(1) World Resources Institute, Washington DC, United States
of America

The preparation of Intended Nationally Determined
Contributions (INDC) is an important opportunity
for countries to provide information about how their
contributions are equitable. The COP decision agreed
at Lima invites each country to describe in its INDC its
contribution is “fair and ambitious, in light of national
circumstances, and how it contributes towards achieving
the objective of the Convention as set out in its Article
2.” A description of equity should include the use of a
holistic set of quantitative and qualitative indicators
that provide the international community and domestic
stakeholders with essential information that includes
emissions responsibility, capabilities (including economic
and development capabilities), vulnerability and capacity
to adapt, potential to act, and co-benefits of action. The
information provided can be applicable to both mitigation
and adaptation components of INDC. The INDC should
also address how the INDC contributes to the global
level of ambition for emissions reduction and collective
effort for adaptation. Providing robust information and
a narrative concerning equitability can provide enhanced
transparency; enable comparison of contributions among
countries; increase international understanding of what is
equitable in the context of specific national circumstances;
and enable linkages of the contribution with national
sustainable development objectives. Doing so can generate
constructive discussions both within and among countries
about equity and motivate increased and more equitable
collective action, and it can help provide direction in
establishing common benchmarks and frameworks
concerning equity in the UNFCCC. The presentation will
provide a proposed framework for describing equitability
in INDCs, as well as a review of how countries have thus far
provided information on equity in their INDCs.

Equity in the 2015 Agreement

X. Ngwadla (1)

(1) Council for Scientific and Industrial Research, Pretoria,
South Africa

The inclusiveness, durability and effectiveness of the
2015 Agreement largely hinges on how questions relating
to equity, and/or perception of fairness by Parties to the
UNFCCC are achieved by the agreement. The diversity
of the basis for making a judgement of what is fair
has translated into a false dichotomy of qualitative vs
quantitative treatment of equity in the agreement. The
second dichotomy has been created in terms of options
for national vs international discipline in the application of
a common framework for addressing equity.

In Ngwadla & Rajamani, (2014) proposals and options
for addressing the divergences on the technical and
legal options for operationalising and Equity Reference
Framework (ERF) in the 2015 Agreement. The ERF is framed
on the determination of the required global effort and a
determination of relative fair contributions by Parties,
covering both mitigation and adaptation in its definition
of the required effort. Its application and reflection in the
agreements presents flexibility in both ‘top-down’ and
‘bottom-up’ or hybrid approaches in a global agreement.

Several other tools and approaches have proposed for
apportioning mitigation responsibility based on a variety
of metrics. The ERF is however premised on an envelope of
metrics for historical contribution to emissions, capability
of countries to respond, and development needs, as such
outcomes are presented in a range and median of relative
fair efforts by Parties. The envelope of metrics could be
informed by the various proposals and metrics, including
those various parties have presented as part of equity
information in their INDCs.

The strength of the ERF further lies in its ability to be
applied in different architectural and legal options, as
it can be reflected as an integral part of the agreement,
however couched in a language that reflect concerns
pertaining to prescriptiveness and sovereignty of states.
At the other end of the spectrum of options, it could be
expressed as an external process through a declaration
and run representative external organisations, with a view
of providing a moral pull for fairness in the agreement.

In pursuit of a durable agreement, and that present day
political realities do not confine the agreement coming
into effect in 2020, several options still remain to have
enabling provisions for an ERF kind of approach, taking
into account options for aggregate application of
such a framework, as well as self-application of such a
multilaterally agreed framework.
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K-1101-01

Man versus Climate: what we learn from
paleodata on the vulnerability of tropical
ecosystems

AM. Lézine (1) ; S. Ivory (2) ; F. Bassinot (3) ; C. Hély (4) ; P.
Braconnot (5)

(1) LOCEAN, Paris, France; (2) Institute at Brown for the Study
of Environment and Society, Brown University, Providence,
United States of America; (3) Laboratoire des Sciences du
Climat et de I’Environnement/IPSL, CEA-CNRS-UVSQ -
UMR8212, CEA-CNRS-UVSQ - UMR8212, France; (4) Institut
des Sciences de I’Evolution, Isem umr cnrs 5554, ird 226,
université de montpellier, ephe cirad, Montpellier, France; (5)
LSCE-IPSL, Gif-sur-Yvette, France

The timing and amplitude of the end of the Holocene humid
period and the transition toward of the present day arid/
semi-arid conditions in the northern tropics has been the
subject of multiple debates involving many scientists from
both model and data communities. Several scenarios have
been developed to discuss the abrupt or gradual character
of this period and to identify the forcings at work. These
debates have mostly focused on regions under the Atlantic
monsoon influence with a specific emphasis on the iconic
“Green Sahara”. This region is well known to have hosted
flourishing prehistoric cultures evidenced by widespread
archaeological remains, rock paintings and carvings and
abundant tropical faunas during the Holocene. Based on
aIethdroIogicaI and archaeological evidence, it has
een shown that the end of the “Green Sahara” period in
northern tropical Africa and the initiation of present day
arid conditions in the Sahara Desert were latitudinally
time transgressive with the lake phase ending from 6.5 ka
(between 26 and 28°N) to 3.5 ka between 20" and 16° N.

This late Holocene climate crisis was widely recorded
across the tropics. Here we present a synthesis of
paleohydrological and paleoenvironmental data in two
specific areas: (1) the dry northern tropics from West
Africa to East India (10-30°N) to compare the behavior of
the Atlantic and Indian monsoon systems at the northern
edge of the present day rain belt and the mechanisms
responsible for the dramatic regime shift (humid/arid) (2)
West and Central Africa to discuss the impact of this crisis
on the natural ecosystems (i.e., the equatorial forest) and
the adaptation of human populations.

K-1101-02

Abrupt African Quaternary Climate and
Vegetation Change

M. Claussen (1) ; S. Bathiany (2) ; V. Brovking (1) ; S. Egerer
(1) ; V. Groner (1) ; C. Reick (1)

(1) Max Planck Institute for Meteorology, Hamburg,
Germany; (2) Wageningen University, Wageningen,
Netherlands

Pronounced changes in African climate, specifically during
the transitions between glacials and interglacials, have
been found in palaeo climatic archives. Some geological
records suggest abrupt climate shifts others, more gradual
transitions. Here, we discuss data and simulations aiming
at understanding these changes. African climate and
vegetation shifts were likely induced by large changes
in ice masses, ocean circulation and monsoon dynamics
which, in turn, were triggered by variations in the Earth
orbit around the sun and subsequent alteration of
meridional insolation gradients. It is shown that abrupt
change, or ‘tipping, could result from a strong feedback
between vegetation and climate at different times at
different locations. Moreover, strong feedback in one
region can lead to ‘induced tipping’ in other, seemingly
stable regions. However, the diversity of plants can
affect the strength of biogeophysical feedback. Regions
rich in plant diversity may stabilize the system leading

to more gradual transitions. As alternative hypothesis,
abrupt changes may also emerge from intrinsic threshold
behaviour of hydrological systems and ecosystems. Finally,
an assessment is made to which extent abrupt climate and
vegetation changes in this region are likely to happen in
the future.

K-1101-03

High-resolution paleolimnology opens
new management perspectives for lakes
adaptation to climate warming

M. Perga (1) ; V. Frossard (2) ; JP. Jenny (1) ; B. Alric (1) ; F.
Arnaud (3) ; V. Berthon (1) ; L. Domaizon (1) ; C. Giguet-
Covex (3) ; M. Magny (4) ; M. Manca (5) ; A. Marchetto (5) ;
L. Millet (4) ; C. Pailles (6) ; C. Pignol (3) ; J. Poulenard (3) ;
JL. Reyss (7) ; F. Rimet (1) ; P. Sabatier (3) ; F. Sylvestre (8)
; V. Verneaux (4)

(1) INRA, UMR CARRTEL, Université Savoie-Mont-Blanc,
Thonon les Bains, France; (2) UMR CARRTEL, University

of Savoie-Mont Blanc, Chambéry, France; (3) EDYTEM,
University of Savoie-Mont Blanc, Chambéry, France; (4) UMR
CHRONO-ENVIRONNEMENT, Besancon, France; (5) CNR-

ISE, Verbania-Pallanza, Italy; (6) Aix-Marseille Université,
CNRS, IRD, UM34 CEREGE, Europdle de I'’Arbois, Aix en
Provence, France; (7) LSCE, Gif sur Yvette, France; (8) Institut
de Recherche pour le Développement, CEREGE, Aix-en—
Provence, France

Varved lake sediments provide opportunities for high-
resolution paleolimnological investigations that may
extend monitoring surveys in order to target priority
management actions under climate warming. This paper
provides the synthesis of an international research
program relying on >150 years-long, varved records
for three managed perialpine lakes in Europe (Lakes
Geneva, Annecy and Bourget). The dynamics of the
dominant, local human pressures, as well as the ecological
responses in the pelagic, benthic and littoral habitats were
reconstructed using classical and newly developed paleo-
proxies. Statistical modelling achieved the hierarchization
of the drivers of their ecological trajectories.

All three lakes underwent different levels of eutrophication
in the first half of the XXth century, followed by re-
oligotrophication. Climate warming came along with a
2°C increase in air temperature over the last century,
to which lakes were unequally thermally vulnerable.
Unsurprisingly, phosphorous concentration has been the
dominant ecological driver over the last century. Yet,
other human-influenced, local environmental drivers
(fisheries management practices, river regulations) have
also significantly inflected ecological trajectories. Climate
change has been impacting all habitats at rates that, in
some cases, exceeded those of local factors. The amplitude
and ecological responses to similar climate change varied
between lakes, but, at least for pelagic habitats, rather
depended on the intensity of local human pressures than
on the thermal effect of climate change. Deep habitats yet
showed higher sensitivity to climate change but substantial
influence of river flows. As a consequence, adapted local
management strategies, fully integrating nutrient inputs,
fisheries management and hydrological regulations,
may enable mitigating the deleterious consequences of
ongoing climate change on these ecosystems.

0-1101-01

The Mediterranean Basin in a warmer and
drier world: what can we learn from the
past?

J. Guiot (1) ; D. Kaniewski (2)

(1) CNRS, CEREGE, Aix-en-Provence, France; (2) University of
Toulouse 3, Ecolab, Toulouse, France

Since the late-nineteenth century, surface temperatures
have  non-uniformly  increased  worldwide. The
repercussion of the global warming in drylands, such as in
the Mediterranean, may become a main source of concern
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in a near future, as it is often accompanied by increased
droughts, that will severely degrade water supply and
quality. History shows that access to water resources has
always presented a challenge for societies around the
Mediterranean throughout the Holocene (roughly the last
10,000 years). Repeatedly, adverse climate shifts seem
to have interacted with social, economic and political
variables, exacerbating vulnerabilities in drier regions. We
present a reconstruction of the Holocene climate in the
Mediterranean Basin using an innovative method based
on pollen data and vegetation modeling. The method
consists in calculating the inputs of the vegetation model
so that the outputs fit the pollen data, using a Bayesian
framework. This model inversion is particularly suited
to deal with increasing dissimilarities between past
millennia and the last century, especially due to a direct
effect of CO2 on vegetation. The comparison of far past
and last century shows that the intensity of century-scale
precipitation fall, amplified by higher temperatures and
then evapotranspiration, is unmatched over the last 10,000
years. The recent climatic change is then unprecedented
during the last 10,000 years in the Mediterranean Basin. We
show also that adverse climate shifts are often correlated
with the decline or collapse of Mediterranean civilizations,
particularly in the eastern Basin. The main consequence is
that, over the next few decades, Mediterranean societies
are likely to be much more critically vulnerable to climate
change, than at any dry period of the past.

0-1101-02

Long-term ecological dynamics of an
alpine lacustrine ecosystem during the
Holocene in the French Alps (Lake Petit,
2200 m a.s.l): regime shift and resilience of
algal communities

R. Cartier (1)

(1) Aix-Marseille Université, CNRS, IRD, Collége de France,
UM 34 CEREGE, Aix-en-Provence, France

Multidisciplinary investigations on lake sediments in the
Mediterranean Alps enagle tracking back the dynamics of
lacustrine ecosystems as well as their response to human
activities and climate change. Such external forcing may
lead to a variety of lake responses, ranging from gradual
changes to sudden regime shifts. Sediments from Lake
Petit (2200 m a.s.l., Southern French Alps) were particularly
relevant for a coupled palaeoecology of landscape and
palaeolimnology study providing (1) exceptional richness
in preserved bio-indicators and (2) a well-studied context
with archaeological, palynological and geochemical data
(Brisset et al., 2013)

The lacustrine ecosystem has been reconstructed for the
last 5000 years using microfossil analysis (diatoms and
Pediastrum) and organic matter composition of sediments
(TOC, TN) (Cartier et al., in press):

- From 4800 to 4300 cal. BP, Lake Petit was a stable
diatom productive water body dominated by
alkaliphilous diatoms. Nutrients were supplied by the
chemical weathering of podzols that developed under
conifer woodlands. This overall stability was suddenly
interrupted at 4200 cal. BP by a major detrital pulse that
triggered a drop in diatom productivity and diversity
probably climate-linked with the “4.2 ka event”;

- From 4100 to 2400 cal. BP, diatom productivity
decreased whereas the algae Pediastrum developed.
Diatom assemblages subjected to terrigenous inputs
from continuous erosion of pasture soils, were more
diversified;

- Finally, from 2400 cal. BP to the present day, diatom
assemblages reveal a slight acidification and nutrient
enrichment of waters concomitant with increasing
human pressure in the catchment.

Results obtained at Lake Petit provide a good example of
abrupt regime shift in mountain systems in response to
rapid climatic event, and further by incremental change
triggered by human activities beyond critical threshold.

0-1101-03

How humans feed flood: lessons from the
past

E. Brisset (1) ; F. Guiter (2) ; C. Miramont (2) ; T. Troussier
(2); Y. Poher (2) ; E. Anthony (1)

(1) Aix-Marseille Université, CNRS, IRD, Collége de France,
UM 34 CEREGE, Aix-en-Provence, France; (2) Aix-Marseille
Université, CNRS, IRD, UMR 7263 IMBE, Aix-en-Provence,
France

Future projections on alpine climate changes suggest that
more hydrological extreme can be expected to increase
the river ﬂooc? risk in this region. During mountain-river
floods, the amount of sediment rushing down slopes
constitutes a threat for society, burring %oodplains and
devastating people and infrastructures. This hydro-
geological phenomenon poses hazards in mountainous
areas of the world because they occur on steep slopes
having abundant sediment available. By promoting
land degradation, human are susceptible to modify the
sensitivity of landscapes to natural hazard. As a result,
it is crucial to investigate how humans have transformed
geomorphic response to river flood on historic timescale,
and what this means for our present and future. Here we
explore since when mountain-river flood are linked to
human agencies and to what extent man influence nature.

To address these issues, we examined the geomorphic
response during flood events to vegetation cover and
land-use changes over the last 7400 years for a large
mountain lake of the European Alps, the Lake Allos
(44°14°N, 6°42°35"E, 2230 m a.s.l.). Indeed, the sediments
of the Lake Allos are a reliable geological archive to
reconstruct flood deposits calendar over Iong time scale
as their suspension load produce a distinct detrital layer
contrasting to background sedimentation allowing their
identification, counting and dating.

Our results show that the progressive increase in human
activities (domestic livestock grazing) was not followed by
a progressive increase in erosion at Allos. At 2000 cal. BP,
the flood record shows an abrupt transition in sediment
load and in event frequency which have been multiplied
by a factor of four. Since this date, precipitations of
higher intensity were able to mobilise and transport larger
amount of sediment and precipitations of lesser intensity
were more frequently able to trigger sediment inputs.

These results indicate that a threshold in the sensitivity
to erosion in the source area were attaint due to several
millennia of human pressure. These results also argue
that humans, by changing sensitivity of landscapes for
their activities, ¥1ave considerably amplified geomorphic
responses to natural hazards.

0-1101-04

Interdisciplinary and transboundary work
to rebuilt extreme hydrological events

in the Rhine Graben (France - Germany -
Switzerland) during the last six centuries
(TRANSRISK and TRANSRISK? Programs)

B. Martin (1) ; R. Glaser (2) ; F. Giacona (1) ; N. Holleville (I)
HA Himmelsbach (2); B. Furst(l) J. Schonbein (2); L. With

(]) P. Wassmer (3) ; MC. Vltoux(l)

(1) CRESAT, Université de haute - alsace, mulhouse,

France; (2) Institut fur Physische Geographie, Albert ludwi

university, Freiburg, Germany; (3) Laboratoire de Géographie

II:hysique, Université paris 1 panthéon-sorbonne, paris,
rance

The franco - german projects TRANSRISK (2008 - 2011)
and TRANSRISK?2 (2014 - 2017) have made it possible
to elaborate a comparative chronology of the floods in
the area of the Upper Rhine over a long period (1480
- 2015), paying attention to the description of the
events (characteristics, climatic and human causes,
consequences) as well as to the management by those in
charge at the local scenes of the risk. The objective was
to understand the evolutions and to make comparisons
at all scales, particularly between France and Germany.
This interdisciplinary work (historians, geographers,
anthropologists, sociologists, linguists) has been done by
researchers from Germany and France on both side of the
Rhine between Basel and Strasbourg. The interest of that




research is twofold:

- It is carried out on a territory which is limited and
relatively homogeneous, but divided by borders between
three nations, Switzerland, France and Germany, and
these two last countries have been three times at war
between 1870 and 1945.

- It is really concerning a major stake of territorial
management: the prevention of floods, a hazard not well
known in its spatio-temporal characteristics on account
of the wars and of the many political and administrative
changes that this territory has gone through.

The researches in the archives have thus made it possible
to establish a database including over 3.000 events
related to the floods between 1480 and nowadays,
involving the Rhine, and 13 tributaries on both side on
the border. The most important of those floods have been
mapped, classed and compared, revealing at the end a
real underestimation of flood risk and the necessity of
building new flood scenarios for the future. That's why
these research programs are involved into many actions of
flood risk management, concerning, for example, memory
and risk culture, as well as modelling of extreme events in
a historic - progressive approach.

About scenarios, if no pattern of coherent and synchronized
evolution appears for all the rivers, the reconstruction of
the underlying climatic conditions permits to determine
4 broad types of situations favourable to flooding in that
area. And, facing an extreme situation that has already
occurred yet in a past not so far away, neither the actors of
prevention, nor the people are really prepared. That’s also
the reason why we have developed a website (linked to
social networks) to share information on historical floods
(www.orrion.fr), even if floods need a real contextualization
to try to make them comparable over time and space.
But the chronologies demonstrate, on the one hand, the
importance of conditions on a local scale, and, on the
other hand, all the aggravating or lessening role of human
factors. They generate variations in time and space of the
vulnerability to floods, which are manifest on different
scales, revealing in particular a real “borderline effect”
between France and Germany.

What those studies also point out, however, is that the
ﬁ?ht against floods has been at all times the manifestation
of political will, mostly a reaction to disaster, and thus has
been constantly re-defined in any context of important
changes in the political structures. This is of course a
lesson for the future.
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Learning from the Past to understand the
Presente and predict the Future: The Mexi-
can Quatermary Mammal Database

J. Arroyo-Cabrales (1) ; I. Ferrusquia-Villafranca (2) ; E.
Johnson (3) ; J. Ruiz-Gonzalez (2) ; E. Martinez-Hernandez
(2) ; J. Gama-Castro (2)

(1) INSTITUTO NACIONAL DE ANTROPOLOGIA E HISTORIA,
LABORATORIO DE ARQUEOZOOLOGIA, MEXICO, D. F.,
Mexico; (2) UNIVERSIDAD NACIONAL AUTONOMA DE
MEXICO, Instituto de geologia, MEXICO, D. F., Mexico;

(3) MUSEUM OF TEXAS TECH UNIVERSITY, Department of
anthropology, LUBBOCK, TEXAS, United States of America

The Pleistocene and modern mammal faunas of southern
North America partially differ in taxonomic composition,
distribution, and physiognomy. The former faunal
complexes are part of the ancient landscape in which
early people may have interacted. Differences between the
Pleistocene and modern faunas have been attributed either
to climate change, to human-impact driven extinctions, or
even to catastrophic phenomena, like a meteorite impact.
México’s Pleistocene mammal record is analyzed in time
and space, emphasizing the study of the Rancholabrean
Chronofauna; furthermore, available isotopic data is
reported for supporting paleoenvironmental inferences.
Palynological and paleosol records are reviewed as an
independent check of the interpretation e from mammals.
The integration of the information provides the basis for a
proposa?regarding Late Pleistocene climate change trends
across the country, and whether people were involved in

the mammalian community response to climate change
in terms of extinction or biogeographic shifting within
and outside the country. This approach supports an
explanation for the differences between southern North
America’s Pleistocene and modern mammal faunas. This
difference is the combined results of individual species
extinctions and range modifications that affected and
changed the vertebrate biota physiognomy and taxonomic
composition. The available fossil record, however, does
not portray this major biogeographic shifting of species in
detail due to the lack of associated chronometric data. The
analysis of disjunct (i.e., separated from the main range)
and of demonstrably relict species may be an alternative
to provide greater detail and understanding about the
response of individual species to climate change during the
Late Pleistocene. The Late Pleistocene mammal record was
analyzed by morphotectonic provinces that were grouped
into four larger geographic units to examine zoogeographic
distribution, any variance in distribution (extinctions,
extirpations), and environmental conditions inferred from
that distribution and variance. Time and space biases exist,
with records favoring the Late Pleistocene (Rancholabrean)
and the Trans-Mexican Volcanic Belt (TMVB), particularly
the Basin of México. Nevertheless, biological communities
throughout the country experience profound changes in
species composition and structure. Such a pattern was
due not to direct human impact but to the consequences
of environmental changes throughout and particularly at
the end of the Pleistocene. The shifting of ecological and
climatic zones was not a simple matter of displacement
and range adjustments. Such conditions, among other
things, allowed stenotopic species (restricted tolerance
to a narrow range of environmental conditions) to extend
their range beyond narrow parameters, and eurytopic
ones (broad tolerance to a wide range of environmental
conditions) to thrive extensively across the country. The
coexistence of a highly diverse group of mammals indicates
a community structure organized differently than that of
today in order to facilitate the complex relationships that
coexistence would have required. The disruption of these
biotic interactions would have created a coevolutionary
disequilibrium situation. The available information on
México’s Pleistocene mammal, palynological, and paleosol
records allows only broad trends to be discerned in the
complex environmental-biota interplay and what role,
if any, early people played in extinction. A critical need
exists to fill in the time and space gaps in these records.
Solid radiocarbon chronologies need to be developed that
can anchor the various records and provide the framework
for more in-depth analyses of environmental changes
and individual species response. In a focused radiocarbon
dating program, TMVB province and mammoth would be
a reasonable target. The most concentrated research
has been in this province and mammoth is the most
ubiquitous Late Pleistocene mammal. Research needs to
continue and expand in the other provinces in order to
have a representative sample across the country. While
research in the Northern provinces has been most fruitful
in terms of mammal-human interactions during the latest
Pleistocene, the Gulf Coastal Plains (Eastern province)
has great potential in illuminating that interaction as
well. ~ México’s record is critical in understanding the
continent-wide affects of Pleistocene climatic changes on
plants, animals, and humans. This initial synthesis forms
a first-order interpretation and basis for future research
directions.

P-1101-02

Vulnerability of North Eastern region of
India - a global biodiversity hotspot - due
to anthropogenic threats and climate
change process

S. Baruah (1) ; N. Hazarika (2) ; K. Mazumdar (3)

(1) Independent Consultant, Guwahati, Assam, India;
(2) State Project Officer GOI-UNDP programme, , Assam
state disaster management authority, Guwahati, India;
(3) Programme Officer, Response, Assam state disaster
management authority, Guwahati, India

Climate change poses major threats to all levels of
biodiversity from genes to landscapes while local level
changes within landscape affects its composition and
abundance. The North Eastern region (here after referred
as ‘NER’) India refers to the easternmost region of India
consisting of the contiguous eight sister states. The region
is biogeographically and culturally distinct from rest of
India and has strong ethnic and cultural ties with East Asia
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and Southeast Asia. The NER of India is expected to be
greatly affected by climate change as well as increasing
anthropogenic threats on biodiversity because of their
geo-ecological fragility, strategic location vis-a-vis the
Eastern Himalayan landscape,trans-boundary river basins
and the inherent socio-economic instabilities.

Analysis of forest cover statistics of NER of India for last
twenty years that is from 1991 to 2011, reveals that there
was an overall growth of forest cover of 1274 KM2 .in the
region. But individual state level data reflects loss of forest
cover in majority of the states during the first decade
(1991-2001) , the state of Nagaland being the highest
(-976 KM2) followed by Mizoram(-908 KM2), Manipur
(-732KM2)and Arunachal (-709KM2) and Meghalaya
(-273KM2). Seismically NER is one of the six most active
re%ions of the world, the other five being Mexico, Taiwan,
California, Japan and Turkey. The region has experienced
18 large earthquakes (M=7) durin? the last hundred years
including the %reat earthquakes of Shillong (1897, M=8.7)
and Assam-Tibet border (1950, M=8.7) .

The state of Assam in NE India represents highly flood-
prone region characterized by severe hazards of floods.
With more than 40 percent of its land surface susceptible
to flood damage, the total flood prone area in the
Brahmaputra valley is about 3.2 Mha. The Brahmaputra
valley had experienced major floods in 1954, 1962, 1966,
1972, 1974, 1978, 1983, 1986, 1988, 1996, 1998, 2000
and 2004. According to census statistics 1991-2011
the population in all the states grew by approximately
30 percent between first decade and continued with
20 percent in the next decade. This rapid increase
in population density in the region is responsible for
large scale destruction and alteration of forest areas,
overexploitation of biodiversity resources. While reviewing
the agricultural statistics for 17 years period that is 1989-
2006 ,it has been observed that there is decrease of gross
cropped area in many states particularly the Assam being
the highest with about 60% followed by Tripura with about
45% , Arunachal Pradesh 25% and Manipur 10% This is
reflected in the general trend of decrease in par capita
availability of agricultural land . The trend of mean rain fall
activities observed in the region for four decades from the
year 1968 to 2008 which shows distinct local variations.
During Pre monsoon season from 1990 to 2008 there
is a decreasing trend of rainfall with 1996 and 2008 is
lowest. This indicates local dry conditions or draught.
Similarly 1977 and 2001 shows the very high rain fall
indicating more storms, floods and associated disasters.
In monsoon season there is a general trend of high rainfall
activities with 1988, 2005 being highest indicating major
floods in the region and crop and property damage. The
trend of atmospheric temperature of the region for the
pre monsoon season is found to be going high during
from the year 1990 to 2008 indicatin? prolonged warmer
period coupled with decreasing rain fall observed during
the season. Again in the monsoon it continues with the
rising trend over the past decades clearing indicating
increasing warming process may be with response to
global warming process. Looking at the data of the buildup
areas for the years 1989 and 2006 ,there is enormous
rise in build up area due to urbanization in all the NER
states. The exploration of fossil fuels viz oil, gas and coal
industries in the region is increasing the air, water and
land pollution and thereby increasing the vulnerabilities of
the biodiversity and ecosystems from these anthropogenic
activities coupled with the climate change process.

P-1101-03

Impact of global SST gradients on the
Mediterranean runoff changes across the
Plio-Pleistocene transition

F. Colleoni (1) ; A. Cherchi, (1) ; S. Masina, (1) ; C. Brierley, (2)
(1) Centro Euro-Mediterraneo sui Cambiamenti Climatici,
Bologna, Italy; (2) University College of London, Department
of Geography, London, United Kingdom

This work explores the impact of the development
of global meridional and zonal SST gradients on the
Mediterranean runoff variability during the Plio-
Pleistocene transition, about 3 Ma. By means of a stand-
alone atmospheric general circulation model, we simulate
the separate impact of extra-tropical and equatorial SST
cooling on the Mediterranean runoff. Results show that
total annual mean Pliocene Mediterranean runoff is about
40\% larger than during the pre-industrial period due
to more increased extra-tropical specific humidity. As a

consequence of a weakened and extended Hadley cell,
Pliocene northwest Africa hydrological network produces a
discharge 30 times larger than today. Our results support
the conclusion that during the Pliocene, the Mediterranean
water deficit was more reduced than today due to a
larger river discharge. While the cooling o¥ equatorial
SST does not imply significant changes on the Pliocene
Mediterranean hydrological budget, the extra-tropical SST
cooling increases the water deficit due to a decrease in
precipitation and runoff and river discharge from this area
reduces to pre-industrial level. From our simulations there
are evidence that the modern atmospheric circulation
over the Mediterranean started to develop at least 3 Ma.
The main teleconnections acting upon the Mediterranean
area, i.e. the North Atlantic Oscillation during winter and
the " “monsoon-desert” mechanism during summer are
already at work in our Pliocene simulations. Finally, our
results also suggest that in a climate state significantly
warmer than today, changes of the Hadley circulation
could potentially lead to increased in water resources in
northwest Africa.

P-1101-04

Mid-Holocene drought impact on the active
Lazaun rock glacier in the Italian Alps

JN. Haas (1) ; B. Dietre (1) ; M. Hirnsperger (2) ;
D. Bressan (2) ; C. Walser (3) ; I. Hajdas (4) ; K. Lang (5) ;
V. Mair (5) ; U. Nickus (6) ; D. Reidl (1) ; H. Thies (7) ;
D. Tonidandel (5) ; K. Krainer (2)

(1) University of Innsbruck, Botany, Innsbruck, Austria; (2)
University of Innsbruck, Geology, Innsbruck, Austria; (3)
University of Bamberg, Archaeology, Bamberg, Germany;

(4) ETH Zuerich, Physics, Zuerich, Switzerland; (5) Office

for Geology and Buildinlg materials testing, Autonomous
Province of Bolzano, Italy, Bolzano, Italy; (6) University of
Innsbruck, Meteorology, Innsbruck, Austria; (7) University of
Innsbruck, Ecology, Innsbruck, Austria

The study of a 40 m-long ice and debris core from the
rock glacier Lazaun in the southern Otztal Alps (South
Tyrol, Italy) revealed a mid-Holocene drought impact
around 4000 cal. BP. Plant macrofossils embedded in
the ice indicated the overall formation of the rock glacier
around 10’300 cal. BP with two superimposed rock glacier
lobes persisting active since then. The inferred age-depth
model implied very stable sedimentation conditions for
snow, ice and rock debris throughout the Holocene, with
the exception of a mid-Holocene drought event. This
multi-centennial drought period around 4000 cal. BP was
probably related to reduced snow accumulation, prevailing
warm climate, and a general Mediterranean/Central
European climatic reorganization. The palaeoecological
study of the ice/debris samples and the quantification
of pollen, cryptogam spores, non-pollen palynomorphs,
charcoal particles as well as plant and animal
macrofossils allowed tracing the former climatically and
anthropogenically induced vegetation changes at alpine
altitudes (above 2600 m a.s.l.).

P-1101-05

Orbital, solar, volcanic and anthropogenic
forcings in the Holocene glacier fluctua-
tions

0. Solomina (1) ; D. Hodgson (2) ; A. Nesje (3) ; L. Owen (4) ;
H. Wanner (5) ; G. Wiles (6) ; N. Young (7) ; R. Bradley (8) ; S.
Ivy-Ochs (9) ; V. Jomelli (10) ; A. Mackintosh (11)

(1) Institute of Geography RAS, Glaciology, Moscow, Russia;
(2) British Antarctic Survey, Cambridge, United Kingdom;

(3) University of Bergen, Department of earth science,
Bergen, Norway; (4) University of Cincinnati, Department of
geology, Cincinnati, United States of America; (5) Institute

of Geography and Oeschger Centre for Climate Change
Research, Bern, Switzerland; (6) The College of Wooster,
Department of geology,, Wooster, United States of America;
(7) Columbia University, Lamont-doherty earth observatory,
Palisades, United States of America; (8) University of
Massachusetts, Department of geosciences, Amherst, United
States of America; (9) Institute of Particle Physics, Zurich,
Switzerland; (10) Cnrs, Physical geography, Meudon, France;
(11) Victoria University Wellington, Antarctic research centre,
Wellington, New Zealand

Glacier fluctuations integrate both temperature and
precipitation, and these signals are often a challenge to
separate. However, in the end of 20th-early 21th centuries



the glaciers demonstrate a coherent pattern of uniform
retreat, despite the great difference in their morphology,
sizes, location and other characteristics. For our global
overview of Holocene glacier fluctuations we used 189 time
series of glacier fluctuations based on 14C, TCN, OSL, tree
rings, sediments from proglacial lakes, and speleothems.
We compared the glacier variations with orbital, solar
and volcanic forcings and considered the scale and the
rate of modern glacier retreat in the context of Holocene
natural variability. The general trends of Holocene glacier
fluctuations in the extra-tropical areas of the Northern
Hemisphere are broadly coherent and agree with the
dynamics of the Northern and mountain tree lines. Overall
summer temperature, forced by orbitally-controlled
insolation, is the most probable driver of increasingly more
expansive advances through the Holocene in these regions.
In the Southern Hemisphere, glaciers in New Zealand
appear to follow the orbital trend, which is opposite to the
Northern Hemisphere (less expansive advances through
the Holocene). Glacier fluctuations in monsoonal Asia and
in Southern South America generally do not correlate with
the orbital trends and instead responding to more high
resolution forcings in these regions. Glacier advances
during Neoglacial clustered at 4.4-4.2, 3.8-3.4, 3.3-2.8,
2.6, 2.3-2.1, 1.5-1.4, 1.2-1.0, 0.7-0.5 ka BP correspond
to general coolings in the North Atlantic. Some of these
episodes coincide with multidecadal periods of low solar
activity, but it is unclear what mechanism might link small
changes in irradiance to widespread glacier fluctuations.
One cluster of glacier advances at 1.7-1.6 ka does not fit
this pattern and probably corresponds to a very strong
volcanic eruption (232 CE). Thus, no single driving
mechanism explains all ice expansions. The rate and the
global character of glacier retreat in the 20th-early 21st
centuries appears to be unusual in the context of Holocene
glacier changes, however retreating glaciers in most
regions are still more extensive today than they were in the
Early and/or Mid-Holocene. Since contemporary retreat
is occurring during an interval of orbital forcing that is
favorable for glacier growth, a combination of factors
other than orbital forcing, primarily strong anthropogenic
is likely in effect. Due to the delayed reaction of glaciers to
climatic changes, retreat will continue into future decades.
In some cases the large changes inferred from glacier
records are more pronounced than reconstructions based
on higher resolution records and models driven by solar
forcing. This observation may indicate that other proxies
and model results tend to underestimate the amplitude of
Holocene climate change.

P-1101-06

Monsoonal changes recorded by Lake
Chad sedimentary archives during the
Neolithic

F. Sylvestre (1) ; P. Amaral (1) ; P. Deschamps, (1) ; N.
Waldmann, (2) ; K. Tachikawa, (1) ; D. Delanghe, (1) ; N.
Thouveny, (1) ; E. Bard, (1) ; M. Garcia, (1) ; JC. Mazur, (1) ;
JC. Doumnang, (3) ; G. Menot, (1) ; F. Rostek, (1)

(1) Aix-Marseille University, CNRS, IRD, Collége de

France, Cerege, Aix-en-Provence, France; (2) University

of Haifa, Department of marine geosciences, Haifa, Israel;

(3) University of N'Djamena, Department of geology,
N’Djamena, Chad

During the last 20,000 years, Northern Africa experienced
dramatic climatic and subsequent environmental changes,
characterized by a succession of contrasted period. It
is now well established that the Last Glacial Maximum
(LGM) was dryer followed by a wetter middle Holocene,
punctuated by dry events. The numerous Holocene
paleolake records document a fairly consistent pattern
of a moister early-Holocene resulting in a “Green Sahara”
followed by a general aridification ca. 5000 years ago,
which still persist today.

However, despite the number of detailed reconstructions
increasing during the last decades, a coherent history of the
climatic changes has not been yet elucidating. Pronounced
differences in the apparent timing and amplitude of these
hydrological changes inferred from truncated outcrops
point to regional c?imatic variability fluctuations as well as
site-specific influences which could biased the evolution
of water balance. Increasing the numbers of observations
and reconstruction contribute to arise regional patterns,
and rend complex the identification of the climatic signal.

In this paleoclimatic history, one of the main attractive
phase, still debated, is the end of the mid-holocene
humid period. The increasingly arid conditions after
5,000 years forced Neolithic societies to improve their
organization in order to optimize natural resources, in
particular freshwater supplies, and help to explain the
rise of civilizations that flourished along main rivers
such as Nile, Euphrate or Indus. This climatic change
corresponds in time with the gradual modulation of the
insolation, whereas data from marine records evidenced
that environmental changes could be more rapid and
abrupt than expected by the sinusoidal insolation curve.
But on the continent, the data tell us another history. Lake
Yoa record collected in the northern Chad in Sahara desert
show that vegetation and dust flux changed gradually, in
concert with the slowly weakening monsoon.

In this context, we present new records with original
data depicting past tropical hydroclimate history since
the LGM from the key, but yet poorly investigated, Lake
Chad. In Northern Africa, Lake Chad appeared as one
of the main emblematic site during this period of time.
Reaching 10 times its surface area, e.g. 340,000 km?2
compared to today, e.g. 14,000 km2, it was one of the
main water tower during this period. Almost exclusively
fed by the Chari-Logone river system that originates from
the wet tropics, where precipitation is directly controlled
by the West African Monsoon and the seasonal migration
o¥ the ITCZ, this particular configuration makes this
terminal lake a very sensitive indicator of climate and the
environment evolution of north-central Africa at various
time-scales. Then, here we present continuous records
from past environmental and climatic changes during
the last 20,000 years. We highlirqht coherent monsoonal
changes, compared with those from the closest oceanic
basins, e.g. tropical Atlantic and Indian oceans, as well
as at the scale of the continental tropical belt. Moreover,
drastic hydrological changes are recorded, occurring in
few centuries, matching with North Atlantic cold spells
indicating that Northern African climate could switch from
a state to another, quickly, which drive in consequence,
ecosystem and human adaptations.
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Past climate event suggests severe and
long-lasting consequences of fossil fuel
burning

RE. Zeebe (1)

(1) University of Hawaii at Manoa, Department of
Oceanography, Hawaii, United States of America

Carbon release rates from anthropogenic sources have
reached a record high of ~10 Pg C/y in 2014. Due to
uncertainties in climate system feedbacks, the impact of
the rapid carbon release on the Earth system is difficult to

predict. Hence geologic analogues from past transient climate
changes are urgently sought after to guide future climate
assessments. Throughout the past 66 Myr, the currently
known climate aberration with the highest carbon release
rate is the Paleocene-Eocene Thermal Maximum (PETM) - an
event characterized by future-relevant total carbon release/
peak warming and a surprisingly long duration of at least
50,000 years. Based on time-series analysis of stable carbon/
oxygen isotope records and carbon cycle/climate modeling,
we determine the initial carbon release during the PETM onset.
This constrains the maximum sustained PETM carbon release
rate to less than ~1 Pg C/y. Given currently available records,
it follows that the present anthropogenic carbon release rate
is unprecedented during the past 66 Myr by at least an order
of magnitude. Future ecosystem disruptions will hence likely
exceed the relatively limited extinctions observed at the PETM.
Moreover, unforeseeable future responses of the climate
system are possible as the Earth system has effectively entered
an era of no-analogue state.
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K-1102-02

Understanding a warming world by stu-
dying the Pliocene
A. Haywood (1)

(1) University of Leeds, Uk national centre for atmospheric
science, Leeds, United Kingdom

The investigation of warm intervals of the Pliocene
epoch has intensified dramatically over the last 10
years. The reasons for this are varied but undoubtedly
the availability of progressively higher temporal and
spatial resolution environmental records is a key driver.
These reconstructions are providing new insights into
environmental change during the Pliocene, which enable
us to investigate local and regional climate response to
an atmospheric CO2 concentration akin to the modern.
Furthermore, the use of Climate and Earth System Models
in a Pliocene context has been encouraged as a means to
test the predictive ability of models, and to understand
climate processes generating regional patterns of
environmental change.

This presentation will summarise the current state of
knowledge of the Pliocene Earth System derived from proxy
data and model outputs. In particular it will focus on key
aspects of the climate system such as the reconstruction
of atmospheric CO2, ice sheet and sea-level change,
surface temperature change and polar amplification, the
hydrological cycle, ocean circulation and the monsoons.

Challenges in environmental reconstruction and modelling
will be highlighted with a summary of emerging initiatives,
which are designed to enhance our ability to use warm
intervals of the Pliocene as a mechanism to understand the
dynamics and drivers of a warming world.

K-1102-03

Climate change and variability : lessons
from the past

P. Braconnot (1)
(1) LSCE-IPSL, Gif-sur-Yvette, France

Past climate states provide a unique opportunity to
evaluate model performance outside the range ofrecent
observed climate variability. They provide test cases of our
understanding of climate feedbacksand thresholds that are
not observed in modern variability and that could lead to
major changes in thefuture. Because of this, past climate
simulations of the Last Glacial Maximum (21 000 years
BP), themid-Holocene (6000 years BP) and the last 1000
years have been considered as part of the lastmulti-model
CMIP5/PMIP3 experiments (Taylor et al. 2012, Braconnot
et al. 2012), so as to put intoperspective future climate
changes and provide complementary model evaluation.
Using the resultsof these simulations and of mode-data
comparisons, this presentation will provide an overview
ofrecent analyses of climate sensitivity and feedbacks,
hydrological cycle in the tropical regions, andinterannual
climate variability. It will hi?hlight the new possibilities
offered by the modeling of thebiochemical cycles and
tracers or by the high resolution records that provide
information oninterannual to multi-decadal variability.
Finally, it will discuss the constraints these analyses bring
onthe credibility of climate model as well as the new
questions that will be addressed in the next phaseof the
Paleoclimate Modeling Intercomparison Project (PMIP).

0-1102-01

Linking past, present and future climate
change to adaptation in the African Sahel
A. Giannini (1)

(1) Columbia University, International Research Institute for
Climate and Society, Palisades, NY, United States of America

The semi-arid African Sahel has received unique attention
in the climate science community and beyond since
inception of persistent drought at the end of the 1960s.
This attention is reflected in the efforts of Working Groups
1 and 2, summarized in the Assessments Reports of the
Intergovernmental Panel on Climate Change going back
to the first, published in 1990. Initially, drought in the
Sahel was attributed to rapid population growth leading

to mismanagement of land resources. The hypothesis of
a positive bio-geophysical feedback tied human-induced
baring of the soils to a reduction of precipitation, which
further exacerbated the loss in vegetation cover [Charney
1975, in QJ Roy Meteor Soc]. In the more recent ~10 years
the climate of the Sahel has again emerged as the Xocus
of active research, this time as a possible «canary in the
coal mine» for anthropogenic climate change. Advances
in climate science have first conclusively tied persistent
drought to subtle shifts in the surface temperature of
the global oceans [Giannini et al. 2003], «freeing farmers
of blame» in the drought, then partially attributed these
shifts to the influence of greenhouse gases and aerosols
[Held et al. 2005, in Proc Nat Acad Sci; Booth et al. 2012, in
Nature]. However, in the meantime the region has partially
recovered from drought, and is experiencing an increased
frequency of flooding [Tall 2010, in Proc Env Sci],
underlined, to the extent that it has been documented, by
a subtle increase in the intensity of precipitation [Lodoun
et al. 2013, in Env Develop; Alhassane et al. 2013, in
Secheresse].

Here | present a novel interpretation for the role of the
oceans in effecting precipitation change in this region:
Sahel rainfall responds to the relative temperature of the
North Atlantic, source of the moisture that converges in
the region, with respect to the global tropical oceans.
The temperature of the global tropical oceans, which is
communicated first vertically through deep convection,
then laterally by atmospheric waves [Chou and Neelin
2004, in J Climate; Held and Soden 2006, in J Climate;
Sobel et al. 2001, in J Atmos Sci], broadly determines the
threshold for convection. The temperature of the North
Atlantic relative to that of the global tropical oceans
measures the potential for the moist, but cool air that is
converged onto the African continent from the adjacent
ocean to lead to deep convection and precipitation.

This interpretation consistently explains past drought,
partial recovery, and the current alternation of wet and
dry states on time scales from daily to interannual. It
also sheds light on the uncertainty in future projections,
relating them to the uncertainty in patterns of sea surface
temperature change [Giannini et al. 2013, in Env Res Lett].
This contribution aims to frame the physical context in
which to discuss societal response to drought, and its
applicability to adaptation to current variability and future
change.

0-1102-02

Long-term evolution of feedbacks in a GCM
run to equilibrium

A. Hannart (1) ; JL. Dufresne, (2) ; C. Li, (3) ; R. Knutti (4)
(1) CNRS, IFAECI, Buenos Aires, Argentina; (2) CNRS, Lmd,
Paris, France; (3) Max Planck Institute for Meteorology, The
Ocean in the Earth System, Hamburg, Germany; (4) ETH,
Zurich, Switzerland

Equilibrium climate sensitivity (ECS) is a common measure
of Earth’s global temperature response to radiative forcing.
To first order, Earth’s radiative imbalance decreases linearly
with global temperature anomaly when a step forcing
is applied. ECS is thereby assumed to be constant and
inversely related to the linear feedback coefficient (). The
validity of this linear approximation has been increasingly
questioned recently, with several studies consistently
showing that feedback are state- and time-dependent.
But can these deviations from linearity significantly shift
the final equilibrium state actually reached by a GCM as
compared to the linear extrapolation based on the first few
centuries given by ECS, or even imply a bifurcation leading
to a vastly different equilibrium? What are the dominant
physical processes that explain them? Here we analyze
the evolution of feedbacks over a six thousand years-long
integration to equilibrium of the coupled climate model
ECHAMS5/MPIOM under atmospheric CO2 quadrupling -
the only simulation to equilibrium of a state-of-the-art
GCM available to our knowledge. Consistent with previous
studies, the global feedback Achanges significantly
over the entire integration, but more surprisingly its
evolution is markedly non-monotonous. Indeed, while
A\ progressively decreases (1.5 down to 0.4 Wm-2K-1)
during the first thousand years of the run - which is the
period partly analyzed by most previous studies and hence
yields consistent findings, we observe a steep increase
in N(0.4 up to 1.8 Wm-2K-1) throughout the remainin

five thousand years, until the equilibrium is reached.
This evolution is predominantly driven by: (i) a steeper



and steeper increase in cloud feedback over the entire
simulation which is mainly associated to decreasing low
level cloud fractions over high latitude oceanic areas;
combined with (ii) a non-monotonous evolution of water
feedback characterized by a moderate increase during the
first thousand years followed by a steeper and steeper
decrease until equilibrium, both being mainly associated
to changes in relative humidity over tropical land areas
and near the surface. We discuss implications of these
results for the above two questions: while the assumption
of a linear global feedback may be a useful approximation
in energy balance models for the century time scale
temperature response, we argue that its validity has not
been demonstrated to represent the final equilibrium. In
particular, our results suggest that a change in the sign
of A on the very long term, thereby implying a bifurcation
potentially leading to a vastly different equilibrium, can
not be discarded, given that the relevant processes are
poorly understood.

0-1102-03

Past and future aerosol emission reduc-
tions and their impact on Arctic climate

HC. Hansson (1) ; VD. Varma, (2) ; NJA. Acosta (3) ; @. Seland
(4) ; T. lversen (5)

(1) Stockholm University, Environmental Sccience and
Analytical Chemistry, Stockholm, France; (2) STockholm
University, Meteorology, Stockholm, Sweden; (3) Stockholm
University, Environmental science and analytical science,
Stockholm, Sweden; (4) Norweigan Meteorological Institut,
Research, Oslo, Norway; (5) Norweigan Meteorological
Institute, Research, Oslo, Norway

INTRODUCTION

Large changes in the magnitude and spatial patterns of
global aerosol emissions have occurred during the 20th
century and are projected to continue over the coming
century. It is not clear how the Arctic climate has been
affected by changes in global and European aerosol
emissions. As more and more countries adapt different
strategies to reduce air pollution, it is important to
examine how this will affect not only the top-of-the-
atmosphere radiative forcing, but rather the climate and
other parameters important for society. Of particular
relevance for the Arctic are the reductions in sulfate
emissions from industrial activities, domestic heating,
and power production that have taken place in Europe
during the latest decades. These changes provide an
opportunity to in detail by available observations study
how regional emissions over Europe have affected the
global and specifically the Arctic climate. This to bring
more confidence in projections of how future air pollution
emissions will affect especially the Arctic climate.

METHODS

Transient climate simulations over the industrial period
(1850 to present) from the Norwegian Earth system model
NorESM (Kirkevag et al., 2013) with different emission
levels have be conducted and analysed. The simulated
aerosol number size distribution and mass composition
have been evaluated versus in-situ observations from
different European measurement networks. The analysis
is focused on Europe and the Arctic and how surface
radiative flux and temperature changes relate to different
emission scenarios. We present results from a comparison
between the actual estimated emissions 1850 to 2005
NorESM simulations with simulations using constant 1980
SOx emissions for Europe while all other are the actual
emissions. We will also present climate projections, 2015
- 2080 with 3Iobal emission of sulfur, organic and black
carbon according to Current Legislation (CLE) or Maximum
Feasible Reduction (MFR), assuming CO2 emission
according to RCP4.5.

CONCLUSIONS

The simulations show a significant change in the Arctic
temperature as a result of the past air quality regulation in
Europe giving strongly decreased SOx emissions especially
during the 1990-ties. However the effect in Europe is quite
smaller. Comparing with the actual temperature change in
the Arctic implies that the sulphate aerosol contribute with
about 20% of the temperature increase in the Arctic. In
the projections with CO2 emissions according to RCP4.5
the future temperature will increase in the Arctic will be
about 3 K but with in an air pollution emission reductions
according to MFR it will be about 4 K.

These is only results from simulations with one model

and have to be corroborate by other models but also
by detailed studies to identify the key processes and
evaluation of the models towards observations. However
our results strongly imply that a continued strong
temperature increase will prevail for many years forward.

REFERENCES

Kirkevag, A., T. Iversen, @. Seland, C. Hoose, J. E.
Kristjansson, H. Struthers, A. M. L. Ekman, S. Ghan, J.
Griesfeller, E. D. Nilsson, and M. Schulz (2013). Aerosol-
climate interactions in the Norwegian Earth System Model
5 NorESM1-M. Geophysical Model Development, 6, 207-
44.

0-1102-04
Deep past carbon cycle and climate crises

G. Ramstein (1) ; Y. Donnadieu (1) ; Y. Godderis (2)

(1) LSCE, Gif-sur-Yvette, France; (2) CNRS , Géosciences
environnement toulouse, Toulouse, France

Deep past carbon cycle and climate crises

Relationships between carbon cycle and climate are
intensively studied for ongoing global warming. There
are also in the geological past of the Earth, key periods
when huge changes of atmospheric carbon led to drastic
cooling: Snowball episods at Neoproterozoic [800-
600 Ma]. Another period of interest is the so-called
«terrestrialization» of the continents which also led to
a large decrease of atmospheric carbon but without
producing an important cooling during Late Devonian
[379-359 Mal. For the first time period, we will show how
tectonics-climate perturbation altered sufficiently the
carbon cycle and the climate to produce a long lasting
global glaciation. It is also the same carbon cycle that allow
to escape from a frozen planet. For the second time period
:Late Devonian also corresponds to a drastic decrease of
atmospheric CO2 associated with vegetation development
on continents but fpalraldoxic;zllly this decrease doesn’t
produce a cooling of the Earth because mainly of albedo
feedback.

We shall discuss how these deregulations developed and
which processess associated with atmospheric carbon-
tectonics - biosphere and water cycle may explain the
onset and the decay of such crises.

0-1102-05

Causes and consequences of mid-Holocene
aridity in mid-continental Eurasia in the
CMIP5 simulations

S. Harrison (1) ; K. Izumi, (2) ; G. Li, (3) ; P. Bartlein, (4)

(1) University of Reading, Reading, United Kingdom; (2)
Laboratoire de Météorologie Dynamique, IPSL, CNRS, Paris,
France; (3) Macquarie University, Department of biological
sciences, North Ryde, Australia; (4) University of oregon,
Department of geography, Eugene, United States of America

The extent of mid-continental drying in Eurasia during
the mid-Holocene is an example of a persistent regional
mismatch between models and observations. The CMIP5
mid-Holocene simulations show drier conditions in
Eurasia, particularly between 45°-60° N, whereas several
types of palaeoenvironmental data systematically show
that the region was wetter than today. At the same
time, the models show significantly higher summer
temperature, whereas observations indicate that summers
were cooler. The simulated temperature bias can be up
to 4-6 °C. Temperature biases in the CMIP5 historical
(20th century) simulations are linked to systematic biases
in evapotranspiration. Diagnosis of the surface energy
balance in the mid-Holocene CMIP5 experiments shows
that the simulated increase in summer temperatures
results from the simulation of too-low evaporative cooling
because of water limitation. Surface water- and energy-
balance interactions play a similar role in mediating the
temperature response in CMIPS future simulations.
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0-1102-06

Climate Change in the Past 2000 Years
and its impact on society on the Tibetan
Plateau

T.Yao (1); X. Yang (1) ; P. Yao (1) ; N. Wang (2) ; L. Tian (1) ;
B. Xu (1) ; H. Zhao (1) ; J. Gao (1) ; DR. Joswiak (1)

(1) Chinese Academy of Sciences, Institute of tibetan plateau
research, Beijing, China; (2) Chinese Academy of Sciences,
Cold and arid regions environmental and engineering
research institute, Beijing, China

Temperature variation on the Tibetan Plateau (TP) in the
past 2000 years is reconstructed using stable oxygen
isotope in five ice core records on the TP, including Dunde
ice core in northeast TP, Guliya ice core in northwest TP,
Dasuopu ice core in south TP and the Puruogangri and
Tanggula ice cores in central TP. The integration of those
ice core records reveals the synchronicity of large-scale
climate changes in Tibet, such as the warming in the
7th century, 12-13th centuries and the present, and the
cooling in the 3th century, 16th century, and 19th century.
We referred to human historical documentary record
since A.D. 620 for possible responses of social, economic
and military activities to climate changes. By focusing
especially on human activities and social development
directly determined or indirectly influenced by climate
from historical documentary record, we quantified those
events into five aspects, i.e., basic resources, economic
development, military strength, national coherence,
and cultural and religious development, to study social
development on the TP by A.D. 1900. Our results show a
close Tibetan societal response to climate changes in the
past 2000 years, particularly before the modern ages.

0-1102-07

AMOC Evolution in the Last
Deglaciation:Forcing Mechanism, Thermo-
haline Instability and Implications

Z. Liu (1)

(1) University of Wisconsin-Madison, Atospheric and Oceanic
Sciences, Madison, United States of America

The forcing mechanism and instability of the Atlantic
Meridional Overtuning Circulation (AMOC) over the last
21,000 years is studied using transient simulations under
realistic forcin?s in the NCAR-CCSM3. First, in addition to
the strong millennial AMOC variability forced by melting
water fluxes, the background AMOC is determined by
two opposing effects: the intensification by the rising
atmospheric CO2 and the reduction by the retreating ice
sheet, both throu?h the sea ice feedbacks in the North
Atlantic. As a result, the AMOC strength does not change
significantly after the deglaciation. Second, the model
AMOC exhibits a monostable behavior. This monostable
AMOC, which has been observed in almost all state-of-
art coupled general climate models (CGCMs), is likely to
be caused by a systematic model bias that is associated
with the tropical bias, the resulted freshwater flux and
AMOC freshwater export. This AMOC over-stabilization
bias needs to be improved in these CGCMs to allow for a
credible projection of AMOC evolution in the future.

0-1102-08

Different vegetation responses to climatic
droughts in the Mediterranean basin

C. Gouveia (1) ; R. Trigo (1) ; S. Begueria, (2) ; SM. Vicente-
Serrano (3)

(1) Instituto Dom Luiz (IDL), Faculdade de Ciéncias da
Universidade de Lisboa, Lisboa, Portugal; (2) Estacion
Experimental de Aula Dei, Csic, Zaragoza, Spain; (3) Instituto
Pirenaico de Ecologia, Zaragoza, Spain

A number of recent studies have identified a significant
increase in the frequency of drought events in the
Mediterranean basin. Climatic droughts are relatively
frequent in the Mediterranean region as a consequence
of the large interannual variability of precipitation, and
long periods with low precipitation. Several studies
characterized climatic droughts in the Mediterranean
region, emphasizing the spatial and temporal complexity
of this phenomenon.

The use of remote sensing data holds a great potential
since it allows analyzing large regions with a consistent
dataset with high spatial and temporal resolution. Several
studies analyzed the impact of droughts on the natural
vegetation and crops using remote sensing data. The
majority of the studies about drought impacts on the
vegetation cover considered droughts as a precipitation
shortage regarding the normal climatology. Nevertheless,
recent drought episodes in the frame of a warming
scenario have shown that large evapotranspiration rates
associated to high temperatures are equally relevant and
may trigger severe droughts. Therefore, in the present
scenario of temperature rise it is necessary to acknowledge
the impacts of both reduction in precipitation and increase
in evapotranspiration rates.

The aim of the present work is to analyze in detail the
impacts of drought episodes on vegetation in the
Mediterranean basin behavior using NDVI data from
(from GIMMS) for entire Mediterranean basin (1982-2006)
and the multi-scale drought index (the Standardised
Precipitation-Evapotranspiration Index (SPEI).

Correlation maps between fields of monthly NDVI and SPEI
for at different time scales (1-24 months) were computed
in order to identify the regions and seasons most affected
by droughts. Affected vegetation presents high spatial and
seasonal variability, with a maximum in summer and a
minimum in winter. During February 50% of the affected
pixels corresponded to a time scale of 6 months, while
in November the most frequent time scale corresponded
to 3 months, representing more than 40% of the affected
region. Around 20% of grid points corresponded to the
longer time scales (18 and 24 months), persisting fairly
constant along the year. The strongest control of droughts
on vegetation dynamics is obtained during February and
May for drier clusters in areas with low water balance
values. Accordingly the wet and cold seasons present low
water balance values that implies shorter time scales over
dry cluster, whereas high water balance values implies
longer time scales over Central and Atlantic clusters.

The occurrence of most affected areas over regions
presenting low water balance values highlights the
strong dependence of vegetation with climate variability.
Furthermore, this conclusion is reinforced by the strong
control of drought on vegetation activity observed for
Arid and Steppe clusters located over areas with higher
absolute values of water balance. The projected increase
in frequency of drought episodes emphasize the need
for an early warning drought system covering the entire
Mediterranean basin. However, our results highlight that
this requirement is dependent of vegetation types, season
of the year and relative location of the regional sector
considered. We are confident that our results will provide
a useful tool for drought management plans and will play
a relevant role in mitigating the impact of such episodes
within the context of climate change.

0-1102-09

Observed large leads of Atlantic circula-
tion slowdowns with respect to tropical

precipitation events: A challenge for cur-
rent climate models

C. Waelbroeck (1) ; P. Burckel, (1) ; S. Pichat, (2) ; J. Gherardi
(3); H. Arz, (4) ; J. Lippold, (5) ; T. Dokken, (6) ; F. Thil, (1)
(1) LSCE/IPSL - CNRS, Gif-sur-Yvette, France; (2) LGL-TPE,
Ecole normale supérieure de lyon, Lyon, France; (3) Ifremer,
DAEI, Issy les Moulineaux Cedex, France; (4) Leibniz Institute
for Baltic Sea Research, Rostock, Germany; (5) Oeschger
Centre for Climate Change Research, University of bern,
Bern, Switzerland; (6) BCCR, University of bergen, Bergen,
Norway

Marine cores MD09-3257 and GeoB3910 were retrieved
off northern Brazil at ~4°S, 36°W and 2340 m water depth;
their chronology is derived from a corrected and calibrated
radiocarbon-based age-depth model. As in other marine
cores from this area, XRF measurements show marked Ti/
Ca and Fe/Ca peaks over the last glacial that have been
interpreted to reflect increased terrigenous input due
to increased precipitation and runoff from the adjacent
continent. These terrigenous peaks can be shown to be
coeval with precipitation events recorded in speleothem
d180 records from South America in the 0-30°S latitudinal
band, which are considered to reflect southward shifts
of (tjhel intertropical convergence zone during Greenland
stadials.



New sedimentary 231Pa/230Th measurements from
core MD09-3257 show that large changes took place in
the overlying water mass flow rate over the last glacial
in conjunction with millennial precipitation events.
Furthermore, our C. wuellerstorfi 813C data indicate that
water ventilation was reduced at ~2340 m in the tropical
Atlantic during Greenland stadials, in phase with the
reduction in water mass flow revealed by Pa/Th data. Our
results thus demonstrate that major slowdowns of the
Atlantic Meridional Overturning Circulation (AMOC) upper
circulation cell took place during Greenland stadials.

Because both rainfall events and changes in ocean
circulation are recorded in the same sediment core, we
were able to reliably determine that the AMOC started to
slowdown 1420 + 250 and 690 + 180 (10) y before the
onset of two large South American precipitation events
associated with Heinrich stadials.

Our data open new prospects concerning causal
mechanisms of rapid climate changes. More specifically,
current climate models simulate a rapid response of the
tropical climate to AMOC changes, whereas our results
indicate that there is a large lead of AMOC changes with
respect to tropical climate changes. Therefore, more
work, both data- and model-wise, is necessary in order
to achieve a better understanding of the highly nonlinear
behavior of the climate system observed in climate
archives and ensure that comprehensive climate models
used for climate projections capture the full extent of
ocean-ice sheets-atmosphere interactions.
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Impact of Climate Change on Onset,
Amount and Length of Rainy Season over
West Africa as Simulated by COORDEX
Models

E. Adefisan (1)

(1) Federal University of Technology, Akure, Department
of Meteorology and Climate Science, Akure, Ondo State,
Nigeria, Federal Republic of

The onset of rainfall signals the commencement of viable
rainfed agricultural activities and it is therefore very
essential for planning farm operations in West Africa.
Impact of climate change on the rainfall onset dates
(RODs), rainfall cessation dates (RCDs) and hence the
length of rainy seasons (LRS) as well as the rainfall amount
during the season over West Africa is therefore a welcome
idea. The data used was from the Coordinated Regional
Downscaling Exercise (CORDEX-Africa) and comprises of
daily rainfall for four of the participating regional climate
models of scenario Alb of the Intergovernmental Panel on
Climate Change (IPCC). The simulated data was divided
into two with 1981-2000 serving as present and 2031-
2050 representing the near future. RODs was found to be
delayed by two weeks (14 days) over most part of West
Africa and a delay of three weeks (21 days) over most part
of Sierra Leone, Liberia, Guinea, western flank of Cote
d’Ivoire and some parts of Mali. RCDs were seen to be
earlier in the near future than present in most part of West
Africa. LRS which is the difference between the RODs and
RCDs show that there is a reduction of between 15 and
25 days over the areas mentioned earlier. There was an
extension of about 15days over other areas between the
coastline of West Africa and 150N. The annual rainfall
amount shows an increase over all high grounds of West
Africa and the immediate environment as well as the
coastline of West Africa. Apart from these, most West
African sub-region experiences reduction in the annual
rainfall amount ranging from 120mm to about 300mm.
On a closer look of rain?all amount from June to September
(JJAS) rainfall amount, it follows the same trend as that of
the annual amount but with more significant reduction
in the near future. From coast to about 60N, there is an
average reduction of between 0.2 to 0.6mm/day (24 to
73mm). From about 60N to 140N there is an increase in
rainfall amount of about 0.7mm/day. There is a significant
reduction of JJAS rainfall amount on the leeward side of
Cameroonian’s Mountain of 1.4mm/day.

P-1102-02

Climate Variability in Nepal: A Time Series
Approach
RB. Bista (1)

(1) Patan Multiple Campus, Tribhuvan University, Economics,
Lalitpur, Nepal

Climate variability in Nepal has become a big environmental
issue. This paper investigates empirically and analytically
whether climate variabﬁity exists or not in different
altitude, whether its direction moves and what will be its
future direction. We use time series model based on the
secondary data of hydrology and metrology collected from
Department of Hydrology and Metrology, the Government
of Nepal.

The time series analysis finds climate variability in the
different parts of Nepal in which all months have variability
of temperature and rainfall precipitation. From 1975 to
2010, temperature raises annually by 20 C. However,
rainfall is found declining. It is forecasted change of
temperature by 60c over next 40 years. In case of rainfall,
it is forecasted constant and results drought in high
altitude and flood in low altitude. Climate variability may
be a big threat in the different parts of Nepal.

P-1102-03

How will climate change affect the vegeta-
tion cycle over France? A generic model-
ling approach

D. Carrer (1) ; N. Laanaia (1) ; JC. Calvet (1)
(1) Meteo France, CNRM-GAME, Toulouse, France

The expected response of climate to the increase in
greenhouse gas concentration during the 21st century is
a 2-3°C warming in Europe (IPCC 2007). However, the sign
of the response differs from a climate model to another.
Two climate models predicting the same sign in the
response of temperature and precipitation, but presenting
different magnitudes of change, can lead to very different
impacts. This is particularly true if we examine how climate
conditions would affect the vegetation cycle. In particular,
the implementation of adaptation strategies of agriculture to
climate change is conditioned by the knowledge of impacts
and of the associated uncertainties. The new generation of
generic Land Surface Models (LSMs) that include the carbon
cycle of the biosphere and represent vegetation growth
provides a wealth of information on this issue.

In the framework of the ORACLE ANR project, CNRM has
produced 150-yr (1950-2100) simulations over France
of the biomass of various vegetation types (straw cereals,
grasslands, broadleaf and coniferous forests) and of the
soil water content associated to each of these vegetation
types. The ISBA-A-gs generic LSM, able to work at
various spatial scales (local to global), was used. Thirteen
climatic simulations from the 4th IPCC assessment report,
disaggregated at a spatial resolution of 8 km by 8 km,
were used to drive the ISBA-A-gs model, over 191 grid-
cells representing the main French agricultural and forest
regions. Statistical methods were used to quantify the
impact of climate change and the agreement between
climate models between near future (NF) (2020-2049), far
future (FF) (2070-2099) and a reference past period (1970-
1999). Everywhere in France, the duration of dry (wet)
periods within one year increases (decreases), up (down) to
+ (<) 30d in NF conditions. For all the vegetation types, leaf
onset and the annual maximum LAl occur earlier. On the
other hand, large regional discrepancies are simulated for
the senescence period (e.g. earlier in western and southern
France for broadleaf forests, later in eastern France) for
both NF and FF. The length of the growing period is often
more uncertain in FF than in NF in relation to differences
in climate models. These simulations will be extended to
the Euro-Mediterranean area and coupled with a hydrologic
rﬂpdel. 'II'(he new IPCC simulations will be used to complete
this work.

ACRONYMS:
- ORACLE : Opportunités et Risques pour les Agro-
ecosystémes et les foréts en réponse aux changements
CLimatiquE, socio-économiques et politiques en France
- ISBA-A-gs Interactions Soil-Biosphere-Atmosphere
model, including photosynthesis and vegetation growth
- LAI : Leaf Area Index
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P-1102-04

Identifying future climate change hotspots
over Southeast Asia

F. Cruz (1) ; J. Dado (2) ; K. Cheng Chua (1) ; E. Gozo (1) ;
G. Narisma ()

(1) Manila Observatory, Quezon City, Philippines; (2) Tokyo
Metropolitan University, Department of geography, Hachioji,
Japan

Southeast Asia is one of the regions most vulnerable to the
impacts of a changing climate in a globally warmer future.
In this study, climate variables from multiple CMIP5 global
climate model output have been analyzed to describe
the spatial extent and magnitude of future changes over
the region. Potential climate change hotspots, i.e. areas
indicating strong response to changes in climate, can
therefore be identified. This is important for adaptation
planning in the different sectors, including agriculture,
on which the developing economies in this region are
highly dependent. Initial results show that in the 2030s
under the Representative Concentration Pathway (RCP)
4.5 scenario, high changes in the mean climate are likely
to occur over Indochina, a region described by high
seasonality in rainfall. On the other hand, significant
changes in the extremes are noted over the Maritime
Continent. However, changes in the location and intensity
of these hotspots may stiﬁ occur depending on the time
period and emissions scenario.

P-1102-05

Recent sea-surface pH and SST changes in
the eastern equatorial Pacific (Clipperton
Reef) inferred from coral geochemistry

D. Dissard (1) ; D. E. (2) ; T. Correge (3) ; M. Mcculloch (4)

(1) IRD, Paris, France; (2) LSCE, Gif-sur-Yvette, France; (3)
EPOC, Bordeaux , France; (4) UWA ARC, Perth, Australia

Increased atmospheric CO2 concentrations from 280
(pre-industrial value) to 390 ppmv (present value) have
decreased global surface ocean pH by approximately 0.1
unit. Estimates of future atmospheric pCO2 suggest a
further decrease of 0.3 pH units by the end of the century.
Geochemical records preserved in the carbonate skeleton
of shallow water coral presentations provide one of the
few means to reconstruct changes in seawater carbonate
chemistry. However, since the early 1990°s, when the
potential of 811B in biogenic carbonate as proxy for paleo-
pH was realised, only few studies report on the recent
decadal to centennial pH record, which is the appropriate
timescale for studying the effects of ocean acidification
driven by anthropogenic emissions of CO2.

The French island of Clipperton is the easternmost coral
atoll in the Pacific Ocean located approximately 1200
km off the coast of Mexico. Due to the small number of
ecological niches suitable for coral reefs development,
almost no coral-based climatic records exists from
the eastern Pacific. The possibility to work on Coral
presentations from Clipperton’s therefore represents
a unique opportunity to obtain information on surface
seawater properties (e.g. T°C, carbonate chemistry) of this
key area of the central eastern Pacific Ocean. As part of
this study we have undertaken, boron and oxygen isotope
compositions and elemental ratios (Sr/Ca, Mg/Ca, B/Ca,
Li/Mg) have been analysed over the last 80 years of a coral
core retrieved in a colony of Porites australiensis (located
10°17.506N/109°13.508W, Clipperton island, 10m depth).
Boron isotopes were measured by MC-ICPMS, while
elemental concentrations were determined using ICP-
QMS. Isotopic compositions and elemental concentrations
were used to quantify changes in seawater environmental
parameters - and their significance on the global or more
regional Pacific oceanic circulation will be discussed.

P-1102-06
The Past is an Essential Element of the
Future

E. Griffin (1)
(1) National Research Council Canada, Dominion
Astrophysical Observatory, Victoria, BC, Canada

In the natural world, changes happen almost constantly,

sometimes rapidly, often very gradually. Those gradual
changes demonstrate two important aspects of our
living world and its climate: (1) how systems are evolving
by natural processes and internal stimuli, and (2) how
modulations arebeing forced on them through external
stimuli such as alterations to conditions, food patterns and
their supplies, or imposed anthropogenic interference.
Evolutionary changes have their own characteristic time-
scales and are controlled, but forced changes can be
accelerated beyond tolerance. Measuring that second type
is the subject of this paper.

To understand the nature and rate of changes that are
imposed by external stimuli, research MUST access
observations and records throughout all the time-spans
that are modelled. Modern modelling needs data in
electronic formats, but since electronic (“born digital”)
recording and archiving only commenced about 30 years
ago, the output from those models can only be reliable
over that time-span. Unfortunately, the anthropogenic
interference that may have caused the changes we
nowseek to measure was already happening 30 years ago,
so to obtain a more reliable base-line we must dig out
much earlier data. Therein lies the challenge, because pre-
digital data were recorded on paper, film, photographic
plates or books, or (a bit more recently) on magnetic
tapes that used primitive formatting without meta-data.
Transforming any of those historical observations into
modern electronic formats is an extra procedure that
may require expert assistance and equipment as well as
extra funding, with the result that a great many pre-digital
data are stil? in theirvirgin analogue states and are thus
inaccessible to modern research. They are constantly at
risk of physical degradation and damage, and - worse still
- of being dismissed as “unwanted” and thrown away.

The CODATA Task Group “Data At Risk” (DAR-TG) is
investigating the plight of historical scientific data, and is
actively raising awareness of them in order to help secure
for science the information that they alone provide. The
matter is growing increasingly urgent; although that
information is totally unique to the relevant scientific
domains on account of the long time-spans which are
represented, fashion and convenience still overlook or
ignore them. However, when historical data have been
recovered and researched (and there have been some very
notable and ingenious efforts, as this paper will describe),
the results can be fascinating, even startling.

This conference is an ideal opportunity to reflect on the
dangers of NOT including sufficiently historical data when
tr?/ing to model climate change. Without them, hopes
of modelling and predicting conditions in the future will
without doubt be seriously compromised

P-1102-07

Geochemical evidence of past atmospheric
circulation along a 40-50'N longitudinal
transect across Europe during the last
climatic cycle

C. Hatté (1) ; C. Gauthier (2) ; DD. Rousseau (3) ; P. Antoine
(4) ; M. Fuchs (5) ; F. Lagroix (6) ; O. Moine (4) ; A. Sima (7)
(1) CEA, Laboratoire des sciences du climat et de
I’environnement, Gif-sur-Yvette, France; (2) CNRS,
Laboratoire des sciences du climat et de I’environnement,
Gif-sur-Yvette, France; (3) CNRS, Institut National des
Sciences de I'Univers, Paris, France; (4) CNRS, Laboratoire

de géographie physique, environnements quaternaires

et actuels, Meudon, France; (5) University of Giessen,
Department of geography, Giessen, Germany; (6) CNRS,
Institut de physique du globe de paris, Paris, France; (7)
CNRS, Laboratoire de météorologie dynamique, Paris, France

Highlighting the impact on regional scale of global
climate changes is a major issue in climatology and
paleoclimatology. While large large (global or continental)
scale studies help evaluating the direct physical forcing
of climate on ecosystems, constraining the effect of this
forcing at local to regional scales is essential to evaluate
ecosystem feedbacks on climate.

In paleoclimatology, isotopic organic geochemistry
(d13Corg) of typical loess is now widely used to investigate
past precipitation (average annual values and monthly
distribution) and thus to tackle the impact of past climate
changes on a regional scale. This type of study has been
applied to several loess-paleosol sequences along a 40-
50°N transect from Western France to central Ukraine.



The d13Corg analyses were performed in parallel with
those of other climate and environmental proxies like
grain size, pedology, paleomagnetism and malacology.
The investigated records cover the last climate cycle with
sedimentation rates as high as 0.15 and 1 mm/yr during
periods of loess deposition.

All these records show alternating periods of more or
less pronounced climatic pejoration (glacial stadial) and
improvement (glacial interstadial). The combined analysis
of all sequences for each climatic episode allows us to
propose a schema of intensity of past climate change
effects on the European continent. Here we highlight two
recipitation gradients that prevailed during most of the
ast glacial period: a West-to-East decreasing gradient
in mean annual precipitation and a North-to-South
reinforcement of the seasonality.

P-1102-08

On increasing global temperatures: 77
years after Callendar

E. Hawkins (1) ; P. Jones, (2)

(1) University of Reading, Dept. of meteorology, Reading,
United Kingdom; (2) University of East Anglia, Norwich,
United Kingdom

In 1938, Guy Stewart Callendar was the first person
to demonstrate that the Earth’s land surface was
warming. Callendar also suggested that the production
of carbon dioxide by the combustion of fossil fuels was
responsible for muc]{l of this modern change in climate.
It is now 77 years since Callendar’s landmark study and
we demonstrate that his global land temperature estimates
agree remarkably well with more recent analyses.

P-1102-09

Climate change signals in Kenyan Rift
valley lakes

E. Koech (1) ; L. Ogallo (2)

(1) University of Nairobi, Meteorology, nairobi, Kenya; (2)
University of Nairobi and IGAD Climate Prediction and
Applications Centre (ICPAC), Nairobi, Kenya

Climate over Kenya is largely Arid and Semi-Arid, making
drought the most common hazard. Floods and many other
local hazards occur with most of them being location
specific. These climate extremes often have far-reaching
impacts on various life-supporting and economic sectors
including agriculture, tourism, food security, health,
livestock, water resources, settlement, infrastructure, and
environmental resources, among others. Climate change
leads to increased frequency of droughts and other climate
extremes with devastating impacts on livelihoods in many
developing countries including Kenya. Thus, no country
can have sustainable livelihoods and development without
an effective disaster risk reduction and climate change
adaptation policies. Such policies require good knowledge
of the past, present and future climate at specific locations
that are often missing in many developing countries.

This paper presents the space-time patterns of climate
extremes in the Rift Valley parts of Kenya in order to
delineate the evidence of changing climate. This is evident
in the changes in the Kenyan Rift Valley lake levels.
These lakes include Lakes Naivasha, Magadi, Elementaita,
Nakuru, Baringo and Bogoria. Rainfall data from nearby
stations were used to present past and present patterns
of climate trends and the associated extremes. The lake
level changes were used with an assumption that lake
water inflow, outflow, evaporation, water uses, among
other relevant factors remain constant. The results show
fluctuating lake levels for specific periods corresponding
to changes in precipitation trends. From September 2013
to date, there has been a significant lake level rise that
has expanded the lakes’ extents for several kilometres and
even submergin? nearby hotels and schools. Finally, this
study simulates future climate change scenarios in the Rift
Valley in 2030, 2050, 2070 and 2100 that are critical for
all future planning over the region.

P-1102-10

Variations of the Antarctic Circumpolar
Current (ACC) and of the Austral ocean in
the Kerguelen sector during the Deglacia-
tion and the last Climatic Cycles: implica-
tions for global climate mechanisms

A. Mazaud (1) ; E. Michel (1) ; X. Crosta (2) ; F. Eynaud (2)
; V. Bout-Roumazeilles (3) ; S. Jaccard (4) ; M. Paterne (1) ;
P. Robert (2)

(1) Laboratoire des Sciences du Climat et de I’Environnement
(LSCE-IPSL), Cea-cnrs-uvsq, Gif-sur-Yvette, France; (2)
Environnements et Paleoenvironnements Oceaniques et
Continentaux (EPOC), University bordeaux1, Pessac, France;
(3) Geosystemes,, University lille i, Villeneuve d’Ascq, France;
(4) Institute of Geological Sciences & Oeschger Centre

for Climate Change Research, University of bern, Bern,
Switzerland

Sedimentary cores were collected with the Casq and
Calypso coring systems of the RV Marion-Dufresne
during the IndienSud-1 and 2 expeditions in 2011 and
2012 in the Kerguelen sector of the South Indan Ocean.
These cores allow producing high-resolution, well-
dated records, which document past climate and ocean
circulation changes during the last climatic cycles, with a
focus on the last deglaciation.

Past Changes in the intensity of the Antarctic Circumpolar
Current (ACC) are investigated using environmental
magnetism methods, which trace amount and size of
sedimentary magnetic grains transported by this current.
Oxygen isotopes and foraminifera faunal assemblages
trace hydrological and temperature changes, while vertical
mixing is documented by 813C. A precise age scale will
be derived from 14C ages determinations, augmented
by regional correlations (magnetic susceptibility)
to well-dated cores in the same area, thanks to a
tephrochronological study of the marine cores and peat
cores from the Kerguelen archipelago.

Results document a stronger ACC current during glacial
intervals than during interglacials over at least the last
600 kyrs. This pattern is opposite to observations of flow
of the NADW branch (WBUC) south of Greenland in the
North Atlantic Ocean. It suggests an inter-hemispheric
antiphasing between ACC and NADW at Milankovitch
timescales, with a strong circulation in the deep North
Atlantic when the ACC is weak, and vice versa (thus with an
ACC correlated with the GNAIW intensity). During the last
deglaciation, temperature and vertical mixing increased
prior to changes in the ACC current intensity. A decrease
(or northward migration) of the ACC occurred later during
the deglacial process. It could be associated to the rate
changes of the AMOC and to deep ocean ventilation.
Observed changes appear to be closely connected to
atmospheric CO2 changes during the last deglaciation.

P-1102-11

Assessing the potential impacts of climate
change and reforestation on rainfall onset
and cessation over West Africa

M. Mounkaila Saley (1)

(1) West African Climate Service Center for Climate Change
and Adapted land Use (WASCAL), Meteorology, Ondo State,
Akure, Nigeria, Federal Republic of

This study investigates the potential impacts of climate
change and reforestation on the rainfall onset and
cessation over West Africa. It uses two observations
(GPCP and TRMM) and two RCMs RegCM and WRF forced
respectively with HadGEM and ECHAM for the present-day
climate (1971-2004) and projected future climate (2031-
2064) under rcp45 conditions. Four definitions (DEF1,
DEF2, DEF3 and DEF4) of rainfall onset dates (ROD) and
one of rainfall cessation dates (RCD) based on rainfall
threshold are used in this study. The results show that
both observations (GPCP and TRMM) produce similar
results of ROD/RCD in each climatic zones of West Africa
(respectively Guinea, Savanna and Sahel). HadGEM and
ECHAM fail to simulate the spatial distribution of ROD/
RCD and produce later/early ROD/RCD in all definitions as
observed. However, RegCM and WRF perform better than
their driven GCMs (HadGEM and ECHAM) in simulating
the ROD/RCD over the region. The potential impacts of
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climate change due to elevated greenhouse gas (GHGs)
show that the temperature would likely increase over West
Africa in both RCMs and also in the GCMs (HadGEM and
ECHAM) more consistently over the Sahel. On the other
hand, elevated GHGs would lead to a decrease in rainfall
as indicated by the RCMs and GCMs although the decrease
is much more consistent again over the Sahel. As for the
future ROD, increase in GHGs indicates that regardless of
the definitions used, northern Nigeria would have delayed
RODs. The vertical structure of the monsoon dynamics in
the areas where the highest impacts of climate change (i.e.
latest ROD) are observed for each definition shows that
the elevated GHGs in the future under rcp45 condition
would induce shallower monsoon flow essentially over
the Sahel. However, there was no agreement between
the RCMs (RegCM and WRF) on the potential impact of
climate change on the RCDs due to elevated GHGs, for
while RegCM indicates delayed RCDs over the Sahel and
early RCDs over the Savanna, WRF produces early RCDs
in all the areas. From both models, the projected impact
of reforestation under the rcp45 condition indicates that
West African climate would be cooler in most areas with
more rainfall during the rainy season especially over the
reforested zone. The cooling effect is more consistent
and higher over Savanna but reforestation would induce
a warming over some surrounding areas. Regardless of
the definitions used, reforestation over Savanna area
would induce early ROD over most areas in West Africa as
obtained from both models, except over north of Nigeria.
The potential impact of reforestation on the RCDs (under
rcp45 conditions) again produces divergent results by
the RCMs. While RegCM indicates delayed RCDs over the
reforested area and early RCDs over Sahel, WRF produces
delayed RCDs over all the climatic zones.

P-1102-12

Spatial and temporal variability in obser-
ved and future projected precipitation in
Bia basin (Ilvory coast-Ghana)

M. N'diaye Hermann (1) ; KK. Lazare (1) ; YN. Alexis (2) ; KY.
Morton (2) ; S. Issiaka (2)

(1) Centre de Recherche en Ecologie, Laboratoire géologie
marine, sédimentologie et environnement, Abidjan,

Ivory Coast; (2) Université Nangui Abrogoua, Laboratoire
géosciences et environnement, Abidjan, Ivory Coast

The phenomena of drought and desertification that
affected many African countries south of the Sahara
have not spared the Ivory Coast, especially from the
1980s. The impact of these events resulted in significant
climatic disturbances including abnormal extension of the
dry season, the irregularity and the poor distribution of
rainfall and significant reductions in agricultural yields in
the southeast zone. The question is to know is that these
same phenomena will repeat in the future in the medium
term (2030-2050) or long-term future (2070 and beyond).

Attempts to assess the changes between the observed
(or historical) and future projected monthly rainfall
for six stations throughout Bia basin have been made
with descriptive statistics and value analysis. We
obtained the monthly rainfalls data from Coupled Model
Intercomparison Project Phase 5 (CMIP 5) dataset. These
data is downscaled using the change factor approach for
30 1981 to 2010 (period 0), simulation from 2021 to 2050
(period 1) and from 2070 to 2099 (period 2). The historical
and projected rainfalls are obtained from RCP 2.5, RCP 4.5,
RCP 6 and RCP 8.5 scenarios, which are based on a model
HadGEM2-ES and model IPSL-CMSA-MR. The first order
Markov chain model was used to describe the occurrence
of sequences of wet or dry years. For the comparison
of values, the return period estimates are obtained. To
examine temporal changes in drought, a cluster analysis
was conducted by Self Organizing Map (SOM) for Matlab.
The within-group linkage and the hierarchical clustering
analysis method were performed using the value of the
monthly. The number of optimum cluster was determined
when the similarity between merged clusters decreased
sharply according to the number of groups. HadGEM2-
ES and IPSL-CMSA-MR represents the precipitation
annual cycles quite well in Bia basin with the respective
average correlation coefficients of 0.78 and 0.80. From
the descriptive statistics, we find that the numbers of
heavy rainfall events will increase in the future. The
total precipitation is projected to remain unchanged or
slightly increased, compared to the observation. From
the annually value analysis, we can observe that expected
return periods for dry episodes are almost constant,

ranging from 1.20 to 1.45 years. In accordance with this
we should conclude that no significant differences could
be established among the different stations of the basin.
The short return period (1.05 years), reflecting the state
of having a new dry episode, is observed in the Bia region
during the period 2071 to 2099.

Subsequently, the monthly values with similar trends were
grouped into two different clusters where the region G1
corresponds to Northern and G2 the Southern region.
The map shows that future droughts are projected to
fre%uently occur in all regions, especially from the -2021s
to the early 2050s. The droughts in the Bia basin between
the year 2026 and 2027 are distinct from the other regions
in the same period. These were previously confirmed to be
quite intense over annual timescales. For the period 2032-
2035, intense droughts are expected to occur nationwide,
which may also continue in the regions. After this period,
sporadic drought is expected to occur in some regions,
with more intense ones from the 2070s in the region G1
and G2. Lastly, in the year 2099, a short, intensive drought
is expected to occur in all regions.

P-1102-13

Response of North Atlantic storm track to
climate change in the CNRM-CM5 simula-
tions

T. Oudar (1) ; E. Sanchez-Gomez (1) ; F. Chauvin (2) ; L.
Terray (1)

(1) CERFACS/CNRS, Sciences de I’'Univers au CERFACS,
URA1875, Toulouse, France; (2) Météo-France, CNRM-
GAME, Toulouse, France

Climate variability in Europe is largely controlled by North
Atlantic storm tracks. They are associated with transport of
energy, momentum, and water vapour, between the equator
and the pole. Extratropical cyclones have caused severe
damages over some regions in north-western Europe, since
they can combine extreme precipitation and stron? winds.
This is why it seems relevant to study the impact of climate
change on the extratropical cyclones, principally on their
intensity, position or lifespan. Indeed, several recent studies
have focused on this subject by using atmospheric reanalysis
and general circulation models (GCMs). The main conclusions
obtained from the CMIP3 simulations showed a decreasing
of the total number of cyclones and a poleward shift of their
tracks in response to global warming. In the recent CMIPS
exercise, the consensus is not so clear, probably due to more
complex retroactions acting in the different models. Thus,
the question of changes in North Atlantic storm-tracks with
warming remains unanswered.

The main goal of this work is to explore the changes in the
North Atlantic storm-tracks in the past decades and to analyze
the role of the external versus the internal variability on these
changes. We will use different sets of atmospheric reanalyses
and the climate simulations performed with the climate model
CNRM-CMS5, built up by the CNRM-CERFACS modelling group
as a contribution to CMIP5. To characterize the extratropical
cyclones and their tracks, the tracking scheme developed at
Meteo France by Ayrault (1995) has been used. It is based on
the detection ofymaximum of relative vorticity at 850 hPa.

The algorithm has been applied to the ERA40 and 20CR
reanalyses. Even though the 20CR reanalysis covers the whole
20th century, we show, in this study, that it is not adapted to
assess trends in the atmospheric fields before 1950, due to
some discrepancies in the assimilated observations. However,
in the second part of the 20th century, the 20CR reanalysis
seems coherent to ERA40.

In a second part, we investigate the effect of external
forcings on the North Atlantic storm tracks recent trends in
the simulation performed with CNRM-CM5. We compare
a control simulation with the historical simulation, in which
all the external forcings have been prescribed. We show that
the model fairly well reproduces the storm genesis locations
as well as the following tracks. In the historical period
(1850-2005), the model shows a decrease in the number of
storms in the southern North-Atlantic, when all the forcings
(anthropogenic and natural) are prescribed. In the scenario
(RCP8.5), the tendency seen in the all-forcings historical run is
confirmed and reinforced.

Finally, we use the idealized simulations to study the effects
on storm-tracks when only one kind forcing is prescribed to
the climate model. Here we show that the response of North
Atlantic storm-track is coherent to the one found in the



historical simulation when only an increase of 2% CO2 per year
during 30 years is precribed, suggesting that, in the CNRM-
CM5 model, the impact of the CO2 forcing is the dominant to
explain the trends in the North Atlantic storm-tracks.

P-1102-14

Impacts of natural external forcings on
the Amazon regime rainfall modulated by
the tropical Atlantic Ocean during the past
millennium

L. Prado (1) ; I. Wainer, (1)
(1) Universidade de Sao Paulo, Instituto Oceanografico, Sao
Paulo, Brazil

Tropical climates are strongly influenced by the moisture
influx from the adjacent oceans. In 2005 and 2010, dryness
events observed in the Amazon Basin were strongly related
to positive anomalies of sea surface temperature over the
tropical North Atlantic. These changes in the Amazon
water cycle had important consequences to the population,
economy and ecosystems. In recent past climates, there is
evidence of drier conditions in the Amazon Basin during
the Little Ice Age (1400 to 1700 Common Era, C.E.) and
wetter conditions during the Medieval Climate Anomaly
(950 to 1250 C.E.). These periods were associated with
variations of natural external forcings, as the solar and
the volcanic forcings. The variability of tropical oceans
is influenced by the amount of energy received by the
Sun and also by atmospheric changes due to volcanic
eruptions, because both consist of radiative forcings. As
the Amazon Basin moisture influx is related to the tropical
Atlantic conditions, any changes in this ocean will impact
on the Amazon rainfall regime. Here we will present the
effects of the solar variability and the volcanism of the
past millennium (850-1850 C.E.) on the tropical Atlantic
conditions and consequent impacts on the Amazon
rainfall regime. We will use single-forcing experiments
monthly outputs from the National Center for Atmospheric
Research-Community Earth System Model (NCAR-
CESM) to the past millennium, when natural external
forcings prevailed over the anthropogenic forcing. Air-
sea interaction processes in the tropical Atlantic will be
estimated from the model outputs, and then related with
changes in the rainfall regime over the Amazon Basin.
These results will contribute to a better understanding of
the natural forcings on the tropical climate.

P-1102-15

Impact of climate variability and change
on meteorological droughts over Southern
South America

JA. Rivera (1) ; OC. Penalba, (2) ; D. Araneo, (1)

(1) Instituto Argentino de Nivologia, Glaciologia y Ciencias
Ambientales (IANIGLA), Programa Regional de Meteorologia,
Mendoza, Argentina; (2) Universidad de Buenos Aires (UBA)
— CONICET, Departamento de ciencias de la atmoésferay los
océanos, Buenos Aires, Argentina

Droughts are perceived as one of the costliest and least
understood natural disasters, given the difficulty in
deﬁnin? its beginnin? and end, its slow development and
its multiple regional aspects. Southern South America
(SSA) was no exception to this hazard, whose impacts
were evident in the reduction in crop yields, reduced
cattle products, streamflow deficiencies and consequently
problems for hydroelectric power generation. This
research addresses the observed spatial and temporal
variability of precipitation and meteorological drought
over SSA during the 20th century, and the expected
impacts of climate change on these variables. The
Standardized Precipitation Index (SPI) was used as a short-
and long-term drought indicator, given its suitability for
the study region. Observed trends in the area affected by
drought conditions were assessed through a non-linear
approach based on the residual of the empirical mode
decomposition, a recently proposed methodology which is
robust in presence of non-stationary data. Trends indicate
the existence of a low-frequency variability that modulates
regional precipitation patterns at different temporal
scales, and warns about possible future consequences
in the social and economic sectors if trends towards an
increase in the drought affected area continue. This
non-linearity was also evident on the temporal behavior
of other hydrometeorological variables, like the annual

number of dry days over Argentina, and on the streamflow
deficiencies over the central Andes and Patagonia.
Moreover, links with decadal oscillations as the PDO were
identified in the modulation of the decadal component of
the annual cumulated deficit volume in the central Andes
of Argentina.

The future assessment of precipitation and meteorological
drought conditions was performed through a CMIP5 multi-
model ensemble based on 15 Global Circulation Models
(GCMs) forced under two future scenarios (RCP4.5 and
RCP8.5). Changes in meteorological drought characteristics
were identified by the difference for early (2011-2040)
and late (2071-2100) 21st century values with respect
to the 1979-2008 baseline. Future climate conditions
are expected to modify the regional characteristics of
meteorological droughts over SSA, but the range of
uncertainty in the expected changes is high. A significant
increase in the number of drought events for most of the
21st century sub-periods and scenarios is projected for
the multi-model ensemble outputs. The mean duration of
drought events will be shorter, with no significant change

in the severity of droughts and the occurrence of mu t|—
decadal changes in the number of critical dry months is
likely, although the significance in the changes depends
on the region, future time horizon and scenario. These
results overlap with a projected increase in precipitation
over most of the regions, which has a strong seasonality
and, therefore, will have some implications upon the future
meteorological drought developments and the agricultural
and hydrological practices in SSA. It is expected that the
outcomes of this study will provide a measure of the
likelihood of further drought changes under the CMIPS
framework, which was a key factor of the IPCC’s ARS5.

P-1102-16
Comparaison de méthodes de réduction

d’échelle pour des moyennes et des extre-
mes de précipitations au Sénégal

{VI;)A Sarr (1) ; O. Seidou (2) ; Y. Tramblay (3) ; S. El Adlouni
4

(1) Centre de Suivi Ecologique, Dakar, Sen(? 2) Un|ver5|ty
of Ottawa, Civil engineering, Ottawa, ‘Cana

HydroSuences Montpellier, Montpelller France (4) Un|ver5|te
de Moncton, Département de mathématiques et de

statistique, Moncton, Canada

Au Sénégal, les chutes de pluie au cours de ces derniéres
années provoquent régulierement des dégats importants
dans divers secteurs. Ainsi, il est donc important
de comprendre [I’évolution future des régimes de
précipitations extrémes pour fournir des outils a la prise
de décisions.

Deux techniques différentes de réduction d’échelle ont été
appliquées aux sorties de quatre (4) Modeles Climatiques
Régionaux (MCR) a six (6) stations sélectionnées au
Sénégal. La premiere technique de réduction d’échelle
est la méthode Delta-Change. Elle est appliquée sur la
moyenne annuelle des précipitations ainsi qu’aux périodes
de retour calculées sur 5, 10, 20, 50 et 100 ans sur la base
des précipitations quotidiennes. La seconde technique
utilise la méthode de transformation Quantile-quantile
qui permet de modifier les distributions mensuelles
de précipitations simulées du MRC et ensuite calculer
les périodes de retour de 5, 10, 20, 50 et 100 ans des
précipitations journalieres. Tous les événements de
précipitations extrémes sont calculés par 'ajustement de
la distribution de GEV. Un test de Kolmogorov-Smirnoff est
utilisé pour évaluer la performance de latransformation de
Quantile-quantile ainsi que I'ajustement de la distribution
de GEV pour les précipitations quotidiennes maximales.

Les résultats montrent que les deux méthodes,
appliquées aux sorties du méme modéle climatique, sont
généralement homogenes sur la direction du changement.
En revanche, elles conduisent a de différentes projections
dans la direction et dans I'intensité du changement des
précipitations extrémes. Les changements projetés dans
les précipitations moyennes sont a la baisse, excepté
pour un MRC sur une station. Les changements pl’OjetES
dans les précipitations extrémes ne sont pas uniformes ni
a toutes stations, ni a toutes les périodes de retour. Les
résultats suggerent également que le choix de la méthode
de réduction d’échelle a plus d’effet sur I’estimation des
précipitations quotidiennes extrémes des périodes de
retour égales ou supérieures a dix ans que le choix du
modele climatique.
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Bidecadal North Atlantic ocean circulation
variability controlled by timing of volcanic
eruptions

D. Swingedouw (1) ; P. Ortega (2) ; J. Mignot (3) ; E. Guilyardi
(4) ; V. Masson-Delmotte (5) ; P. Butler (6) ; M. Khodri (3) ;
R. Séférian (7)

(1) Universite de Bordeaux, UMR CNRS 5805 EPOC, Pessac,
France; (2) University of Reading, Ncas climate, Reading,
United Kingdom; (3) Institut Pierre Simon Laplace, Locean,
Paris, France; (4) LOCEAN/IPSL, UPMC case 100, Paris,
France; (5) IPSL/LSCE, Gif-sur-Yvette, France; (6) Unversity
of Bangor, Bangor, United Kingdom; (7) Météo-France,
Toulouse, France

Understanding the mechanisms driving Atlantic Meridional
Overturning Circulation (AMOC) decadal variability is critical
for climate predictability in the Northern Hemisphere.
North Atlantic paleoclimate proxy records exhibit variance
at the bidecadal scale but the drivers of this variability
remain poorly understood. Here we show that the
subset of CMIP5 historical simulations that produce such
bidecadal variability exhibit a robust maximum in AMOC
strength 15 years after the 1963 Agung eruption, followed
by a second maximum in the 1990s, caused by the reset of
a bidecadal cycle. The mechanisms at play involve salinity
advection from lower latitudes and explain the timing of
Great Salinity Anomalies observed in the North Atlantic in
the 1970s and 1990s. Simulations as well as Greenland
and Iceland paleoclimate records indicate that coherent
bidecadal cycles were excited following five Agung-like
volcanic eruptions during the last millennium. Over the
last decades, climate simulations and a conceptual model
reveal interference patterns associated with the timing of
subsequent volcanic eruptions. Destructive interference
caused by the Pinatubo 1991 eruption may have led to
a stable AMOC in the 2000s. Our results imply a long-
lasting impact of volcanic eruptions on AMOC, North
Atlantic Ocean and climate, and potentially significant
multi-decadal predictability following the next large
volcanic eruption.

P-1102-18

The CMIP5 GCMs ensemble climate change
scenarios for Republic of Moldova’s vulne-
rability and adaptation assesssment

L. Taranu (1) ; I. Bercu (1) ; D. Deveatii (1)
(1) Climate Change Office of the Ministry of Environment of
the Republic of Moldova, Chisinau, Moldova

In the present study we assessed the patterns of climate
change computed from global climate model output
gathered as part of the Coupled Model Intercomparison
Project Phase 5 (CMIP5; Taylor et al., 2012) in temperature
and precipitation conditions over the Republic of Moldova
(RM) Agro-Ecological Zones (AEZs) as a consequence of
the enhanced greenhouse gas (GHG) concentrations until
the end of the 21st century. Totally, 21 %Iobal coupled
atmosphere ocean general circulation models (GCMs) were
downloaded and assessed. The projections were made
under the Representative Concentration Pathway (RCP)
scenarios RCP 2.6, RCP 4.5, and RCP 8.5 and climatic
changes over the RM’s AEZs for the near term (2016-2035),
midterm (2046-2065) and long term (2081-2100), which
are given relative to the reference period of 1986-2005.
The CO2-equivalent concentrations in the year 2100 for
RCP 2.6, RCP 4.5 and RCP 8.5 are 421 pﬁ)m, 538 ppm and
936 ppm, respectively (Meinshausen et al., 2011). The first
feature to highlight is that, for temperature, the ensemble
average changes consistently have the same sign across
scenarios and their magnitude increase from the low RCP
2.6 radiative forcing pathway to the high GHG ones RCP
4.5 and RCP 8.5, as we move into the later decades of the
21st century.

The CMIPS projections reveal warming in all seasons for
the three RM’s AEZs, while precipitation projections are
more variable across scenarios, sub-regions and seasons.
Annual changes for temperatures are very homogeneous
over the RM’s AEZs. The rate of warming is higher under
RCP 8.5 scenario reach +4.6 °C; medium +2.4 °C under
RCP 4.5; and smaller +1.3 °C under the RCP 2.6 scenario
by 2100. The ensemble, driven by RCP 8.5 emission
scenario, estimate that the RM’s AEZs will experience the

most significant warming during summer from +5.9 °C
in Northern up to +6.1 °C over Southern AEZ’s by 2100.
The pattern of change derived from the ensemble RCP 2.6
models is quite similar, but the magnitude of change is
lower from +1.3 to +1.5 °C. The warming would be higher
during winter up to +4.6 °C over Northern, although in
Central and Southern AEZ’s temperature rise will be lower
up to +4.2 °C according to the RCP 8.5 scenario. The RCP
2.6 scenario reveals less intense warming over the RM’s
AEZs from +1.2 to +1.4 °C.

The ensemble projections from the RCP 8.5 forcing
scenario that the RM’s AEZs would exhibit a general annual
decrease in precipitation varying from 9.9% in Northern
to 13.4% to Southern AEZs. Controversially, according
to RCP 2.6 scenario is projected moderate increase in
precipitation from 3.1% in Northern to 5.1% to Southern
AEZs by 2100. Winters have been estimated to be wetter
in the RM by the end of the 21st century. The ensemble
projections show the largest increase in precipitation from
4.0% (RCP 2.6) to 11.8% (RCP 8.5) in winter over Northern
and the lowest one from 3.0% (RCP 2.6) to 7.4% (RCP 8.5)
in Central parts of the country by 2100. The precipitation
decrease will be more extended in the RM’s AEZs during
summer; the greatest rainfall reduction from 13.2% (RCP
4.5) to 25.1% (RCP 8.5) is projected in Central AEZs and
the lowest one from 7.4% (RCP 4.5) to 18.1% (RCP 18.1) in
Northern areas. Obtained scenarios is planned to use in
near future for vulnerability and adaptation assessments
of key socio-economic sectors.

P-1102-19

South American precipitation changes
simulated by PMIP3/CMIP5 models in past
and present climates

C. Vera (1) ; L. Diaz, (2)

(1) Centro de Investigaciones del Mar y la Atmésfera (CIMA),
UMI-IFAECI, CONICET-UBA-CNRS, Buenos Aire, Argentina;
(2) Centro de Investigaciones del Mar y la Atmosfera (CIMA),
UMI-IFAECI, CONICET-UBA-CNRS, Buenos Aires, Argentina

Significant precipitation changes have been identified in
many regions of South America using both, paleoclimatic
proxy records of the last 700 years and instrumental
observations of the more recent decades. Such changes
are not clearly understood yet, besides that they largely
impact the socio-economic activities of the countries that
the regions encompass. The availability of the climate
simulations included in the Fifth Phase of the World Climate
Research Program-Coupled Model Intercomparison Project
(CMIP5) and the Third Phase of the Paleoclimate Modelling
Intercomparison Project (PMIP3) provides an excellent
opportunity to assess the ability of current models in
representing those precipitation changes. Therefore,
that assessment is briefly discussed here as well as the
exploration of the main dynamic mechanisms that might
explain them.

The following experiments of the PMIP3/CMIP5 set were
considered: the pre-industrial experiment, which not
include any external forcing; the Historical experiment,
which was obtained forcing models by both, natural and
anthropogenic sources, observed between 1850 and 2005;
and the Last Millennium which which span the period from
850 to 1850 and is obtained considering the natural
forcing estimated for that period. Multi-model ensemble
means (MEM) were computed for each experiment over the
periods under study.

The Andes Mountains are one of the regions in South
America in which paleoclimate studies have been focused
on. In particular, in both, the Altiplano, a high-level
plateau (around 3800 m), located in the Andes between
15°S and 21°S, and the subtropical Andes, located
in central Chile at around 33°S, wetter-than-normal
conditions were identified during the 17th century within
the period known as Little Ice Age (LIA). On the other
hand, drier-than-normal conditions were detected at
both regions in the second part of the 20th century in
association with the more recent global warming period
(GWP). Although MEM are capable of representing the
thermal changes in South America estimated in both
periods, they do not properly represent the expected
precipitation changes, except in the subtropical Andes
during the CWP. The large uncertainties associated with
the model simulations might be due to their limitations
in reproducing the regional precipitation, especially over
complex topography. On the other hand, models seem



able to represent the large-scale circulation changes that
would explain the precipitation changes observed at those
two regions in a physically consistent way. It was found
that in the Altiplano, wetter (drier) summers in LIA (GWP)
seem to be related with a stronger (weaker) upper-level
eastward zonal flow, well represented by the MEM. On the
other hand, models consistently show that wetter (drier)
winters in the subtropical Andes in LIA (GWP), seem to be
associated with a stronger (weaker) westward zonal flow
in the low troposphere, induced in turn by hemispheric
changes related to a negative (positive) phase of the
Southern Annular Mode (SAM).

Southeastern South America (SESA), encompassing the
most productive economic areas of 6 different countries
(Argentina, Bolivia, Brazil, Chile, Paraguay, and Uruguay), is
another region in which available records show a significant
precipitation increase by the end of the XX century not
only as as compared to that observed at the beginning of

that century, but also to that estimated by paleoclimatic
records at around 700 years ago. Both precipitation and
circulation changes simulated by the models at that early
period are highly uncertain. However, the MEM for the
Historical experiment are able to reproduce precipitation
changes observed in SESA during the GWP, although they
are weaker than observed. In fact, most of the simulations
reproduce the right sign of the precipitation changes in
SESA during that period. However, associated uncertainty
ranges (due to both inter-model dispersion and internal
climate variability), are still large. In addition, it was found
that mean positive precipitation trends in SESA for the
Historical experiment are statistically distinguishable from
those obtained for the natural-forcing-only experiment
made over the 20th century, which exhibit negligible mean
values. Results allow concluding that the anthropogenic
forcing has at least a partial contribution in explaining the
Erecipitation changes observed in both SESA during the
WP.

1103 - Climate variability and external forcings of the Common
Era with special focus on the role of volcanic eruptions
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K-1103-01

Robust ocean cooling trend for 0-1800 CE
and the role of volcanic forcing

H. Mcgregor (1) ; M. Evans, (2) ; H. Goosse (3) ; G. Leduc, (4)
; B. Martrat (5) ; J. Addison, (6) ; PG. Mortyn, (7) ; D. Oppo,
(8) ; MS. Seidenkrantz (9) ; MA. Sicre (10) ; S. Phipps (11) ;
K. Selvaraj, (12) ; K. Thirumalai, (13) ; H. Filipsson (14) ; V.
Ersek, (15)

(1) University of Wollongong, School of Earth &
Environmental Sciences, Wollongong, Australia; (2) University
of Maryland, Maryland, United States of America; (3) UCL,
Institut georges lemaitre, Louvain-La-Neuve, Belgium;

(4) Centre Européen de Recherche et d’Enseignement des
Géosciences de I’'Environnement, Aix en Provence, France;
(5) IDAEA-CSIC, Barcelona, Spain; (6) US Geological Survey,
Menlo Park, United States of America; (7) Universitat
Autonoma de Barcelona, Bellaterra, Spain; (8) Woods Hole
Oceanographic Institution, Woods Hole, United States of
America; (9) Aarhus University, Depart. of geoscience,
Aarhus, Denmark; (10) CNRS, LOCEAN, Paris, France; (11)
ARC Centre of Excellence for Climate System Science,
Sydney, Australia; (12) Xiamen University, Xiamen, China;
(13) University of Texas at Austin, Austin, United States

of America; (14) Lund University, Dept. of geology, Lund,
Sweden; (15) Northumbria University, Newcastle upon Tyne,
United Kingdom

The oceans mediate the response of global climate
to natural and anthropogenic radiative forcing, yet
observations of global maritime surface climate variations
in the late Holocene, and the mechanisms that drive the
variations, are relatively unknown. Here we synthesize
57 sea surface temperature (SST) reconstructions,
sourced from all major ocean basins, and spanning at
high resolution some or all of the past 2000 years. The
reconstructions are derived from marine archives (Mg/Ca,
alkenones, TEX86, faunal assemblages in sediment cores,
and coral), and meet strict chronological control criteria.
The reconstructions are geographically sparse, however
analysis of multi-millennial AOGCM output and historical
gridded SST observations suggest the reconstructions are
spatially sufficient to resolve global mean SST.

The reconstructions were standardised into 200-year bins
and the resulting Ocean2k SST synthesis reveals a robust
SST cooling trend for 0-1800 years of the Common Era
(CE), with the strongest cooling after 1100 CE. The cooling
trend is not sensitive to localized upwelling, marine archive
type, seasonality of response, chronological control, water
depth, sampling resolution, sedimentation rate, basin,
latitude or hemisphere.

The Ocean2k SST cooling trend is qualitatively consistent
with an independent synthesis of terrestrial paleoclimate
data, and with simulations from the multimodel PMIP3
ensemble, driven by the full suite of hypothesized
radiative forcings. Comparison with ensembles of single
and cumulative radiative forcing simulations suggests that

the cooling trend arises not from orbital forcing, but from
the increased frequency of explosive volcanism and/or
land use change in the most recent millennium. We find
that episodic volcanic eruptions induce a net negative
radiative forcing that results in a centennial and global-
scale cooling trend via a decline in mixed-layer oceanic
heat content.

K-1103-02

Climate impacts of volcanic double events
during the Common Era

K. Kriiger (1) ; M. Toohey, (2) ; M. Sigl (3)

(1) University of Oslo, Department of Geosciences,

Oslo, Norway; (2) GEOMAR Helmholtz-Zentrum fir
Ozeanforschung, Kiel, Germany; (3) Paul Scherrer Institut,
Villigen, Switzerland

Volcanic eruptions are known to be a major driver of
climate variability during the last millennium (the Common
Era). Recent high-resolution polar ice core data reveal
new insights into volcanic forcing during this period,
improving our knowledge of the timing and the amount
of sulfur released by past volcanic eruptions (Sigl et al.,
2014). Here we focus on the effect of volcanic “double
events”, such as the major eruptions of 1808/1809
(Unknown) and 1815 (Tambora). The close temporal
proximity of two eruptions creates the potential for
climate impacts to superimpose. Ice core records provide
evidence of other such double events, and climate proxy
records are used to assess the climate impact of double
compared to single eruption events. We perform climate
model simulations to investigate specific volcanic double
events, reconstructed from ice core records, and assess
the potential for additive climate impacts. In particular,
simulations are used to investigate the impact of decadal
scale volcanic radiative and dynamical anomalies on the
coupled climate system including vegetation, sea ice and
ocean circulation changes. Our model results show that
given certain conditions, two closely spaced eruptions
of Tambora magnitude could have a larger cumulative
climate impact than a single eruption of much greater
magnitude. Based on the observational records and model
results, we propose that volcanic double events are a likely
agent for abrupt (decadal) climate changes, and may have
had significant impacts on past civilizations.

Sigl, M., J.R. McConnell, M. Toohey, M. Curran, S.B. Das, R.

Edwards, E. Isaksson, K. Kawamura, K. Kriiger, L. Layman,

0. Maselli, Y. Motizuki, D. Pasteris, Rewriting the history

of volcanic forcing during the Common Era using new ice

g%res, Nature Climatic Change, 10.1038/nclimate2293,
14
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0-1103-01

Climate change making impacts on socie-
ties in the European/Mediterranean region
during the past two millennia as seen by
land-ocean palaoarchives

B. Martrat (1) ; C. Euromed-Ocean2k (2)
(1) IDAEA-CSIC, Barcelona, Spain; (2) University of
Cambridge, Earth sci., Cambridge, United Kingdom

A composite of sea surface temperature (SST)
reconstructions from the Mediterranean/Eastern Atlantic
basins (this study; McGregor et al., 2015, submitted)
is compared with a stack of terrestrial records selected
to describe the temperature variability in the European
region over the past 2000 years (PAGES 2k consortium,
2013, NATURE GEO.). Prior to 800 CE, the scarcity of
measurements prevents us from making sound inferences
about climatic changes during this interval. From 800 to
1800 CE, both land and ocean signals present common
significant cooling trends (up to -1 s. d. units/millennium,
R2>0.67, p<0.01), attributable to the anomalous cold
temperatures registered during the Little Ice Age. The latter
is a well-documented anomaly, which had strong impacts
on European societies and stands out in both composites,
particularly after 1600 CE. Ensembles of forcing
simulations suggest that this is consistent with a global
cooling trend, which arises from increased frequency of
explosive volcanism and possible land use change. During
the post-industrial time interval, the terrestrial composite
registers almost +2 s. d. units warming since 1800 CE,
in remarkable agreement (R2=0.81, p=0.01) with a
reference Central England temperature record estimated
independently (Met Office Hadley Centre for Climate
Change, 2014). The warming is of lower amplitude in the
ocean composite, only +1 s. d. units, in line with historical
sea surface temperatures (Kaplan et al., 1998, J. GEOPHYS.
RES.). The 20th century warming amplitude seems more
pronounced as more low-latitude and close-to-land
records are taken into consideration, whereas inclusion
of high-latitude and/or upwelling locations attenuates
it. Given the uncertainties inherent in the reconstructions
available and the variety of responses to climate changes
during this interval, the answer to the question whether
the last century is likely the warmest climatic period of
the latest 2000 years appears elusive in the Europe/
Mediterranean region.

0-1103-02

Volcanic Eruptions and Global Climate
Impact

M. Sigl (1) ; JR. Mcconnell, (2) ; M. Winstrup, (3) ; G. Plunkett,
(4) ; F. Ludlow, (5) ; C. Kostick, (6) ; K. Welten, (7) ; M. Toohey,
(8) ; K. Kruiger (9) ; U. Biintgen, (10) ; M. Baillie, (4)

(1) Paul Scherrer Institut, ViIIi?en, Switzerland; (2) Desert
Research Institute, Division of hydrological sciences, Reno,
United States of America; (3) Uinversity of Washington,
Department of earth and space sciences, Washington,

United States of America; (4) Queen’s University Belfast,
School of geography, archaeology & palaeoecology, Belfast,
United Kingdom; (5) Yale Climate & Energy Institute,

and Department of History, New Haven, United States of
America; (6) The University of Nottingham, Department

of history, Nottingham, United Kingdom; (7) University

of California, Space sciences laboratory, Berkeley, United
States of America; (8) GEOMAR Helmholtz-Zentrum fiir
Ozeanforschung, Kiel, Germany; (9) University of Oslo,
Department of geosciences, Oslo, Norway; (10) Swiss Federal
Research Institute WSL, Birmensdorf, Switzerland

Early documentary records report of a mysterious dust
cloud that was covering Europe for 12 months in 536-37
CE, which was followed by climatic downturn and societal
decline globally. Tree rings and other climate proxies
have corroborated the occurrence of this event as well as
characterized its extent and duration, but failed to trace
its origin.

By using a multi-disciplinary approach that integrates
novel, global-scale time markers with state-of-the-art
continuous ice core aerosol measurements, automated
objective ice-core layer counting, tephra analyses, and
detailed examination of historical archives, we developed
a new volcanic forcing series from bipolar ice-core
arrays back into Roman times. We revised the timing of

major volcanic eruptions and reconstructed atmospheric
aerosol loading and the spatio-temporal distribution of
volcanic sulfate and tephra. Precise ice-core timescales for
Greenland and Antarctica enabled us to discern tropical
from Northern Hemisphere eruptions, and to identify the
climate-altering role of non—tropical eruptions, such as
those causing the “mystery cloud” in 536-37 CE.

Our study reconciles human and natural archives -
demonstrated by the synchronicity of major volcanic
eruption dates to historical documentary records and the
(now) consistent response of tree-ring-reconstructed
cooling extremes occurring in the immediate aftermath of
large volcanic eruptions throughout the past 2,000 years.

These findings have significant implications in multiple
research fields including quantification and attribution of
climate variations to external forcing, and will be of benefit
for historians, volcanologists as well as climate scientists.

0-1103-03

Geochimical DNA or the identification of
1259AD volcanic glasses in ice cores

J. Savarino (1) ; E. Gautier, (1) ; JR. Petit, (1) ; A. Michel, (2) ; N.

Metrich, (2) ; P. Besson, (2) ; C. Vidal, (2) ; JC. Komorowski,

(2) ; F. Lavigne (3) ; V. Batanova (4)

(1) CNRS/UJF, LGGE, Grenoble, France; (2) CNRS/UCPS,

Ipgp, Paris, France; (3) Université Paris1, Laboratoire de

geographie physique, Paris, France; (4) UJF, Isterre, Grenoble,
rance

The 1259 AD unknown volcanic eruption found in polar ice
cores is considered as the most powerful eruption of the
last 7 000 years and could have triggered the little ice age
as well as profoundly changed the political and sociological
organization of the middle a?e. Despite its relative young
age and power, the origin of this eruption has remained
elusive. For years, volcanologists and glaciologists have
searched for the possible origin of this mega eruption with
little results. This event has thus remained as the unknown
1259AD event, limiting a possible examination in great
details of the climatic consequences of this eruption. After
decades of research, based on datation, geomorphological
considerations and historical archives, Lavigne et al [1]
have recently proposed the Salamas/Rinjani (Indonesia) as
the possible volcano for this eruption.

In order to validate this proposition, we have undertaken
a thorough and meticulous analysis of the geochemical
composition of the tiny volcanic glasses found in the ice
layer corresponding of this eruption. With a great level of
certainty, the chemical fingerprint of the tiny glasses in ice
is found to match the chemical compositions of the ashes
layers found around the volcano. This result should open a
complete review of the climatic impact of this volcano and
demonstrated the feasibility of identifying the origin of
volcanoes in ice cores from their geochemical fingerprint.

Lavigne, F., et al. (2013), Proceedings of the National
Academy of Sciences, doi: 10.1073/pnas.1307520110.

0-1103-04

A reconstruction of terrestrial volcanism
over the last 2500 years using sulfur iso-
topes in ice-cores

E. Gautier, (1) ; J. Savarino (2) ; J. Farquhar, (3)

(1) CNRS/UJF, LGGE, Saint Martin d’Heres, France; (2) LGGE,
Grenoble, France; (3) University of Maryland, Geology,
College Park, United States of America

Ice cores provide an opportunity to reconstruct a history
of Earth’s volcanic activity. Many attempts have been
made in the past to build a robust volcanic climate forcing
model based on the ice records, but the robustness of this
model depends on the statistical significance of usually a
single record and on discriminating between large distant
eruptions and closer, smaller eruptions.

We used ice cores drilled at Dome C (Antarctica) to measure
first, the statistical weight of a single ice core record
and second, to measure the non-zero A33S of ice-core
sulfate as a proxy for stratospheric volcanic eruptions.
SO2 emitted by these events can be mass-independently
fractionated (A33S+0) during photolysis reactions in
the stratosphere [1], [2], [3], [4]). The signal, recorded



in aerosol sulfate, is preserved in ice cores. The sulfur
anomaly allows identification of eruptions very likely to be
stratospheric, with potential climatic impact, regardless
to the ice core location, the age or the magnitude of the
recorded event.

In 2010-2011, five 100m-long ice cores from Dome C,
Antarctica, separated by 1m, were collected to reconstruct
the history of volcanism over the last 2500 years.
Assumed volcanic events were identified through sulfate
concentration measurements in the field, and located on
the cores. We used an algorithm for the peak detection,
and 51 potential volcanic events were identified. Based on
this detection, a statistical evaluation of the occurrence of
these 51 events in each ice core was conducted and allowed
measurin% the representativeness of a single ice core to
reveal a history of volcanism. Following this statistical
work, volcanic sulfate contained in snow and ice have
been isolated, decontaminated, melted, concentrated and
extracted using ion exchange methods. Each presumed
volcanic event has been subdivided in 5 fractions at least,
in order to differentiate the background isotopic signal
from the sulfate peak. The peak itself has been divided
into three portions. The results show that A33S and A36S
are anti-correlated, and allow to discriminate stratospheric
and tropospheric events, with the former having isotopic
systematics that vary first with a positive A33S at the
beginning of deposition and with a negative A33S at the
end of the volcanic deposition. Such unique feature should
allow us to reconstruct a robust volcanic forcing signal,
independent of the size of the event record in ice.

[1] Farquhar et al. (2001), J. Geophys. Res. 106, 32829-
32839. [2] Savarino et al.,, (2003), J. Geophys. Res.
108(D21), 4671.[3] Baroni et al. (2008), J. Geophys. Res.
18173(D20), 1-12. [4] Baroni et al. (2007), Sciences 315, 84~

0-1103-05

Effect of large volcanic eruptions on
climate variability from inter-annual to
decadal timescales: Towards a coordinated
modeling assessment

M. Khodri (1) ; C. Timmreck (2) ; D. Zanchettin (3) ; M.
Toohey, (4) ; V. Poulain, (1)

(1) IPSL, LOCEAN, Paris, France; (2) Max-Planck-Institute for

Meteorology, Hamburg, Germany; (3) University of Venice,
Venice, Italy; (4) GEOMAR Helmholtz Centre for Ocean

Research , Kiel, Germany

It is now generally recognised that volcanic eruptions
have an important effect on climate variability from
inter-annual to decadal timescales. At the decadal scale,
CMIP5/PMIP3 simulations have highlighted that clusters
of eruptions can produce a long-lasting cooling such as
during the 13th and the 19th centuries. This has led to
the hypothesis that enhanced volcanic activity during the
seconthaIf of the 13th century played a significant role in
the transition towards the Little Ice Age through its impact
on the thermohaline oceanic circulation and on Arctic
sea ice. This hypothesis remains however speculative,
as paleoclimatic reconstructions and climate simulations
yield partly contradictory results.

Concerning the short-term hemispheric response to
sulphur-rich volcanic eruptions, CMIP5/PMIP3 climate
simulations show stronger cooling than tree-ring based
reconstructions. Scarce information about the medieval
and 19th century eruptions (i.e. magnitude, timing and
location) have so far hampered a realistic assessment of
the climatic impacts of decadally-paced volcanic events.
Another possible reason for the mismatch is our limited
understanding of the evolution of stratospheric aerosol
formed after strong eruptions of pre-instrumental period,
such as Tambora in April 1915, for which no direct
observations are available.

It is therefore necessary to frame future modeling activities
within common designs that separately tackle the two
major steps linking sulfur emissions by volcanic eruptions
and climate response: first, the chemical and microphysical
transformation occurring within the stratospheric volcanic
cloud; then, the aerosols’ direct radiative effects and
associated feedback mechanisms activated in the coupled
ocean-atmosphere system. The coordinated modeling
initiative within VOLMIP (Model Intercomparison Project
on the climatic response to Volcanic forcing, an activity
for CMIP6-) has been motivated by such necessity. VolMIP
will provide new consensus forcing input data and related
coupled climate simulations for some of the major volcanic
eruptions that occurred during the pre-industrial period of
the last millennium.

This contribution presents ongoing activities and research
highlights achieved within VolIMIP, illustrating how these
coordinated modeling assessments are contributing
towards constraining uncertainties in the climate response
to volcanic forcing, improving the evaluation of climate
models, and advancing our understanding of past, current
and future climates.

1104 - Climate services and information: from global change to

local decisions

K-1104-01

USe of Climate Information in the context
of helping prepare American military
bases for climate change

L. Mearns (1) ; M. Rachel (1) ; M. Bukovsky (1)

(1) National Center for Atmospheric Research, Boulder,
United States of America

We will describe the work we have performed in two
projects through the Strategic Development and Research
Propc:jgram of the US Department of Defense. We are
providing future climate information to a total of eight
different miliarty bases in the continental US. The kinds
of impacts include damage from storm surges due to sea
level rise, increased hear stress and potential increased
damage from erosion because of increased extreme
precipitation, increased extreme fire risk, and potential
changes in severe storms. We discuss how we present
uncertainty information to the stakeholders (military
personnel) are each base, and discuss the different levels
of interest or concern we found among the stakeholders
based on their prior experience with extreme events.

0-1104-01

Climate Science for Climate Services: Crea-
ting capacity within CORDEX-Africa

C. Lennard (1)

(1) University of Cape Town, Climate System Analysis Group,
Cape Town, South Africa

Within the Co-ordinated Regional Downscaling Experiment
(CORDEX), the Cordex-Africa initiative has been developed
to analyze downscaled regional climate data over the
African domain of CORDEX, train young climate scientists
in climate data analysis techniques and engage users of
climate information in both sector specific and region/
space-based applications. A series of engagements
between African climate scientists and users of climate
information under the CORDEX-Africa banner has begun
and we report on the outcomes of these as well as the
future plans of the programme. Established and young
climate scientists from west, east central and southern
Africa have analysed downscaled data from the CORDEX
Africa domain and produced 9 scientific journal papers to
date through a series of highly successful workshops, all
first authored by early-career scientists or students. These
papers have greatly enhanced the understanding of climate
processes in each of the regions. Additionally, members
from each region have been involved in workshops that
engage users of climate information to co-explore the
climate information needs of these communities. These
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included (a) engagements with ecological, hydrological
and agricultural scientists that helped refine some of
the research questions to be addressed in later CORDEX
activities, (b) with health sector practitioners in West
Africa to understand their needs with respect to climate
information and (c) representatives from five African
cities to understand city-scale climate vulnerabilities and
information needs. Planned activities include a series of
workshops to analyse climate projection data in the 4
regions with input from climate information users to
assess potential effect of global warming on atmospheric
process and the impacts these may have in the engaged
user communities.

0-1104-02
The FODAS based climate prediction ser-
vices in China

Z.Gong (1)
(1) Beijing climate center, Beijing, China

The structure of China Framework of Climate Service, what
we called CFCS to compare to the GFCS is building in China.
Based on climate database and climate system model,
climate monitoring and prediction products is issued.
We focus on climate security and disaster risk reduction.
Climate security is a new concept developed by Dr. Zheng
Guogang. who is the Administrator of China Meteorological
administration. Climate is really related to food security,
water security, energy security and ecological security, and
so on. We need to assess climate impact, climate capacity,
to analyze climate resource and provide climate proofing
to support sustainable development of social-economy
in china. As China belongs to monsoon climate and is a
very vulnerable country suffered from different kinds of
meteorological disasters. Therefore, Beijing Climate Center
(BCC) are facing big challenge of disaster risk reduction.
We need to do disaster survey, to assess vulnerability, to
issue risk warning even support risk transfer. Through the
user interface plan and partnership, we provide all of those
climate services to decision makers, public community
and economic sectors. Besides, in order to surport the
capacity development of CFCS, the forecast system on
dynamical and analogy skill (FODAS) is developed by BCC,
which is used for supplying monthly and seasonal climate
prediction services to the govement and public. FODAS is
also been generalized in more than 30 provincial climate
centers in China and used for regulary climate business.
We are also working on developing a English version of
FODAS to surport some international trainning courses
held in CMA etc.

0-1104-03
The fourth generation of European-wide

climate change impact assessments - les-
sons and outlook

HM. Fiissel (1) ; J. André (1)
(1) European Environment Agency, Copenhagen, Denmark

The European Environment Agency (EEA) is a boundary
organization that bridges between data providers,
including the scientific community, and policy makers.
Its mandate is to provide timely, relevant and quality-
controlled information on the environment to European
policy makers (in particular the European Commission
and the European Parliament), to national and sub-
national policy-makers in its 32 member countries and 7
cooperating countries, and to the broader public. In 2012
the EEA published its third indicator-based report on
climate change, impacts and vulnerability, following earlier
reports in 2004 and 2008. The next report is scheduled
for ptablication in 2016, and its preparation has already
started.

The 2012 EEA report presents more than 40 quantitative
indicators on observed and projected climate change and
its impacts, most of them with European-wide coverage.
The systems and sectors covered include coastal zones,
terrestrial and marine ecosystems, agriculture, forests and
forestry, fisheries and aquaculture, human health, energy,
transport, and tourism. However, some important impact
domains are not covered because information is not
readily available at the European level, impacts are hard
to quantify or to measure, and/or because the influence
of climate change is hard to disentangle from socio-
economic, technical, cultural and political developments.

Under-reported impact domains include industry and
manufacturing, insurance, infrastructure (except transport
infrastructure), livestock production, cultural heritage
(with some exceptions), migration, and general human
wellbeing. Furthermore, the report presents cross—
sectoral information with a focus on territorial impacts,
on the vulnerability of cities and urban areas, and on
climate change costs. The cross-sectoral assessments
rely on information that is not fully consistent with the
sector-based indicators, because these indicators are
often not amenable to aggregation due to differences in
climate change scenarios, non-climatic scenarios, impact
metrics, and/or incompatible modelling and assessment
approaches.

This paper summarizes the availability of consistent
information on observed and projected climate change and
its impacts across climate-sensitive sectors and systems
in Europe and identifies major knowledge gaps. It also
presents the planning of the 2016 EEA report, including
efforts for refocussing the indicator set in order to increase
its policy relevance, improving coverage of information
related to extreme weather and climate events, expanding
consideration of cross-sectoral effects, and strengthening
links between information on climate change impacts and
adaptation-related issues. We also report on past and
planned efforts at improving the assessment and reporting
of uncertainties in observed and projected climate change
and its impacts.

0-1104-04

Innovation in French climate services
thanks to service design

P. Dandin (1) ; L. Corre, (2) ; D. L’héte, (3)

(1) Météo-France, Centre National de Recherches
Météorologiques, Toulouse, France; (2) Météo-France,
Direction de la climatologie, Toulouse, France; (3) Strate,
Ecole de Design, Sévres, France

Within the framework of the French National Adaptation
to Climate Change Plan, the “Drias, the futures of climate”
service provides support and easy access to the French
regional climate projections. Users worship the unleash of
such essential materials and rank Drias as one of the major
recent steps toward the development of French Climate
Services. Noteworthy, Drias is a joint initiative from the
French community, gathering the meteorological service,
Météo-France, with the main providers of regional climate
scenarios in the country, CERFACS, IPSL and CNRM.

However necessary and successful the initiative might
have been, many questions arose. Some came from the
scientists whereas others were raised by users. How really
useful was this service for the end-users and decision
makers involved in adaptation planning at local scale? Did
it help them to figure out what kind of climate change was
happening and what could be thought to cope with it? Had
the French scientific community made all possible efforts
and released the information available in the laboratories?
Taking advantage of all the assets worked out in the
field of climatology, could it be possible to improve the
delivery? Did we miss something believing we were doing
our best? With many such questions in mind, soon after
the opening of the Drias service, a review and reflection
exercise was initiated.

The Viaduc project has this target: to evaluate and enhance
Drias, as well as to imagine future developments to
support adaptation. Users had been closely associated to
the building of Drias, but they were not end users. Viaduc
chose to address adaptation with local communities,
thinking about real needs at the end users’ level. The chosen
end-users are three Natural Regional Parks located in the
South West region of France. Such parks are administrative
entities which gather together municipalities defined by
a common natural and cultural heritage. They are also
rural areas in which economic activities do take place,
and therefore concerned and involved in both protecting
their environment and setting up sustainable economic
development. Climate researchers work together with a
service designer. The designer’s role consists in proposing
an innovative approach based on the interaction between
scientists and citizens. Actually, the designer observes
both partners: scientists and end users.

The first part of the project has been dedicated to
investigation and questioning with relevant representatives.
The Viaduc team did not initiate new actions in the parks,
but insert into existing ones, trying to ease them. Three



key local economic sectors have been selected, which
are forestry, agro-pastoralism and construction, relevant
for each of the parks. Working groups composed of
expert technicians, administrative and maintenance staff,
politicians and climate researchers have been created. The
sectors needs for climate information have been gauged,
and concrete actions are now undertaken. They will be
presented in this communication, together with lessons
learnt. The second part of the project has focused on
the transfer of ideas to the operational teams, in order
to give life in next generation of products to some of the
recommendations that came out of this thinking exercice.

The feedback from the designer and the Viaduc team
on the services delivered by scientific agencies and the
meteorological service do modify the classical views. It
concerns all aspects of the products and services, and
addresses many various subjects, from the relationship
between weather and climate, the need for local and
perceivable information and messages, to the necessity of
a greater coherency and simplicity of the message...

A quick introduction to Drias will be made, and the Viaduc
project and outcomes will be presented.

0-1104-05

World Weather Attribution: A Real-Time
Effort to Assess the Influence of Climate
Change on Extreme Weather and Climate
Events

H. Cullen (1) ; M. Allen () ; F. Otto (2) ; D. Karoly (3) ; GJ. Van
Oldenborgh (4) E. Coughlan (5); A Van( )

(1) Climate Central, Princeton, NJ, United States of America;
(2) University of Oxford, Oxford, United Kingdom; (3)
University of Melbourne, School of Earth Sciences, University
of Melbourne, VIC, Australia; (4) KMNI, De Bilt, Netherlands;
(5) Red Cross/Red Crescent Climate Centre, The Hague,
Netherlands

Climate Central and its partners at the University of
Oxford Environmental Change Institute, the Royal
Netherlands Meteorological Institute (KNMI), the University
of Melbourne, and the Red Cross/Red Crescent Climate
Centre have established a new initiative called World
Weather Attribution. World Weather Attribution aims
to apply recent advances in the science of probabilistic
extreme event attribution to build a real-time attribution
capability designed to provide objective, science-based
connections between rising greenhouse gas concentrations
in the atmosphere and extreme weather and climate
events, including sea level rise and its contribution to
storm surges, extreme heat events, heavy rainfall events/
flooding, and droughts in real-time. The goal is to design
and implement a coordinated, transparent, multi-method
approach that incorporates observational data, modeling
studies, existing peer-reviewed research (i.e., IPCC SREX,
etc.) and on the ground reports in order to better answer
pressing questions about trends in risk and the role of
human activity in extreme weather.

Assessing the influence of global warming in individual
extreme weather events has been a goal of the scientific
community for more than a decade. Advances in the field
have prompted numerous studies, leading the Bulletin of
the American Meteorological Society (BAMS) to dedicate an
annual special issue to extreme event attribution for the
past three years. Currently, these studies require months
to complete and are published well after public attention
to the event has peaked, and when decisions on how to
rebuild, for example, have already been finalized, often
without attention to climate information on how risks of
such events may have changed over time.

In fact, an analysis of media coverage of three recent
extreme weather and climate events (2014 UK floods,
2013 Australian heat wave, ongoing California drought)
conducted by Climate Central suggests that, despite strong
public interest in better understanding the underlying
cause of extreme weather and climate events, a significant
majority of extreme event coverage fails to provide the
broader climate context. While overall weather and climate
coverage results in a large number of stories in the days
to wee s following the event, attribution statements are
rarely provided and often inaccurate as analyses are not
available until several months later, after the media and
public conversation is largely over and many recovery and
reconstruction decisions have already been made, often
based on limited information on changing risks.

Our goal is to apply established peer reviewed
methodologies developed by the attribution community
over the past decade - in an accelerated manner -
so as to objectively assess the event in question and
equip journalists, the public and decision makers with
the broader context of changing risks, in some cases
specifically due to global warming. To this end, the World
Weather Attribution program will make extensive use of
social science through experiments and robust literature
reviews on the presentation of risk, probabilities, and
uncertainty to guide the most effective deployment and
presentation of these accelerated attribution statements.
Here we discuss ongom% research that seeks to understand
public understanding of the changing statistics of certain
extreme weather and climate events and how best to
communicate and apply attribution information.
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Spatiotemporal Visualization Method for
Interrelation-based Analysis of Agricul-
ture’s GHG Emissions and Agricultural
Productivity in Asian Region Using the 5D
World Map System

B. Ahmad Muzaffar (1) ; A. Siti Nor Khuzaimah (1) ; S. Shiori
(2); K. Yasushi (2)

(1) Keio University, Graduate school of science and

technolofgy Yokohama, Japan; (2) Keio University, Graduate
school of media and governance, Fujisawa, Japan

According to the Food and Agriculture Organization of
the United Nations (FAO), anthropogenic Greenhouse Gas
(GHG) emissions originated from agricultural activities
have increased approximately two times over the past five
decades. Mitigation and adaptation countermeasures must
be taken to reduce or slow down the increment of GHG level
as a result of unhealthy agriculture practices especially in
most developing countries. Conversely, further increment
in GHG emissions results in climate change and eventually
affects the agricultural sustainability and food security.

To understand the complex system between GHG
emissions and agriculture productivity, a regional and
historical analysis is compulsory as well as for finding more
viable solutions. By applying the 5D World Map system,
we demonstrate spatiotemporal visualization to analyze
the interrelation between agriculture’s GHG emissions
and agricultural productivity. In this analysis, we focus on
Asian region since it is one of the largest contributors of
global GHG emissions from agriculture sector itself.

The most significant contribution of this research is to
unveil the interrelation-based analysis between GHG
emissions and agriculture, considering the Asian countries
geographical aspect and historical data records. We
mapped the pre-sorted text data of Asian countries in
Eastern Asia, South-Central Asia, South-East Asia and
Western Asia from 1963 to 2013. Then, we visualized and
analyzed the data by comparing various attributes, namely;
types of GHG (CO2, CH4 and N20) and annual crops
yield. As results, we are able to observe that the spatial
pattern of CO2 and CH4 emissions are relatively similar
but slightly different in N20 emission. The temporally
increasing trend of GHG emissions in some countries is
observed as expected, as well as the decreasing trend
in other countries, while we discovered that the spatial
pattern of crop yield is contrary to expectations. Also, we
emphasize the fact from real cases that the interrelation
between crops yield and GHG emissions could be observed
explicitly by the spatiotemporal visualization of the data.
As an insight from these results, we consider to classify
these countries into four clusters: 1) cluster with high
agricultural productivity and high GHG emissions, 2)
cluster with high agricultural productivity but lower GHG
emissions, 3) c?uster with low agricultural productivity and
low GHG emissions and 4) cluster with low agricultural
productivity but higher GHG emissions.

In this research, the visualization of specific GHG emission
density by each country and its’ crop yield were made
possible through the 5D World Map system. The index
ranking of each country in each attribute is also visualized.
Besides, new knowledge and possibilities existing between
climate change and agriculture sector are discovered and
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extracted from the visualization. Through this analysis,
the countries which appear as more effective or less
effective in both interrelated agricultural productivity
and environmental management were clarified in this
knowledge-sharing system for encouraging a deeper
analytic process of regional policy making in agricultural
GHG emissions and future agriculture management.

P-1104-02

Connecting the Dots: An Initiative on
Communicating Complex Climate Science
to Local Communities through Climate
Change Services

SK. Amsad lbrahim Khan (1) ; H. Malleshappa (1) ; M.
Jayanthi. (1)

(1) Tamil Nadu State Climate Change Cell (TNSCCC),

Department of Environment, Government of Tamil Nadu,
Chennai, Tamil Nadu, India

Article 6 of the United Nations Framework Convention
on Climate Change addresses the importance of climate
change communication and engaging stakeholders in
this issue. It highlights the responsibility of participating
countries at the national, sub-national and local levels,
to ensure public access to information and to promote
public participation. However, this is a challenging task
particulaly for developing countries like India despite of
other emergent and on-going developmental challenges.
In this context, this article addresses an initiative taken by
the Government of Tamil Nadu, India at the local level to
address the global challenge of climate change, in a case
study approach. The main objective of this contribution is
to showcase a method/approach to connect the dots i.e.
climate change «science-policy-society» and build capacity
by communicating complex climate change science and its
information at local level through effective climate change
services, particularly, from the perspective of developing
country’s initatives on tackling climate change. Thus,
realizing this urgent importance, Tamil Nadu State Climate
Change Cell (TNSCCC) at the Department of Environment,
Government of Tamil Nadu, India has laid a road map as
«Tamil Nadu State Climate Change Services (TNSCCS)»
based on the guidelines of the Global Framework for
Climate Services of World Meteorological Organization
(WMO). This has been iniated as envisaged in Tamil Nadu’s
State Action Plan on Climate Change (SAPCC) in par with
India’s National Action Plan on Climate Change (NAPCC).
TNSCCS acts as a central hub of information, data and
reports about climate change of entire Tamil Nadu State.
It is considered as one of the major principal mechanisms
through which information about the climate of the
past, present and future is routinely archived, analyzed,
modeled and exchanged. Tamil Nadu State Climate
Change Knoweldge Management System (TNSCCKMS) has
been established and serves as a store house of locally
observed and projected climate change information for the
state of Tamil Nadu. Importantly, it provides a “web-based
platform” and “user friendly interface” to disseminate
and exchange climate change information for various
communities ranging from bureaucrats, policy planners,
decision makers to farmers, fishermen, students, children,
general public and others. It is hoped that the information
gleaned from the above mentioned method/approach of
climate change services witness how best the complex
climate change science can be tailored and communicated
at local level. Importantly, it showcases a method/
approach on capacity building through effecitive climate
change information and services from global to local level.

P-1104-03

Role of social media networking in Climate
policies Awareness in Sub- Saharan Africa

M. Atombo Aleya (1)

(1) Solidarity for Rural Development and Local Governance

i:fDRC(Tshwane University of Technology), Pretoria, South
rica

Climate policies awareness and/or knowledge are much
required for the based-communities to mitigate the risk
based on climate change and adaptation. In this respect,
to spread awareness and/or knowledge of climate policies
amongst African population by using social media is
critical in raising ranks of awareness on the consequences
related climate change. This research surveys the role of

Social media networking in contributing to climate change
awareness in rural areas especially; African population
living in sub-Saharan Africa where, the impact of climate
change disrupts subsistence farming activities. In fact,
Economy in Africa is mainly focused on agriculture and
peasant activities. On the one hand, many Africans are
still unaware of climate policies developed neither in
the national or international scale that fit with climate
change. In the other hand, Aboriginal people living in
forest areas have trouble with the acceptance of certain
prohibitions to hunt and harvest the wild fruits in parks
and other protected areas. That is why, This study found
out that, The ubiquitous of internet facilities in African
continent based on mobile application are tools that can
facilitate information propagation and communication,
even though, these technologies practice and abilities
are utilised independently by the hand users. As the rural
people are vulnerable to climate change, they are also
considered as key players for emerging climate policies
to mitigate and cope with climate change’s effects. It is
a need to use Social media networking in a number of
operative ways to enhance climate policies awareness
or knowledge amongst them. Thus, Climate policies
awareness remains the foundation of all other answers
to climate change.Therefore, the main objective of this
research is to interest African governments to adopt
the information and communication technologies such
as social media networking to conduct a viral campaign
enhancing knowledge and awareness related climate
policies and sustainable development in order to foster
the based-communities to mitigate the risk based on
climate change and to support farmers’ abilities to adapt
to climate change. As for the methodology that is used,
this study employs both qualitative and quantitative
research techniques and data are collected through
semi-structured interviews with some sub-Saharan
African small-scale farmers, local governments and non-
profit organizations focusing on climate change and
furthermore, questionnaires will be designed based on
Five-point Likert scale on an interval level ranging from
“strongly disagree” to ‘‘strongly agree”).

P-1104-04

The WASCAL regional climate simulations
for West Africa - how to add value to exis-
ting climate projections

D. Heinzeller (1) ; C. Klein (2) ; D. Dieng (1) ; G. Smiatek (1) ;
MB. Sylla (3) ; J. Bliefernicht (2) ; H. Kunstmann (1)

(1) Karlsruhe Institute of Technology, Institute of
Meteorology and Climate Research, Garmisch-Partenkirchen,
Germany; (2) Augsburg University, Institute of geography,
Augsburg, Germany; (3) WASCAL Competence Center,
Climate Modeling and Climate Change, Ouagadougou,
Burkina Faso

With climate change being one of the most severe
challenges to rural Africa in the 21st century, West Africa
is facing an urgent need to develop effective adaptation
and mitigation measures to protect its constantly growing
population. The below-average rainfall in large parts of
West Africa during the previous and the current monsoon
season and the associated scarcity of food and fresh water
highlight the importance of accurate predictions of future
monsoon circulation for the people o]Pthis region.

WASCAL (West African Science Service Center on Climate
Change and Adapted Land Use) is a large-scale research-
focused program designed to help tackle this challenge
and thereby enhance the resilience of human and
environmental systems to climate change and increased
variability. An integral part of the climate services offered
by WASCAL is the provisioning of a new set of high
resolution, ensemble-based regional climate change
scenarios with a special focus on West Africa. These
are thought to complement and provide added value t
current medium-resolution climate change simulations
for the region such as the CORDEX-Africa projections.
The WASCAL climate change simulation experiments
utilize a multi-model ensemble approach to refine RCP4.5
scenarios provided by three state-of-the-art global
circulation models (MPI-ESM, GFDL-ESM2M, HadGEM?2)
using three regional climate models (WRF, COSMO-CLM,
RegCM). Spanning an area from 25°W to 25°E and 5°S
to 25°N, and providing a large number of variables at
3-hourly time steps at a horizontal resolution of 12km,
these regional climate simulations will be used to assess
amongst others the impact of climate and land use change
on temperature, precipitation, and on onset and duration



of the rainy season.

The credibility of regional climate simulations over West
Africa stands and falls with the ability to reproduce its key
climatic feature, the West African Monsoon. This seasonal
shift in large-scale wind patterns plays a pivotal role in
every day’s life, and any shift caused by climate change
will ghreatly impact the future of this region. In our analysis,
we therefore focus on the representation of the WAM in
the regionally downscaled models. For the validation of
the models, ERA-Interim re-analysis data is used as lateral
boundary condition for the period from 1980 to 2013. We
verify the models against observational data from gridded
climate observational products such as GPCC, TRMM, and
CRU. In addition, we employ a novel gridded precipitation
database for the West African region, which is compiled
from daily and monthly in-situ observations merged
from various global and regional meteorological archives
(GHCN, GSOD, AMMA, GLOWA) and from precipitation data
provided by the national weather services and the novel
WASCAL observation network.

In this contribution, we present the overall concept of
the WASCAL regional climate projections and provide
information on the availability of the data and its
dissemination to the community. We discuss the model
performance over the validation period for two of the three
regional climate models employed, the Weather Research
and Forecasting tool (WRF) and the COSMO model in
CLimate Mode (COSMO-CLM), and give details about the
novel precipitation database used to verify the models.
We further present results on the climate change signal
obtained from the WRF model runs for the periods 2020-
2050 and 2070-2100.

P-1104-05
Challenges of scales
S. Huq (1)

(1) International Center for Climate Change and
Development (ICCCAD), Dhaka, Bangladesh

There are several aspects of governance related to
adaptation to climate change that need to be addressed
to ensure equity and fairness in the way adaptation is
implemented on the ground. Firstly, at the global level,
there is the issue of governing climate change funding for
adaptation in an equitable manner to ensure that the most
vulnerable countries and communities are prioritised for
receiving adaptation funds.

Similarly, at national level, it is important for national
decision makers to also prioritise the needs of the most
vulnerable communities within each country. This is true
for both developing as well as developed countries.

One of the main issue in current climate governance is that
the poorest communities within countries, and the poorest
countries globally, possess a relatively less important voice
in decision making at global and national scales. Hence,
in order to adapt successfully to the adverse impacts of
climate change, the empowerment of the most vulnerable
within the climate governance system is a precondition.

P-1104-06

The Contribution of Climate Services to
Climate Change Adaptation through the
Global Framework for Climate Services
(GFCS)

F. Lucio (1)
(1) World Meteorological Organization, Global Framework for
Climate Services Office, Geneva, Switzerland

Climate determines the extent to which human kind can
sustain livelihoods and well-being. Thus, as the effects
of climate change are becoming more evident and acute,
the need for effective climate services is greater than
ever before. Climate services here are considered to be
the provision of climate information to assist decision-
making in climate sensitive-sectors. Climate services
require a range of activities from generatin? to providing
information based on past, present and future climate
and its impacts on natural and human systems. These
services can range from simple information such as
historical climate data sets to more complex products
such as predictions on monthly, seasonal and decadal time

frames. Ultimately, climate services provide information
and expert advice that help users make the right decisions
for climate change adaptation.

Seasonal to multiyear climate forecasting has advanced to
a point where it can now provide actionable information.
Sophisticated climate services combine climate forecasts
with information from other sectors to inform decisions
on public health, agriculture, water management, disaster
risk and other climate-sensitive sectors.

Recognizing the value and contribution of climate services,
the international community established the Global
Framework for Climate services (GFCS) at the Third World
Climate Conference (WCC-3, 2009) to promote operational
climate services at the national and regional levels. The
GFCS aims at facilitating the development and use of
services to ensure that best efforts are made to reduce
the impacts of climate-related disasters and to adapt to
climate change. It is catalyzing a paradigm shift from
supply-driven service provision to the creation of services
driven by user needs, by orienting scientific research
towards practical applications to respond to those needs.
Building on past and current climate service initiatives, it
is enabling new services to be developed to increase the
value and access to climate knowledge products for those
who need them the most.

Climate services underpin climate action and adaptation in
climate sensitive sectors; contribute to enhancing disaster
preparedness and planning for effective response and to
allow societies to build back better after a disaster.

An essential starting point for adaptation is a quantitative
assessment combining characterization of hazards with
vulnerabilities to derive specific services to various users.
This is often hampered by the capabilities to conduct
effective analysis of past data and assess changing
characteristics and trends of hazards in light of climate
change to support risk and impact assessment.

This paper provides an account of how the GFCS is

supporting countries in the development and use of
climate services for climate change adaptation.

P-1104-07
Appraising the climate services accessible
to indigenous communities in Uganda

AR. Mwangu (1)
(1) Makerere University, Kampala, Uganda

Climate change is one of the most pressing challenges
of our generation. Scientists predict that it will even have
more adverse effects on the population in the future.
Studies indicate that climate change impacts most
affect people in the developing countries especially the
women, elderly and children because these groups have
little access to the information on climate change, they
are illiterate and are concealed in poverty. Yet a big
constituent of these groups especially the women are by
default key resource managers whose knowledge and
actions are critical in environment and natural resource
management. Climate services are seldom offered in
Uganda and as a result climate change is as much abstract
to a wide section of people. This study will urge that in
circumstances where climate services have been offered
they have not been conceptualized for comprehension by
the masses. Climate change continues to be portrayed
as a highly scientific phenomenon far and above the
indigenous communities yet they are the most affected by
its impacts. The examples used in talking about climate
change are distant and unfamiliar that people hardly make
sense of them. Besides climate change is only linked to
anthropogenic activities yet natural phenomenon like local
land-use changes can have a serious impact.

With data collected through Focus Group Discussions and
Key Informant Interviews, this study urges that robust
climate services are urgently needed in Uganda to tackle
the serious adverse effects of climate change that is
choking the local communities. Disastrous effects like
floods and landslides as a result of heavy rains in the
Mountain Elgon region have continuously led to fatalities
yet the local communities are unaware and cannot devise
adaptive and mitigation strategies. Correspondingly the
seasons have changed but the local farmers continue to
plan their planting seasons basing on the previous seasons
that has eventually led to a decline in crop yields resulting
into food shortages and its associated ills of malnutrition.
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It is critical that climate services are customized to the
local situations for long lasting impact.

P-1104-08

Decadal climate information for improved
decision-making and resilience in small-
scale farming systems in Africa: Lessons
from East and Southern Africa

A. Nyamwanza (1)
(1) University of Cape Town, African Climate and
Development Initiative, Cape Town, South Africa

Small-scale farming systems in Africa are facing
increasingly erratic and variable climate dynamics,
in addition to other multiple and reinforcing non-
climatic stresses and shocks. Effective responses and
ultimately resilience to these adversities require, among
other factors, access to and use of adequate climate
information for the coming seasons and years to enable
players within these systems to make informed, timely
and appropriate decisions not only in the short term, but
also in the medium to long term. Climate information is
used in agriculture on a range of timescales, from days
(weather), months (seasonal outlooks) to decades (climate
change scenarios) (Hellmuth et al. 2011). In most African
countries, adaptation to climate risk has focused either
on the seasonal timescale or the assessment of climate
change impacts several decades into the future. Awareness
of and adaptation to climate risk on the decadal timescale
(up to 10 years) has received less attention. Yet much
policy, planning and investment decision-making falls
into this time horizon, especially in areas of importance
to small-scale farming systems in developing countries
such as farm planning cycles, introduction of new varieties
and the setting up of such projects as catchment-wide
infrastructure for irrigation and water storage (Goddard et
al. 2010; Stafford-Smith et al. 2011, Vermeulen, 2012).
There is also increasing evidence that climate change is
altering the likelihood of extreme events that impact on
agriculture within the decadal timescale (IPCC 2012).
It is against this background that this analysis explores
the utility of climate information in small-scale farming
systems in Africa on the decadal timescale. Using cases of
small-scale farming systems in the Kilimanjaro Region of
Tanzania, the mid-Zambezi Valley Region of Zimbabwe, and
the Southern Region of Malawi, the analysis shows decadal
climate information as potentially providing opportunities
for innovative, flexible and proactive decision-making
in response to projected climate and related dynamics.
The analysis shows that although farmers will be the
major beneficiaries of decadal climate information, other
players, particularly service providers and intermediaries,
also stand to gain thus providing a holistic perspective in
dealing with the decision-making context of small-scale
farming systems in Africa. The paper however also points
on the need for building institutional capacity vis-a-vis
coming up with stronger knowledge and information
networks between climate scientists, policy makers
and local communities as well as attending to issues of
credibility, legitimacy and scale in the production and
dissemination of decadal climate information in Africa so
as to ensure uptake and appropriate use. The discussion,
therefore, brings to the fore the need for the recognition
of the increasing importance and role of decadal climate
information vis-a-vis decision making towards resilient
and adaptive small-scale farming systems in Africa.

P-1104-09

Drias, the futures of climate: a service for
the benefit of adaptation

JM. Soubeyroux (1) ; P. Josse (2) ; R. Vautard (3) ; C. Pagé
(4) ; S. Planton (5)

(1) Météo-France, Dclim, Toulouse, France; (2) Météo France,
Direction de la Climatologie et des Services Climatiques,
Toulouse, France; (3) Laboratoire des Sciences du Climat et
de I’Environnement, Saclay, France; (4) CERFACS, Toulouse,
France; (5) Météo-France, CNRM, Toulouse, France

The project Drias for ‘Deliver Regional climate scenarios for
Impacts and Adaptation of our environment and Society’
was built with the basic idea that a facility was now needed
for climate information delivery. Drias was funded by the
Management and Impact of Climate Change programme
of the French Ministry for Sustainable Development. It

focuses on existing French regional climate projections
obtained from national modelling groups: IPSL, CERFACS,
and CNRM and was coordinated by the Department
of Climatology at Météo-France, which is in charge of
climatological operations and services

The resulting portal, opened in 2012, offers easy access
to data and products, including a quick-look discovery,
as well as the associated expertise to facilitate impact and
adaptation studies:

- Several greenhouse gas emission scenarios, using
different regional climate models and downscaling
methods, because it is critical that users work with the
idea that climate projections have to be addressed in a
probabilistic mode

- Standard formats, easy access, quick looks and simple
products for a wide range of users, baring in mind that
many communities do not share the technical skills of
climate modellers

- Expertise and guidance, especially addressing the
various sources of uncertainty, and promoting best
practices and know-how - one of the first requirements
of users, as shown in every user needs survey.

The Drias web portal comprises three main areas: Delivery,
Support, and Discovery. The Discovery area contains
general information for a wide range of people, allowing
them to grasp climate scenarios and visualize outputs. In
the Support area, a range of documents is offered to help
users make the best use of available climate information
(glossary, description of methods and climate models,
frequently asked questions). A hotline mechanism involving
experts is also implemented at this level. The Delivery
area enables users to order, in digitized format, data and
products they have identified in the Discovery area.

A user committee was created at the beginning of the
pro{ect, to help define effective and strategic needs,
evaluate prototypes using beta testers, validate the choices
made by the project team, and ensure that Drias will
continue to meet user’s expectations.

Drias is positioned at the interface between actors. A
layer of intermediate users - or translators - is appearing
in the form of engineers from the meteorological service,
or from private companies already deploying activities in
the field of environment, or climate experts ?lired by local
organizations.

The partnerships around Drias must also be highlighted.
Nothing could be done without the research groups or the
meteorological service. A strong tribute must be paid to the
governing bodies that have supported the initiative, and
have placed it high on the agenda at the ministerial level,
making Drias one of the most prominent actions of the
French National Plan for Adaptation.

New indices, dataset and other enhances have been gradually
introduced for the last three years, with confidence intervals
instead of the single scenario originally, results of impact
studies on water resources (ClimSec project) and more
recently with the newest regionalized scenarios for France,
based on the ‘Representative Concentration Pathways.

But can we say that we are on the right track? Will our co-
citizens be more convinced because such facilities are now
in place? Undoubtedly there are many aspects of the human
conscience that must be activated in order to reach the
appropriate level of commitment regarding climate change.
The real challenge for climate services may also appear in
the training and education arena, and definitely has to deal
with a wide range of human and political sciences.

P-1104-10

Climate Information for Public Health in
Africa in the context of Climate Change
Adaptation

M. Thomson (1) ; P. Ceccato (1) ; A. Woyessa (2) ; T. Dinku
(1); S. Connor (3)

(1) International Research Institute for Climate and Society,
Columbia University, New York, United States of America; (2)
Ethiopian Public Health Institute , Department of bacterial,
parasitic & zoonotic diseases research, Addis Ababa,
Ethiopia; (3) Liverpool University, Geography, Liverpool,
United Kingdom




Climate impacts on health are well established. Building
climate smart and resilient communities is therefore
essential in the face of climate variability and change.
Climate information can play a role in helping societies
to better manage health risks brought about by climate
variability and change. However, for climate informed
health decision-making to become an everyday reality,
a broad coalition of partners focused on improved health
adaptation and mitigation strategies is essential.

This paper describes the approach taken at the International
Research Institute for Climate and Society (IRI)[1] and its
partners to integrate research, operational applications
and capacity building alongside policy development and
advocacy in the area of climate and health in Africa. The
initial focus of the IRI's health work on the development
of early warning systems for climate-sensitive diseases
(for example malaria and meningococcal meningitis)
was built upon the institute’s applied research capacity
in seasonal climate forecasting. However, over time, the
agenda has broadened in response to articulated user
needs for information on the past, present and future
climate to also better understand the mechanisms b
which climate impacts on disease, map populations at ris
both geographically and by season, develop early warning
systems, better understand trends in disease incidence
associated with climate shifts and improve the evaluation of
the impacts of climate-sensitive interventions.

Central to IRI's experience throughout has been a keen
awareness that climate information and products, in Africa
as elsewhere, must be relevant to the health community
and development partners and reflect prioritized needs
within political and donor processes, while also offering
innovations grounded in relevant and reliable observational
data obtained through effective, efficient, credible and
transparent means. The relevance of this approach to
infectious disease, health outcomes of disasters and
nutrition will be presented.

[1]1IRI is a WHO/PAHO Collaborating Center for Malaria Early
Warning and Other Climate Sensitive Diseases.

P-1104-11
Using agro weather tool for enhanced

productivity under climate change and
variability by communities in Kenya

J. Wamari (1)

(1) Kenya Agricultural and Livestock Research Organization,
National Agricultural Research Laboratories, Nairobi, Kenya

The farming communities in Kenya produce 65% of
Kenya’s exports and offer employment to 80% of the
population therefore ensuring food security. A survey
from three counties of Machakos, Nakuru and Kakamega
predominantly growing Maize-Beans-Pigeon peas, Maize-
Beans-Irish potatoes and Maize-Beans-Sweet potatoes
respectively showed heavy reliance on rainfall (>90). These
rains have however become increasingly variable spatially
shattering for example the average maize yields of 3.1,
10.4 and 5 bags-1 acre at the respective sites. Spatial
and temporal changes of seasonality under climate change
and variability call for changing methods to maintain these
cropping systems and alternative varieties and agronomic
practices as adaptation strategies for sustainable realization
yield variations.

The information required by these communities need to
be accurate and timely and manageably packaged and
presented in easily interpretable and understandable
manner. It should additionally factor indigenous knowhow
and include insurance possibilities to enable confidence in
its utility. An agro-weather tool using the mobile phone
owned by a majority of rural folk jointly developed for
this purpose. It involved collaboration with World Bank
as development partner, Government of Kenya lead-
departments of agriculture and meteorology, mobile line
service provider Safaricom and local agro-dealers targeting
5000 households in its pilot phase and was successfully
unveiled for Embu County in 2014. The tool targeted coffee
and tea as cash crops and maize and beans subsistence
crops dominantly grown in this county and is scheduled for
up-scaling in other areas.

Beneficial information relayed included daily, weekly and
seasonal forecasts, possible disasters, climate stress severity
with direct and indirect severe impacts on crop production.
It also offered interventional measures of suitable varieties
and their productivity potential and appropriate farming
activities to be undertaken to reduce, adapt and/or mitigate
the negative impacts related to weather and climate.

The use the tool will be out scaled to other counties but also
for pastoral communities who will require weather-related
information on areas of depressed rainfall, periods of
availability, frequency/resurgence of pastures/forage and
the likely occurrence of killer diseases and environmental
degradation. Also necessary is weather information that
would cause floods/drought that would drown/kill livestock
and potential benefits of using alternative methodologies.

1105a - Assessing climate observations

ORAL PRESENTATIONS

K-1105a-01

Space-based Climate Observing systems

S. Briggs (1) ; JL. Fellous (2) ; P. Lecomte, (1) ; P. Ultré-
Guérard (3) ; A. Ratier (4) ; J. Bates, (5)

(1) European Space Agency, Harwell, United Kingdom;

(2) COSPAR, Executive Director, Paris, France; (3) CNES,
Dps/tec/d, Paris, France; (4) EUMETSAT, Director general,
Darmstadt, Germany; (5) NCDC, Ashville, United States of
America

The Clobal Climate Observing System (GCOS) provides a
framework for the coordination of observations in support
of the UNFCCC. The 2003 GCOS Adequacy report to
UNFCCC SBSTA introduced the concept of Essential Climate
Variables, variables which were considered fundamental
to the understanding and reporting of climate. These
were updated in the GCOS 2010 Implementation Plan,
and currently comprise a list of some fifty variables.
A satellite supplement focussing on the needs of the
climate community for observations from Earth observing
satellites was produced by GCOS in 2011, and this forms
the basis for the current support of space agencies to
GCOS. The Commite on Earth Observation Satellites (CEOS)
has formally responded ot his with a document published
in 2012. Satellite observations are critical for about two
thirds of the fifty ECVs. In addition, the Committee on
Space Research (COSPAR) has sponsored a roadmap study

Ec(u)rzlntegrated Earth System Science in the period 2015-
5.

This paper will describe briefly the status of the GCOS
and highlight the needs for satellite data which derive
from it. An overview of current Earth observion satellite
systems will be given, together with an analysis of how
these contribute to the provision of the ECVs. Examples of
satellite observations and key derived products for climate
will be given.

K-1105a-02
Climate Observing Systems: Where are we
and where do we need to be in the future

C. Baker (1)

(1) NOAA, Oar/arl/atdd, Oak Ridge, TN, United States of
America

Climate research and monitoring requires an observational
strategy that blends long term, carefully calibrated
measurements as well as short-term, focused process
studies. Operating climate observing networks and
providing climate services, have a significant role to
play in assisting the development of national adaptation
policies and in facilitating national economic development.
Climate observing systems will require a strong research
element for a Iona time to come. This requires improved
observations of the state variables and the ability to set
them in a coherent physical (and chemical and biological)
framework with models. Climate research and monitoring
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requires an integrated strategy of land/ocean/atmosphere
observations, including both in situ and remote sensing
platforms, and modeling and analysis. It is clear that we
still need more research and analysis on climate processes,
sampling strategies, and processing algorithms.

K-1105a-03

Sea Level, an Essential Climate Variable
and an integrator of climate change

A. Cazenave (1) ; M. Ablain, (2) ; JF. Legeais (3) ; B.
Meyssignac (1)

(1) CNES, LEGOS, Toulouse, France; (2) CLS, DOS, PMC,
Ramonville St Agne, France; (3) CLS, Space Oceanography
Division, Ramonville St Agne, France

Sea level is an important climate variable and a
major indicator of climate change. In effect, sea level
integrates changes and interactions of all components
of the climate system (ocean, atmosphere, cryosphere,
hydrosphere); it varies globally and regionally in response
to internal climate variability and external -natural and
anthropogenic- forcing factors. Sea level is one of the
50 Essential Climate Variables (ECVs) defined by the
Global Climate Observing System for climate change

1105b - Quality and availability

K-1105b-01

Parameterisation, ground-truthing and
benchmarking: the importance of in-situ
data for global sustainability

S. Harrison (1)
(1) University of Reading, Reading, United Kingdom

Many key aspects of the global system can only be
measured in-situ. In-situ measurements are required
for ground-truthing remotely-sensed products. More
importantly, they are vital for developing process-
based models and individual model parameterisations.
Furthermore, in-situ measurements are used as
benchmarks for model evaluation, including the historical
and palaeoclimate observations used for out-of-sample
model testing. Problematic features of in-situ data include
being collected by individuals, using different and evolving
methods, and often the same type of data is collected for
different purposes. Thus, key steps in using such data
are documentation, harmonization and synthesis. There
has been considerable progress in creating unified data
sets of in-situ measurements, but more effort is required
specifically in terms of data rescue, data documentation,
communal access and data stewardship. Given the utility
of in-situ data in developing and evaluatin? models that
are used to predict the likely trajectory of future climate
and environmental changes, organisations such as the
World Data Service and Future Earth need to provide
attention to and support for data rescue, synthesis and
sustainability of in-situ data.

K-1105b-02

Future Earth data and information needs

H. Mario (1) ; D. Ojima (2)

(1) Future Earth Engagement Committee, Future earth,
Geneva, Switzerland; (2) Colorado State University and Future
Earth US Hub, Natural Resource Ecology Laboratory, Fort
Collins, United States of America

Future Earth has been set up as a platform to deliver
solution-orientated research for sustainability, linking
environmental change and development challenges to
satisfy human needs for food, water, energy, health. This
will require an effective interdisciplinary collaboration
across natural and social sciences, humanities, economics,
and technology development, to find the best scientific
solutions to multi-faceted problems. The main aim
is to provide timely information for policy-makers by
generating the knowledge that will support existing

monitoring and one of the 15 ECVs accurately measured
from space within the ESA Climate Change Initiative (CCl)
project. While sea level is routinely measured by high-
precision satellite altimetry since 20 years, providing a
long, homogeneous and accurate sea level record using
all altimeters satellites in orbit is the objective of the
CCl ‘Sea Level’ project. This allows addressing major
issues related to climate change and sea level (e.g., how
much is the global mean sea level currently rising? Has it
accelerated during the 20th century? Can we close the sea
level budget? What are the factors causing non uniform
sea level change? Are observed spatial trend patterns due
to internal climate variability only or can we already detect
the signature of anthropogenic forcing?, etc.). The sea
level products already obtained in the context of the CCl
project have been Proved to be superior to other existing
products and are of great value for climate change studies.
Moreover, combining different CCl-based ECVs (e.g.,
glaciers and ice sheet mass balances, in addition to the
sea level ECV) plus Argo-based ocean thermal expansion
leads to better closure of the sea level budget, allowing
addressing important new issues, such as the amount
of deep ocean warming (not measured by Argo) and its
role in the present ‘hiatus’. Finally, such long, accurate
new ECV records are essential to validate climate models
used to simulate future changes expected in response to
anthropogenic global warming.

of data for global sustainability

and new global and regional integrated assessments.
Therefore the main stakeholders are a heterogeneous
group of researchers (all scientific disciplines) and policy-
makers, all of them working jointly in co-designing and
co-producing research agendas and knowledge. One
particular priority is in developing countries, mainly in
support to the Sustainable Development Goals (SDGs).

Recent advances in data collection and analysis provides
a unique opportunity to observe, detect and analyze the
earth dynamics at multiple scales and across interacting
social ecological system processes. This data explosion
has emerged through advances in remote sensing,
citizen science networks, and census efforts. These data
are being used in ways to enhance our understanding
and to inform management decisions on ways to reduce
the impact and reducing the harmful consequences and
enhancing opportunities as they arise. This information
era has benefits to food and water management, response
to hazard, forecasting of weather and extreme events,
alerting communities of dangers associated with plumes
of pollutants, and detecting the presence and movement
of rate and sensitive wildlife on land and in the seas. A
variety of biophysical and social-economic data sets
and observations are available and through coordinated
integration Provide additional knowledge of the state and
transition of social-ecological systems across the globe in
order to better inform decision makers.

Such a very ambitious goal requires a wide range of data
and information. Jointly with data, it also requires the
expert knowledge networks associated with such data. The
main challenge is for each individual scientific discipline,
to further add value to their data and to re-packaged it,
so that it can be understandable, usable and integrated
with the data coming from all other disciplines and what is
more important accessible to decision makers.

Future Earth hopes to initiate a suite of activities, such as:

- Data inventory, integration, harmonization and experts
networks of data-knowledge to support Sustainable
Development

- Co-development of data harmonization to facilitate

integration of social-biophysical data to derive
information in support of transformations toward
sustainability

- Assessing data and information needs, and data use in
support to the UNFCCC Adaptation activities

Enhancing capacity to enable the flow of interdisciplinary
science in support of the decision making process
(resilience, water management, sustainable development).




0O-1105b-01

Developing Indicators to Support Climate
Adaptation and Sustainability Decision
Making

R. Chen (1) ; A. De Sherbinin (1) ; M. Levy, (1)

(1) Columbia University, CIESIN, Palisades, NY, United States
of America

Every day, decision makers ranging from individuals
to governments make important decisions based on
composite economic and social indicators on topics such
as unemployment, inflation, trade, debt, and prices. These
indicators reflect the shared understanding that our global
economy is a very complex, interconnected system that
operates on multiple temporal and spatial scales. Yet,
even though the global environment is at least as complex
and interconnected as the global economy—and equally
critical to humanity’s survival—the world lacks integrated
indicators of critical environmental systems and climate
change that have the quality, reliability, resolution,
and relevance to support both individual and collective
decision making on both short and long time frames.

We summarize experience to date in developing policy-
relevant environmental indicators at global, national, and
subnational levels and in tackling a range of scientific,
technical, and institutional challenges related to designing
and implementing useful indicators. Despite the growing
diversity and volume of environmental data becoming
available through new technologies, mobilizing and
harnessing this “data revolution” to support sustainability
science and decision making requires careful attention to
user needs, establishment of suitable organizational and
review processes to ensure “buy in” by stakeholders, and
close collaboration with the relevant scientific communities
and observational and data networks.

The ongoing development of a new set of Sustainable
Development Goals (SDGs) and associated targets
provides a unique opportunity to promote the integration
of environmental, socioeconomic, and health data within
a coherent framework of policy-relevant indicators. Such
a framework would not only provide justification for
continued or expanded investment in data collection and
integration, but also a means to prioritize data collection
efforts and improve their efficiency and efficacy. As with
conventional economic indicators, the development
of integrated environmental indicators is also likely to
promote their use in both formal and informal decision
making in both the public and private sectors.

0-1105b-02

Marine community initiatives building
biodiversity data systems and products in
support of global change research

K. Deneudt (1) ; S. Dekeyzer, (1) ; B. Vanhoorne (1) ; L.

Vandepitte, (1) ; S. Claus, (1) ; F. Hernandez, (1)
(1) VLIZ - Flanders Marine Institute, Oostende, France

Global change research requires high quality and readily
available biodiversity datasets that are standardized
based on internationally accepted standards and can
easily be used in integrative analyses that transcend
geographic or administrative boundaries. The marine
biodiversity community is progressively organizing itself
to offer advanced data services and high quality data
products. Diverse aspects of this work are ongoing in the
framework of initiatives like the World Register of Marine
Species (WORMS), the Ocean Biogeographic Information
System (OBIS), the European Marine Observation Network
biological (EMODNet Biology) project and the LifeWatch
European Research Infrastructure on biodiversity and
ecosystem research.

The World register of Marine Species is an authoritative
list of names of marine organisms. The content of WoRMS
is controlled by more than 200 taxonomic experts, each
of them responsible for a specific taxonomic group. The
register currently holds over 419,000 species names
described in literature worldwide, of which 190,400 (45%)
were deemed duplicate identities. The register is a key
instrument in biodiversity research, as it is used on a daily
basis for taxonomic standardization and quality control of
biological research and monitoring datasets.

The Ocean Biogeographic Information System is a network
of OBIS nodes integrating biogeographic information for
marine organisms on a global scale. Individual nodes
contribute local or thematic datasets to the global system
after standardizing these data based on OBIS and Darwin
Core data schemas. OBIS holds 41.93 million distribution
records of marine organisms from over 1,700 individual
datasets.

In the framework of the LifeWatch taxonomic backbone
and the EMODNet biology project large scale efforts are
being initiated to collect species traits information and link
this ecological attribute information to WoRMS and OBIS.
These recent developments allow the creation of specific
tools that have large potential for supporting applied
global change research. An example is the World Register
of Introduced Species, a newly launched portal that in
its current state already lists over 1,400 introduced and
invasive alien marine species worldwide, compiled through
study of over close to 2,500 publications and collaboration
with related international initiatives. In the framework of
EMODnet a series of DIVA interpolated gridded abundance
maps is being created for selected species reconstructing
remarkable distribution patterns over time.

The generated data products are of direct relevance to
global change studies on aspects like species distribution
shifts, species extinction and migration, exploitation of
ocean ecosystems and fish stock collapse, etc...

0-1105b-03
Multi-Disciplinary Framework for BioEner-
gy Assessment

W. Hugo (1)
(1) ICSU-WDS, SAEON, Western Cape, South Africa

The BioEnergy Atlas for South Africa is the result of a
pr?j'ect funded by the South African Department of Science
and Technology, and executed by SAEON/ NRF with the
assistance of a number of collaborators in academia,
research institutions, and government.

Bioenergy assessments have been characterized in the past
by poor availability and quality of data, an over-emphasis
on potentials and availability studies instead of feasibility
assessment, and lack of comprehensive evaluation in
competition with alternatives - both icompeting bioenergy
resources and other renewable and non-renewable
options. The BioEnergy Atlas addresses some of these
deficiencies, and identi%es specific areas of interest where
future research and effort can be directed.

We develop an approach that successively constrains
biomass that is potentially available with environmental,
social, financial, technical, and economic constraints,
leading to an objective selection of appropriate feedstocks,
land aﬁocation, techology, and feasible projects for detailed
investigation. We discuss methodology, availability of
biomass and potentials, and the feasibility results of
four case studies in respect of biomass application: (1)
co-firing of woody biomass for electricity generation;
(2) use of oil-bearing crops for biodiesel producion, (3)
applications for organic components of domestic solid
waste and wastewater; and (4) use of woody biomass as a
feedstock for an existing GTL refinery.

Findings include

- Availability is not a fixed quantum. Availability of
biomass and resulting energy products are sensitive
to both the exclusionary measures one applies (food
security, environmental, social and economic impacts)
and the price at which final products will be competitive.

- Availability is low. Even without allowing for feasibility
and final product costs, the availability of biomass is low.

- Waste streams are important. There are significant waste
streams from domestic solid waste and sewage, some
agricultural production, and commercial forestry.

- Rural firewood use is problematic. This is a significant
resource, plays a large role in the energy budget of poor
and rural households, and current use means that it will
have little impact on the GHG emissions balance.

- Process technologies are not all mature, cost-competitive
or efficient: We have investigated 52 different process
technologies in respect of costs, economy of scale,
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energy efficiency, greenhouse fgas emission and job
creation impacts, and maturity of technology.

- Solutions are probably ‘packages’. One has to balance the
diversity of available resource streams and processing
technologies against the need to focus resources on
development of critical mass (workforce skills, support
industries, expertise). Combining feedstocks and
aligning with other government initiatives or subsidies
can achieve such critical mass more easily.

- Solutions must be robust in future too. Feasibility
studies that focus on the current situation only ignore
the fact that future sustainability is strongly dependent
on assumptions on relative economic growth (influences
household and industrial energy consumption, and
the limiting cost for energy), cost of capital and
inflation (affects choices of labour- or capital-intensive
industries), exchange rates and fossil fuel prices (huge
effect on selection of alternatives).

- The most promising biomass source is medium-term
mining and eradication of invasive alien plants, but this
source is limited in time and, if exploited as proposed,
will not be available after about 20 years.

There is a need to focus research and development efforts
in respect of specifc technology/ feedstock combinations
hat show future promise.

0-1105b-04

Soil data harmonisation and geostatistical
modelling efforts in support of improved
studies of global sustainability

N. Batjes (1) ; B. Kempen (1) ; J. Leenaars (1) ; R.
Vandenbosch (1)

(1) ISRIC - World Soil Information, Wageningen, Netherlands

Future Earth and other large international research and
development programmes aim to provide the scientific
evidence base required for developing into a sustainable
future. Soil, which is an important provider of ecosystem
services, remains one of the least developed data layers
in global land models and uncertainties are large. In this
context, there is a pressing need for improved, quality-
assessed soil information at multiple scale levels. ISRIC -
World Soil Information, in its capacity of World Data Centre
for Soils within the ICSU World Data System, is developing
inter-operable web-based facilities aimed at facilitating
collaborative soil mapping. The Global Soil Information
Facilities (GSIF) provide a global spatial framework for
collating, standardising resp. harmonising, and analysing
soil data profile obtained from disparate sources. At
present, the facility includes a 3D soil information services
for the world at 1 km resolution (SoilGrids1km), which
draws on analytical data for some 100,000 soil profiles
and over 70 co-variate layers representing soil-forming
factors. Global regression models were used to predict
values (mean and 90%-confidence interval) for selected
soil attributes (e.g. soil pH, clay content, bulk density,
and organic carbon content) for six depth intervals up
to a depth of 2 meter. Cross-validation for the initial
run showed prediction accuracies of 23%-51%, which
is promising. Being based on reproducible automated
procedures, the geo-statistical predictions are improved
on a regular basis. New releases will consider a larger
complement of harmonised soil profiles for the World,
as collated and shared for example within the broader
collaborative framework of the Global Soil Partnership
(GSP), as well as more advanced geo-statistical approaches
that may be targeted at specific agro-ecological regions.
Confidence limits generated by the SoilGrids model
may be used to assess the impact of uncertainty in soil
property predictions (means) during scenario/model
testing — data are freely available for visualization and
download at http://soilgrids.org. The SoilGrids procedure
has already been applied at various resolutions, depending
on specified user needs. For example, a 250m product in
support of agricultural planning in Africa versus a 50 km (or
0.5 by 0.5 arc degree) product for Global Land Models that
underpin IPCC-related assessments. Further, development
of the overall system is already catalysing institutional
collaboration and data sharing. Capacity building and
collaboration with (inter)national soil institutes around
the world on data collection and sharing, data screening
and harmonisation, mappin and the subsequent
dissemination of the derived information will be essential
to create ownership of the newly derived soil information

as well as to create the necessary expertise and capacity
to further develop and test the system worldwide. The
system can also be used as the basis for a distributed
system, where national soil institutes build and provide
standardised databases and digital soil maps for their
respective regions, which can then be ‘combined’ with the
SoilGrids—derived information to arrive at a product with
lobal coverage and local ownership, possibly within the
ramework of the Global Soil Partnership.

0-1105b-05

Supporting Climate Science with Cryosphe-
ric Data from the National Snow and Ice
Data Center DAAC

B. Johnson (1) ; S. Tanner, (1) ; A. Leon, (1)

(1) National Snow and Ice Data Center, NSIDC DAAC, Boulder,
CO, United States of America

Global satellite observations are central to understanding
and monitoring our climate system. The physical processes
operating in the Earth’s cryosphere and their interactions
with climate are tightly coupled. A change in one of its
component will drive change in another. To improve our
understanding of how a changing climate may drive these
changes and how feedback processes in the cryosphere
affect climate requires continuation of long-term satellite
observations, intensive field and airborne campaigns and
new ways to analyze observational data and to integrate
them with large-scale Earth system models. Polar science
has historically involved interdisciplinary research
programs, and the collection and management of large,
diverse data sets.

The National Snow and Ice Data Center (NSIDC) at the
University of Colorado at Boulder is a primary archive for
snow and ice data in the United States. NSIDC’s mission
is to improve understanding of the Earth’s frozen realms.
This includes floating sea ice, lake ice, glaciers, ice sheets,
snow cover, and frozen ground, collectively known as the
cryosphere. The NSIDC Distributed Active Archive Center
(DAACQ) is one of NASA’s Earth Observing System Data
and Information System (EOSDIS) Data Centers archiving,
documenting, and distributing data from NASA’s Earth
Observing System (EOS) satellites and field measurement
programs. NSIDC DAAC data management involves activity
at all stages of the data lifecycle, from planning through
acquisition, preservation, publication, and distribution. A
key goal for NSIDC is to meet our data user needs in a
way that facilitates data use. This is accomplished through
improvements in data inter-operability, usability, data
searching, and visualization and analysis tools.

0-1105b-06

The World Data Service at the University of
Colorado Boulder and National Snow and
Ice Data Center: Data and services suppor-
ting science

L. Yarmey (1) ; R. Duerr (1)

(1) WDS-CUB National Snow and Ice Data Center, Boulder,
CO, United States of America

The World Data Service at the University of Colorado
Boulder (UCB) led by the National Snow and Ice Data
Center (NSIDC) is a leader in connecting data and science.
These connections are built through targeted programs
brought together under the NSIDC umbrella categorized
into three high-level categories: curated data products,
research partnerships, and cyberinfrastructure research
and development:

The 432 datasets in the WDS-UCB/NSIDC catalog include
some of the most popular and visible datasets at the Data
Center, for instance the NOAA/NSIDC Climate Data Record
of Passive Microwave Sea Ice Concentration as well as
decades-long sea ice extent, concentration, and thickness
time-series. The Frozen Ground Data Center at WDS-UCB/
NSIDC is in the process of being updated and integrated
with the new Global Terrestrial Network for Permafrost
system. In-situ field data such as from the Snow Data
Assimilation System (SNOWDAS) are available alongside
products such as the MODIS Mosaic of Antarctica Image
map. All of the digital datasets are augmented by critical
legacy data often in analog form, for instance the global
Glacier Photo collection as well as many resources from



the rich history of the International Geophysical and Polar
Years.

Ensuring a strong connection with not only scientists in
both the data contributor and data re-user roles, but also
the general US public and indigenous Arctic communities,
WDS-CU researchers maintain tight partnerships with
stakeholder communities.  The Exchange for Local
Observations and Knowledge of the Arctic (ELOKA)
program has spent years %uilding relationships that
support and connect Community-Based Monitorin
programs embedded in Arctic communities with eacﬁ
other and with environmental scientists. Projects looking
to document sea ice knowledge, partner WDS-UCB/NSIDC
researchers with shipping operations, Arctic community,
and semantic experts to map understandings and advance
understanding across different perspectives. A growing
Arctic social science data program at WDS-UCB/NSIDC
reaches out to another domain community to expand
interdisciplinary context and participation in data sharing
efforts. Connecting WDS-NSIDC resources to stakeholder
communities requires clear communication and a shared
understanding of use cases and stakeholder needs. An
emphasis on usability work with website interfaces has
improved connections and communication of content.

Supporting and leveraging both the management of
well-described data holdings and tight connections with
partners and stakeholders, WDS-UCB/NSIDC maintains
a strong cyberinfrastructure research and development
focus. Expertise in metadata and data brokering enables
distributed data search and has been showcased in diverse
venues over recent years. Web crawling for science data
of relevance moves the community closer to ubiquitous
data discovery. Once relevant data are found, reading and
analysis tools support data use and integration for new
scientific discoveries.

All of these targeted programs and more come together
under the virtual umbrella of the WDS-UCB/NSIDC. Active
participation in the WDS community and connections to

the many aligned WDS activities and systems are key to
advancing our common vision.
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WDC - Solar Activity/BASS2000

J. Aboudarham (1) ; X. Bonnin (1)
(1) Observatoire de Paris, LESIA - OV Paris, Meudon, France

The understandinf; of space weather, solar-terrestrial
relationship as well as the possible correlation with Earth’s
climate and solar activity is related to the possibility to
study long-term behaviors. World Data Centre for Solar
Activity BASS2000 (http://bass2000.obspm.fr) provides
added-values on solar activity that can be used for such
studies. It provides daily observations of the Sun for about
20 years, and older images, starting in 1919 are currently
digitalized.

Moreover, in collaboration with the European HELIO project,
a features catalogue has been developed giving detailed
information on various solar and heliospheric features
(filaments, prominences, sunspots, active regions, coronal
holes, radio sources, type Il bursts) for near 20 years also
for some of them. And previous data have been digitalized
from tables obtained from the Synoptic Maps of Solar
Activity since 1919. When the insertion of those data in
the features catalogue will be done, nearly one century of
data will be available, providing the longest time signature
of Solar activity, with around 8 solar cycles available.

P-1105-02

The role of the GCOS Reference Upper-Air
Network (GRUAN) in climate research
(G_S.)Bodeker (1) ; M. Sommer (2) ; R. Dirksen, (2) ; P. Thorne,

(1) Bodeker Scientific, Alexandra, New Zealand; (2) Deutscher
Wetterdienst, Lindenberg, Germany; (3) Maynooth University,
Department of geography, Maynooth, Ireland

Measurements of primary state variables of the troposphere
and stratosphere (primarily temperature, water vapour and

pressure) are typically made to provide the input required
by numerical weather prediction models. These same
measurements then also constitute the primary source
for meteorological reanalyses and climate analyses. The
balloon-borne, ground-based and satellite-based systems
used to make these measurements often undergo changes
in instrumentation, data processing methods, retrieval
techniques, and calibration. These changes are often
poorly documented and very seldom are measurement
series reprocessed to ensure long-term homogeneity of
the climate data record. Such unphysical discontinuities
in measurement can lead to deterioration of the quality
of meteorological reanalyses. To address this specific
deficiency of the global climate monitoring network, WMO
and GCOS called for the establishment of a new state-
of-the-art global network of high quality measurements
of essential climate variables in the upper atmosphere,
through the 2004 GCOS Implementation Plan (GCOS-92).
The establishment of GRUAN (GCOS Reference Upper-
Air Network) is now underway and sites are providing
reference quality measurements that adhere to GRUAN
operating protocols.

This presentation will provide an overview of the
achievements of GRUAN to date as summarized in Bodeker
et al. (in press 2015). It highlights:

the protocols that have been established to ensure that
measurements are of reference quality;

what measurement systems are (and will be) operating
at GRUAN sites;

what data products are expected to flow from those
systems;

the data currently flowing from GRUAN sites, technical
advancements within GRUAN to meet the needs of user
of GRUAN data products; and

research that has been conducted in support of GRUAN
operations.

A network expansion workshop held in June 2012
provided a scientific context for the expansion of GRUAN
and this presentation will include an update on how the
outcomes of that workshop have guided GRUAN expansion
to date. The goal of GRUAN is not only to produce long-
term, carefully calibrated measurements with well-defined
measurement uncertainties, but to also produce high
quality data suitable for focussed process studies. How
GRUAN balances operational and research goals will be
included in the presentation. A key user of GRUAN data is
the satellite calibration and validation community. Progress
within GRUAN to meet the needs of this community will
also be addressed. The presentation will finish with an
overview of the challenges that GRUAN faces and plans for
overcoming those challenges.

References

Bodeker, G.E.; Bojinski, S.; Cimini, D.; Dirksen, R.J.;
Haeffelin, M.; Hannigan, J.W.; Hurst, D.F.; Leblanc, T.;
Madonna, F.; Maturilli, M.; Mikalsen, A.C.; Philipona, R.;
Reale, T.; Seidel, D.J.; Tan, D.G.H.; Thorne, P.W.; Vomel,
H. and Wang, J., Reference upper-air observations for
climate: From concept to reality, Bull. Amer. Meteor. Soc.,
2015.

GCOS-92, Implementation plan for the global observing
syéstem for climate in support of the UNFCCC.WMO/TD No.
1219, 2004.
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A Climate Observatory in South West
Indian Ocean: The Maido Observatory in La
Réunion. Current achievements and Future
Prospects

JP. Cammas (1) ; C. Barthe (2) ; E. Blanc (3) ; C. Brognez (4) ;
A. Colomb (5); V. Duflot (1) ; P. Goloub (4) ; A. Hauchecorne
(6) ; N. Kaempfer (7) ; P. Keckhut (8) ; G. Payen (1) ; T.
Portafaix (2) ; F. Posny (2) ; M. Ramonet (9) ; J. Sciare (9) ;
K. Sellegri (5) ; P. Tulet (2) ; F. Vimeux (9) ; DBJ. Leclair () ;
MM. De (10)

(1) CNRS & Universite de La Reunion, OSU-Reunion, Saint
Denis de la Reunion, France; (2) CNRS & Université de La
Réunion , Lacy, Saint Denis de la Réunion, France; (3) CEA,
DASE, Arpajon, France; (4) CNRS and Université de Lille, Loa,
Lille, France; (5) CNRS and Université Blaise Pascal, Lamp,
Clermont-Ferrand, France; (6) CNRS, Latmos, Guyancourt,
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France; (7) University of Bern, Institute of applied physics,
Bern, Switzerland; (8) LATMOS-IPSL, Guyancourt, France; (9)
CNRS and Université de Versailles Saint Quentin, Lsce, Gif Sur
Yvette, France; (10) IASB / BIRA, Institut d’aéronomie spatiale
de belgique, Brussels, Belgium

Observatories of the climate system are essential to assess
future climate predictions that are central and fundamental
requirements  for determining future  mitigation
strategies. Such observing platforms are very few ones
in the tropical southern hemisphere. CNRS, Université
de La Réunion, Région Réunion and the European FEDER
program support together the construction of a high-
altitude observatory which is operational since October
2012 in La Réunion (South West Indian Ocean, 2160 m
asl, latitude 21°S, longitude 55°E). The Maido observatory
takes over from its predecessor programs at sea level
over the island who started long-term observation data
of atmospheric chemical composition since 1994. The
Maido observatory is an ideal platform to sample the
atmosphere with different techniques (in-situ analysers,
radiosoundinfg, passive and active remote sensing) and
to record surface measurements and vertical profiles from
ground to the mesosphere over a subtropical latitude
and poorly sampled by other international programs.
The Maido observatory hosts lidars, one UV spectrometer,
one radiosonding station, FTIR spectrometers, microwave
radiometers, one lightning antenna, cameras, one GNSS
station, microbarometers, etc. These devices sample many
atmospheric parameters (e.g., meteorological parameters,
reactive and greenhouse gases, aerosols, lightning and
transient luminous events, infrasounds, etc). Part of
this very extensive range of instruments is approved and
belongs to international networks like NDACC (Network
for the Detection of Atmospheric Composition Change),
SHADOZ (Southern Hemisphere ADditional OZonesondes),
TCCON (Total Carbon Column Observing Network),
and WWLLN (World Wide Lightning Location Network).
In-situ analysers regroup measurements of reactive
and greenhouse gases, and aerosols measurements
approved by or applying to networks like GAW/WMO
(Global Atmospheric Watching / World Meteorological
Organization), ICOS (Integrated Carbon Observing System).
The Maido observatory is currently the only way to provide
re%ular remote and in-situ atmospheric observations at
subtropical latitudes and at high resolutions (seconds in
time, few tenths of meters vertically) over a marine-remote
region poorly sampled by other programs. It provides
data for users in science and policy including air quality
forecasting, verification of CO2 emissions and Kyoto
monitoring, numerical weather prediction, and validation
of global chemical transport model, global climate chemical
model and satellite products. Since its participation in
on-going European projects (NORS, ACTRIS-2, ARISE-2),
and thanks to the start of delivery of data in near real
time, the Maido observatory will largely contribute to the
Copernicus Atmosphere Monitoring Services (CAMS). The
Maido observatory is open to transnational access thanks
to its participation in european programmes like ACTRIS-2
and ENVRIplus. This presentation will give an overview
of results achieved so far and a number of highlights to
illustrate the promise Maido observatory data hold for the
future, allowing new applications and analysis for a broad
community of users.

P-1105-04

Satellite-derived aerosol climate data
records in the ESA Aerosol_cci project

G. De Leeuw (1) ; T. Holzer-Popp (2) ; S. Pinnock, (3) ; G. De
Leeuw (4)

(1) FMI & UHEL, Climate Research / Physics, Helsinki,

Finland; (2) DLR German Remote Sensing Data Center (DFD),
Oberpfaffenhofen, Germany; (3) European Space Agency
(ECSAT), Esa climate office, Harwell, Oxfordshire, United
Kingdom; (4) fmi, Climate research, Helsinki, Finland

Within the ESA Climate Change Initiative (CCl) project
Aerosol_cci (Phase 1: 2010 -2014; Phase 2: 2014-2017)
intensive work has been conducted to improve algorithms
for the retrieval of aerosol information from European
sensors ATSR-2 (ERS-2), AATSR (3 algorithms), MERIS
(3 algorithms), synergetic AATSR/SCIAMACHY, GOMOS
(all on ENVISAT), PARASOL and OMI (EQOS-Aura) (both
part of NASA’s A-Train). Whereas OMI and GOMOS were
used to derive absorbing aerosol index and stratospheric
extinction profiles, respectively, Aerosol Optical Depth
(AOD) and Angstrom coefficient were retrieved from
the other sensors. The cooperation between the project

partners, including both retrieval teams and independent
validation teams, has resulted in a strong improvement of
most algorithms. In particular the AATSR retrieved AOD
is qualitatively similar to that from MODIS, usually taken
as the standard, MISR and SeaWiFS. This conclusion has
been reached by several different ways of validation of the
L2 and L3 products. Using AERONET sun photometer data
as the common ground-truth both ‘traditional’ statistical
techniques and a ‘scoring’ technique based on spatial and
temporal correlations were applied. Quantitatively, the
limited AATSR swath width of 512km results in a smaller
amount of data. Nevertheless, the assimilation of AATSR-
retrieved AOD, together with MODIS data, contributes
to improving ECMWF / MACC climate model results. In
addition to the multi-spectral AOD, and thus the Angstrém
Exponent, also a per-pixel uncertainty is provided and
validated. By the end of Aerosol_cci Phase 1 the ATSR
algorithms have been applied to both ATSR-2 and AATSR
resulting in an AOD time series of 17 years dating back
to 1995.

In phase 2 this work is continued with a focus on the
further improvement of the ATSR algorithms as well
as those for the other instruments and algorithms,
mentioned above, which in phase 1 were considered less
mature. The first efforts are on the further characterization
of the uncertainties and on better understanding of the
cloud screening in the various algorithms. Other efforts
will focus on surface treatment and possible improvement
of aerosol models used in the retrieval. A yearly re-
processing of the full 17-year global ATSR-2/AATSR data
set with three different algorithms is planned to evaluate
the effect of different changes and to monitor further
improvement. A new focus in phase 2 is the production
of a full-mission dataset of dust AOD from IASI with four
different algorithms, which are based on very different
retrieval techniques. A major task within the project is
the first inter-comparison of those IASI dust retrieval
algorithms on the basis of a large set of observations.
For this purpose, one year of IASI observations (2013)
over the major dust belt of the Northern hemisphere,
including the Northern Atlantic Ocean, the Sahara desert,
the Arabian Peninsula as well as the Central Asian desert
regions, will be provided from all four algorithms and
similar retrieval output (visible and infrared AOD, AOD
uncertainty, retrieval quality, cloud flags) is generated in
order to facilitate the comparison of results. Another new
aspect is the production of a diagnostic time series over
four regions in Africa, Asia and North America where other
reference data are sparse, from POLDER (on ADEOS1 and
2) and PARASOL data. The application of the multi-pixel
GRASP algorithm to data from these instruments, which
combine multiple wavelengths and multiple viewing angles
with polarization information is expected to provide an
independent data set as reference for retrieval products
from other instruments with less optimum characteristics
for aerosol retrieval.

An important aspect is the use of the climate data records
(CDRs) produced in the Aerosol_cci project and the
interaction with the user community to further improve
the products. To this end representatives of different user
communities are tasked with applications such as trend
analysis, use of the CDRs in climate modeling, studies on
aerosol-cloud interactions and stratospheric chemistry.
The presentation will summarize the concept and status
of the Aerosol_cci project in both phases and discuss in
particular the achievements regarding the 17 year ATSR
time series and its significance for climate studies in
different parts of the world.

P-1105-05

Expanding the Network of Precise Seawa-
ter Temperature Measurements for Fijian
Coral Reefs

A. De Ramon N’yeurt (1) ; C. Whippy-Morris (2)

(1) The University of the South Pacific, Pacific Center for
Environment and Sustainable Development, Suva, Fiji; (2) The
University of the South Pacific, Institute of marine studies,
Suva, Fiji

As part of the Pacific-wide ReefTEMPS Monitoring Network,
the University of the South Pacific in collaboration with the
South Pacific Integrated Observatory for the Environment
and Terrestrial and Marine Biodiversity (GOPS) and the
Institut de Recherche pour le Developpement (IRD),
deployed for the first time high-precision (+/- 0.002°C)
SBE-56 thermistors in Fiji waters since November 2012,



in order to continuously monitor shallow (-10 to -16
m) seawater temperature for use in climate and tropical
cyclone prediction models. The shallow water thermistors
monitor temperature on a 600-second sampling interval
and are rotated every 6 to 10 months, with the data being
uploaded on the GOPS/ReefTEMPS data portal for free use
by researchers and students. Currently the Fiji monitoring
network consists of 10 sites (both in the lagoon and
outer reef slope) spanning the northermost isolated
island of Rotuma to Kadavu Island in the south. Futher
shallow-water sites to be deployed this year (including the
southernmost Ceva-i-Ra reef) should bring the total to 14.
To date, some 13 datasets representing over 100 months
of continuous seawater temperature monitoring for Fiji
have been obtained in the context of this ongoing project.
Preliminary analysis of the data has shown that the highest
seawater temperatures occur in the months of February
and March, with episodes that can last several days above
29°C, creating favourable conditions for tropical cyclone
generation and also heightening the risk of major coral
bleaching events. Such in-situ data is also essential to
ground-validate data from the Satellite Virtual Station time
series graphs of sea surface temperature (SST) and Coral
Bleaching Degree Heating Weeks (DHW) provided by the US
National Oceanographic and Atmospheric Administration
(NOAA) Coral Reef Watch Satellite Virtual Station in Fiji
(BEFJT -18.5 ° lat, 178.5 ° lon). Over the course of 2015,
the monitoring network will be further expanded in depth,
with a line of thermistors deployed at -55, -75 and -90
m to measure rapid temperature variations, helping to
monitor ENSO effect on the thermocline depth in coastal
areas, with implications for the distribution of fish and
marine invertebrates and the detection of seasonal
upwelling zones of cooler waters that could mitigate coral
bleaching. The deeper sensors, with sampling intervals of
30 to 60 seconds, will also help to monitor rapid variations
in temperature linked to internal waves in Fijian coastal
areas, with implications for the understanding of the deep
transfer of mass, momentum and heat which is critical for
developing more accurate climate models. This would be
the first time such a study is carried out in the Southern
Pacific Ocean.

P-1105-06

Monitoring the Climate of the Upper
Troposphere and Lower Stratosphere with
Radio Occultation Data

U. Foelsche (1) ; B. Scherllin-Pirscher (2) ; J. Danzer, (2) ; F.
Ladstadter (2) ; AK. Steiner (3) ; G. Kirchengast (2)

(1) University of Graz, Institute for Geophysics, Astrophysics,
and Meteorology, Graz, Austria; (2) University of Graz,
Wegener Center for Climate and Global Change, Graz,
Austria; (3) Wegener Center for Climate and Global Change,
University of Graz, Graz, Austria

The Radio Occultation (RO) technique has originally
been developed in the 1960s for the study of planetary
atmospheres and ionospheres. Accurate RO measurements
of the Earth’s atmosphere became feasible in the 1990s,
with the precise radio signals of the GPS satellite system
(guaranteed by on-board atomic clocks). A few hundred
times per day, a satellite in low Earth orbit (LEO) sees one
of the GPS satellites setting or rising behind the Earth’s
horizon. In this “occultation” geometry, the GPS signals
have to pass through the Earth’s atmosphere and they are
characteristically influenced (slowed and bent), depending
on the density of the atmosphere. The respective motion
of the satellites provides a scan through the atmosphere.
Accurate measurements of the change in the GPS signal
(onboard the LEO satellite) therefore allow to reconstruct
the atmospheric density and, subsequently, profiles of
ressure as well as temperature. RO measurements can
e performed during day and night, over oceans and
land, and even inside clouds. During the last few years,
RO measurements have been increasingly used by weather
centers around the globe, and they a surﬁrisingly large
positive impact on the quality of atmospheric analyses
(which are used as starting points for weather forecasts).

RO data a very well suited for climate applications, since
they do not require external calibration and only short-
term measurement stability over the occultation event
duration (1 - 2 min), which is provided by the atomic clocks
onboard the GPS satellites. With this “self-calibration”, it
is possible to combine data from different sensors and
different occultation missions without need for inter-
calibration and overlap (which is extremely hard to achieve
for conventional satellite data).

Using the same retrieval for all datasets we obtained
monthly refractivity and temperature climate records from
multiple radio occultation satellites, which are consistent
within 0.05 % and 0.05 K in almost any case (taking global
averages over the altitude range 10 km to 30 km). Longer-
term average deviations are even smaller. Even though
the RO record is still comparatively short, its high quality
already allows to see statistically significant temperature
trends in the lower stratosphere.

P-1105-07

Aerosol optical properties and dynamic
variability of climatic seasons in west
Africa: Case study of Ouagadougou

B. Korgo (1) ; JC. Roger (2) ; J. Bathiebo (3)

(1) University of Ouagadougou, Physique, Ouagadougou,
Burkina Faso; (2) University of Maryland, Geography,
Washington, United States of America; (3) University of
Ouagadougou, Physics, Ouagadougou, Burkina Faso

We present in this paper a climatological study of the
optical properties of the atmosphere in West Africa. Using
the measurement and photometric inversions data of
AERONET in Ouagadougou, we analyze the main optical
characteristics such as optical thickness, Angstrom
exponent, the single scattering albedo and the asymmetry
factor. These properties give quite varied information
about the size and chemical nature of atmospheric
aerosols in West Africa, particularly in the Sahel region.
A study of different variabilities of these properties on
a monthly and yearly scale, shows a strong connection
with the seasonal succession of dry period marked by the
redominance of harmattan winds ¥rom the Sahara Desert,
aden with dust and wet period characterized by the thrust
of the monsoon flow laden with moisture, specific to this
part of the world. The spatial and temporal evolution of
these atmospheric variables coupled with the dynamics of
West African climate allows monitoring of the ascent to
the north of the intertropical front marking the beginning
of the wet season and its come back to the south at the
end of this season. An appropriate positioning of AERONET
photometric measurements points can allow a long-term
monitoring at the regional level of the beginning, the end
and the length of seasons and as such appears as a real
tool for monitoring climate change in West Africa.

P-1105-08

Geospatial land use analysis and its rela-
tion to the climate change

(l\g’.)Lavreniuk (1); A. Shelestov (2) ; N. Kussul (1) ; S. Skakun

(1) Space research institute NASU-SSAU, Kyiv, Ukraine; (2)
National University of Life and Environmental Sciences of
Ukraine, Kyiv, Ukraine; (3) Integration-Plus Ltd, Kyiv, Ukraine

Land use analysis plays an important role in studying
and understanding processes in ecosystems and solving
many applied problems based on satellite monitoring.
In particular, it allows to improve the accuracy of
classification and areas estimation and to analyze climate
change and its impact on agricultural production and
whole biosphere. Since the 1980s there are many land
use datasets based on satellite images, but they had low
spatial resolution and accuracy. Also, in 2013-2014 years,
several global maps have been made available, but they
are not accurate enough at regional level. Low-resolution
maps underestimate or overestimate certain land cover
types. Therefore, creation of global and regional land
cover maps based on high-resolution satel?ite images
(such as Landsat series at 30 m) is an extremely important
task. In this study, we produced land cover maps for the
whole territory of Ukraine based on the Landsat-4/5/7
images for three decades: 1990s, 2000s and 2010s. These
maps allow estimation of the general trends of land cover/
use in Ukraine and discovering how geospatial land use
influence on the climate change. This paper discusses
methodological aspects to obtain a retrospective maps
of land cover based on Landsat images at regional scaﬁ:,
including all preprocessing steps for satellite imagery,
formation of training and test sets, classification method
and result analysis.

Training (50%) and test (50%) sets consist of six main
land cover classes: artificial surface, cropland, grassland,
forest, bare land and water. We formed sets using a photo
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interpretation method with uniform spatial distribution
over the target territory and proportional representation of
all classes. Images contained six spectral bands and three
bands with shadow, cloud and cloud contours masks. We
selected images with less than 50% of cloud cover for
classification. First, we restored cloudy pixels from time-
series of images using self-organizing Kohonen maps
(SOMs). After that, we provided classification based on the
time-series of restored images available for the certain year
[1]. Classification was done using an ensemble of neural
networks, namely multilayer perceptrons (MLPs) and such
an approach have been provided better result than single
neural network. After classification, each neural network
gave a posteriori probability of the input pixel belonging
to each class. In an ensemble, we estimated the average a
posteriori probability from all networks and assign to the
pixel class with the highest probability.

We estimated the accuracy of classification on independent
test set. The overall classification accuracy achieved in
the study was approximately 95%. Accuracies for each
individual class were more than 70%. The lowest accuracy
was for grassland since it is difficult to separate grassland
from cropland. At the same time, we compare the obtained
areas and official statistics for each oblast and for the
whole territory of Ukraine for each time period (1990,
2000, 2010). In addition, we comﬁared the accuracy
of our classification for Ukraine with global land cover
map GlobeLand30-2010 at 30 m resolution. The overall
classification accuracy for Ukraine was 5% higher than
GlobeLand30-2010. Accuracy of grassland classification
was +10% (producer accuracy) and +45% (user accuracy)
better than GlobeLand30-2010

This paper presented a retrospective land cover mapping
methodology for the territory of Ukraine based on Landsat
data at 30 m resolution. The proposed methodology
involved classification of multi-temporal satellite images
with neural networks on previously restored cloudy pixels.
The map was produced for the whole territory of Ukraine.
The use of the proposed approached allowed us to achieve
overall classification accuracy of 95% for three different
time periods and improve quality of maps comparing
to other land cover maps available for Ukraine, namely
GlobeLand30-2010. At the presentation the results of
climate changes influence on land use will be discussed
in more detail.

[1] F.J. Gallego, N. Kussul, S. Skakun, O. Kravchenko,
A. Shelestov, and O. Kussul, “Efficiency assessment of
using satellite data for crop area estimation in Ukraine,”
International Journal of Applied Earth Observation and
Geoinformation, vol. 29, pp. 22-30, 2014.
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The BIOMASS satellite mission: quantifying
global biomass, an essential variable of
the climate system

T. Le Toan (1) ; P. Ciais (2) ; S. Quegan (3) ; K. Scipal (4)

(1) CESBIO, Toulouse, France; (2) IPSL, Lsce, Gif sur Yvette,

France; (3) University of Sheffield, Sheffield, United Kingdom;
(4) ESA , Estec, Noordwijk, Netherlands

Quantifying the global carbon cycle is essential to
understanding many of the changes taking place in the
Earth system and improving future projections. There is
strong evidence that over the last 50 years, the terrestrial
biosphere has acted as a net carbon sink, removing from
the atmosphere approximately one third of the CO2
emitted by fossil fuel combustion. However, the status,
dynamics and evolution of the terrestrial biosphere are
the least understood and most uncertain element in the
carbon cycle. Coupling between the terrestrial carbon
cycle and climate has been identified by the IPCC as one
of the major areas of uncertainties in the distribution of
carbon stocks and carbon exchange, in the estimates of
carbon emissions due to forest disturbances, and in the
uptake of carbon through forest growth. A fundamental
parameter characterising the spatial distribution of carbon
in the biosphere is biomass, and forest comprise~80% of
the terrestrial above ground biomass. Most of the biomass
is in tropical forest that are projected by models to be
vulnerable to drought in the future.

Because of its importance for climate, biomass is identified
by the UNFCCC as an Essential Climate Variable needed
to reduce uncertainties in our knowledge of the climate
system (GCOS, 2010). Furthermore, sequestration of

carbon in forest biomass is a critical mechanism for
mitigating climate change, as recognised by REDD+
initiatives, which use market and financial incentives to
reduce the emissions of GHG from deforestation and forest
degradation.

The BIOMASS mission is the Seventh ESA Earth Explorer
mission, selected in May 2013, for a launch in 2020. The
1E)rlmary aim of the BIOMASS mission is to determine,

or the first time and in a consistent manner, the gIobaI
distribution of above-ground forest biomass (AGB)
and its changes in order to provide greatly improved
quantification of the size and distribution of the terrestrial
carbon pool, and much improved estimates of terrestrial
carbon fluxes. In particular, by monitoring and quantifying
disturbances and growth in forests, BIOMASS will yield new
knowledge about the size and location of terrestrial carbon
sources and sinks, and how forest disturbance trigger loss
of biomass and subsequent forest regeneration.

Biomass will measure and map forest carbon stock, as
well as forest height, over tropical, temperate and boreal
forests at a spatial resolution of around 200 m every 6
months throughout the five years of the mission. However,
the particular focus is on the carbon-rich dense tropical
forests which contribute by far the largest current stock
of biomass, but also the largest proportion of carbon
emissions from deforestation and forest degradation. By
using a long wavelength Synthetic Aperture Radar (SAR at
P-band), BIOMASS allows high values of AGB in tropical
forests to be measured.

The combination of three measurement techniques,
namely polarimetric SAR, polarimetric interferometric
SAR and tomographic SAR all using the same sensor, will
significantly reduce the uncertainties in biomass retrievals
and contribute to meeting the target of 20% accuracy
in AGB at a resolution of 200 m. The spatial consistency
of these products together with their provision as time
series, means that they will contribute significantly to
improving the accuracy of the Land Use Change flux
and better quantifying dynamic spatial processes in the
world’s forests. These BIOMASS products can also be
used as unbiased reference data for national reporting for
initiatives such as REDD+.

Comparing BIOMASS data with biomass calculated
by carbon models, or assimilating biomass in those
models, will provide a way of testing the models and
also give indications on the sources of discrepancy.
Comparison of existing models indicates that they are very
dissimilar regarding t| ?le absolute magnitude of biomass
and its spatial distribution, and that a large part of the
misrepresentation of biomass comes from the lack of
considerations of disturbances and land use change and
incorrect modeling ecosystem processes such as mortality.

The paper will present an overview of the BIOMASS
mission, and will discuss the use of BIOMASS data to
improve forest productivity modeling and to allow forcing
of Dynamic Vegetation Model simulations under future
climatic scenarios.

P-1105-10

The Pacific Islands Global Climate Obser-
ving System (Pl GCOS): Where to Next?

PF. Lefale (1) ; HJ. Diamond, (2)

(1) Bodeker Scientific, Wellington, New Zealand; (2) Victoria
University of Wellington, Geography department, Wellington,
New Zealand

The Tropical Western Pacific (TWP) is the ‘ground zero’
engine of the global climate system. It is home to some
of the largest natural drivers of the climate system;
the biggest ocean on the planet, including the El Nino
Southern Oscillation (ENSO), the Pacific Decadal Oscillation
(PDO). Despite this, the TWP is one of the least observed
and monitored regions of the world. Yet, the needs for
climate system monitoring, climate change detection and
monitoring the impacts of and the response to climate
change, especially marine ecosystem, ocean acidification
and mean sea level rise, and research toward improved
understanding, modelling and prediction of the climate
system are fundamental in understanding the properties
and evolution of the earth’s climate system.

The Pacific Islands-Global Climate Observing System
(PI-GCOS) is one of only a few international-sponsored
regional programs established in the early 2000s to assist



Pacific Islands and the international scientific community
to observe and monitor the TWP region. The PI GCOS
program started in Apia, Samoa, in 2000. It is a sub-
program of the international GCOS aimed specifically at
meeting climate and related observing needs of Pacific
Islands. The outcomes of the Apia GCOS workshop,
combined with the findings and recommendations of the
Secretariat of the Pacific Regional Environmental Program
(SPREP)/World Meteorological Organization (WMO) led
Pacific Meteorological Services Needs Analysis Project
(PMSNAP) report in 2000, provided the foundation for
the development of the PI-GCOS Program. As a result, a
Pl GCOS Action Plan (Salinger et al., 2002) was developed
to help establish and guide the program by identifying
GCOS requirements in the region and outline an approach
to addess these needs in a short strategy document (see
http://www.wmo.int/pages/prog/gcos/documents/Pl-
GCOS AP.pdf). A regional PI GCOS Officer was hired and
hosted by the SPREP in Apia, Samoa from 2004 to 2012
to manage the program. Unfortunately, due to a lack of
sustained resources, the program was only active until
2012 at which point it went dormant.

This presentation will summarise key Preliminary findings
& recommendations of the Review of the PI GCOS (“the
Review”) that is currently underway to look at resurrecting
the pro?ram on behalf of the region as part of a formal
bilateral climate activity between New Zealand and the
United States agreed to in September 2014. The Review
assesses the balance and relevance of the PI GCOS, its
achievements, relations between PI GCOS and partner
organizations and Members, its functions and governance
mechanisms, and vision and future plans. The Review
arises from the realization that there is an urgent need
to re-establish the PI GCOS Program in light of the
increasing demand for climate and related services in the
Pacific Islands and internationally. The need for improved
climate observations in the Pacific region has already been
identified and if efforts such as the delivery of climate
monitoring, research and services in the Pacific through
the UNFCCC, the IPCC and Global Framework for Climate
Services (GFCS) are to be successful, then re-establishing
the PI GCOS is an essential pre-requisite.

P-1105-11

Tipping point analysis of atmospheric
oxygen concentration

V. Livina (1) ; V. Teresa (2) ; A. Forbes (1)

(1) National Physical Laboratory, Teddington, United
Kingdom; (2) John Innes Centre, Norwich, United Kingdom

We apply tipping point analysis to nine observational
oxygen concentration records around the globe, analyse
their dynamics and perform projections under possible
future scenarios leading to oxygen deficiency in the
atmosphere. The analysis is based on statistical physics
framework with stochastic modelling, where we represent
the observed data as a composition of deterministic and
stochastic components estimated from the observed data
using Bayesian and wavelet techniques.

P-1105-12

OneGeology - A distributed data system that enables
access to up-to-date global geoscience data

K. Marko (1) ; D. Tim (2) ; F. Robida (3) ; H. Matt (2) ; A.
Lee (4)

(1) OneGeology, Keyworth, United Kingdom; (2) BGS,
Keyworth, United Kingdom; (3) BRGM, Orleans, France; (4)
Arizona Geological Survey, Tucson, United States of America

OneGeology is an initiative of Geological Survey
Organisations (GSO) around the globe that dates back to
Brighton, UK in 2007. Since then OneGeology has been
a leader in developing geological online map data using
a new international standard - a geological exchange
language known as the ‘GeoSciML’ (currently version 3.2
exists, which enables instant interoperability of the data).
Increased use of this new language allows geological
data to be shared and integrated across the planet with
other organisations. One of very important goals of
OneGeology was a transfer of valuable know-how to the
developing world, hence shortening the digital learning
curve. In autumn 2013 OneGeology was transformed into
a Consortium with a clearly defined governance structure,
making its structure more official, its operability more

flexible and its membership more open where in addition
to GSO also to other type of organisations that manage
geoscience data can join and contribute. The next stage
of the OneGeology initiative will hence be focused into
increasing the openness and richness of that data from
individual countries to create a multi-thematic global
geological data resource on the rocks beneath our feet.
Authoritative information on hazards and minerals will help
to prevent natural disasters, explore for resources (water,
minerals and energy) and identify risks to human health
on a planetary scale. With this new stage also renewed
OneGeology objectives were defined and these are 1) to
be the provider of geosciences data globally, 2) to ensure
exchange of know-how and skills so all can participate,
and 3) to use the global profile of 1G to increase awareness
of the geosciences and their relevance among professional
and general public. We live in a digital world that enables
prompt access to vast amounts of open access data.
Understanding our world, the geology beneath our feet
and environmental challenges related to geology calls for
accessibility of geoscience data and OneGeology Portal
(portal.onegeology.org) is the place to find them.

P-1105-13

Getting Back to the Source: A review of
Earth science data citation and access

M. Parsons (1)
(1) Research Data Alliance, Boulder, France

Creating a great data set can be a life’s work (consider
Charles Keeling). Yet, scientists do not receive much
recognition for creating rigorous, useful data. At the same
time, in a post “climategate” world there is increased
scrutiny on science and a greater need than ever to adhere
to scientific principles of transparency and reproducibility.
In this sense it is clear that scientific assertions must be
backed up by precise pointers to the actual evidence used.
In many cases this should take the form of a data citation.
Indeed the IPCC has increasingly rigorous data citation
requirements for its assessment.

The concept of data citation has gained significant
traction in recent years. This is most apparent in the Joint
Declaration of Data Citation Principles. Some communities
such as DataVerse, DataCite, and the Earth Science
Information Partners have developed specific guidelines on
how to actually cite data. Challenges remain, however, on
how to preciseYy cite specific subsets of very dynamic data.
Moreover, there is still some confusion on the purposes
of data citation.

This presentation will review the current state of the art in
data citation with a special emphasis on new developments
coming out of the Research Data Alliance, Forcell, and
elsewhere. It will make concrete recommendations on the
purposes and approaches of data citation, especially in the
context of climate research and assertions.

P-1105-14

ICOS Atmsopheric Thematic Center

L. Rivier, (1) ; L. Hazan (1) ; O. Laurent, (2) ; T. Laurila (3)
; M. Ramonet (4) ; J. Tarniewicz (1) ; C. Yver-Kwok, (2) ; S.
Karri (3) ; H. Aaltonen (3) ; O. Jossoud (1) ; A. Guemri (1) ;
C. Garrec (1) ; C. Milcent (1) ; A. Abbaris (1) ; J. Helle, (5) ; C.
Philippon (1) ; S. Delalande (1) ; N. Kachroudi (1) ; S. Ars (1)
(1) LSCE, Gif sur Yvette, France; (2) LSCE, Gif-sur-Yvette,
France; (3) FMI, Helsinki, Finland; (4) CNRS and Université

de Versailles Saint Quentin, Lsce, Gif Sur Yvette, France; (5)
LSCE, Cea/cnrs/uvsq, Gif-sur-Yvette, France

ICOS is a recently-launched, world-class research
infrastructure dedicated to the monitoring and improved
understanding of carbon sources and sinks. It consists
of complementary, harmonized networks of long-term
monitoring stations focusing on Europe and adjacent
regions. The ICOS networks will comprise about 40
operational atmospheric stations (measuring atmospheric
composition in greenhouse gases and other core
parameters), 40 ecosystem stations (measuring fluxes
from ecosystems) and about 20 oceanic measurement
platforms.

The networks are coordinated through a set of central
facilities: three thematic centres respectively for
atmospheric, ecosystem and ocean data, and a central
analytical lab.The Atmospheric Thematic Center (ATC) has
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two main functions:

1.0perate the atmospheric data processing chains, going
from data transmission from stations to the routine
delivery of quality checked data-stream

2.Carry out regular measurement technology survey,
analysis and enable development of new sensors and their
testing prior to field deployment in ICOS

The presentation will describe state of the art of
atmospheric GHG measurement and data processing with
a special focus on quality assessment. It will also present
new measurement technique, like isotopic measurement,
that can attribute GHG concentration changes to different
emission sources.

P-1105-15

Steps toward effective multi-disciplinary
research data management systems

D. Schade (1)

(1) National Research Council Canada, Canadian Astronomy
Data Centre, Victoria, BC,, France

Astronomy is often viewed as a discipline whose data
management needs are well taken care of whereas a
great man¥ other research disciplines (the “long tail”) are
suffering from the absence of good data management
systems. Technology and data management practice
evolve rapidly and | would argue that no area of research,
including astronomy, has any real degree of security for
the future of its data collections. Nevertheless, astronomy
has a long history of digital data handling and thus has
consideragle experience and expertise that should be
shared with other fields. It is important to acknowledge
that astronomy is only one of many disciplines that could
collectively share experience with other, less “well-served”
communities. It is also important to recognize that we all
have much to learn from one another and that interaction
with “long tail” research communities will result in better
data management practices for astronomy.

Astronomy was part of the “long-tail” or research data 25
years ago. It’s data collections were small, heterogeneous,
lacked common standards, and were not interoperable.
These properties of astronomy data management have
changed dramatically (although we still face many
challen?es) and they have changed because of the hard
work of dedicated cross-disciplinary teams of scientists
and technologists. But our field has some demonstrable
successes to our credit and has learned some profound
lessons.

The central problem in creating multi-disciplinary data
management systems is the development of Common Data
Models that cross disciplinary boundaries. That means
managing metadata in a way that supports the use cases of
the multi-disciplinary research communities. This is true
for all fields, including those that address climate change.
The reality of astronomy data is that it is still produced in
formats that represent thousands of “native data models”
from thousands of different instruments. (A “data model”,
in our vocabulary, is the structure that carries the meaning
of the data and metadata.) The challenge is to develop a
data model that supports the transformation of a large set
of heterogenous native data models into a Common Data
Model. The Common Data Model (CDM) supports the data
management functions (curation, discovery, data access,
data security) spanning diverse data collections.

This is the same problem that we face in creating multi-
disciplinary data management systems. The process for
solving the problem wiﬁ be very similar. Collect research
use cases and define requirements. Identify the metadata
elements that are required to satisfy those requirements.
Analyse where, in the native data models, those elements
can be sourced or which elements can be transformed
to produce the needed elements. It is true that we have
diverse ways of representing even fundamental quantities
like time and place (astronomy faces the same problem
itself) but these can be reconciled.

Two points are worth mentioning with respect to Common
Data Models. First, there exists no ideal, complete, and all-
encompassing Common Data Model. Second, there is no
“lossless” Common Data Model. Compromises are involved
and loss of information may take place. A Common
Data Model is implemented for the purpose of unifying

diverse data collections. At the Canadian Astronomy Data
Centre we ended 25 years of creating silos for each data
collection by integrating 119 native data models into a
single common model. Now there is a single path (shared
by all interfaces) to using our data collections. The next
step is to move into other research domains by building
significant collaborations with other data management
communities.

P-1105-16
Current status and stratigies of biodiver-
sity data integration in Taiwan

KT. Shao (1)

(1) Biodiversity Research Center, Academia Sinica, Taipei,
France

The integration of Taiwan’s biodiversity databases started
in 2001, the same year that the Ministry of Science
& Technology launched the National Digital Archives
Program, the Executive Yuan began the Biodiversity
Promotion Plan, and Taiwan joined GBIF as an Associate
Participant. Taiwan, hence, embarked on a decade of
integrating biodiversity data. Afterward, the “Catalog
of Life in Taiwan” (TaiCOL) [57,000+ native species],
“Taiwan’s node of GBIF” (TaiBIF) [2.8 M+ georeferenced
distributional data], the “Cryobanking and Barcode of Life
for Wildlife Genetic Material in Taiwan” (TaiBOL) [3,000
species with 12,000 barcode] and “Taiwan Encyclopedia
of Life” (TaiEOL) [18,000+ species pages] are established,
integrated and open to public access. The databases aim
to promote the collection and integration of national
biodiversity data and should be useful for future climate
change researches. These databases intimately collaborate
with their corresponding global databases of COL, GBIF,
BOL and EOL, respectively. Raw data, especially those of
ecological distribution generated by different government
agencies or NGOs, are nevertheless still dispersed due to
assorted reasons. Most people agree that it is imperative
to integrate databases, but many researchers are unwilling
to invest in database building — a kind of academic
services — under the current academic evaluation system.
Thus a cross-agency committee of GBIF / Chinese, Taipei
was established in Academia Sinica in 2008 to formulate
policies on data collection and integration, and the
mechanism to make data available to the public. Any
commissioned project was hereafter asked to include these
policy requirements in the contract. Furthermore, a new
project to build the “National Biodiversity Monitoring and
Reporting System” (TaiBON) will be initiated soon which
will integrate all the long-term biodiversity monitoring and
bioindicator data from various agencies in Taiwan as well
as collaborate with AP-BON and GEO BON.

P-1105-17

Climate change revealed from mass
balance of mountain glaciers and polar ice
sheets - GLACIOCLIM, the French Glaciers
Observatory

D. Six (1) ; C. Vincent (2) ; A. Rabatel (3) ; V. Favier (1) ; P.
Wagnon (4)

(1) LGGE - CNRS/UJF, Saint-Martin d’Héres, France; (2)

LGGE - CNRS/UJF, Saint-Martin d’Heres , France; (3) UJF,
L%ge, Grenoble, France; (4) LTHE - IRD, Saint Martin d’Heres
, France

Mountain glaciers are widely recognized as excellent
indicators of climate change over recent centuries (e.g.
IPCC, 2013). Glacier mass balance variations are a useful
tool to assess climate changes over the 20th and 21th
centuries and anticipate future challenges related to water
resources and sea level rise.

A multi-level monitoring combining in-situ and remotely-
sensed measurements within dif?erent climate regions
constitutes the strategy recommended by the Global
Terrestrial Network for Glaciers (GTN-G) supported by the
United Nations Framework Convention on Climate Change
(UNFCQ). It should provide the basic data sets required for
integrative studies and assessments of the distribution
and changes of glaciers and ice caps.

In this context, the French national observatory of
glaciers “GLACIOCLIM”, supported by INSU, IRD, IPEV and
University of Grenoble in collaboration with local partners,
has been developing such a strategy for several decades



on glaciers in the French Alps, the tropical Andes, the
Antarctic and the Himalayas. The policy supported by
GLACIOCLIM in terms of data sharing relies on: (1) free
access through an interactive database which has been
recently redesigned; (2) a contribution to the World Glacier
Monitoring Service database, sustained by a MoU; and (3)
a contribution to the GLIMS initiative for multi-temporal
glacier inventories. Our monitoring strategy is based
on a comprehensive, consistent set of data, including
glaciological measurements (mass balance, ice velocity,
length and thickness variations), along with hydrological
and meteorological measurements. Contrary to the length
variations which result from complex ice flow dynamics,
mass balance fluctuations are direct indicators as they
record solid precipitation via accumulation and surface
energy fluxes via ablation. Given that most mountainous
glaciers are temperate (i.e. close to the pressure melting
point), the excess energy flux at the glacier surface
during the ablation season serves mainly for melting.
Consequently, it is necessary to measure both winter
and summer mass balance terms over long periods to
investigate long-term climate trends. The full network
then provides the opportunity to thoroughly analyze
the relationships between surface mass balance and
meteorological variables on selected glaciers in the world.

Most of the glaciers in the world have been decreasing
over the last decades and ice temperature measurements
in boreholes at very high altitudes provide a clear evidence
of atmospheric warming. The goal of this presentation
is to analyze the climate - glacier relationships and to
provide the cause of this decrease in selected mountainous
regions (Alps, Himalayas and Andes) based on in-situ
measurements, remote sensing data and results from
simple to complex models. Tlge surprising paradox of
East Antarctica, where surface mass balance changes are
still limited will also be justified in view of data from the
GLACIOCLIM observatory.

P-1105-18

Observing Climate Variability and Change
with GPS Radio Occultation

AK. Steiner (1) ; B. Scherllin-Pirscher (1) ; F. Ladstadter (1) ;
L. Brunner (1) ; M. Schwarz (1) ; R. Biondi (1) ; J. Fritzer (1) ;
J. Schwarz (1) ; U. Foelsche (2) ; G. Kirchengast (1)

(1) Wegener Center for Climate and Global Change,
University of Graz, Graz, Austria; (2) Institute for Geophysics,
Astrophysics, and Meteorology/Institute of Physics,
University of Graz, Graz, Austria

Overall agreement on global warming of the troposphere
and cooling of the stratosphere exists from conventional
observations. However, uncertainty in trend rates and
their vertical structure limits the abiYity to draw robust and
consistent inferences about long-term trends, a key issue
as stated in the recent report of the Intergovernmental
Panel on Climate Change. Monitoring atmospheric
variability and climate change requires climate data
records which are continuous and homogeneous, long-
term stable, and traceable to standards of the international
system of units (SI). The uncertainty of essential climate
variables, such as temperature, must be smaller than the
signals expected from long-term change.

Radio Occultation (RO) observations based on Global
Positioning System (GPS) signals meet these requirements.
The traceability to fundamental time standards with precise
atomic clocks assures a long-term stable and consistent
data record with global coverage and all-weather utility.
RO data are available from 2001 onwards. Information on
error characteristics is provided as well. Data products
comprise vertical profiles and gridded climatological fields
of key atmospheric variables including bending angle,
refractivity, pressure, geopotential height, temperature,
and specific humidity. Derived quantities such as
tropopause parameters or geostrophic winds are also
available. Highest quality and vertical resolution (about
0.5 km to 1.5 km) is delivered over the upper troposphere
and lower stratosphere, offering the distinct advantage to
assess the vertical thermodynamic structure.

We present an overview on the accomplishments and
diverse applications of the RO record for monitoring
climate variability and climate change in the atmosphere.
Results show the ability of RO to capture the El Nifio-
Southern Oscillation (ENSO), Quasi-Biennial Oscillation
(QBO), atmospheric waves and thermal tides, and
extreme weather events such as tropical cyclones with

unprecedented vertical resolution. Despite of the relatively
short RO record, its utility for climate change detection
is demonstrated as a global climate observing system.
Current and future challenges are discussed for the
establishment of an RO climate data record, which will
contribute to improving our knowledge on atmospheric
structure and trends.

P-1105-19

Global-Scale Atmosphere Monitoring by
In-Service Aircraft - Current Achievements
and Future Prospects of the European
Research Infrastructure IAGOS

V. Thouret (1) ; A. Petzold (2) ; C. Brenninkmeijer (3) ; JP.
Cammas (4) ; P. Dandin (5) ; JM. Flaud (6) ; M. Gallagher (7)
; C. Gerbig (8) ; M. Hermann (9) ; P. Nedelec (1) ; M. Pontaud
(5) ; H. Smit (2) ; A. Volz-Thomas (10) ; A. Wahner (11) ; A.
Zahn (12) ; H. Ziereis (13)

(1) CNRS et Université Paul Sabatier - Observatoire Midi-
Pyrénées, Laboratoire d’Aérologie, Toulouse, France; (2)
Forschungszentrum Jiilich GmbH, Institute of energy and
climate research 8 - troposphere, Jilich, Germany; (3) Max
Planck Institute for Chemistry, Mainz, Germany; (4) CNRS et
Université Paul Sabatier - Observatoire Midi-Pyrénées, Now
at osu la réunion, Toulouse / Saint-Denis, France; (5) Météo-
France, Centre National de Recherches Météorologiques,
Toulouse, France; (6) CNRS, Paris, France; (7) University of
Manchester, Manchester, United Kingdom; (8) Max Planck
Institute for Biogeochemistry, Jena, Germany; (9) Leibniz
Institute for Tropospheric Research, Leipzig, Germany; (10)
IAGOS-AISBL, Bruxelles, Belgium; (11) Forschungszentrum
Julich GmbH, Institute of energy and climate research

8 - troposphere,, Julich, Germany; (12) Karlsruhe Institute

of Technology, Karlsruhe, Germany; (13) DLR Institute of
Atmospheric Physics, Oberpfaffenhofen, Germany

Reliable predictions of the future climate using climate
models are central and fundamental requirements for
determining future mitigation strategies. The use of
commercial aircraft allows the collection of highly relevant
observations on a scale and in sheer quantity impossible to
achieve using research aircraft, and at altitudes where other
measurement methods (e.g., satellites) fall short. It has
been extensively demonstrated by 3 ongoing international
projects in Europe and Japan now that commercial aircraft
are ideal platforms to record vertical profiles from ground
to 12 km to the tropopause region over areas never or
poorly sampled by other programs (e.g. surface or radio
soundings network) and to sample the atmosphere
between 9 and 12 km at high horizontal and vertical
resolution corresponding to the critical upper troposphere
/ lower stratosphere (UT/LS) region at mid-latitudes,
where most long-range aircraft fly. The European Research
Infrastructure TAGOS (In-service Aircraft for a Global
Observing System; www.iagos.org) operates a global-scale
monitoring system for atmospheric composition, aerosols
and clouds by using Airbus A340 and/or A330 long-
range aircraft performing regular intercontinental flights.
Today’s participating airlines, Lufthansa, Air France, China
Airlines, Cathay Pacific and Iberia, ensure global-scale
coverage by the infrastructure (see map of the flight on
htt://www.iagos.fr), which is designed for a lifetime of at
least 20 years. IAGOS complements the global observing
system in addition to ground-based networks, dedicated
research campaigns, satellites, balloons, and ships. The
infrastructure builds on the heritage of former research
projects MOZAIC (Measurement of Ozone and Water
Vapour on Airbus In-service Aircraft; http://www.iagos.
fr/mozaic) and CARIBIC (Civil Aircraft for the Regular
Investigation of the Atmosphere Based on an Instrument
Container; http://www.caribic-atmospheric.com). IAGOS
is now the European Research Infrastructure combining
and coordinating these two different and complementary
approaches/methodologies which comprise (i) IAGOS-
core based on MOZAIC (a fleet of 15 to 20 aircraft flying
a reduced set of automatic instruments) and (ii) IAGOS-
CARIBIC based on CARIBIC (1 aircraft flying a 1.5 ton
laboratory with 16 instruments deployed once a month for
4 flights). IAGOS combines research centres, universities,
national weather services, airline operators and aviation
industry. It provides data for users in science and policy
including air quality forecasting, verification of CO2
emissions and Kyoto monitoring, numerical weather
prediction, and validation of global chemical transport
model, global climate chemical model and satellite
products. Since its participation in the on-going MACC
projects (http://www.iagos.fr/macc), and demonstration
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and delivery of core data in near real time (NRT) and
soon in real time for a subset of information, IAGOS is
considered a major contributor to the in-situ component
of Copernicus Atmosphere Monitoring Services (CAMS).
The IAGOS infrastructure is currently the only approach to
providing regular in-situ observations in the UT/LS over
mid-latitudes at high spatial resolution (4 seconds or 1
km horizontally) and vertical profiles (4 seconds or 30
meters vertically) of reactive gases, greenhouse gases, and
aerosol concentration in the troposphere over continental
sites, never or sparsely sampled by other programs,
(e.g. in Africa, South East Asia, and South America). In
combination with its predecessor programs MOZAIC
and CARIBIC, IAGOS has been providing long-term
observational data of atmospheric chemical composition
in the UT/LS since 1994 with to date 20 year time series
of temperature, H20 and O3, and 9-15 years of aerosol,
CO, NOy, CO2, CH4, N20, SF6, Hg, acetone, ~30 HFCs,
~20 NMHC data. This presentation will give an overview
of the original results achieved so far and a number of
highlights to illustrate the promise IAGOS data hold for
the future (new measured compounds along with near
real time and real time transmission of data), taking full
advantage of coupled chemistry-dynamics atmospheric
models, allowing new applications and analysis for a broad
community of users. One of the most striking examples
we will highlight concerns evaluation of forecast runs with
IAGOS NRT data as proposed in the frame of CAMS.

P-1105-20

Toward improved metadata catalogue
services for WDS members in China
J.Wang (1)

(1) Institute of Geographic Sciences and Natural Resources
Research, Chinese Academy of Sciences, Beijing, China

There are about 9 regular members of WDS in China,
which covers multi-disciplines, such as geography and
environment, space, astronomy, ocean, polar, microbe,
and so on. It is difficult to provide uniform metadata
catalogue services and update the related information
dynamically. Face to this problem, WDS China family
design and build the clearing house for metadata inter-
operability. It includes three important part, i.e., metadata
standard, data update mechanism, clearing house portal.

A uniform metadata exchange standard is designed for
WDS members in China. In order to advance the data
and metadata services quality, an integrated data and
metadata update mechanism are proposed based on the
review and training mechanism supported by WDS China
secretary office. Finally, a new clearing house portal is
provided which can be accessed by WDS portal directly.

P-1105-21

60-year Database of Cosmic-Ray Neutron
Fluxes held by the WDC for Cosmic Rays

T. Watanabe (1)

(1) National Institute of Information and Communications
Technology, Integrated Science Data System Research
Laboratory, Koganei, Tokyo, Japan

It has been suggested by a number of authors that
fluctuations in the cosmic-ray, which are known to be
caused by changes in solar activity with the time scale
of eleven years or longer, could play a role in climate
change. The World Data Center (WDC) for Cosmic Rays
of Solar-Terrestrial Environment Laboratory, Nagoya
University, is almost unique data center providing with
pressure-corrected and scale-adjusted one-hour fluxes of
cosmic-ray, supplied by ground-based stations (about 50
at present) distributed in a wide range of the longitude
and the latitude, including polar and equatorial regions.
Quality controlled data since 1953 in unified formats are
opened through the Web page whose ULR is given below.
Beside of well-known “11-year” solar-cycle variations of
the cosmic-ray flux, appearing in the opposite sense of
the variations of sunspot number, a weak increasing trend
can be recognized in this several solar cycles, reflecting a
weakening tendency of the solar activity. Although a weak
inverse correlation is seen between the cosmic-ray flux
and the global temperature in 1953-2006, the correlation
analysis is strongly affected by the global cooling
presumably caused by two major volcanic eruptions (El
Chichon in 1982, and Pinatubo in 1991). Both eruptions
were “accidentally” taken place in two subsequent solar-
cycle maxima.

http://center.stelab.nagoya-u.ac.jp/WDCCR/.

1106 - The Earth’s energy imbalance and exchanges at the
atmosphere-ocean interface: from fundamental research to

societal concern

K-1106-01
Earth’s energy imbalance: current
knowledge and future challenges

M. Palmer (1)
(1) Met Office, Hadley Centre, Exeter, United Kingdom

Anthropogenic  climate change arises from the
accumulation of excess solar energy in the Earth system
through increases in heat-trapping greenhouse gases
associated with human activities. The various aspects
of observed climate change (surface temperature rise,
increased rainfall rates, loss of glaciers, global sea level
rise, changes in climatic extremes) are all symptoms of this
accumulation of energy, of which > 90% is manifested in
increased ocean heat storage. The rate of climate change
is defined by Earth’s energy imbalance (EEl) and this
represents the most fundamental quantity for monitoring
ongoing global warming.

Ultimately, the impacts of climate change will be
determined by the future evolution of EEl and how this
additional energy interacts with the flows of energy within
the Earth system. In this talk, | will outline the scientific
motivation for better monitoring of EEl and review the
recent progress that has been made through improved

Earth system observations. | will discuss the future
challenges in improving our estimates of this critical
aspect of global change and advocate for EEl and ocean
heat storage becoming central to both our thinking and
communication on climate change.

K-1106-02

SOLAS, a decade of international research
at the air-sea interface: main accomplish-
ments and future goals

C. Guieu (1)
(1) CNRS-UPMC, Villefranche sur mer, France

The surface ocean and lower atmosphere domain is a
complex, highly dynamic component of the Earth system.
Air-sea fluxes of biogeochemically-active materials and
energy exert a major impact on global biogeochemistry
and climate. Some of the largest uncertainties in projecting
future global environmental trends are attributable
to an insufficient understanding of the physical and
biogeochemical interactions and feedbacks between the
ocean and atmosphere (IPCC, 2013).

The overarching goal of SOLAS (Surface Ocean-Lower
Atmosphere Study) international program launched in
2004, is to achieve a quantitative understanding of the
key biogeochemical-physical interactions and feedbacks
between the ocean and atmosphere, and how this coupled



system affects and is affected by global change. Our
understanding of the exchanges of energy, gases and
particles at the atmosphere-ocean interface has advanced
over the past decade but there are still large uncertainties
to adequately parameterize fundamental controlling
processes as identified in the new research strategies of
the international SOLAS group (Law et al., 2013). In this
context, the scientific questions driving SOLAS research
are highly challenging, inherently multidisciplinary, and
broad in scope. They include: (1) What controls the ocean/
atmosphere exchange of climate-relevant gases and
particles? (2) How does the atmospheric deposition of
materials impact ocean biogeochemistry? (3) What are the
links between ocean biology, aerosols, and clouds? (4) What
are the biogeochemical controls on emissions of highly
reactive gases that impact atmospheric photochemistry
and stratospheric ozone?

Climate mitigation policies based on greenhouse gas
budgets must take into account the role of ocean-
atmosphere fluxes for future projections. In that context,
several of the geoengineering schemes currently debated
for climate mitigation are directly linked to the ocean-
atmosphere system, including ocean iron fertilization, sea
spray generators, ocean foams, and modification of the
ocean upwelling. Informed assessment of their feasibility,
efficacy and potentially unintended effects will derive from
SOLAS science.

This presentation will overview the SOLAS 2004-2014
goals and main accomplishments and present the SOLAS
2015-2025 rationale and scientific scope.

0-1106-01

Origin of the Recent Tropical Atlantic SST
warming: the role of ocean dynamics?

J. Servain, (1) ; G. Caniaux (2) ; A. Hounsou-Gbo (3) ; Y.
Kouadio (4) ; M. Mcphaden (5) ; M. Araujo (3)

(1) IRD/UMR-182, Locean, Paris, France; (2) CNRM/GAME
(Météo-France/CNRS), TOULOUSE, France; (3) Universidade
de Pernambouco, Departamento de oceanografia, Recife,
Brazil; (4) University Felix Houphouet Boigny - Cocody

- Abidjan, Physic, Abidjan, Ivory Coast; (5) NOAA, Pmel,
Seattle, United States of America

During the last decades, the sea surface temperatures
(SSTs) of the whole tropical Atlantic has substantially
increased. Since the 1960s, the mean SST series of the
tropical Atlantic [30°N-20°S, 60°W-15°E] has gained some
0.8°C. Moreover, when considering the main break points
which affect the time series, the most significant trend
occurred since 1995, at a rate of 0.25°C per decade for
the whole basin. When regionalyzed, the most severe
warming affects the north-western part of the basin with
values up to 1°C, as well as the coastal upwelling regions
offshore Africa. Surprisingly the trade wind system, that
drives the equatorial upwellings, strengthened since the
1960s and specially since the 1980s. These changes has
been established by considering various independent
observational data sets, allowing to prove the robustness
of the results.

The origin of the SST change has been investigated by
analyzing the changes of the air-sea surface fluxes and
of the water column by considering integral quantities
like sea level anomalies and upper level heat contents.
It appears that the SST warming is not directly related to
the local surface heat fluxes, which tend to increase the
ocean heat loss. This implies that the signal is not coming
from the atmosphere but rather from the ocean itself, i.e.
due to recent changes in the ocean dynamics. Moreover,
lagged correlation patterns between heat content and
SSTs, suggest the existence of a relationship between the
SST warming and the circulation in the northern tropical
Atlantic.  Finally, several hypotheses are presented to
conciliate both the strengthening of the wind-stress, the
SST and upper-water warming, as well as the break point
dates which affect the trends.

0-1106-02

Oceanic biotic components, production
mechanism of organic aerosol in Marine
Boundary Layer ans cloud-climate system

MC. Facchini (1) ; CD. O’dowd (2) ; R. Danovaro (3)
(1) National Research Council (CNR), Institute of Atmospheric

Sciences and Climate (ISAC), Bologna , France; (2) National
University of Ireland Galway, School of physics and centre
for climate & air pollution studies, ryan institute, Galway,
Ireland; (3) Polytechnic University of Marche, Department of
life and environmental sciences, Ancona, Italy

Studies performed during the past years strongly suggest
that biogenic organic compounds play an important role
in submicron marine aerosol chemical composition over
biologically productive, high latitude, marine regions, in
both hemispheres and new biogenic oceanic sources of
primary and secondary origin of OA were revealed. We
discuss on the global importance of biogenic OA marine
sources and their high spatial and temporal variability and
the complex interaction with gaseous biogenic precursors
and oceanic biotic components (Phytoplankton, viruses and
bacteria). Submicron marine organic aerosol are a complex
mixture of biogenic materials transferred from the ocean
surface by the sea spray or by oxidative gas to particle
conversion of volatile organics emitted by decomposition
processes of oceanic dissolved organic carbon. The role
of marine biota on the evolution of plankton bloom and
on the partitioning of oceanic organic carbon in POC and
DOC reservoirs and transfer mechanisms into MBL will be
discussed.

1106-POSTER PRESENTATIONS

P-1106-01

Comparative assessment of surface fluxes
from different sources: a framework based
on probability distributions

S. Gulev (1)
(1) RAS Institute for Oceanology, SAIL, Moscow, Russia

Surface turbulent heat fluxes from modern era and first
generation reanalyses (NCEP-DOE, ERA-Interim, MERRA
NCEP-CFSR, JRA) as well as from satellite products (SEAFLUX,
IFREMER, HOAPS) were intercompared using framework
of probability distributions for sensible and latent heat
fluxes. For approximation of probability distributions
and estimation of extreme flux values Modified Fisher-
Tippett (MFT) distribution has been used. Besides mean
flux values, consideration is given to the comparative
analysis of (i) parameters of the MFT probability density
functions (scale and location), (ii) extreme flux values
corresponding high order percentiles of fluxes (e.g. 99th
and higher) and (iii) fractional contribution of extreme
surface flux events in the total surface turbulent fluxes
integrated over months and seasons. The latter was
estimated using both fractional distribution derived from
MFT and empirical estimates based upon occurrence
histograms. The strongest differences in the parameters
of probability distributions of surface fluxes and extreme
surface flux values between different reanalyses are
found in the western boundary current extension regions
and high latitudes, while the highest differences in the
fractional contributions of surface fluxes may occur in mid
ocean regions being closely associated with atmospheric
synoptic  dynamics. Generally, satellite surface flux
products demonstrate relatively stronger extreme fluxes
compared to reanalyses, even in the Northern Hemisphere
midlatitudes where data assimilation input in reanalyses is
quite dense compared to the Southern Ocean regions. Our
assessment also discriminated different reanalyses and
satellite products with respect to their ability to quantify
the role of extreme surface turbulent fluxes in forming
ocean heat release in different regions.

P-1106-02

The New Planetary Energetic Budget, the
New Climate and the New Water Cycle in
the North Atlantic Ocean and its edges

MS. Karrouk (1)

(1) University Hassan I, Climatology Research Centre
(CEREC), Geography, Climatology, Casablanca, Morocco

Global warming has now reached the energetic phase of
H20’s return to the ground after the saturation of the
atmosphere in evaporation since the 80s and 90s of the
last century, which were characterized by severe droughts,
mainly in Africa.
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This phase is the result of the accumulation of thermal
energy exchanges in the Earth-Ocean-Atmosphere system
that resulted in the thrust reversal of the energy balance
toward the poles. This situation is characterized by a
new thermal distribution: above the ocean, the situation
is more in surplus compared to the mainland, or even
opposite when the balance is negative on the land, and
in the atmosphere, warm thermal advection easily reach
the North Pole (planetary crests), as well as cold advection
push deep into North Africa and the Gulf of Mexico
(planetary valleys).

This «New Ground Energy Balance» establishes a «New
Meridian Atmospheric ~Circulation (MAC)» with an
undulating character throughout the year, including the
winter characterized by intense latitudinal very active
energy exchanges between the surplus areas (tropical) and
the deficit (polar) on the one hand, and the atmosphere,
the ocean and the continent on the other.

The excess radiation balance increases the potential
evaporation of the atmosphere and provides a new
geographical distribution of H20 worldwide: the excess
water vapor is easily converted by cold advection (polar
vortex) to heavy rains that cause floods or snow storms
that paralyze the normal functioning of human activities,
which creates many difficulties for users and leaves
damage and casualties, but ensures water availability
missing since a long time in many parts of the world, in
Africa, Europe and America.

The new thermal distribution reorganizes the geography
of atmospheric pressure: the ocean energy concentration
is transmitted directly to the atmosphere, and the excess
torque is pushed northward. The Azores anticyclone is
strengthened and is a global lock by the Atlantic ridge
at Greenland, which imposes on the jet stream a positive
ripple, very stron?ly marked poleward, bringing cosmic
cold advection of polar air masses winter over from
Europe to North Africa. Hence the enormous meridian heat
exchanges north-south, and south-north.

This new spatial thermal provision therefore imposes
on the jet-stream a positive ripple on the North Atlantic
(Greenland) and eastern Pacific (Alaska); this is the cause
of the heat and drought of California, followed by negative
waves in eastern US, and Europe.

This is the «<New Atmospheric Circulation» predominantly
«Meridian», due to the «New Climate» caused by global
warming.

P-1106-03

Changes in global energy imbalance at the
top of atmosphere and surface 1985-2014

CL. Liu (1) ; R. Allan (1) ; N. Loeb (2) ; M. Palmer (3) ; D. Smith
(3); P. Hyder (3)

(1) Department of Meteorology, University of reading,
Reading, United Kingdom; (2) NASA Langley Researc|

Centre, Hampton, United States of America; (3) Met Office,
Hadley Centre, Exeter, United Kingdom

Combining satellite data, atmospheric reanalyses and
climate model simulations, variability in the net downward
radiative flux imbalance at the top of Earth’s atmosphere
(N) are reconstructed and linked to recent climate change.
Over the period 1985-2012 we estimate N=0.47+0.54
Wm-2 (uncertainties at 90% confidence level). Variability
relates primarily to the eruption of Mt. Pinatubo in 1991 and
El Nifio Southernn Oscillation with good agreement (r~0.6)
between the monthly reconstruction and atmospheric
simulations using prescribed sea surface temperature and
radiative forcings. Combining with a simple energy balance
climate model we argue that increased ocean heat uptake
below the mixed layer is required to reconcile changes in
N and surface temperature since 1985.

The surface net fluxes can be estimated based upon the
reconstructed N and the atmospheric energy tendencies

and transports from the ERA-Interim reanalysis. The
energy divergences over the oceans are adjusted to
remove an unphysical residual global mean atmospheric
energy divergence. The estimated net surface energy
fluxes are compared with reanalysis and atmospheric
model simulations. The spatial correlation coefficients of
multi-annual means between the estimations made here
and other data sets are all around 0.9. There are good
agreements in area mean anomaly variability over the
global ocean. The inter-hemispheric heating differences
and precipitation biases are also discussed.

P-1106-04

Uncoupling the ocean and sea-ice from the
atmosphere: Challenges of Coordinated
Ocean-ice Reference Experiments (COREs)

AM. Treguier (1) ; G. Danabasoglu (2) ; S. Marsland (3) ; S.
Griffies (4) ; W. Omdp Members (5)

(1) CNRS, LPO, IUEM, Plouzane, France; (2) NCAR, Boulder,
United States of America; (3) CSIRO, Melbourne, Australia;

(4) NOAA - GFDL, Princeton, United States of America; (5)
CLIVAR ICGPO, State oceanographic administration first
institute of oceanography, Qingdao, China

Earth system models are complex, and the interactions
and nonlinear feedbacks etween their different
components are poorly understood. Climate predictions
benefit from an independent validation of each component
model, before coupling them together. Atmospheric
Model Intercomparison Projects, which involve forcing
the atmospheric models with observed sea surface
temperatures (SST) and sea-ice cover, have existed since
the early days of IPCC. In contrast, a similar exercise for
ocean - sea-ice models has been difficult to implement,
because there are long time scale interactions between
the ocean—ice—atmospgere system and there are large
uncertainties in observations within the atmospheric
boundary layer.

Under the umbrella of the World Climate Research Program’s
(WCRP) Climate and Ocean Variability, Predictability and
Change (CLIVAR) Project, the Ocean Model Development
Panel (OMDP) has worked for over a decade to develop a
meaningful validation of ocean - sea-ice models for our
present climate and has produced a common protocol:
Coordinated Ocean-ice Reference Experiments (COREs).
CORE consists of running ocean - sea-ice coupled models
with a fixed atmospheric state (observed air temperature,
humidity, boundary layer winds, downward radiation,
precipitation, and river runoff). This atmospheric state has
been obtained in such a way to produce realistic globally
averaged heat and freshwater fluxes when combined with
observed SST. Existing atmospheric reanalysis products
such as NCEP or ERA are not yet suitable for this purpose
without corrections. Prescribing the air temperature,
rather than heat flux, is necessary in order to allow the
feedbacks between the evolving SSTs and the air-sea heat
fluxes: this feedback is essential to ensure the stability of
the ocean-ice system.

The main challenge in the CORE framework stems from
the lack of sufficient feedbacks in the water cycle. If
evaporation increases over the ocean, the extra water is
likely to return to the ocean as rain or runoff on long time
scales. Because this nonlocal feedback is neglected when
the atmospheric state is fixed, it has been necessary to
introduce an arbitrary relaxation of the surface salinity
to observations. In part due to this salinity forcing, CORE
simulations subject to the same atmospheric state exhibit
very different large scale ocean circulations: this finding
underlines our limited caPacity to fully validate the ocean
- sea-ice components of earth system models used for
climate scenarios, independently of the atmosphere.
Nevertheless, a recent suite of CORE experiments carried
out with over 20 different models brings new insights into
the reproducibility and robustness of essential climate
variables such as regional sea level patterns and the North
Atlantic overturning circulation.
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K-1107-01

Measuring Earth’s polar ice sheets from
space

A. Shepherd (1) ; E. lvins, (2)

(1) University of Leeds, School of earth and environment,

Leeds, United Kingdom; (2) Caltech, Pasadena, United States
of America

Earth’s ice responds rapidly to climate forcing, and satellite
observations have become an essential tool with which
to measure and understand these changes. Although
considerable progress has been made in quantifying
recent fluctuations in ice sheet mass balance, significant
challenges remain in attempting to predict future ice
sheet losses. This is because past changes have been too
small to reliably judge the performance of the ice sheet
models upon which predictions are currently based. In
consequence, there is a continued need for satellite-based
observations of the polar ice sheets - both to inform the
development of ice sheet models, and to deliver synoptic
Iasselss_ments of their contribution to contemporary sea
evel rise.

There are three popular satellite-based techni?ues for
estimating the sea level contribution due losses from the
polar ice sheets; satellite altimetry can measure changes
in ice sheet volume; satellite interferometry can measure
outlet glacier discharge, and satellite gravimetry can
measure fluctuations in ice sheet mass. Although all three
approaches are technically sound, in the past there has
been poor agreement between independent assessments.
The Ice Sheet Mass Balance Inter-Comparison Exercise
(IMBIE) was established in 2011 as a joint initiative of
the European Space Agency (ESA) and the US National
Aeronautics and Space Administration (NASA) as an
attempt to resolve the apparent disagreement between
geodetic estimates of ice sheet mass balance. Within
IMBIE, estimates of ice sheet mass balance are developed
from all three geodetic techniques using a common spatial
and temporal reference frame and a common appreciation
of the contributions due to external signals. The project
brings together the laboratories and space agencies
that have been instrumental in developing independent
estimates of ice sheet mass balance to date.

In 2012, the first IMBIE assessment was delivered. It
included 19-years of satellite radar altimeter data, 5-years
of satellite laser altimeter data, 18 years of satellite radar
interferometer data, 7-years of satellite gravimetry data,
32-years of surface mass balance model predictions, and
predictions from a suite of post glacial rebound models.
Since then, further changes have occurred in Antarctica
and Greenland, and the record of satellite observations has
been extended through continued operation of existing
missions, such as GRACE, and through the availability of
measurements from new sensors, including CryoSat-2 and
Sentinel-1a.

This presentation will review the latest satellite
measurements of Antarctica and Greenland, and will
outline progress towards a second ice sheet mass balance
inter-comparison exercise.

K-1107-02
Polar ice sheets and sea-level rise: threats
and uncertainties

G. Durand (1)
(1) LGGE / CNRS, St Martin d’Heres, France

During the last 20 years, the Greenland and Antarctic ice
sheets have been loosing mass with an increasing rate.
They now significantly contribute to sea-level rise and will
most probably continue in the foreseeable future. Their
potential total contribution is tremendous as ice sheets
contain tens of meters of sea level equivalent. However,
the rate of their coming outflow remains speculative. In
particular both ice sheets may exhibit some instability

processes that could be initiated once oceanic or
atmospheric perturbations exceed a given threshold. Once
engaged in such instabilities, ice sheet mass loss is self-
entertained and large regions may collapse. This lecture
will describe the essential processes at the origin of the
observed ice sheets’ imbalance, our current knowledge on
potential tipping points and highlight the main reasons
of the uncertainties in the projection of ice sheets’
contribution to sea level.

0-1107-01

Present-day sea level rise

A. Cazenave (1)
(1) CNES, LEGOS, Toulouse, France

We review most recent progress realized in measuring
global mean sea level (GMSL) over recent decades and
satellite altimetry era (starting in 1993), as well as in
understanding the causes of the observed rise (i.e.,
ocean thermal expansion, land ice loss and terrestrial
water storage change). The IPCC 5th Assessment Report
revisited the sea level budget for the last few decades and
came to rather ?ood agreement between observed GMSL
rise and sum of climate and non-climate contributions.
Over the satellite altimetry era, GMSL rise (of 3.2 mm/yr)
is reasonably well explained by ocean thermal expansion
(contributing ~ 37%) and land ice loss from glaciers and
ice sheets (contributing ~ 55%). Terrestrial water storage
change (mostly due to ground water pumping) is supposed
to explain the remaining, but this component is quite
uncertain. For about 10 years, new observing systems
from space and in situ (e.g., GRACE space gravimetry, Argo
profiling floats) allow improved estimates of the various
contributions to sea level rise, in particular direct estimate
of ocean mass change. These observations indicate that
over 2005-2013, ocean thermal expansion rose less
rapidly than during the 1990s (with a contribution of
only 28%) while the ocean mass increase now explains ~
66% of the GMSL rise. This mostly results from ice mass
loss acceleration from the ice sheets. This improved sea
level budget approach allows us to put constraints on the
contribution of the deep ocean (not seen by Argo) and its
role in the current ‘hiatus’.

0-1107-02
Projections of sea level change

J. Gregory (1)
(1) NCAS, University of Reading and Met Office Hadley
Centre, Reading, United Kingdom

It is very likely that the rate of global mean sea level rise
(GMSLR) during the 21st century will exceed the rate
during 1971-2010, due to increases in ocean warming
and loss of mass from glaciers and ice sheets. Ocean
thermal expansion is the largest contributor to projections
of GMSLR during the 21st century. For a given scenario,
there is a substantial spread in climate model projections
of thermal expansion, and in the geographical pattern
of sea level change due to ocean density and circulation
change. Larger uncertainty in projections of GMSLR comes
from the land-ice contributions, especially ice-sheet
dynamical change. These contributions also influence
regional sea-level change, through their effect on gravity
and the solid Earth. GMSLR by 2100 is likely to be in the
range 0.28-0.61 m above the 1986-2005 mean under
a scenario of strong mitigation (RCP2.6), and 0.52-0.98
m under a scenario of high emissions (RCP8.5). Unlike
surface temperature change, GMSLR depends on the
pathway of CO2 emissions, not only on the total; earlier
emissions of the same total lead to greater GMSLR. By
the end of the century, the rate of GMSLR under RCP2.6
could stabilise at rates similar to those of the early 21st
century, while under RCP8.5 it could approach the average
rates that occurred during the last deglaciation. It is very
likely that regional sea level rise will be positive over about
95% of the world ocean, and about 70% of the global
coastlines are projected to experience a relative sea level
change within 20% of the global mean. Based on current
understanding, only the collapse of marine-based sectors
of the Antarctic ice sheet, if initiated, could cause GMSLR
above the likely ranges during this century, but GMSLR
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will continue for man}/ subsequent centuries, because of
the long timescales of ice-sheet change and deep-ocean
warming, and could be partly irreversible.

1107-POSTER PRESENTATIONS

P-1107-01

Two Decades of Global and Regional Sea
Level Observations from the ESA Climate
Change Initiative Sea Level Project

M. Ablain, (1) ; JF. L () ; A Ca ve (3) ;
Mey55|gnac “4); G Larnlcol (I) J. Benvemste, (5)

(1) CLS, DOS, PMC, Ramonville St Agne, France; (2) CLS,
Space Oceanography Division, Ramonville St Agne, France;
(3) CNRS-CNES, Laboratoire d’études en géophysique et
océanographie spatiales, Toulouse, France; (4) CNES, Legos,
Toulouse, France; (5) ESA, Esrin, Frascati, Italy

Sea level is a very sensitive index of climate change
and variability. Sea level integrates the ocean warming,
mountain glaciers and ice sheet melting. Understanding
the sea level variability and changes implies an accurate
monitoring of the sea level variable at climate scales,
in addition to understanding the ocean variability and
the exchanges between ocean, land, cryosphere, and
atmosphere. That is why Sea Level is one of the Essential
Climate Variables (ECV) selected in the frame of the
ESA Climate Change Initiative (CCl) program. It aims at
providing long-term monitoring of the sea level ECV with
regular updates, as required for climate studies. After a
first phase (2011-2013), the program has started in 2014
a second phase of 3 years. The objectives of this second
phase are to involve the climate research community, to
refine their needs and collect their feedbacks on product
quality, to develop, test and select the best algorithms and
standards to generate an updated climate time series and
to produce and validate the Sea Level ECV product. This
will better answer the climate user needs by improving the
quality of the Sea Level products and maintain a sustain
service for an up-to-date production. To this extent, the
ECV time series has been extended and it now covers the
period 1993-2013.

We will firstly present the main achievements of the ESA
CClI Sea Level Project. On the one hand, the major steps
required to produce the 21 years climate time series are
briefly described: collect and refine the user requirements,
development of adapted algorithms for climate applications
and specification of the production system. On the other
hand, the product characteristics are described as well as
the results from product validation, performed by several
groups of the ocean and climate modeling community. At
last, the work plan and key challenges of the second phase
of the project are described.

P-1107-02

Error characterization of global Mean Sea
Level time series deduced from TOPEX,
Jason-1 and Jason-2 altimeter missions

M. Ablain, (1) ; L. Zawadzki, (1) ; P. Prandi, (1)
(1) CLS, DOS, PMC, Ramonville St Agne, France

With the satellite altimetry missions, the global mean
sea level (GMSL) has been calculated on a continual basis
since January 1993. ‘Verification’ phases, during which the
satellites follow each other in close succession (TOPEX/
Poseidon--Jason-1, then Jason-1--Jason-2), help to
link up these different missions by precisely determining
any bias between them. The global mean sea level (MSL)
deduced from these 3 altimetric missions provides a
global rate of 3.2 mm from 1993 to 2013 applying the
post glacial rebound (MSL AVISO website http://www.
jason.oceanobs.com/msl).

Within the ESA Climate Change Initiative program, the users
requirements have been collected and for the users of the
Sea Level ECV, it is crucial to know as much as possible the
errors impacting the MSL calculation in order to analyze
the MSL variations and in fine to interpret correctly the
geophysical mechanisms underlying these variations. The
characterization of these errors was performed over the
whole altimetric period separating several time scales as
the long-term evolution (mean sea level trend), but also

the inter-annual and periodic signals.

However, it will also be very useful to provide the
confidence envelop (or error envelop) of the global MSL
time series in order to know the exact error level at each
time step. In this paper, we propose to describe in details
the approach developed to compute this confidence
envelop. We will also present the results obtained and how
to interpret them.

P-1107-03
Altimeter sea level rise assessment with
tide gauge measurements

M. Ablain, (1) ; P. Prandi, (1) ; G. Valladeau, (1)
(1) CLS, DOS, PMC, Ramonville St Agne, France

Since the first altimeter missions and the improvements
performed in the accuracy of sea surface height
measurements from 1992 onwards, the importance of
global quality assessment of altimeter data has been
increasing. Global Calval studies usually assess this
performance by the analysis of internal consistency and
cross-comparison between all missions. The overall
quality assessment of altimeter data can be performed
by analyzin% their internal consistency and the cross-
comparison between all missions.

As a complementary approach, tide gauge measurements
are used as an external and independent reference to
enable further quality assessment of the altimeter sea level
and provide a better estimate of the multiple altimeter
performances. In this way, both altimeter and tide gauge
observations, dedicated to climate applications, require
a rigorous quality control. The tide gauge time series
considered in this study derive from several networks
(GLOSS/CLIVAR, PSMSL, REFMAR) and provide sea-level
heights with a physical content comparable with altimetry
sea level estimates.

Concerning altimeter data, the long-term drift assessment
can be evaluated thanks to a widespread network of tide
gauges. Thus, in-situ measurements are compared with
altimeter sea level for the main altimeter missions. If
altimeter time series are long enough, tide gauge data
provide a relevant estimation of the global Mean Sea Level
(MSL) drift calculated for all the missions. Moreover,
comparisons with sea level products merging all the
altimeter missions together have also been performed
using several datasets, among which the AVISO delayed-
time Sea Level Anomaly grids.

P-1107-04

Probabilistic surface reconstruction of
coastal sea level rise during the twentieth
century

G. Choblet (1) ; H. Laurent (2) ; T. Bodin (3)

(1) CNRS - Université de Nantes, Laboratoire de Planétologie
et Géodynamique, Nantes, France; (2) CNRS - Université
Joseph Fourier, Isterre, Grenoble, France; (3) UC Berkeley,
Earth and planetary science, Berkeley, United States of
America

We present a new surface reconstruction procedure based
on the Bayesian inference method for coastal relative sea
level variation during the twentieth century. Average rates
are computed from tide gauge records. Models based on
a Voronoi tessellation agapt to the level of information
which proves well suited to the strong heterogeneity
of data. Each point of the reconstructed surface is
defined through a probability density function, a format
particularly well adapted to this climate-related datum.
The resolution of reconstructed surfaces strongly varies
among the six large regions considered and within a given
region. Anomalous sea level variations recorded locally
are shown to reflect either anthropogenic effects or well-
identified fast tectonics. For a poor data coverage, these
can cause a problematic distortion of the reconstructed
surface. Europe, North America, Australia, and Africa
present a single trend with a decreasing precision of the
reconstructed surface as a function of resolution of the
tide gauge record. The most prominent feature in Europe
is the pronounced uplift of Fennoscandia. Coasts of
United States have the best resolution in North America
and present stronger rates of sea level rise on the Atlantic
than their European counterparts. Australia (especially in



the North) and Africa are poorly resolved. Asia and South
America depart clearly from this trend: a relatively uniform
rise is obtained for Asia in spite of a good tide gauge
record. Conversely, the reconstructed surface for South
America presents an exceptional degree of roughness, at
odds with a relatively poor record. Overall, this method
not only offers a new assessment of sea level change
(validating earlier results) but also quantifies the reliability
of estimates.

We finally apply a similar procedure to GPS vertical data.
First results on vertical ground motion which therefore
allow the local evaluation of absolute sea-level rise during
the twentieth century will be presented.

P-1107-05

Climatic information from unexplored
areas of East Antarctica: The French ITASE
Contribution

V. Favier (1) ; L. Arnaud (1) ; G. Delaygue (1) ; M. Fily (1) ; H.
Gallée (1) ; C. Genthon (1) ; B. Jourdain (1) ; G. Krinner (1) ;
A. Landais (2) ; M. Legrand (1) ; ME. Le (1) ; O. Magand (1)
; V. Masson-Delmotte (2) ; B. Minster (2) ; G. Picard (1) ; S.
Preunkert (1) ; F. Prié (2) ; F. Remy (3) ; J. Savarino (1)

(1) LGGE, Grenoble, France; (2) LSCE, Gif-sur-Yvette, France;
(3) LEGOS, Toulouse, France

Antarctica is the largest ice reservoir on Earth. In the
context of climate change, the surface mass balance (SMB)
of Antarctica will play a major role in the evolution of sea
level. Knowledge of the current variations of Antarctic SMB
is thus a major challenge. However, for Antarctica the
spatially averaged SMB is still poorly constrained because
field data are sparse. The IPCC fifth assessment report
(AR5) has highlighted this uncertainty as one of the main
scientific challenges in climate science.

How the surface mass balance of Antarctica will change
in the future?

In spite of decades of studies, an international effort
is still necessary to reduce the important remaining
uncertainties. Especially, large regions of Antarctica are
still unexplored. Hence, scientific traverses have been
designed in the framework of SCAR-ITASE program
(International Trans-Antarctic Scientific Expeditions) to
collect invaluable samples and observations in the field.
In the context of ITASE project, the French glaciology
community has launched a program to get new information
on surface mass balance. During the 2009-10, 2011-2012
and 2013-14 summers, scientific traverses have been
performed over large distances on the Antarctic plateau.
However, the coast-to-plateau transition zone has been
largely unexplored, whereas this is where most of future
changes are expected to occur. Hence, a new traverse
is planned in this area for the summer 2016-17. Using
up-to-date techniques, we propose to collect information
on snow physical properties to analyze the processes
responsible for their spatial and temporal variations. A
special attention will be paid on the way to use remote
sensing data to infer the physical characteristics of snow.
This knowledge is expected to allow us to interpret
remote sensing signal in terms of surface mass balance.
Getting information on how the origin and transport of
moisture affect chemical and isotopic signals stored in firn
and ice will also be a priority. This knowledge will help
us to validate climate and surface mass balance models,
which are used to forecast future surface mass balance.
The goal of this presentation is to describe recent results
obtained by the French ITASE community, and to describe
its strategy for future research performed in Antarctica.

P-1107-06

Testing the sensitivity of the East Antarc-
tic Ice Sheet to Southern Ocean dynamics:
past changes and future implications

C. Fogwill (1) ; C. Turney, (1) ; K. Meissner, (1) ; N. Golledge,
(2) ; P. Spence, (1) ; J. Roberts, (3) ; M. England (4) ; R. Jones,
(5); L. Carter, (2)

(1) University of New South Wales, Climate Change Research
Centre, Sydney, NSW, Australia; (2) Victoria University of
Wellington, Antarctic research centre, Wellington, New
Zealand; (3) Australian Antarctic Division, Institute of

marine and atomospheric studies, Hobart, Australia; (4) The

University of New South Wales, Climate change research
centre, Sydney, Australia; (5) University of Exeter, Geography,
Exeter, United Kingdom

The stability of Antarctic ice sheets and their potential
contribution to sea level under projected future warming
remains highly uncertain. The Last Interglacial (135,000~
116,000 years ago) provides a potential analogue, with
global temperatures 2°C higher and rates of sea-level rise
>5.6m ka—1, leading to sea levels 6.6-9.4m higher than
gr%sena. The source(s) of this sea-level rise remain fiercely
ebated.

Here we report a series of independent model simulations
exploring the effects of migrating Southern Hemisphere
Westerlies (SHWs) on Southern Ocean circulation and
Antarctic ice-sheet dynamics. We suggest that southerly
shifts in winds may have significantly impacted the sub-
polar gyres, inducing pervasive warming (0.2-0.8°C in the
upper 1,200m) adjacent to sectors of the East Antarctic
Ice Sheet (EAIS), which due to their geometries and
connectivity to the Southern Ocean are highly sensitive
to ocean forcing. We conclude that the EAIS potentially
made a substantial, hitherto unsuspected, contribution to
interglacial sea levels, and given 21st-century projections
in the Southern Annular Mode and associated SHW
migration, we highlight how pervasive circum-Antarctic
warming may threaten EAIS stability.

P-1107-07

Uncertainties on the surface mass balance
of Antarctica

C. Genthon (1) ; C. Palerme (1) ; H. Barral (2) ; C. Amory (2)
(1) CNRS, Laboratoire de Glaciologie et Géophysique

de I’Environnement, Saint Martin d’Héres, France; (2)
Université de Grenoble Alpes, Laboratoire de glaciologie

et géophysique de I'environnement, Saint Martin d’Heres,
France

On average, the ~12 106 km3 of the grounded Antarctic
ice sheet accumulates ~15 cm of water equivalent per year
at its surface. The main term in the surface mass balance
equation is precipitation, mainly in the form of snowfall.
Other terms include evaporation/frost deposition, melting
and runoff to the oceans, and blowing snow effects.
Climate models may or may not account for these terms,
if they do with varying degrees of realism which can only
be evaluated against past or present day observations.
All climate models simulate precipitation and predict
an increase of antarctic snowfall but disagree on the
magnitude of the increase. A 20 % increase (everything
else unchanged) would induce a ~1 mm/year moderation
of sea-level rise due to other causes of sea-level change.
Unfortunately, there are no in situ observations of
antarctic snowfall that can be used to confidently assess
model performance and sort out their reliability. Satellite
data suggest that most models overestimate antarctic
precipitation. Those models closest to the satellite data
predict a larger precipitation increase and impact on
sea-level. Blowing snow is a frequent phenomenon on
the peripheral slopes of the antarctic ice sheet where
catabatic winds blow, but none of the past IPCC climate
models have accounted for this process and a possible
contribution to surface mass balance change. There are
few observations of antarctic blowing snow and those
available suggest systematic model biases in blowing
snow conditions. Although the current mean surface
mass balance of Antarctica is relatively well know from
glaciological measurements, there is a deficit of evaluation
and validation of the independent components and thus
of the physical processes which may be individually and
differently altered in a changing climate.

P-1107-08
Avoided Sea Level Rise from thermal
expansion for RCP4.5 versus RCP8.5

A. Hu (1);S. Bates, (1)

(1) National Center for Atmospheric Research, Boulder, CO,
United States of America

Observational evidence shows that as the global mean
temperature increases, the global mean sea level is also
rising. The rising sea level could impose significant impacts
on coastal communities, especially when this rising sea
is compounded with storm surges. Here, by analyzing
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results from two sets of ensemble simulations using the
Community Earth System Model version 1, we study the
potential avoided sea level rise over the 21st century on
global and regional scales if a climate pathway of RCP4.5
is followed versus RCP8.5. Results show that the global
mean sea level rise averaged over 2061-2080 due thermal
expansion of sea water can be reduced by about 25% (~3.7
cm). Regionally, this avoided sea level rise can be marginal
in some areas, such Melbourne, Australia (14cm vs. 13cm),
and can be very large in others, such as New York (35cm
vs. 25cm) due to regional changes in dynamical forcing.

P-1107-09

Analyses of altimetry errors using Argo
and GRACE data

JF. Legeais (1) ; P. Prandi, (2) ; M. Ablain, (2) ; N. Picot (3)
(1) CLS, Space Oceanography Division, Ramonville St Agne,
France; (2) CLS, Dos, pmc, Ramonville St Agne, France; (3)

CNES, Toulouse, France

Since the first altimeter missions and the improvements
performed in the accuracy of sea surface height
measurements from 1992 onwards, the importance of
global quality assessment of altimeter data has been
increasing. Global Cal/Val studies are usually performed by
the analysis of internal consistency and cross—-comparison
between all missions. In this study, the steric and mass
contributions to the sea level provided by Argo profiling
floats and the Gravity Recovery And Climate Experiment
(GRACE) mission respectively are used as independent
sources of comparison to analyze the altimetry errors.

Argo profiling floats are spread out over almost the
global open ocean since 2004. However, they measure
temperature and salinity vertical profiles, providing only
the steric contribution to the total sea level content
measured by altimeters. The missing mass contribution
is derived from the GRACE data set from 2003 onwards.

The comparison is performed with the first objective of
detecting global and regional altimeter mean sea level
drifts. A second goal is to assess the impact of new
altimeter standards (orbit, geophysical corrections,
ground processing) and new versions of altimeter merged
products such as the 2014 AVISO reprocessing or the Sea
Level CCl data set. We also focus our work on sensitivity
analyses of the method of comparison to various
parameters. In particular, we determine to which extent
the altimeter quality assessment is affected by a different
pre-processing of altimeter data, a sub sampling of the
Argo network and a change of the reference depth used to
compute Argo dynamic heights.

P-1107-10

An upper limit of future sea-level rise

A. Levermann (1)
(1) Potsdam Institute for Climate Impact Research, Research
Domain Sustainable Solutions, Potsdam, France

For coastal protection an upper limit of future sea-level
rise is of much higher value than the likely range provided
by the Intergovernmental Panel on Climate Change AR-5.
Based on state-of-the-art process-based simulations and
physical considerations, an upper limit for the global mean
sea-level rise of the 21st century is presented. It is shown
that this upper limit is consistent with the likely range
provided by the IPCC-ARS5, but far exceeds the upper value
of this likely range. For practical purposes a full probability
distribution is suggested which is both consistent with the
IPCC-range and the upper limit estimate.

P-1107-11

Climate change impacts on Nef Glacier and
repercussions on the hydrological regime
of Nef River (Patagonia, Chile)

P. Lopez (1) ; B. Pouyaud, (2) ; P. Chevallier, (2) ; G. Casassa,
(3) ; F. Espinoza, (4) ; J. Salas, (5) ; P. Nahuelcar, (5) ; J.
O’kuinghttons, (5) ; L. Longuevergne (6)

(1) CNRS, University Rennes 1, Geosciences Rennes, Rennes,
France; (2) Laboratoire Hydrosciences UMR 5569 (CNRS,

IRD, Université de Montpellier), Montpellier, France; (3)
Geoestudios Ltda and Universidad de Magallanes, Santiago

and Punta Arenas, Chile; (4) Independent consultant,
Coyhaique, Chile; (5) Direccion General de Aguas,
Coyhaique, Chile; (6) CNRS, University Rennes 1, Geosciences
rennes, Rennes, France

The Nef River, with its origin in the Nef Glacier, located
on the Northern Patagonia Icefield (Chile), drains a
glacierized basin of 800 km2. In this study, fluctuations

etween 2005 and 2010 in the discharge of Nef River
measured close to the Nef Glacier’s front, were analyzed.
Throughout the whole data series, the discharge follows a
seasonal fluctuation with a mean discharge of 27.1 m3/s
and 78.3 m3/s for the fall/winter and spring/summer
season, respectively. During autumn, spring, and summer,
several floods are related in terms of temperature peaks.
The highest flood of the whole period (189 m3/s) was
observed on 11 March 2009 and occurred as a result of a
significant increased of the air temperature (from -0.9°C to
+12.5°C) appeared during the 5 previous days to the flood
triggering increase of glacier melting.

In order to quantify the Nef Glacier’s melting (in function
to the air temperature) during spring and summer
seasons, a simplified degree-day method was applied for
the 2007-2008 hydrological year (which is the only period
without gaps on the data series). The glacier melt water
contributed for 30% to the total discharge; meanwhile
precipitation represents only a 7.2%.

In addition, we found that Glacial Lake Outburst Flood
(GLOF) events occurred at Nef Norte Lake (a small
proglacial lake originated on a lateral front of Nef Glacier)
can contribute significantly to the total discharge of Nef
River. Indeed, the surface area of the lake was monitored
using SPOT 5 satellite images and DEMs. By 23th March
2008, the lake lost at least 25% of the surface measured
in 13th March and the water level of the lake was 33.6
m lower (equivalent to 6*106 m3). This amount is
therefore coherent with the increase of discharge of
25.5 m3/s recorded between 15th and 20st March 2008.
In consequence, we suggest that a GLOF event was
responsible of the 4th highest flood (156.8 m3/s) of the
2005 - 2010 period.

GLOF events, which increased their frequency in Patagonia
during the last decade, are the clear evidence of constant
glacier thinnin? as response to climate change. The
abldatzi%r]l ]area of Nef Glacier thinned 1.8 m between 2001
an .

These results confirm that a hydrological approach applied
to the glacial runoffs can correctly estimate glacier melting
coming from ablation area, which is largely unknown at
basin scale in the Northern Patagonia Icefield.

P-1107-12

Recent acceleration of glacier retreat in the
Northern Patagonia Icefield based on an
updated decennial evolution

P. Lopez (1) ; G. Casassa, (2)

(1) Géosciences Rennes, Rennes, France; (2) Geoestudios
Ltda and Universidad de Magallanes, Santiago and Punta
Arenas, Chile

The glacier length fluctuations and the surface area
evolution between 2001 and 2011 of 25 glaciers of
the Northern Patagonia Icefield (NPI) were studied:
the information extracted from the Landsat ETM+
satellite image of 11 March 2001 was compared to the
measurements performed based on the Landsat ETM+
satellite image of 19 February 2011. From a global point
of view, the majority of the studied glaciers thinned,
retreated and lost surface between 2001 and 2011, only
few glaciers (Leones, Nef, Pared Sur and Soler) located
on the eastern side of the NPI have been stable. Glaciers
located on the western side of the NPI suffered a stronger
wzajsting compared to the glaciers located on the eastern
side.

Between 2001 and 2011, a noteworthy retreat of 1.9 km
was experienced by Gualas Glacier and by Reichert Glacier
with 1.6 km, both located on the north-western side of the
NPI. On the south-western side of the NPI, during the same
decennia, Steffen Glacier experienced a remarkable retreat
of 1.6 km as well. During the 2001-2011 period, Steffen
Glacier more than doubled its rate of retreat (compared to
the 1979-2001 period) and experienced the disintegration
of its main front as well as a lateral tongue that retreated



3.1 km. The most significant retreat observed on the
eastern side was experienced by Colonia Glacier (1 km).

Area loss was also relevant during the period 2001-2011.
Overall, the icefield experienced a reduction of 50.6
km2 which represents a 1.3% relative to the surface area
calculated for 2001 year. The most remarkable surface
reduction was observed for HPN-1 Glacier that lost 3.2% of
i(tzsssgl;)rface estimated in 2001, followed by Steffen Glacier

We suggest that the glacier shrinking observed in the NPI
is controlled firstly by atmospheric warming, as it has
been reported in this area. Nevertheless, updated climatic
studies are needed in order to confirm this suggestion.
If the detected past climate trends persist, in the future,
glaciers of the NPI will continuous or even increase their
rate of shrinking generating important consequences for
this region like the production of Glacier Lake Outburst
Flood events or the decrease of the melt-water runoff in
the long-term future.

P-1107-13
Use of Differential SAR Interferometry for

vertical ground motions monitoring in
coastal cities

D. Raucoules (1) ; G. Woppelmann (2) ; G. Le Cozannet (1)
; M. De Michele (1)

(1) BRGM, ORLEANS, France; (2) LIENSS - univ la Rochelle, La
Rochelle, France

Before the altimetry era, tide gauge are a unique source of
information to evaluate past sea-level changes. However,
they can be affected by vertical ground motions acting at
different space scales. We use synthetic aperture radar
techniques to assess these ground motions and their
consequences for geodetic instruments such as Tide
Gauge, GPS, Doris stations. Summarizing results obtained
at Alexandria (Egypt; Woppelmann et al., 2013), Manila
(Philippines; Raucoules et al., 2013) and Dakar (Senegal;
Le Cozannet et al., subm.), we identify different situations
in terms of data availability and f%round motion context:
- when strong ground motions affect the tide gauge, the
technique can easily help rejecting tide gauges records
from the database of reliable datasets (case of Manila)
- however, when no ground motions can be observed
using InSAR in the vicinity of geodetic instruments (Case
of Alexandria and Dakar), it remains challenging to reach
the accuracy required to confirm that tide gauge records
are indeed suitable for monitoring sea level changes. To
reach the required accuracy of this InSAR application, a
large set of SAR data must have been acquired over the
area. For future science application of Sentinel 1 in the
field of geodesy underpinning sea level science, it will
be necessary to define appropriate background missions
covering coastal sites where key records have been
aquired.

P-1107-14

Sea level rise and Geoid: Factor analysis
approach

A. Sadovski (1) ; H. Song, (2) ; G. Jeffress, (2)

(1) TexasA&M University-Corpus Christi, Corpus Christi, TX,
United States of America; (2) Texas A&M University-Corpus
Christi, Conrad blucher institute for surveying, Corpus
Christi, United States of America

Sea levels are rising around the world, and this is a
particular concern along most of the coasts of the United
States. A 1989 EPA report shows that sea levels rose
5-6 inches more than the global average along the Mid-
Atlantic and Gulf Coasts in the last century. The main
reason for this is coastal land subsidence. This sea level
rise is considered more as relative sea level rise than
global sea level rise. Thus, instead of studying sea level
rise globally, this paper describes a statistical approach by
using factor analysis of regional sea level rates of change.
Unlike physical models and semi-empirical models that
attempt to approach how much and how fast sea levels are
changing, this methodology allows for a discussion of the
factor(s) that statistically a?;‘ects sea level rates of change,
and seeks patterns to explain spatial correlations.

Cartographers and geodesists, those who study the
measurement of the size and shape of the earth, are

interested in sea level as an elevation datum. This datum
is called the geoid, which is defined as the equipotential
gravity surface of the Earth, and theoretically best fits
global mean sea level in ocean areas. Hence, the rate of
change in mean sea level directly affects changes to the
geoid and the elevation datum used as the reference for
topographic mapping.

Many methods have been used in sea level rise modeling.
These methods can be divided into two categories: physical
models, based on the conservation of mass (global water
mass and ice mass measurements), and semi-empirical
models, studying measured rates of change of sea level
and measured changes in global temperatures along with
the error estimates of measurements to predict future
trends. These two approaches are complementary. For
example, no one really understands the dynamics of each
and every glacier, so it is quite difficult to calculate melting
glaciers from physical models, hence the use of semi-
empirical methods described in the majority of studies of
sea level rise. This paper introduces a different approach
by using factor analysis of regional sea level rates of
change as a statisticaYanaIysis tool. Instead of answering
the question of how much and how fast sea levels are
changing, this paper computes and discusses which
mathematical factor statistically affects sea level rates of
change and seeks patterns to explain spatial correlation.
The paper also seeks to hypothesize that any insights into
the factors influencing sea level change also apply to the
changes to the geoid.

P-1107-15

Strategy and new statistical downscaling
method for the on-line derivation of the
Greenland ice sheet surface mass balance
in a GCM

?.)Salas Y Melia (1) ; M. Geyer (1) ; E. Brun (2) ; M. Dumont
3

(1) CNRM-GAME (METEO-FRANCE/CNRS), GMGEC/ASTER,
Toulouse, France; (2) ONERC, Paris, France; (3) CEN,
Grenoble, France

Current CMIP5 (Coupled Model Intercomparison Project
Phase 5) coupled Global Climate Models (GCMs) cannot
realistically represent ice sheet/climate feedbacks. This is
due to their coarse horizontal resolution, which hampers
the correct representation of Surface Mass Balance (SMB)
spatial variability, to weaknesses in the representation
of physical processes at the ice sheetsurface and to the
lack of interactive ice sheet models which are necessary
torepresent the ice loss due to dynamics. As a contribution
to the future inclusion of interactive ice sheet models in
coupled GCMs, we discuss various potential methods.
We present a downscaling method designed for the
online derivation of the SMB field over the Greenland ice
sheet (GrlS). This method uses statistical relationships
between SMB and temperature variations which have
been established from off-line simulations of the SMB
performed on a high resolution grid with a detailed
snowpack model. We used this technique to downscale
150 km horizontal resolution SMB output from the CNRM-
CM5.1 GCM to a 15 km resolution grid. A comparison
with output from the MAR regional model shows that the
downscaling clearly improves the spatial distribution of
the SMB, particularly along the GrIS margins, where steep
topography gradients are not correctly represented at low-
resolution. A simulation where CNRM-CM5.1 was nudged
with ERA-Interim demonstrates the ability of the method
to reproduce reasonably well the interannual variability of
the total GrIS SMB from 1979 to 2012. From a technical
point of view, the method is generic enough to be applied
to outputs from other GCMs, though it cannot completely
filter model biases, especially in the interior of the GrlS.

P-1107-16
Sea-level change and projection for future
flooding along the coast off Egypt

M. Shaltout (1)
(1) Faculty of Science, Alexandria University, Egypt., Physical
Oceanography, Alexandria, Egypt

The current study analyses the recent changes in the daily
satellite aItimetr}/ data along the southern Levantine sub-
basin and cost off Egypt over the period 1993-2013. First,
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the accuracy of using satellite altimetry data, represented
by dynamical topography (DT) as a measure of coastal sea
levels, is examined based on tide gauges observations.
Second, daily and annual satellite altimetry data are related
to five atmospheric/oceanic factors to evaluate their effect
on DT changes. Third, the qualities of three realisations of
the Geophysical Fluid Dynamics Laboratory (GFDL) global
climate model (GCM) are examined by comparing these
with the satellite altimetry dataset. Finally, the simulations
that best describes the present satellite altimetry data are
used to describe the uncertainties in projection of the sea
level changes along the study area.

The results indicate that the satellite altimetry data
represented by DT can be used to study coastal and deep
sea level changes in the study area. Southern Levantine
sub-basin sea level display a recent average sea level rise
of 3.1 cm decade-1 and exhibits a significant annual sea
level variation from -17 cm (deep water) to 8 cm (shallow
water). The sea level variations are significantly affected
by several factors such as and in orger of importance:
sea level variations west of Gibraltar Strait, steric sea
level variations and sea surface temperature. The GCMs
that most realistically describe the recent sea level over
the study area is GFDL-CM3, outputs from this model are
used to study the projected sea level along the study area
for different emission scenarios. GFDL-CM3 model results
indicate that the coast of Egypt will experience sea level
rise in the current century. Uncertainty in the projected
sea level rise over the studied area ranged from 4 to 22
cm rise by 2100 and was explained by three different
sources of uncertainties, of which the emission assumed
dominated. Comparing of uncertainty in the projected
sea level rise with digital elevation data shows that the
Egyptian Mediterranean coast will only become safe from
flooded by the end of 21st century if effective adaptation
methods are applied.

P-1107-17

Earth’s changing oceans: Effects and impli-
cations for iceberg calving from Antarcti-
ca’s ice shelves

C. Walker (1)
(1) Georgia Institute of Technology, School of Earth and
Atmospheric Sciences, Atlanta, GA, France

Ice shelves are freely floating seaward extensions of
the Antarctic ice sheet. They can extend hundreds of
kilometers into the ocean and drain the vast majority of
ice from Antarctic ice sheet to the ocean. Iceberg calving
from these ice shelves is the primary means of discharging
ice from the Antarctic Ice Sheet into the Southern Ocean
and, although calving events occur sporadically, when they
do occur they remove large amounts of mass in a nearly
instantaneously. This cycle forms part of the natural cycle
of ice shelf advance and retreat with typical recurrence
times between major calving events of the order of several
decades. However, changes in calving rates have also been
implicated in some of the most rapidly changing regions of
Antarctica. Scambos et al. (2003) showed that the abrupt
disintegration of both Larsen A and Larsen B ice shelves
occurred following a series of abnormally warm summers.
Not only were these disintegrations surprising in terms
of size, but also in the speed at which they occurred;
approximately 13,500 km$A2$ of ice was lost by the
collective Antarctic ice shelves due to collapse in the last
three decades of the 20$A{th}$ century, deemed to be
possibly related to the approximately 3 degrees C increase
in temperature at the Antarctic Peninsula over the last half
of the century (Steffen et al., 2010). Despite the fact that
calving accounts for at least half of the mass loss from
the ice sheet (Rignot et al., 2013), but its relation to the
changing climate remains poorly understood.

Many major and minor ice shelves of Antarctica exist in a
colder climate further South than the peninsular ice shelves
and have not experienced comparable surface warming nor
are they currently showing any signs of peninsular-style
disintegration. They have, however, experienced increased
basal melting over the past decade with some speculation
that these ice shelves may especially be susceptible to
ocean forcing. To realistically assess the evolution of ice
shelves it is necessary to investigate the precursor to
calving: the initiation and propagation of rifts through the
ice. As ice flows toward the open water rifts eventually
become the boundaries at which icebergs separate from
their parent ice shelf. An example of such a rift was
detected in October 2011, at Pine Island Glacier (PIG) in
West Antarctica. The PIG flows outward into the Amundsen
Sea, creating a 30-km floating ice tongue. As the floating
shelf elongates from the grounding line, cracks eventually
form and icebergs calve off later. Rifts can initiate far
upstream of the calving front and propagate for decades
before an iceberg detaches. While many studies have
examined the dynamics of vertical crevasse penetration,
fewer studies have examined lateral propagation and
little is currently known about the forces and underlying
mechanisms that drive rift propagation. For example, it
has been proposed that rifting is the cumulative result of
many environmental factors, such as ocean swell induced
flexure caused by pulses of ocean swell or that rifting is
primarily the result of internal mechanical stresses acting
to fracture the ice.

In this study we continue the monitoring work that was
published in 2013, conducting observations of 15 ice
shelves around Antarctica over a 15 year period between
2000 and 2015. While previously we only compared
tidal swell data with rift propagation data sets, we now
use a variety of oceanic data and model results to better
characterize the effect of ocean changes on ice sheet
and speaﬁcally the evolving effect that Earth’s changing
oceans might have on solid ice discharge rates from
Antarctica’s ice shelves.

P-1107-18
The Irreversibility of Sea Level Rise

K. Zickfeld (1) ; K. Tokarska (2)

(1) Simon Fraser University, Vancouver, BC, Canada; (2)
University of Victoria, Victoria, Canada

Recent research has shown that sea level continues to rise
even if carbon dioxide emission will be halted completely.
Here we explore whether artificial atmospheric carbon
dioxide (CO2) removal (also referred to as “negative
emissions”) has the potential to reverse thermosteric sea
level rise on timescales relevant to human civilization.
Specifically, we investigate how much CO2 needs to be
removed from the atmosphere for sea level rise to be
reversed and stabilized permanently, and the degree to
which the reversibility of sea level rise depends on the
amount and duration of CO2 emissions prior to the time of
artificial CO2 removal. To investigate these questions, an
Earth System model of intermediate complexity is forced
with a range of emission scenarios entailing different
amounts of net negative CO2 emissions. We find that in
order to reverse and stabilize sea level rise, atmospheric
CO2 concentrations need to be returned to pre-industrial
levels. Thermosteric sea level rise is linked to the integrated
net radiation flux at the top of the atmosphere, and will
stop rising only when this flux becomes negative (i.e. when
there is a net radiation loss to space). Our results suggest
that while sea level rise can be reversed temporarily with
negative emission technologies deployed at a scale that is
currently deemed to be technologically feasible, reversal
and permanent stabilization of sea level rise requires the
removal of all anthropogenic CO2 from the atmosphere.
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K-1108-01

Future stratospheric ozone in a changing
climate

U. Langematz (1)

(1) Freie Universitat Berlin, Institut fiir Meteorologie, Berlin,
Germany

As a result of the Montreal Protocol on Substances that
Deplete the Ozone Layer and its subsequent amendments
and adjustments that constrained the production and
consumption of halocarbons, the decline of stratospheric
global ozone seems to have ceased. Model projections
suggest a future recovery of the global mean ozone
column to levels around the year 1980, when only low
levels of ozone depleting substances (ODSs) existed in the
stratosphere. However, the timing of the return of ozone
to historical levels depends not only on the concentrations
of ODSs but is also affected by thermal and dynamical
changes associated with increasing greenhouse gas
concentrations. For example, while the amounts of ODSs
steadily decrease in the stratosphere, with appropriate
meteorological conditions and given the long lifetimes
of ODSs, individual years with strong ozone decrease still
may occur in the near future.

Here, an overview of future projections of the ozone layer
based on chemistry-climate model simulations will be
presented. The impact of climate change on stratospheric
ozone recovery will be discussed.

K-1108-02
Stratosphere-Troposphere Coupling in a
Changing Climate

M. Baldwin (1)
(1) University of Exeter, Exeter, United Kingdom

Stratospheric variability and change has substantial
effects on surface weather and climate, especially on the
Annular Modes, with shifts in the jet streams, storm tracks,
precipitation, and likelihood of blocking events. Despite
unambiguous observations of this phenomenon, as well
as numerical simulations, a clear physical explanation of
this downward coupling has been elusive. In this talk |
will discuss recent advances in our understanding—how
pressure changes (movement of mass) in the stratosphere
affects surface climate. However, movement of mass
in the stratosphere is not sufficient to fully explain the
observed surface changes—surface effects are than
would be expected theoretically, and are larger than
at the tropopause. This “tropospheric amplification” is
easily quantified, and suggests a role for eddy feedbacks
in response to the movement of mass. | will discuss the
future implications for surface climate, jets, storm tracks,
etc.—assuming that we know how the stratosphere will
change during the remainder of this century.

0-1108-01

Sub-seasonal climate predictability asso-
ciated with an anomalously strong stratos-
pheric polar vortex

A. Charlton-Perez (1) ; O. Tripathi, (1) ; M. Sigmond, (2) ;
F. Vitart, (3)

(1) University of Reading, Meteorology, Reading, Berkshire,
United Kingdom; (2) Environment Canada, Canadian centre
for climate modelling and analysis, Victoria, Canada; (3)
ECMWF, Reading, Berkshire, United Kingdom

There has been a great deal of recent interest in producing
weather forecasts on the 2-6 week sub-seasonal timescale
which bridges the gap between medium-range (0-10 day)
and seasonal (3-6 month) forecasts. While much of this
interest is focused on the potential applications of skilful
forecasts on the sub-seasonal range, understanding
the potential sources of sub-seasonal forecast skill is a

challenging and interesting problem particularly because
of the likely state-dependence of this skill (Hudson et al.,
2011). One such potential source of state-dependent skill
for the Northern Hemisphere in winter is the occurrence
of stratospheric sudden warming (SSW) events (Sigmond
et al.,, 2013). Here we show, by analysing a set of sub-
seasonal hindcasts, that there is enhanced predictability
of surface temperature and circulation not only when the
stratospheric vortex is anomalously weak following SSWs
but also when the vortex is extremely strong. During the
third and fourth weeks following anomalously strong polar
vortex conditions northern Europe and northern Russia
are on average three degrees Celsius warmer than their
climate norm, with similarly sized cold anomalies over
northwestern North America. Sub-seasonal forecasts
initialised during strong vortex events are able to
successfully capture their associated surface temperature
and circulation anomalies. This results, for some regions,
in a significant enhancement of forecast skill compared to
forecasts initialised during cases when the stratospheric
state is close to climatology. We demonstrate that the
enhancement of skill for forecasts initialised during
periods of strong vortex conditions is comparable to that
achieved for forecasts initialised during SSW events. this
result indicates that additional confidence can be placed
in sub-seasonal forecasts when the stratospheric polar
vortex is significantly disturbed from its normal state. This
presentation will discuss this result and its implications for
understanding the impact of stratospheric climate change
and its tropospheric impact.

0-1108-02

Characteristics of stratospheric warming
events during Northern Winter

P. Maury, (1) ; C. Claud (1) ; E. Manzini (2) ; A. Hauchecorne
(3) ; P. Keckhut (4) ; K. Kodera (5)

(1) CNRS, Ipsl/Imd, Palaiseau, France; (2) Max Planck Institut,
Hamburg, Germany; (3) CNRS, Latmos, Guyancourt, France;
(4) LATMOS-IPSL, Guyancourt, France; (5) Solar-Terrestrial
Environment Laboratory, Nagoya university, Nagoya, Japan

The polar mid-stratosphere is characterized by the
setting up of westerly winds around the pole during the
wintertime; the so-called polar vortex. The polar vortex
is one of the most variable features of the zonal-mean
circulation of the earth atmosphere, due to a highly non
linear interaction between planetary-scale Rossby waves
and the zonal flow. Indeed, the interaction between the
upward tropospheric propagating waves and the polar
vortex leads to a zonal flow weakening, implying a large
day-to-day vortex variability. In the most dramatic cases,
the polar vortex breaks down, the stratospheric polar flow
can reverse its direction and the temperatures can rise
locally by more than 50K in a span of a few days. Such
phenomena are known as major Sudden Stratospheric
Warmings (SSWs) and constitute, since their discovery in
1952 (Scherhag,1952) the most impressive dynamical
events in the physical climate system. On the contrary,
situations where the temperature increase is not associated
to a polar vortex breakdown are known as minor SSWs.

There is actually a renewed interest about SSWs since
Baldwin and Dunkerton (2001) have shown that the major
SSWs can influence weather in the troposphere. This
stratospheric-tropospheric linkage has been statistically
highlighted but no physical explanation has been
proposed. Also, other studies, that incorporate both major
and minor SSWs, show that events in the stratospheric
zonal flow associated with SSWs present downward-
propagating anomalies that can reach the troposphere
(Limpasuvan et al 2004), implying that minor SSWs have
to be also considered in the study of the stratospheric-
tropospheric dynamical coupling.

In this study, we propose a global characterization of
stratospheric warmings situations based on a temperature
threshold in the 50-10hPa layer between 70N-90N, in
order to better assess the properties of daily stratospheric
temperature variability during the northern winter. The
originality of this approach consists in evaluating the
wintertime positive temperature anomalies in terms
of intensity and duration without distinction between
minor and major SSWs. We will show that there is a wide
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spectrum of warming types, where major SSWs are the
most extreme, but other events - the minor SSWs - share
some common properties with them. They can even have
a surface signature if one look the stratospheric wave
reflection on the polar vortex.

0-1108-03

Update of stratospheric temperature
interannual variability and trends from
space sounders and ground-based lidars
observations

A. Hauchecorne (1) ; P. Keckhut (1) ; C. Claud (2) ; B. Funatsu,
(3); S. Khaykin, (1) ; G. Angot, (1) ; P. Maury, (2)

(1) LATMOS-IPSL, Guyancourt, France; (2) CNRS, Ipsl/Imd,

Palaiseau, France; (3) CNRS, Letg-rennes costel, université
rennes2, Rennes, France

The stratosphere is expected to cool, in conjunction with
the global warming at the surface and in the troposphere,
due to the increase of greenhouse gas concentration in the
atmosphere, and also to stratospheric ozone loss. This is
already observed but the rate of cooling is not constant
and there is still a debate on its amplitude. Several other
factors may influence the evolution of the stratospheric
temperature. External forcings, like the solar variability that
modulate the UV solar flux and strong volcanic eruptions
injecting aerosols in the stratosphere, participate to its
decadal variability. The variability of the stratospheric
dynamics is also adding some complexity to the system.
For instance global climate models predicts an increase of
the occurrence frequency of sudden stratospheric warming
(SSW) events not yet confirmed by the observations. A
monitoring of the stratospheric temperature evolution is
crucially needed to better understand the complexity of
the processes playing a role in the coupling between the
stratosphere, the troposphere and the climate.

The stratospheric temperature is measured at a global
scale by satellite instruments; mainly microwave sounders
AMSU (Advanced Microwave Sounding Unit) on board
meteorological satellites. These sounders are very useful
to provide the global overview but may suffer from biases
and orbital drifts and have a poor vertical resolution in the
upper stratosphere. Since 2000 radio-occultation sensors,
among them the US-Taiwan COSMIC constellation, provide
well-resolved and accurate temperature profiles but
limited to the upper troposphere-lower stratosphere.
Rayleigh lidars implemented within the NDACC (Network
for the Detection of Atmospheric Composition Change)
international network measure accurately the temperature
profile from the middle stratosphere to the upper
mesosphere but in a very few locations. They are used
climate change monitoring, dynamics studies and satellite
validation.

In this presentation we will present an update of the
interannual variability and trends in the stratospheric
temperature from AMSU, Rayleigh lidar and radio-
occultation measurements. Similarities and differences
in the temperature evolution captured by these
various sensors will be evaluated. The contribution of
anthropogenic and natural forcings to the observed
changes will be discussed. A particular focus will be given
to the role of SSW events to the stratospheric temperature
evolution as a function of latitude and season.

0-1108-04
Role of the middle atmosphere for low-
frequency climate variability

T. Reichler (1) ; Z. Bowen (1)

(1) University of Utah, Atmospheric Sciences, Salt Lake City,
Utah, United States of America

It is commonly believed that the ocean represents
the dominant source for climate variability on longer,
interdecadal time scales and that this drives the low-
frequency variability of the atmosphere. Here, we
provide evidence for the existence of opposite pathways.
Investigating long control simulations with coupled and
uncoupled climate models we find considerable multi-
decadal variability in the atmosphere that is independent
of the ocean and that influences climate. The middle
atmosphere represents one source for such low-frequency
variability. The variability is related to relatively long-

lived fluctuations in the strength of the stratospheric
polar vortex, which in turn project on the state of the
North Atlantic Oscillation. This creates signals in ocean
temperatures over the deep convective region to the south
of Greenland, which, over the course of several years,
propagate into the deep ocean. These events modulate
and drive intrinsic low-frequency variability in the Atlantic
Multidecadal Overturning Circulation (AMOC) and explain
about 20% of the natural AMOC variability. Our findings
support the view that trends and low-frequency variations
in the middle atmosphere extend their influence beyond
the troposphere into the ocean and that this constitutes
an important source of climate variability. We discuss
natural and anthropogenic sources for such low-frequency
stratospheric variability.

0-1108-05

The millennium water vapour drop in the
stratosphere in chemistry-climate model
simulations

S. Brinkop (1) ; M. Dameris (1) ; P. Joeckel, (1) ; H. Garny, (1)
; S. Lossow, (2) ; G. Stiller (2)

(1) DLR-Deutsches Zentrum fuer Luft- und Raumfahrt,
Institut fuer physik der atmosphére, Oberpfaffenhofen,
Germany; (2) KIT - Karlsruher Institut fur Technologie, Imk-
asf, Karlsruhe, Germany

This study investigates the millennium water vapour
drop, the abrupt and severe water vapour decline in
thestratosphere beginning in year 2000, by means
of various simulations using the Chemistry-Climate
Model (CCM)EMAC. Since the beginning 1980s, balloon
borne stratospheric water vapour measurements and
correspondingsatellite measurements starting in the
early 1990s indicated a long-term steady increase of
water vapour concentrations.However, the multi-year
data sets also show significant fluctuations on different
time scales. In theyear 2000, an extraordinary sudden
drop of stratospheric water vapour concentration has
been observed followedby persistent low values for
several years. Solomon et al. (2010) showed that this
drop slowed down the rate ofincrease in global surface
temperature over the following decade by about 25%. So
far, the stratospheric watervapour variations observed by
satellite from 1992 to 2012 are not reproduced by CCM
simulations forced byobserved changes in sea surface
temperatures, greenhouse gases and ozone-depleting
substances (Gettelman et al.,2010, Randel and Jensen,
2013).However, the CCM EMAC is able to reproduce the
signature and pattern of the water vapour disturbances
inagreement with those derived from observations. In this
paper we present results of a hierarchy of simulationswith
the CCM EMAC, demonstrating that it is possible to retrace
the observed water vapour fluctuations in thestratosphere
(incl. the millennium drop), if suitable inner and outer
boundary conditions are applied.
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P-1108-01

The ARISE project: dynamics of the atmos-
phere and climat

E. Blanc (1) ; A. Charlton-Perez (2) ; P. Keckhut (3) ; L. Evers
(4) ; P. Heinrich (1) ; A. Le Pichon (1) ; A. Hauchecorne (5)
(1) CEA, Arpajon, France; (2) University of Reading,
Department of meteorology, Reading, United Kingdom; (3)
LATMOS-IPSL, Guyancourt, France; (4) Royal Netherlands
Meteorological Institute (KNMI) , De Bilt, Netherlands; (5)
CNRS, Latmos, Guyancourt, France

It has been robustly demonstrated that variations in the
circulation of the middle atmosphere influence weather
and climate throughout the troposphere all the way to
the Earth’s surface. A key part of the coupling between
the troposphere and stratosphere occurs through the
propagation and breaking of planetary waves and gravity
waves. Limited observations of the middle atmosphere and
these waves in particular hamper our ability to faithfully
reproduce the dynamics of the middle atmosphere in
numerical weather prediction and climate models.

An exciting scientific development in recent vyears
has been the potential for a number of novel ground-



based measurement techniques to give new and
complementary measurements of the middle atmosphere.
The main challenge of the ARISE (Atmospheric dynamics
InfraStructure in Europe) project[1] is to combine for the
first time existing national and international observation
networks which observe the middle atmosphere including:
the International infrasound monitoring system developed
for the CTBT (Comprehensive nuclear-Test-Ban Treaty)
verification, the NDACC (Network for the Detection of
Atmospheric Composition Changes) lidar network, localized
European observation infrastructures at mid latitudes (OHP
observatory), tropics (Maido observatory), high latitudes
(ALOMAR and EISCAT), infrasound stations developed
at national level in European countries and satellite
measurements. This joint network provided advanced data
products, with the scope to assemble the derived upper
atmospheric wind and temperatures into NWP models.

The ARISE infrastructure is unique because of its coverage
(from polar to equatorial and tropical regions in tﬁe
European longitude sector and adjacent regions), its ability
to sense a wide range of altitudes (including stratosphere,
mesosphere, lower thermosphere, ionosp%ere) and the
involved scales both in time (from seconds to tens of
Kears) and space (from tens of meters to thousands of
ilometers). We are about to embark upon a new phase
of development to allow the network be improved by i)
including innovative instrumentation for measurements
in the middle atmosphere between 40 and 80 km where
temperature and wind measurements are especially rare, ii)
adding measurements in low latitude African stations where
only infrasound observations are currently available, iii) and
b% automating lidar and radar measurements for routine
observations.

The major ARISE objective is to provide a full description
of gravity and planetary waves in the stratosphere and
mesosphere for wave parameterization and assimilation
in the models. This could lead to a better prediction of
extreme events such as Sudden Stratospheric Warming
and improvement of the tropospheric weather forecasts on
weekly time scales. The societal impact is potentially very
large, including for sectors such as agriculture, industry,
energy consumption, transport, insurance and risk
quantification.

ARISE objectives are also i) to better characterize the
coupling between atmospheric layers and effects on the
global atmospheric circulation and climate, ii) to quantify
the trends in extreme events relate to climate, iii) to
determine the impact of the Earth’s geo-space.

The project is multidisciplinary and includes European
roups with complementary expertise in weather
orecasting, climate, extreme events monitoring. It has
partners in a number of international organizations
including the ECMWF (European Centre for Medium-
Range Weather Forecasts), WMO (World Meteorological
Or?anization), SPARC (Stratospheric Processes And their
Role in Climate), ROSMIC (Role Of the Sun and the Middle
atmosphere-thermosphere-ionosphere In Climate), IRGGEA
(International Research Group in Geophysics Europe Africa).

This presentation will review recent advances in this topic
especially obtained in the framework of the ARISE project. It
will also discuss perspectives and future project challenges
related to climate.

[1] ARISE is an infrastructure Design Study project funded
by the European Commission under the H2020 program.

P-1108-02

Stratospheric chemistry-climate interac-
tions and their importance for the surface
climate in Antarctica

P. Braesicke (1) ; J. Keeble (2) ; L. Abraham (3) ; S. Kellmann
(1); J. Pyle (2) ; G. Stiller (1) ; X. Yang (4)

(1) KIT, IMK-ASF, Eggenstein-Leopoldshafen, Germany; (2)
University of Cambridge, Cas, Cambrid%e, United Kir:igdom;
(3) University of Cambridge, Ncas, Cambridge, Unite:
Kingdom; (4) BAS, British antarctic survey, Cambridge, United
Kingdom

One prominent example of anthropogenic environmental
change is the annually recurring ozone hole in the
Southern Hemisphere (SH). This systematic change
in stratospheric composition affects circulation and
tropospheric climate. To improve our understanding of

how a stratospheric change induces shifts in tropospheric
climate, we investigate model integrations run with the
fully coupled chemistry climate model UM-UKCA. Results
are confronted, where appropriate, with satellite observed
changes from the MIPAS instrument on ENVISAT.

Comparin%two climate-equilibrium runs with and without
an ozone hole we find statistically significant changes in
the models thermal structure and circulation. Polar lower
stratospheric cooling, in conjunction with the elevation of
the high latitude tropopause and followed by an increase
in the vertical component of the EP flux from November
to December are consistent with a surface warming of the
Antarctic Peninsula in December. The seasonal change of
circulation is accompanied by an apparently descending
anomaly of the EP flux divergence in the stratosphere, thus
suggesting an active role of stratospheric dynamics in the
surface response.

The robustness of such a circulation response to ozone
changes can be studied diagnosing differences of long-
lived trace gas distributions as an indicator for large-scale
circulation changes. Here, we contrast the MIPAS observed
year-to-year variability in N20 to changes in the seasonal
evolution of N20 in different modelled climate equilibrium
states with different ozone amounts. We conclude that the
climate system can respond sensitively (but coherently) in
its seasonal evolution to small chemical perturbations and
the circulation adjustments modelled are consistent with
observed interannual variability. This finding supports the
applicability of the UM-UKCA climate equilibrium runs to
the interpretation of the Antarctic Peninsula warming.

P-1108-03

Stochastic parameterizations of the gravity
waves emitted from convection and fronts:
theory, validation, and impacts of the
middle atmospheric circulation

A.De La Camara (1);F. Lott, (1) ; L. Guez, (1) ; A. Hertzog, (1)
(1) Laboratoire de Meteorologie Dynamique, Paris, France

Internal gravity waves (GWs) propagating vertically from
their tropospheric sources impact the circulation of the
middle atmosphere, and are crucial for the reversal of
the mesospheric jet and the maintenance of the quasi-
biennial oscillation. Their spatial scales being too small
to be represented in current Earth System models, they
need to be parameterized. Nevertheless, mechanisms for
GW emission by fronts and jets remain elusive nowadays.
As a result, non-orographic GW parameterizations have
traditionally assumed an arbitrarily uniform source of
waves, which makes them insensitive to the annual cycle
of the GW sources or to a changing climate. For these
reasons, much effort has been made over the last decade
to develop schemes that relate the GWs to their sources.

A recently developed stochastic parameterization of
gravity waves is used and adapted to represent the
ravity waves produced by convection and mid-latitude
ronts. For the fronts, the parameterization uses a theory
of the spontaneous adjustment that relates directly the
gravity waves field to potential vorticity anomalies. With
relatively little modification to the theory, we show that
the spontaneous adjustments occurring in the troposphere
are sufficient to produce the right amount of waves in the
mesosphere. We also predict the gravity wave field present
during the Concordiasi long-duration balloon campaign in
the lower stratosphere, and show that the gravity waves
predicted by the parameterization are quite realistic. The
impacts on the climate are also addressed with the General
Circulation Model LMDz, with a particular emphasis on
the annual cycle in the stratosphere. We also address the
significance of including the GWs sources on the middle
atmosphere response to a changing climate. Preliminary
results show that when GW sources are included, the
middle atmosphere response to climate change is stronger
than without the sources, the impacts even reaching the
surface at least in the Southern Hemisphere.

de la Camara, A., and F. Lott, 2015: A parameterization
of gravity waves emitted by fronts and jets, Geophys. Res.
Lett, doi: 10.1002/2015GL063298.

de la Camara, A., F. Lott, and A. Hertzog, 2014:
Intermittency in a stochastic parameterization of non-
orographic gravity waves, J. Geophys. Res. Atmos., 119,
11,905-11,919, doi:10.1002/2014)D022002.
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Lott, F., and L. Guez, 2013: A stochastic parameterization
of the gravity waves due to convection and impact on the
equatorial stratosphere, J. Geophys. Res., 118 (16), 8897-
8909.

P-1108-04

On the coupling between polar and tropi-
cal regions during springtime: variability
of tropical intrusion and Frozen In Anticy-
clones

N. Huret (1) ; R. Thiéblemont (2) ; A. Hauchecorne (3) ; YJ.
Orsolini (4) ; K. Matthes (2)

(1) LPC2E/CNRS and Orléans University, Orléans, France;

(2) GEOMAR, Kiel, Germany; (3) CNRS, Latmos, Guyancourt,
France; (4) NILU, Kjeller, Norway

Recent observational and modeling transport studies
of Arctic stratospheric final warming have shown that
tropical/subtropical air masses can be transported to high
latitudes and remain confined within a long-lived “frozen-
in” anticyclone (FrlAC), embedded in the summer easterlies
for several months.

We first present a climatology of these sporadic events
over the period 1960-2011 using ERA-40 and ERA Interim
reanalyses. This study highlights stratospheric favorable
preconditioning for FrlACs occurrence, that is: i) early and
abrupt final warming, ii) no stratospheric major warming
during the previous winter, and iii) East phase of the
Quasi-Biennial Oscillation. We will present in detail the
FrlAC in spring 2011, which was the largest ever recorded.
Our climatology further suggests that the frequency of
occurrence of FrlACs has increased over the last decade
(among the nine cases detected over the period 1960-
2011, five occurred between 2002 and 2011).

A chemistry climate model is then used for the first
time to investigate FrlACs characteristics and variability.
Simulations were performed with the NCAR’s Community
Earth System Model (CESM, version 1.0.2), a coupled model
system including the Whole Atmosphere Community
Climate Model (WACCM). FrlACs characteristics (i.e. spatial
extent and duration), are overall consistent by comparing
with FrlACs detected ERA-40 meteorological reanalyses.
Dynamical analysis reveals that FrlACs are associated
with an abrupt and early winter-to-summer stratospheric
circulation transition, characterized by an amplification of
planetary wave activity. Furthermore, our model results
confirm that FrlACs occur preferentially under the easterly
phase of the QBO and in absence of MSW during the
preceding winter. Finally, we notice that extreme climate
change conditions (RCP8.5 scenario) do not influence
FrIACs frequency.

P-1108-05

Stratospheric ozone causes a negative
feedback in CO2-driven climate change
simulations

M. Ponater (1) ; S. Dietmiiller, (1) ; M. Dameris (2) ; R.
Sausen, (1)

(1) DLR-Institut fuir Physik der Atmosphare, Earth System
Modelling, Oberpfaffenhofen, Germany; (2) DLR, Institut fiir
physik der atmosphare, Oberpfaffenhofen, Germany

Ozone has been considered mainly as a contributor to
climate change in terms of radiative forcing. However, it
is also providing a radiative feedback when c?imate change
is induced by, for example, a radiative forcing from CO2
increase. Interactively coupled chemistry-climate models
can be used to identi¥ aquuantify this feedback. In a set
of simulations forced Ey CO2 increase of different strength
we find a negative ozone radiative feedback, which reduces
the climate sensitivity compared to a model system where
the ozone distribution is prescribed. Stratospheric ozone is
more important than tropospheric ozone for this chemical
feedback. The feedback mechanisms mainly works
through intensification of the Brewer-Dobson circulation
as sea surface temperature increases. The stratospheric
water vapour feedback is modified by interaction with
the ozone feedback, becoming less positive than in
simulations with fixed ozone. Hence, a negative ozone
feedback and a reduced water vapour feedback overlap
constructively in CO2-driven simulations with interactive
ozone, giving a global sea surface temperature response

that is 4 to 10% smaller than in a corresponding simulation
without interactive chemistry.

P-1108-06

Evidence by remote sensing and com-
bined-model approaches for the role of
gravity waves in sudden stratospheric
warmings

P. Preusse (1) ; M. Ern, (1) ; BG. Song, (2) ; T. Trinh, (1) ;

F. Friedl-Vallon, (3) ; P. Bechtold, (4) ; HY. Chun, (2) ; J.
Orphal, (3) ; M. Riese, (1)

(1) Forschungszentrum Juelich GmbH, IEK-7, Juelich,
Germany; (2) Yonsei University, Seoul, Republic of Korea;
(3) Karlsruhe Institute of Technology (KIT), Karlsruhe,
Germany; (4) ECMWF, Reading, United Kingdom

Observations of absolute values of gravity wave
momentum flux (GWMF) from the satellite instruments
SABER ad HIRDLS in conjuncture with global stratospheric
and mesospheric winds are used to investigate the role of
GWs in the different phases of the sudden stratospheric
warmings (SSWs) during the recent decade. Both GWMF and
its vertical gradient as a proxy for drag are enhanced before
the central date of major SSWs. After the central date of
the SSW, GWMF and gravity wave drag in the stratosphere
are strongly reduced. However, GWs contribute to the
downward propagation of newly formed olarf'ets and of
elevated stratopauses to their «climatological» altitude.
This is likely at least in part due to poleward propagation
of GWs. In order to shed light on the sources, propagation
direction and phase speed spectra of the waves we
complement the observations by high-resolution global
model fields of ECMWF. We use these fields to infer the
characteristics of GWs in the lower stratosphere and couple
the results to global ray-tracing. This allows us to a) infer
sources of GWMF by backward ray-tracing and b) to study
the interaction of GWs in the stratosphere and mesosphere
by forward ray-tracing in the background of geostrophic
winds inferred from MLS and SABER. The current satellite
observations can not reveal the propagation direction of
the waves and model data need still to be proven to be
fully realistic: the advantages of both approaches would
be combined in limb-imaging measurements of a future
mission. A concept for such an instrument is presented.

P-1108-07

The impact of biogenic bromine emissions
from the oceans on the middle atmosphere
in a changing climate

BM. Sinnhuber (1) ; G. Krysztofiak (2) ; S. Meul (3)

(1) Karlsruhe Institute of Technology, Institute for
Meteorology and Climate Research, Eggenstein-
Leopoldshafen, Germany; (2) University of Orléans, LPC2E,
CNRS, Orléans, France; (3) Freie Universitat Berlin, Berlin,
Germany

Bromine from very short-lived substances, primarily from
natural oceanic sources, contribute substantially to the
halogen loading of the free troposphere and stratosphere
with an important impact on atmospheric chemistry.
This source of atmospheric bromine has so far been
ignored in most chemistry-climate model simulations of
tropospheric and stratospheric ozone trends. Here we will
present chemistry climate model simulations over the past
decades including the biogenic emissions of bromine from
the oceans and their impact on atmospheric chemistry
and ozone trends. We will discuss possible interactions
between oceanic emissions, atmospheric chemistry and
climate change.

P-1108-08

Network for the Detection of Mesopause
Change (NDMC): What can we learn from
airglow measurements in terms of better
understanding atmospheric dynamics?

S. Wiist (1) ; M. Bittner (1) ; C. Schmidt, (1) ; PJ. Espy (2) ;
J. French (3) ; F. Mulligan, (4) ; J. Scheer (5) ; M. Taylor, (6)

(1) DLR Oberpfaffenhofen, DFD-ATM, Wessling, Germany; (2)
Norwegian University of Science and Technology, Trondheim,




Norway; (3) Australian Antarctic Division, Climate processes
and change, Kingston, Australia; (4) National University of
Ireland, Experimental physics, Kildare, Ireland; (5) Istituto

de Astronomia y Fisica del Espacio, Buenos Aires, Argentina;
(6) Utah State University, Center for atmospheric and space
sciences, Logan , United States of America

The international Network for the Detection of Mesopause
Change (NDMC, http://wdc.dlr.de/ndmc) is a global
program with the mission to promote international
cooperation among research groups investigating the
mesopause region (80-100 km) with the goal of early
identification of changing climate signals.

NDMC is contributing to the World Climate Research
Program, WCRP.

Measurements of the airglow at the mesopause altitude
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K-1109-01

Connections between water and energy:
Clouds, water vapour, radiation and preci-
pitation

G. Stephens (1)

(1) JPL, California Institute of Technology, Pasadena,
United States of America

Water and energy are intimately coupled together in the
Earth’s climate system. Each controls the other. This talk
will concentrate on atmospheric feedbacks that develop
between water and energy that influence the global
hydrological cycle response in a warming and moistening
climate.  As the planet warms, the amount the global
precipitation increases is determined by the increased
emission from the atmosphere that is mostly controlled
by the increases to water vapor. The increases to water
vapor, especially that transported to the upper atmosphere
by convection, fundamentally affects the radiation balance
both directly through the influence the clear-sky emission
and by enhancing the absorption of radiation by the upper
tropospheric clouds that develop as a consequence of the
moistened upper troposphere. Thus feedbacks develop
between radiation, clouds and precipitation develop that
influence how the global hydrological cycle responds
to a warmed climate. These feedbacks, and others will
be discussed in the context of both global and regional
changes to the hydrological cycle.

K-1109-02

Land processes and the global water cycle:
Past results and upcoming CMIP6 plans

S. Seneviratne (1) ; B. Van Den Hurk (2) ; G. Krinner (3) ; H.
Kim (4) ; C. Derksen (5) ; T. Oki (4)

(1) ETH, Zurich, Institute for atmospheric and climate
science, Zurich, Switzerland; (2) KNMI, Model Development,
De Bilt, Netherlands; (3) LGGE, Grenoble, France; (4)
University of Tokyo, Global hydrology and water resources
engineering, Tokyo, Japan; (5) Environment Canada, Climate
research division, Toronto, Canada

Terrestrial processes play an essential role in the
global water cycle, through a range of mechanisms.
Soil moisture-climate interactions affect both extreme
temperatures and precipitation on land (e.g. Seneviratne et
al. 2010, Hurk et al. 2011, Seneviratne et al. 2013, Guillod
et al. 2015) and also explain discrepancies between
global-scale patterns in wetting and drying and respective
trends over land (Greve et al. 2014). But recent analyses
suggest that models may share common biases in their
representation. Snow-climate feedbacks are also of strong
relevance, but associated with substantial uncertainties
(Derksen and Brown 2012, Brutel-Vuilmet et al. 2013).
This presentation will provide an overview on the role
of land surface exchanges in the global water cycle and
on current perspectives for future research in this field.
In particular, it will highlight plans for the Land Surface,

region (80-100km) from most of the European NDMC
stations including spectro-photometers and imagers
allow monitoring atmospheric variability at time scales
comprising long-term trends, annual and seasonal
variability, planetary and gravity waves and infrasonic
signals. The measurements also allow validating satellite-
based measurements such as from the TIMED-SABER
instrument.

Examg)les will be presented for airglow measurements
and for related atmospheric dynamics analysis on the
abovementioned spatio-temporal scales and comparisons
with satellite-based instruments as well as with LIDAR
soundings. Focus will be on climate signals in the
mesopause region.

's thanging water cycle

Snow, and Soil moisture Multimodel Intercomparison
Project (LS3MIP) under the 6th phase of the Coupled
Model Intercomparison Project (CMIP6), which will allow
a better validation, assessment, and quantification of the
undderllying processes and feedbacks in current climate
models.
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K-1109-03
Changes in continental water cycle and
extreme events

0. Zolina (1)

(1) Joseph Fourier University, Le laboratoire de glaciologie et
géophysique de I'environnement, Grenoble, France

Ongoing and projected changes in continental water cycle
are closely connected with extreme events which provide
specific mechanisms of water cycle changes. We are going
to address observed variability and change in continental
water cycle in the context of climate extremes. Although
hydroclimate extremes result from many factors that
sometimes act together, water is a central component of
these extremes via either its excess or scarcity. The major
factor underlying hydroclimate extremes is precipitation,
closely associated with flooding and droughts resulting
from long dry periods and substantial water deficits
over large regions. Among the major problems of
changes in water cycle associated with extremes we will

consider changes in temporal structure of precipitation
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or precipitation timing. Over last several decades both
wet and dry periods have become longer in several large
European regions, specifically in Central and Eastern
Europe. This effect is not associated with changes in the
number of wet days but, rather, with the grouping of wet
days into prolonged wet and dry periods, increasing the
likelihood of floods and droughts, respectively. Another
critical problem for accurate quantification of the impact
of extremes on water cycle is scaling of precipitation.
Representation of the impact of precipitation extremes on
the water cycle strongly depends on spatial and temporal
scales resolved by observational networks and models.
With given resolutions we only partly capture the effect
of extreme events in changes of hydrological cycle. We
will demonstrate potential of very dense observational
networks for accurate estimation of the role of hydroclimate
extremes in continental scale water cycle. We will also
consider the role of atmospheric moisture transport in
forming extreme precipitation in different midlatitudinal
regions, analyzing mechanisms associated with cyclone
activity and transports by the mean flow. Finally, we will
discuss the requirements for data characteristics and
model resolution for accurate estimation of the strongly
localized nature of hydroclimate extremes and their
impact on continental water cycle.

1109-POSTER PRESENTATIONS

P-1109-01

Congo Basin precipitation : understanding
sources and variability

E. Dyer (1) ; D. Jones, (1) ; D. Noone, (2) ; J. Nusbaumer, (3)

(1) University of Toronto, Department of physics, Toronto,

Canada; (2) Oregon State University, College of earth,

ocean, and atmospheric sciences, Corvallis, United States

of America; (3) University of Colorado, Department of

}a_\tm0§pheric and oceanic sciences, Boulder, United States of
merica

The Congo Basin is an extremely interesting and dynamic
h}/drological region, spanning six countries and a range
of ecosystems. It is home to over 75 million people
who rely on forest and freshwater resources along with
agriculture for subsistence. It has the second largest
continuous rainforest in the world, the second largest
river by discharge and is one of the main regions of deep
convection in the tropics. In many ways the Congo Basin
is similar to the Amazon but in comparison is greatly
understudied. According to the IPCC 5th Assessment
Report agreement between models in CMIP3 and CMIP5
ensembles is low in this region. CMIP5 shows better
agreement in boreal winter and worse agreement in
boreal summer. Unlike other African regions, there have
not been dedicated measurement campaigns, such as
the African Monsoon Multidisciplinary Analysis, and the
availability of rain gauge and other in situ observations is
sparse. An understanding of the current seasonality and
variability in Congo Basin precipitation is a step towards
good predictions of changes in the future.

We examine the relative importance of vapor from
neighbouring regions to precipitation variability in the
Congo Basin, using a new water tracer capability in the
Community Earth System Model (CESM1.2), in which
water is tagged as it is evaporated in geographically
defined regions. In this approach, regional vapor tracers
are tracked through phase changes until the vapor is
precipitated. We employ a small ensemble using CESM1.2
in an AMIP configuration, and results are compared with
the ECMWF Interim reanalysis, the Global Precipitation
Climatology Project data set and the Climate Research Unit
rainfall data set. The tagged water results are compared
to results from a stable isotope ensemble using the same
model setup, where water isotopes are tagged as they
enter the atmosphere. The results from the stable isotope
enabled model are evaluated using the International
Atomic Energy Agency’s Global Network of Isotopes in
Precipitation dataset.

A recycling ratio is calculated for the basin during dry
and rainy seasons, showing a consistently high ratio with
very high recycling during the dry seasons. Although
local moisture evaporation does play a large role in the
bulk of Congo Basin precipitation, the variability of local
moisture sources cannot necessarily account for the total
variability or seasonality. We find that the southern and
western Indian Ocean are significant sources, providing

important contributions to variability in Congo Basin
precipitation. We find that the vertical structure of
moisture flux convergence is important in determining
the rainy seasons and is potentially an explanation for the
signature of the vapor source of Congo Basin precipitation.
Using tagged vapor and also tagged water isotopes to
examine atmospheric vapor, important processes which
characterise Congo Basin precipitation can be explored.
This will contribute to a better understanding of how
precipitation in the region may change in the future.

P-1109-02

Typhoon Bopha: Impact of an extreme
tropical cyclone on the atmospheric water
and energy cycle

T. Garot (1) ; H. Brogniez, (1) ; N. Viltard, (1)

(1) Laboratoire Atmosphére Millieux Observations Spatiales,
Guyancourt, France

In a context of global warming, theory and modelin

predict that hurricane intensity should increase wit

increasing global mean temperatures. It is therefore
important to better study the extreme cyclones, which
could become the average case. Typhoon Bopha formed
on November 25 and dissipated on December 9, 2012.
It was the strongest tropical cyclone to ever hit the
southern Philippine island of Mindanao, making landfall
as a Category 5 super typhoon with winds of 280 km/h.
Btha caused substantial damage to Mindanao, leaving
behind hundreds of thousands of homeless and more than
500 fatal casualties. During the life cycle of the typhoon,
the Megha-Tropiques satellite provided 2 to 5 sampling
of the tropical atmosphere per day, thanks to its low
inclination orbit (20°). At that time, the two microwave
radiometers SAPHIR and MADRAS were both performing
measurements thus giving the opportunity to investigate
(i) how the typhoon impacted the atmospheric humidity
of its environment and (ii) the temporal evolution of its
rain field. For this purpose, three different levels of upper
troposr)heric humidit]/ retrieved from SAPHIR, rain rates
and releases of total latent heat estimated from MADRAS
were monitored along the storm track. We will discuss the
mean behavior of the typhoon that shows stron? lagged
oscillations of humidity and convection during its life cycle
and deepens its spatial asymmetries and their relationship
with the nearby environment. This analpsis was completed
with the use of the traking algorithm TOOCAN that
allows to study how each individual convective clusters
contributed to the life cycle of the typhoon.

P-1109-03
Cpld/ShouIder Season Precipitation Near

P. Groisman (1) ; S. Gulev (2) ; O. Zolina (3) ; R. Vose (4) ; I.
Hanssen-Bauer (5) ; O. Bulygina (6)

(1) UCAR at NOAA National Climatic Data Center, Asheville,
North Carolina, United States of America; (2) RAS P.P.
Shirshov Institute for Oceanology, Moscow, Russia; (3)
Joseph Fourier University, Le laboratoire de glaciologie et
géophysique de I'environnement, Grenoble, France; (4)
NOAA National Climatic Data Center, Asheville, United
States of America; (5) Norwegian Meteorological Institute,
Oslo, Norway; (6) Russian Inst. For Hydrometeorological
Information, Obninsk, Russia

Small changes in atmospheric conditions lead to major
changes in the types or amount of near-0°C precipitation.
For example, if near-surface temperatures are slightly
above (below) 0°C, rain or wet snow (snow) occurs; if a
slightly above-freezing inversion occurs (or not) aloft,
freezing rain (snow) can reach the surface. It also needs
to be recognized that solid precipitation amounts near 0°C
(such as wet snow) can be the highest in a winter storm.

With global climate change in the extratropics, the 0°C
isotherm will not disappear and associated precipitation
events will continue to occur. Rain should fall farther
upslope in mountainous regions, thereby increasing
the risk of flooding. Alterations in temperatures,
storm intensity and track will alter the likelihood and
occurrence of near-0°C precipitation including freezing
rain. Weakening of the atmospheric circulation in the
extratropical regions may lead to more polar jet stream
meandering that can lead to more persistent near 0°C
events. The overall warming, together with a larger influx



of the water vapour in the winter atmosphere from the
oceans (including ice-free portions of the Arctic Ocean)
will allow more water vapour in the winter atmosphere that
can increase the amount of near-0°C precipitation. And,
near-0°C temperatures should generally move poleward
and arrive at many locations earlier in spring or later in
autumn. This could potentially affect the seasonal cycle of
near-0°C precipitation.

Despite significant progress in addressing near-0°C
precipitation, it remains a challenging issue. Kunkel et al.
(2013; Bull. Amer. Meteorol. Soc.) indicated that freezing
precipitation was associated with the lowest level of
understanding for both detection and attribution amongst
s;:verasl types of hazardous weather conditions affecting
the U.S.

The overall issue of near 0°C precipitation is linked with
several phenomena. These include blizzards (just snow),
rain-on-snow (both phases with a particularly importance
of the precipitation interaction with pre-existed
snowpack), and freezing rain and drizzle (just liquid). The
specific hazards associated with these events include:
Heavy snowfall/rainfall transition around °C; Blizzards,
Rain-on-snow events, Freezing rain and freezing drizzle,
and Ice load on infrastructure.

Our presenttion will overview what we know and what
we do not know about changes in these phenomena and
formulate major tasks to advance in understanting of
near-0°C precipitation, its changes, and impact.

P-1109-04

Current and future changes in precipita-
tion and its extremes across wet and dry
regions

CL. Liu (1) ; R. Allan (1)

(1) Department of Meteorology, University of reading,
Reading, United Kingdom

Global warming is expected to enhance fluxes of fresh
water between the surface and atmosphere, causing wet
years to become wetter and dry years drier, with serious
implications for water resource management. Defining
wet and dry regions as the upper 30% and lower 70% of
the precipitation totals across the tropics (300S-300N)
each month we combine observations and climate model
simulations to understand changes in the wet and dry
extremes over the period 1850-2100.

Observed decreases in precipitation over the driest
tropical land (1950-2010) are also simulated by coupled
atmosphere-ocean climate models (-0.3%/decade)
with trends projected to continue into the 21st century.
Discrepancies between observations and simulations
over the wettest land regions since 1950 are explained
by decadal fluctuations in El Nifio southern oscillation,
the timing of which is not represented by the coupled
simulations. When atmosphere-only simulations are
instead driven by observed sea surface temperature they
are able to adequately represent this variability over land.

By considering changes in the intensity distribution
of precipitation, we find that global distributions of
precipitation trends are dominated by spatial changes
in atmospheric circulation. Unforced variability appears
to dominate trends for the present day but land-surface
feedbacks and secular changes in atmospheric circulation
patterns become increasingly important into the future.
Projected increases in extreme precipitation with warming
over land are not diagnosed for the present day due to
these dynamical influences which indicate that natural
variability over land is not a good proxy for future climate
change.

Nevertheless, the tendency for the wettest part of the
tropical circulation to become wetter (precipitation
increases with warming by 3%/K over wettest tropical
ocean grid points) and the driest part of the atmospheric
circulation to become drier (precipitation decreases of
-2%/K over the driest tropical land grid points) is a robust
result that emerges over the 21st century in response
to the substantial surface warming. This indicates that
enhancement in seasonality and wet and dry extremes
(flooding and drought) may be anticipated over the coming
century.

P-1109-05

Assessment of climate transformation
in Belarus according to the COSMO-CLM
model simulations

I. Partasenok (1) ; B. Geyer (2) ; V. Melnik (1)

(1) Hydromet, Minsk, Belarus; (2) Institute of Coastal
Research, System analysis and modelling, Geesthaht,
Germany

According to climatic investigations deviations of annual
temperature have increased during last decades in
Belarus. The period of significant transformation of the
temperature regime has been observed since 1970s, and
rapidly since 1989.

We used simulations of the COSMO model in CLimate
Mode (COSMO-CLM or CCLM) for detailed assessment of
climate transformation in Belarus. This is a nonhydrostatic
regional climate model developed from the Local Model
(LM) of the German Meteorological Service by the CLM-
community.

The coastDatll dataset was produced with the COSMO-
CLM at the Institute of Coastal Research of HZG to give
a consistent and homogeneous database mainly for
assessing weather statistics and climate changes since
1948, e.g., in frequencies of extremes for Europe. The
simulation was done for 1948 to 2012 and a horizontal
grid size of 0.22 degree in rotated coordinates. Global
reanalysis data of NCEP1 were used as forcing.

The observed gridded data (E-Obs) was applied in the study
for estimation of adequacy of the model simulations. We
used the E-Obs v.10.0 gridded dataset (European Climate
Assessment & Dataset) for the period of 1950-2012 as
an European daily high-resolution gridded dataset the
surface temperature and precipitation data.

We calculated means of seasonal temperature and
precipitation over Belarus for 1955-2012 period. The
calculations of temperature showed differences in the
coastDatll and E-Obs varied within 0.6-2 oC depending on
season. The largest deviations were obtained in winter and
consist of 1.7-2.0 oC, in spring differences were as 0.8-
1 oC; in summer were obtained the smallest deviations
within 0.6-0.8 oC and in autumn they were about 1.0-1.3
oC. Yearly means differ for both period on 0.9 oC. During
the year the E-Obs values were higher than coastDatll
except summer when values derived from CCLM exceed
the observed ones. Analysis of min/max values of seasonal
temperature proved smoothed course of the temperature
with less amplitude in CCLM.

Calculated differences of annual sums of precipitation
were not significant and lied within 7%. But differences
of seasonal sums varied from 10 to 20 %, especially in
summer season when difference was about 50 %. It could
be explained as an incorrect calculation of precipitation
forced by convective process.

Analysis of annual temperature trends according to
coastDatll showed statistically significant increasing of
temperature over entire territory of Belarus: from 0.22
oC per decade on the West to 0.3 oC per decade of the
East of the country. Trends of annual precipitation showed
remarkable increasing (up to 12 mm per decade) in
the North and North-East part of the Belarus but in the
central and southern parts of the country sums of annual
precipitation varied within norm.

P-1109-06
Physical properties and evolution of
mesoscale high cloud systems

S. Protopapadaki (1) ; C. Stubenrauch (1) ; A. Feofilov (1)
(1) Laboratoire de Météorologie Dynamique, Université de
paris 6, Paris, France

Representing about 40% of the Earth’s total cloud cover,
clouds in the upper troposphere play a crucial role in the
climate system by modulating the Earth’s energy budget
and heat transport. These clouds often form mesoscale
cloud systems extending over several hundred kilometres.
Ubiquitous cirrus (semi-transparent ice clouds in the
upper troposphere) evolve as the outflow of convective
and frontal systems or form in cold air supersaturated
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with water. Both their evolution with climate change and
their feedback can only be reliably estimated if these cloud
systems are adequately represented in climate models.
Only satellite instruments are able to give a picture as
a whole of these systems. IR sounders are observing
our planet since 1979, with improvements in spectral
resolution: from the TIROS-N Operational Vertical Sounders
(TOVS) onboard the NOAA polar satellites through the
Atmospheric InfraRed Sounder (AIRS) onboard Aqua
since 2002, and to the InfraRed Atmospheric Sounding
Interferometer (IASI) on board the MetOp platforms since
2006. The good spectral resolution of these instruments
allows reliable cirrus identification, both from day and
night-time observations. For this study we have developed
a novel method to describe mesoscale high cloud systems,
taking into account their horizontal extent. The occurrence
of convection within these systems will be estimated by
using cloud emissivity and a clustering method. This
allows a distinction between in situ cirrus and cirrus linked
to convective or frontal systems. The vertical extent of
these cloud systems, essential for determining the energy
balance at the Earth surface, can only be determined from
active instruments (CALIPSO lidar and CloudSat radar
synchronous with AIRS). This data set will be explored and
distributed within the framework of the GEWEX Process
Evaluation Study on Upper Tropospheric Clouds and
Convection (UTCC PROES).

We will relate the horizontal extent of the anvil to the
convective strenlgq;th of the system and we will present
first results on the variability of high cloud systems with
their surrounding atmosphere. Analyzing the evolution
and properties of mesoscale cloud systems as a whole
and their role in Igenerating cirrus clouds will be a ma{or
advancement in climate studies, also giving a new impulse
in climate model evaluation.

P-1109-07
Long-term changes in snowfall over Japan
and its regionality

H. Takahashi (1) ; S. Sugimoto (1)
(1) Tokyo Metropolitan University, Tokyo, Japan

We examined the long-term changes in snowfall over
Japan for recent 50 years, using observational data and a
regional climate model.

Climate change can significantly influence the snowfall on
the Japan Sea side of Japan because the seasonal surface
air temperature is higher than 0 deg C in northern winter.
This side of Japan is one of the heaviest snowfall regions
on Earth. These heavy snowfalls are a consequence of
the northwesterly flow of the Asian winter monsoon from
Eurasia and the region’s windward (northwestern side)
position along Japan’s northeast-southwest trending
central mountain range. Two main factors influence
precipitation over the Japan Sea side. One is the activity
of cold and dry northwesterly winds of the Asian winter

1110 - Observing the changing o

K-1110-01

Climate and Ocean: past, current and
future changes and variability - a challenge
for observations, models and assessment

M. Visbeck (1)
(1) GEOMAR & Kiel University, Kiel, Germany

The ocean covers more than 70 % of the surface of our
Elanet and plays a key role in supporting life on earth. It

osts the most diverse and important ecosystems, and
contributes to global and regional elemental cycling.
The ocean regulates our climate, and through climate,
habitats are shaped that allowed humans to thrive and
develop our societies. The marine system provides us with
naturar)resources such as food, materials, substances, and
energy. Furthermore, the oceans and the regional seas are
essential for international trade, recreational and cultural

monsoon, and the other is sensible and latent heat fluxes
on the Japan Sea,which are strongly associated with the
sea surface temperature (SST).

The snowfall amount can be influenced by total
precipitation amount and ratio of snowfall amount to
the total precipitation. Total precipitation is modulated
by many factors. On the other hand, the ratio of snowfall
amount to the total precipitation is basucally due to
surface air temperature. Thus, we investigated the both
factors, focusing on regional difference of the long-term
changes.

Results showed that snowfall has drastically changed
over the Sea of Japan side of Japan around late 1980’s.
Concurrent with the drastic change in snowfall, surface
air temperature has dramatically increased. However, the
drastic changes in snowfall was unclear over the some
regions, which was modulated by the total precipitation
changes. The regionality of long-term changes in snowfall
will be discussed.

P-1109-08

Analysis of freezing rain occurrence over
Eastern Canada using regional climate
model simulations

J. Thériault (1) ; E. Bresson (2) ; M. Cholette (1) ; D. Paquin
(2) ; R. Laprise (1) ; R. De ELia (2)

(1) Université du Québec, Earth and Atmospheric sciences,
Montréal, Canada; (2) Ouranos, Montreal, Canada

Winter storms can lead to many types of precipitation at
the surface when the temperature is around 0°C. Freezing
rain is the most damaging precipitation type produced
during these storms. Its occurrence is associated with
favourable synoptic conditions leading to a temperature
inversion associated with temperatures >0°C aloft and
subfreezing temperature near the surface. The overall goal
of this study is to investigate the changes in the occurrence
of freezing rain with our changing climate using regional
climate model outputs. In particular, a study of the
occurrence of freezing rain is conducted with climate
simulations produced by the Canadian Regional Climate
Model 5 (CRCM5) over Eastern Canada. This is achieved
using existing empirical techniques commonly used to
solve for the various winter precipitation types produced
during storms. These techniques are based on the vertical
temperature structure that affects strongly the type of
precipitation reaching the surface. The results show that
the model resolution impacts the vertical temperature
structure. This suggests that the model resolution will
impact the production of freezing rain by the model.
Hence, the differences in the freezing rain occurrence
diagnosed at different model resolutions are summarized.
Overall, this study started addressing how well regional
climate models can account of winter precipitation types
t(l) assess how their occurrences will evolve in our changing
climate.

cean climate

activities.

A growinﬂ world population with increasing levels of
affluence has had a noticeable impact on the environment
causing ‘global change’. In the area of climate in particular
increasing levels of greenhouse gas emissions have altered
the planetary heat galanced and caused changes in both
global and regional climate.

The Intergovernmental Panel for Climate Change (IPCC)
most recent assessment reminds us that: “The ocean’s
heat capacity is about 1,000 times larger than that of the
atmosphere, and the oceans net heat uptake since 1960
is around 20 times greater than that of the atmosphere.”
About 90% of this extra heat has been stored in the
ocean. The ocean plays a crucial role in climate change,
in particular in variations on seasonal to decadal time
scales. One example is sea level: the addition of heat and
freshwater flux from the melting glaciers and ice sheets
have cause the sea level to rise. The latest IPCC gives a
best estimate rate for 1961 to 2003 as 1.8 + 0.5 mm
yr-1. However, the regional differences are large and the
interplay between natural climate and ocean variability and
change remains a challenge for assessments.




Finally the IPCC addresses the adequacy of ocean observing
systems: “Many ocean observations are poorly sampled in
space and time, and regional distributions often are quite
heterogeneous. Furthermore, the observational records
only cover a relatively short period of time (e.g., the
1950s to the present). Many of the observed changes have
significant decadal variability associated with them, and in
some cases decadal variability and/or poor sampling may
prevent detection of long-term trends. When time series of
oceanic parameters are considered, linear trends are often
computed in order to quantify the observed long-term
changes; however, this does not imply that the original
signal is best represented by a linear increase in time.”
Thus this provides an opportunity for the global ocean
observing community to rise to the challenge and deliver
a fit-for-purpose more integrated, more cost effective and
more sustained ocean observing system.

K-1110-02

How do we observe and model the chan-
ging ocean physics, biogeochemistry, and
ecosystems?

N. Pinardi (1)

(1) University of Bologna, Department of Physics and
Astronomy, Bologna, Italy

The oceans play a crucial role as a climate regulator, and
changing ocean physics, biogeochemistry, and biology
have direct impact on human well-being through hazards
and ecosystem services changes.

Long-term, globally-coordinated, and high-quality
sustained ocean observations are required to understand
and model the role of the ocean in the earth’s climate,
to monitor ocean change, and to provide initial conditions
to predict the evolution of climate on scales including
seasonal, decadal, and centennial. Building on national
efforts, these observations are internationally coordinated
through the Global Ocean Observing System and the
Joint WMO-10C Technical Commission for Oceanography
and Marine Meteorology, building on the processes of a
common Framework for Ocean Observing devised and
adopted by the ocean observing community.

Observations and models combine to provide the best
possible estimates of the present and future state of the
ocean. These observations and forecasts inform decision-
making about coastal protection, the marine economy,
long-term changes in patterns of drought and flood, and
the human consequences linked to climate change. Our
confidence in the observations and models has increased
over time, even as some key critical knowledge gaps
remain.

0-1110-01

Pacific western boundary currents and
their roles in climate

A. Ganachaud (1) ; D. Hu, (2) ; L. Wu, (3) ; W. Cai (4) ; GA. Sen
(5); B.Qiu, (6) ; A. Gordon, (7) ; X. Lin, (3) ; Z. Chen, (3) ; S. Hu,
(2) ; G. Wang, (8) ; Q. Wang, (2) ; J. Sprintall, (9) ; T. Qu, (10) ;
Y. Kashino, (11); F. Wang, (2) ; W. Kessler, (12) ; A. Melet (13)
(1) IRD/LEGOS, Toulouse, France; (2) Institute of Oceanology,
CAS, Key laboratory of ocean circulation and waves,

Qingdao, China; (3) Qingdao Collaborative Innovation

Center of Marine Science and Technology, OUC, Physical
oceanography laboratory, Qingdao, China; (4) CSIRO,
Melbourne, Australia; (5) The University of New South Wales,
Australian research council (arc) centre of excellence for
climate system science, Sydney, Australia; (6) University of
Hawaii at Manoa, Department of oceanography, Honolulu,
United States of America; (7) Lamont-Doherty Earth
Observatory, Earth institute at columbia university, New
York, United States of America; (8) CSIRO, Marine and
atmospheric research, Melbourne, Australia; (9) Scripps
Institution of Oceanography, La Jolla, United States of
America; (10) SOEST, University of Hawaii, Iprc, department
of oceanography, Honolulu, United States of America; (11)
Japan Agency for Marine- Earth Science and Technology
(JAMSTEC), Center for earth information science and
technology, Kanagawa, Japan; (12) NOAA, Pacific marine
environmental laboratory, Seattle, United States of America;
(13) CNES/LEGOS, Toulouse, France

Pacific Ocean western boundary currents and the interlinked
equatorial Pacific circulation system were among the

first to be explored by pioneering oceanographers. The
widely accepted but poorly quantified importance of these
currents - in processes such as the El Nifio-Southern
Oscillation, Pacific Decadal Oscillation and Indonesian
Throughflow - has triggered renewed interest, with
ongoing efforts seeking to understand the heat and mass
balances of the equatorial Pacific, and possible changes
associated with greenhouse-induced climate change. Only
a concerted international effort through WCRP/CLIVAR
will close the observational, theoretical and technical
gaps currently limiting a robust answer to these elusive
questions. This work will present a review of the boundary
current characteristics, variations and their effects on local
and remote climate, as well as their future projections.

0-1110-02

Preliminary results from the international
South Atlantic Meridional Overturning
Circulation (SAMOC) Initiative

S. Speich (1) ; S. Garzoli (2) ; A. Piola (3) ; E. Campos (4)

(1) Ecolne normale superieure, Departement de geosciences,
paris, France; (2) NOAA, Aoml - phod, Miami, United

States of America; (3) Servicio de Hidrografia Naval, Buenos
Aires, Argentina; (4) Universidade de Sao Paolo, Instituto
oceanografico, Sao Paolo, Brazil

Within the MOC, the South Atlantic Ocean plays a key role
as a nexus for water masses formed elsewhere and en-
route to remote regions of the global ocean. Because of
this important interbasin exchanges, the South Atlantic
Ocean is the only major ocean basin that transports heat
from the pole towards the equator. However, the South
Atlantic is not merely a passive conduit for remotely formed
water masses. Indeed, within this basin water masses
are significantly altered by local air-sea interactions and
diapycnal/isopycnal fluxes, particularly in regions of
intense mesoscale activity and steep topography. These
contributions have been shown to have a crucial role in the
stredr]gth of the MOC in paleoceanographic and modelling
studies.

The monitoring of the North Atlantic portion of the MOC
has been ongoing for a decade now through the RAPID/
MOCHA/WBTS program as well as other national and
international initiatives. They all provide a scope for
understanding the MOC variability in that region. Given the
complex, multibasin nature of the MOC, achieving a more
complete understanding of its behaviour and changes
requires a more comprehensive observing system, one
that extends across neighbouring ocean basins as the one
we are developing for the South Atlantic within the CLIVAR
SAMOC initiative.

In this presentation, we will discuss the preliminary results
on estimates of the daily MOC strength at 35°S during a
~20 month long pilot array of mooring as well as model
outputs and Argo data. The MOC variability show to be
as large as that at 26N, with both eastern and western
boundary flows contributing equally to the variance.

The full array was re-established in the fall of 2013 in
)cAt%II.aboration with France, Brazil, Argentina and South
rica.

0-1110-03

Exceptional 20th-Century slowdown in
Atlantic Ocean overturning circulation

S. Rahmstorf (1) ; J. Box, (2) ; G. Feulner, (1) ; M. Mann, (3)
; A. Robinson, (4) ; S. Rutherford, (5) ; E. Schaffernicht, (1)
(1) Potsdam Institute for Climate Impact Research, Potsdam,
Germany; (2) Geological Survey of Denmark and Greenland
(GEUS), Copenhagen, Denmark; (3) Pennsylvania State
University, University Park, United States of America; (4)
Universidad Complutense de Madrid, Madrid, Spain; (5)
Roger Williams University, Bristol, United States of America

Possible changes in Atlantic meridional overturning
circulation (AMOC) provide a key source of uncertainty
regarding future climate change. Maps of temperature
trends over the twentieth century show a conspicuous
region of cooling in the northern Atlantic. Here we present
multiple lines of evidence suggesting that this coolin

may be due to a reduction in the AMOC over the twentiet

century and particularly after 1970. Since 1990 the AMOC
seems to have partly recovered. This time evolution is
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consistently suggested by an AMOC index based on sea
surface temperatures, by the hemispheric temperature
difference, by coral-based proxies and by oceanic
measurements. We discuss a possible contribution of the
melting of the Greenland Ice Sheet to the slowdown. Using
a multi-proxy temperature reconstruction for the AMOC
index suggests that the AMOC weakness after 1975 is an
unprecedented event in the past millennium (p>0.99).
Further melting of Greenland in the coming decades could
contribute to further weakening of the AMOC.

Reference: Rahmstorf et al, Exceptional twentieth-century
slowdown in Atlantic Ocean overturning circulation, Nature
Climate Change (in the press)

0-1110-04

Variability of the Meridional Overturning
Circulation observed since 1993 across the
A25-OVIDE section in the North Atlantic
subpolar gyre, and its impact on the CO2
physical pump

P. Lherminier (1) ; N. Daniault, (2) ; FF. Perez, (3) ; P. Zunino,
(1) ; H. Mercier (4) ; A. Sarafanov, (5) ; F. Gaillard (1) ; P.
Morin (6) ; AF. Rios (3) ; D. Desbruyéres (7) ; A. Falina (5) ; B.
Ferron (4) ; T. Huck (8) ; V. Thierry (1) ; MI. Garcia-lbaiez (3)
(1) Ifremer, Laboratoire de Physique des Océans,

PLOUZANE, France; (2) Université de Bretagne Occidentale,
Laboratoire de physique des océans, BREST, France; (3)
Instituto Investigaciones Marinas (CSIC), Departamento de
oceanografia, VIGO, Spain; (4) CNRS, Laboratoire de physique
des océans, PLOUZANE, France; (5) P.P. Shirshov Institute of
Oceanology, Moscow, Russia; (6) IPEV, Scientific direction,
PLOUZANE, France; (7) National Oceanography Centre,
Southampton, United Kingdom; (8) CNRS, Laboratoire de
physique des océans, Brest, France

The meridional overturning circulation (MOC) transports
heat from the subtropics to high latitudes and hence plays
an important role in the Earth’s climate. A region crucial
for the MOC is the northern North Atlantic and the adjacent
Nordic Seas, where waters transported northwards in the
MOC upper limb progressively cool, gain density and
eventually sink into the southward flowing lower limb.
Here we will discuss the variability of the subpolar gyre
circulation, the MOC and heat transport as quantified
from a joint analysis of hydrographic and velocity data
from eight repeats of the Greenland to Portugal OVIDE
section (1997-2014), satellite altimetry and ARGO float
measurements. For each repeat of the OVIDE section,
the full-depth absolute circulation and transports were
assessed using an inverse model constrained by ship-
mounted Acoustic Doppler Current Profiler data and by
an overall mass balance. The obtained circulation patterns
revealed remarkable transport changes in the whole water
column and evidenced large variations (up to 50% of the
lowest value) in the magnitude of the MOC computed in
density coordinates (MOCo). The extent and timescales of
the MOCao variability in 1993-2014 were then evaluated
using a monthly MOCo index built upon altimetry and
ARGO data at the OVIDE section location. The MOCo index,
validated by the good agreement with the estimates from
repeat hydrographic surveys, shows a large variability
on monthly to decadal time scales, with an inter-annual
variability from less than 15 Sv to about 25 Sv (1 Sv =
1,000,000 m3s-1). The heat transport estimated from
the repeated hydrographic OVIDE sections varies between
0.29 and 0.70 = 0.05 PW and is linearly related to the
MOCoa intensity.

The uptake of atmospheric carbon dioxide in the subpolar
North Atlantic Ocean declined rapidly between 1990
and 2006. This reduction in CO2 uptake was related to
warming at the sea surface, which—according to model
simulations—coincided with a reduction in the Atlantic
MOC. Here, we use the observed oceanic transport
of volume, heat and carbon dioxide to track the CO2
uptake in the subtropical and subpolar regions of the
North Atlantic Ocean over the past two decades. We
separate anthropogenic carbon—derived from human
activities—from natural carbon by assuming that the latter
corresponds to a pre-industrial atmosphere, whereas the
remaining is anthropogenic. We find that the uptake of
anthropogenic carbon dioxide occurred almost exclusively
in the subtropical gyre. In contrast, natural carbon
dioxide uptakefwhic?\ results from natural Earth system
processes—dominated in the subpolar gyre. We attribute
the weakening of contemporary carbon dioxide uptake

between 1997 and 2006 in the subpolar North Atlantic
to a reduction in the natural component. We show that
the slowdown of the MOC was largely responsible for the
reduction in carbon uptake, through a reduction of oceanic
heat loss to the atmosphere, and for the concomitant
decline in anthropogenic carbon dioxide storage in
subpolar waters. To understand the mechanisms
controlling the variability of the transport of anthropogenic
carbon (Tcant) across the subpolar gyre, we decomposed
it according to the net, the diapycnal and the isopycnal
circulation. The diapycnal component is found to be the
main driver of the Tcant variability. From this analysis, we
propose a simplified estimator for the variability of Tcant
based on the intensity of the MOCo and on the difference
of anthropogenic carbon dioxide concentration between
the upper and lower limb of the MOCo (ACant). This
estimator shows a good consistency with the diapycnal
component of Tcant, and helps to disentangle the effect
of the variability of both the circulation and the Cant
increase on the Tcant variability. We find that ACant keeps
increasing over the past decade, and it is very likely that the
continuous Cant increase in the water masses will cause an
increase in Tcant across the subpolar North Atlantic Ocean
at long timescale. Nevertheless, at the timescale analyzed
here (1997-2010), the MOCo controls the Tcant variability,
blurring any Tcant trend.

0O-1110-05

Oxygen Minimum Zone (OMZ) dynamics
in the context of the ocean deoxygenation:
the case off Peru from the AMOP «Activi-
ties of research dedicated to the Minimum
of Oxygen in the eastern Pacific» project

A. Paulmier (1) ; B. Dewitte (2) ; C. Maes (3) ; M. Bretagnon
(2) ; V. Garcon (4) ; F. Campos (5) ; FG. Augusto (6) ; K.
Mosquera (7) ; O. Vergara (2) ; C. Barus (2) ; L. Coppola (8)
; O. Depretz-De-Gesincourt (9) ; E. Garcia-Robledo (10) ; J.
Grelet (11) ; S. lllig (2) ; I. Montes (7) ; N. Leblond (12) ; A.
Oschlies (13) ; J. Quispe (14) ; J. Sudre (2)

(1) LEGOS, SYSCO2 team, TOULOUSE, France; (2) LEGOS,
Toulouse, France; (3) IRD-CNRS-Ifremer-UBO, Laboratoire
de physique des océans, Plouzane, France; (4) CNRS,

LEGOS, Toulouse Cedex 9, France; (5) UNAC, CALLAO,

Peru; (6) UPCH, LIMA, Peru; (7) IGP, LIMA, Peru; (8) OOV,
VILLEFRANCHE/S/MER, France; (9) Parc Instrumental DT-
INSU/CNRS, PLOUZANE, France; (10) University of Aahrus,
AAHRUS, Denmark; (11) US IMAGO, PLOUZANE, France; (12)
CNRS, Lov, Villefranche sur mer, France; (13) GEOMAR, Kiel,
Germany; (14) IMARPE, CALLAO, Peru

Oxygen Minimum Zones (OMZs), defined as suboxic
(02<20 pmol/L) subsurface layer and mainly associated
with Eastern Boundary Upwelling Systems (EBUS),
would contract and expand during cold and warming
periods, respectively. In the current context of the
ocean deoxygenation, OMZs are known to play a key-
role on the evolution of climate (greenhouse gases)
and on the ecosystems and fisheries (nitrogen loss,
respiratory barrier, sulfidic events) at both local and global
scales. The objective of the AMOP project (“Activities of
research dedicated to the Minimum of Oxygen in the
eastern Pacific”) is to provide an estimate of physical
and biological processes contributing to the 02 budget
off Peru. The central hypothesis is that the physical and
biogeochemical O2 contribution to the OMZ maintaining
and variability depends on the characteristics of the
different OMZ layers, where the oxycline behaves as an
engine of an intense but intermittent biogeochemical and
ecosystem activity. The project is focused in one of the
most intense and shallow OMZs associated with the most
productive upwelling system (10 % of the world fisheries),
the Peruvian OMZ. The trans-disciplinary approach is
based on a cruise that took place in January-February
2014 off Peru and that consisted in 8 fixed stations
(~54 h) on 3 transects at 7°S, 12°S and 14°S with the RV
Atalante. The cruise also benefited from experimental
development (instrumentation, sensors: argo-floats
experiments; drifting lines; a trimaran dedicated to ocean-
atmosphere exchanges; nanomolar O2 measurements).
AMOP has also led to the deployment of the first long
term (2013-2014) subsurface mooring off Peru providing
unprecedented information of the OMZ variability at
diurnal to intraseasonal timescales, and invaluable data
for the validation of a high resolution regional ocean-
atmosphere-biogeochemistry coupled modeling platform
under development within the project. This French-
Peruvian-German project involving 5 other countries (~90



participants) is viewed as one of the main pilot projects of
the SOLAS Mid Term Strategy Initiative on OMZ-EBUS. In
this presentation, preliminary results of the project will be
presented both on observations and modeling, illustrating
current challenges for the investigation of OMZ dynamics
in Eastern Boundary current systems.

1110-POSTER PRESENTATIONS

P-1110-01

- “low interannual variability of water temperature and
water salinity favours higher fishing yields and vice
versa»

Undoubtedly, these findings will strengthen the theory
which propose climate-driven changes at marine coastal
ecosystems as a consequence of global climate change
and will be of high relevance for the international dialogue
on “anthropogenic vs. climate-induced changes” over the
oceanic ecosystems.

P-1110-03

Recent changes and trends of the upwel-
ling intensity in the Canary Current Upwel-
ling System

A. Benazzouz (1) ; K. Hilmi (2)

(1) Institut National de Recherche Halieutique, Département
océangraphie, Casablanca, Morocco; (2) Institut National
de Recherche Halieutique, Département océanographie,
Casablanca, Morocco

A summary of current knowledge for the quantification
of the upwelling intensity from wind and SST is provided
on the Canary Current Upwelling System (8°N-43°N) from
1982 to 2011. Statistical analysis of trends and seasonal
changes of the upwelling activity are carried out in this
work. Linear trends in upwelling intensity are estimated
from both atmospheric forcing (wind stress) and thermal
oceanic response (SST), both derived from satellite data,
with a particular focus on the Cap Ghir of the moroccan
area (30.5 °N).The results indicate different spatial trends in
the upwelling favorable winds and an apparent increasing
coastal warming associated with intensification of winds at
the regional scale off Northwest Africa is found.

P-1110-02

Long term marine time-series expose un-
derlying climate-driven changes in South
America during the last 40 years

»(A].)Arias (1) ; E. Alberdi, (2) ; R. Freije, (3) ; J. Marcovecchio,

(1) Argentine Institute of Oceanography (IADO), CONICET,
Bahia Blanca, Argentina; (2) Argentine Institute of
Oceanography (IADO), CONICET, Bahia Blanca, Argentina;
(3) Universidad Nacional del Sur, Chemistry, Bahia Blanca,
Argentina

Climate Change is creating a dynamic of continuous
changes in ecosystems. Generally, the expected
consequences of these changes are global; however, the
occurrence of extreme events and specific environmental
problems are usually local or regional phenomenon. One
of the keys to uncover climate-driven changes are the
long term time-series of observations. While there are
a number of long-term biological time-series on land,
there are relatively few in marine environments. This is
highlighted by the fact that the Intergovernmental Panel on
Climate Change (IPCC) noted 28586 significant biological
changes in terrestrial systems, but only 85 from marine
and freshwater systems. The present research deals
with this gap in the state of the art, focusing in an area
which holds scarce to null long-term research on ocean
observation and climate driven changes: the South Atlantic
Ocean. From the results of the analysis of up to 40 years of
oceanographic physicochemical variables measured at the
Bahia Blanca Estuary (Dissolved Oxygen, pH, Chlorophyll,
Phaeopigments, Temperature, Salinity, NH4, Particulate
Organic Matter, NO2, NO3, Phosphorous, etc.) unknown
underlying trends were uncovered. In order to test the
variables trend throughout several time-scales, the
continuous wavelet transform (CWT) was used to divide
the continuous-time function into wavelets. Moreover, the
use of Cross Wavelet Correlation (CWC) allowed to light the
relationship between the variables throughout different
time-scales. After that, a correlation analysis which linked
the ocean observations to biological documented changes
was assessed. As result, novel hypotheses were raised in
the field of phytoplankton and zooplankton assemblages
climate-driven control, crustaceans catches and fisheries
recruitment. For instance:

« “climate-driven variations in ocean Temperature, pH, DO
and Salinity can restrict the growth of the phytoplankton
assemblages, leading to other factors (i.e., grazing) the
size control of the cells”

Past and future seasonal changes in

Sea Surface Temperature in the Western
English Channel as derived from satellite
data and CMIP5 multimodel ensemble

B. LU’hévéder (1) ; S. Speich (2) ; F. Gohin (3)

(1) CNRS, LMD, Paris, France; (2) Ecolne normale superieure,
Departement de geosciences, paris, France; (3) Ifremer,
Dyneco/pelagos, Brest, France

Seasonal changes in Sea Surface Temperature (SST) in
the Western English Channel are estimated for the last
decades from high-resolution satellite data, obtained by
concatenating Ifremer AVHRRSST, OSTIA and ODYSSEA
data over 1986-2013. Coastal seas, well separated from
offshore waters by intense frontal structures, present
colder SST by about 1°C in the English Channel to 2°C in
the Iroise Sea in summer. A significant warming trend,
concentrated in the autumn season, is highlighted. It is
stronger offshore, with a SST annual mean increase of
0.32°C/decade, while it amounts to 0.23°C/decade in
coastal waters, where a strong vertical mixing induced by
tides and wind acts to reduce surface warming.

The performance of an ensemble of global climate models,
participating in the Coupled Model Intercomparison
Project Phase 5 (CMIP5), in simulating recent seasonal
changes of SST in the region is estimated. The median
of CMIP5 models reproduces very well the observed SST
mean seasonal cycle in offshore seas, but it less proficient
in coastal waters due to model coarse resolution and
absence of tidal forcing and related processes. In the
Iroise Sea, the trend of the annual mean SST is relatively
well simulated, albeit somewhat underestimated (0.20°/
decade) and evenly distributed throughout the year.

The regional values of the annual mean SST as generated
by the CMIP5 future scenarios simulations, range from
0.5°C (RCP2.6) to 2.5°C (RCP8.5) by year 2100, with a
seasonal modulation leading to a more intense warming in
summer than in winter. This increase in SST may strongly
affect marine biomes, in particular phytoplancton and
algae population density and phenology in the Western
English Channel.

P-1110-04

Comparing coastal and open ocean sea
level variability and trend from altimetric
data

A. Melet (1) ; F. Birol, (2) ; B. Meyssignac (2)

(1) CNES/LEGOS, Toulouse, France; (2) LEGOS, Toulouse,
France

Since 1993, altimetry has provided an unprecedented
opportunity to study sea level variability with a quasi-
lobal coverage. Satellite altimetry indicates that sea
evel has been rising fast in response to global warming,
but with large regional variations. However, standard
altimetric data do not allow to study sea level variability
and rise close to the coast, where the socio-economic
impacts of sea level rise are the greatest. Recently, along-
track altimetric data have been reprocessed at LEGOS/
CTOH using algorithms adapted to coastal regions to
recover information in coastal zones (this reprocessed
coastal product is referred to as the XTRACK dataset here).

In this study, we first intercalibrate the along-track Topex-
Poséidon, Jason-1 and Jason-2 XTRACK dataset to that
distributed by AVISO to have consistent sea level data in
the open ocean. Then, sea level trends are computed with
the XTRACK dataset to analyse how sea level rise varies as
a function of the distance to the coast. Spectral analyses
are performed to assess the frequency bands for which
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cofe]xcstal sea level variability and open ocean variability
differ.

Analyses are performed over two regions (West coast of
Africa and southwest Pacific). They will be extended to
the global ocean to provide a map of sea level trends over
the 1993-2012 period for the coastal zones of the global
ocean.

P-1110-05

Ocean regulation of atmospheric carbon
dioxide : timing of atmosphere-ocean reor-
ganization, and CO2 outgassing during
last deglaciation

E. Michel (1) ; G. Siani, (2) ; A. Mazaud (1) ; DPN. Van (3) ;
M. Paterne (4) ; N. Haddam, (1) ; S. Jaccard, (5) ; G. Isguder,

(1) ; F. Dewilde, (1) ; T. Devries, (6) ; C. Verbruggen, (7) ; S.
?j;"’)rck, (3) ; C. Waelbroeck (8) ; R. Depol-Holz, (9) ; C. Kissel,
1

(1) CEA_CNRS-UVSQ, Lsce-ipsl, Gif sur Yvette, France; (2)
GEOPS, Université orsay paris-sud xi, Orsay, France; (3)
Quaternary Sciences, Department of geology, Lund, Sweden;
(4) Laboratoire des Sciences du Climat et de I’'Environnement
(LSCE-IPSL), Cea-cnrs-uvsq, Gif-sur-Yvette, France;

(5) Institute of Geological Sciences & Oeschger Centre

for Climate Change Research, University of bern, Bern,
Switzerland; (6) Department of Atmospheric and Oceanic
Sciences, University of califormia, Los Angeles, United States
of America; (7) Department of Geology and Soil Sciences,
Ghent university, Gent , Belgium; (8) LSCE/IPSL - CNRS,
Gif-sur-Yvette, France; (9) Department of Oceanography,
Universidad de concepcion, Concepcion , Chile

During the last deglaciation, centennial to millennial
scale large climate changes occurred with a climate
decoupling between the North and South poles called the
bipolar seesaw. These events, expression of the complex
interaction between the ocean, the atmosphere and the
cryosphere, are not well understood yet. Associated with
these events, CO2 outgassing from the ocean to the
atmosphere occurred. These increases in atmospheric
CO2, preceding the Earth’s global temperature increase,
have been an important factor of the deglaciation. The
Southern Ocean plays a key role in the global climate.
Intermediate and bottom waters formation occurs within
the Southern Ocean and it is the region where the deeper
ocean and the atmosphere are connected due to low
density gradient and wind driven upwelling. We present the
climatic behavior of the different Southern Ocean sectors
during these climatic events, with a precise time scale.
Thanks to the complementary archives and skills of Lund
University and IPSL researchers, we combine the terrestrial
records from the few islands present, in this mainly
oceanic hemisphere, with oceanic high resolution records,
using volcanic tephra to obtain a robust chronology for the
marine records chronology and inconsequence a common
14C age scale. This multi-proxies approach allows
reconstructing robust quantitative records of temperature
and wind intensity evolution. Sediment core records
from the South-East Pacific sector of the Southern Ocean
indicate that both temperature increase and intensification
of the Southern Ocean upwelling in this area are coeval
in this area as well as, within dating uncertainty of the
records, with the temperature increase over the Antarctic
and atmospheric CO2 increase. In the Indian sector, a
terrestrial record indicates a possible delay between the
break in the increase of Antarctic temperature (Antarctic
cold reversal within the deglaciation) and westerly wind
belt shift. In the meanwhile, ocean records indicate that the
sea surface temperature increase and the intensification of
the Southern Ocean upwelling preceded the decrease or
shift of the Antarctic circumpolar current. Such well-dated
high resolution records will allow studying leads and lags
between the climatic records of different North and South
latitudes and thus establish the link between Southern
Ocean and North Atlantic circulation changes. The space
and time mapping of climatic changes wiﬁ be compared
to climate model experiments to disentangle the role of
the different atmospheric and oceanic climate mechanisms
of the bipolar seesaw. It is a necessary step to improve
climate models that indicate a different response to fresh
water discharge experiments designed to reproduce these
rapid climatic events with a bipolar seesaw signature.
Indeed the different models, used for future climate
simulations, indicate different responses in the different
sectors (Atlantic, Indian and Pacific) of the Southern Ocean
for these experiments.

P-1110-06

Interannual variability of upper ocean stra-
tification in Bay of Bengal: observational
and modeling aspects

F. TS (1); P. Anant (2) ; C. Gnanaseelan, (2)
(1) INDIAN INSTITUE OF TROPICAL METEOROLOGY, T D

DIVISION, PUNE MAHARASHTRA, India; (2) Indian Institute
of Tropical Meteorology, T. s division, pune, India

The annual cycle and interannual variability of stratification
in Bay of Bengal (BoB) are studied using both observations
and Global Ocean Data Assimilation System (GODAS)
analysis during 2003-2012. Annual cycle of stratification
and SST evolves coherently (correlation coefficient is 0.85)
highlighting its role on modulating air-sea interaction
over this climatologically important region. Spatial
distribution of stratification shows strong seasonality in
ARGO observations, whereas it is highly underestimated
in GODAS with highest discrepancies during fall and
spring. The annual cycle of SSS in GODAS is out of phase
with observations implying possible potential feedbacks.
During La Nifia years, SSS drop in fall and winter and are
lesser than those reported during El Nifio years. All these
features are misrepresented in GODAS. As stratification
modulates air-sea interaction over BoB especially during
El Nifio and La Nifa years, such misrepresentation of
ocean stratification may lead to improper thermocline-SST
coupling in the models. The mean stratification and its
interannual variability in GODAS are weaker than observed
even though interannual variability in fresh water flux (P-
E) is higher in GODAS. Detailed analysis of GODAS with
in-situ observations reveals that upper ocean current
shear (vertical) is overestimated in GODAS leading to
unrealistically strong mixing which is primarily responsible
for the deeper penetration of surface warm and freshwater
resulting weaker stratification. As GODAS is used to
initialize the ocean model of the Coupled Forecasting
System for seasonal prediction of Asian monsoon, proper
representation of stratification is essential. This study
advocates the need of accurate representation of mixing
in GODAS for improved summer monsoon forecast.

P-1110-07
Methane distributions and sea-to-air fluxes

in the South China Sea and the West Philip-
pines Sea

?? Tseng (1); CTA. Chen, (2) ; AV. Borges, (3) ; TA. Delvalls,
1

(1) University of Cadiz, Physical Chemistry Department,
Cadiz, Spain; (2) National Sun Yat-sen University,
Department of oceanography, Kaohsiung, Taiwan; (3)
Unliversity of Liege, Unité d’océanographie chimique, Liege,
Belgium

We collected 700 water samples in the South China Sea
(SCS) and 300 water samples in the West Philippines
Sea (WPS), during 8 cruises from August 2003 to July
2007 in order to determine methane (CH4) distributions
from surface to depths of 4250 m. The surface CH4
concentrations were above atmospheric equilibrium, both
in the SCS and the WPS, with an average concentration of
4.5+3.6 and 3.0+1.2 nM, respectively. The sea-to-air
fluxes were computed, showing that the SCS emits CH4
at a rate of 8.6 pmol m-2 d-1 and the WPS at a rate of
4.9 pymol m-2 d-1. In the SCS, the CH4 emissions were
higher over the continental shelf (11.0 pmol m-2 d-1)
than over the deep ocean (6.1 pmol m-2 d-1), owing to
higher productivity and closer coupling with the sediments
in the continental shelf. The SCS emited 30.1*10A6 mol
d-1 CH4 to the atmosphere and exported 1.88*10A6 mol
d-1 CH4 to the WPS during the wet season.

Both the concentrations of CH4 and chlorophyll a were
higher in the 200m surface layer of the WPS, however, not
correlated unlike recent reports suggesting the occurrence
of CH4 production in surface oxic waters directly related
to phytoplankton activity. CH4 concentrations generally
decrease with depth below the euphotic zone but remain
constant below 1,000 m, both in the SCS and the WPS.
Some high CH4 values were observed at mid-depths in
the SCS, and were most likely attributed to the anoxic
generation of CH4 or the release of CH4 from sediments,
gas hydrates or gas seepage.
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Why should coral reefs care about ocean
acidification: general consensus, miscon-
ceptions and future research priorities

R. Rodolfo-Metalpa (1) ; F. Houlbréque (1) ; C. Payri (1)
(1) Institut de Recherche pour le Développement, Umr
entropie-laboratoire d’excellence corail, Nouméa cedex,
New Caledonia

Ocean acidification (OA) is one of the main threats for
marine habitats, likely causing changes in biodiversity and
ecosystem functions within this century. Ocean acidification
might affect various physiological parameters at different
stages of the animal life history, from their reproduction
to larval phases and adult growth. Coral reefs, harboring
a large part of the world’s ocean biodiversity, will be the
most affected by OA, as reef calcification and dissolution
rates are related to seawater carbonate chemistry. Studies
show a decline in net calcification rates as a result of
decreasing pH and carbonate ion concentrations, and
increasing dissolution rates of carbonate skeletons. This
alarming general consensus has convinced the scientific
community to deeply investigate marine ecosystems face
to climate change, becoming among the top global ocean
research priorities. After more than a decade studying
OA responses of single species, mostly acclimated for
short-time periods in laboratory conditions to projected
acidified levels, it is time to progress our knowledge by
better projecting ecological impacts of future climate
change scenarios.

Recent findings show that some calcifiers do not seem
to be affected by OA. Not only were their responses
highly species-specific but varied among experiments.
These divergent results have clearly shown that our
actual knowledge on biological responses to OA and the
physiological mechanisms involved are extremely limited
and that some assumptions we have used so far might
be inaccurate. In addition to these gaps of knowledge,
all the data collected so far are single species responses
to artificial conditions. Only few studies have scaled-up
single species responses to the ecosystem scale. In our
study, we aim at deciphering past misconceptions on
the effects of OA, and promoting challenging research
priorities in the field. This includes: i) to simultaneously
test OA with other global environmental alterations,
such as warming and eutrophication, which will likely
exacerbate the organism’s sensitivity to OA, ii) to perform
experiments in natural conditions, over longer periods, to
guarantee at least a complete acclimation of organisms to
natural variations. This requires a rapid implementation
of in situ experimental systems able to change and to
maintain suitable altered conditions; iii) to investigate
keystone species/habitats potential abilities to adapt fast
enough to environmental changes in order to guarantee
vital ecosystem functions in the future. The best way to do
that is through the use of sites naturally enriched in CO2
which have successfully been used as natural laboratories
to study natural response of ecosystems to OA.
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Bangladesh’s coastal vulnerability under
climate change

M. Becker (1) ; F. Papa (2) ; S. Calmant, (1) ; V. Ballu (3) ; P.
Valty (4) ; M. Karpytchev (5) ; L. Testut (6) ; F. Hossain (7) ;
C. Shum (8) ; A. Liibusk (8) ; S. Ouillon (1)

(1) IRD, LEGOS, Toulouse, France; (2) Institut de Recherche
pour le Developpement, LEGOS France and IFCWS, IISc

India, Toulouse, France; (3) CNRS/University of La Rochelle,
LIENSs, La Rochelle, France; (4) IGN, Lareg, Paris, France;

(5) Université de La Rochelle, Lienss, La Rochelle, France;

(6) LEGOS/LIENSs, Toulouse, France; (7) University of
Washington, Dept. of civil & environmental engineering,
Seattle, United States of America; (8) Ohio State U./School of

Earth Sci., Div. of geodetic science, Colombus, United States
of America

In Bangladesh, the Ganges, Brahmaputra, and Meghna
Rivers come together to form the largest river delta in the
world. This low-lying region of the Bay of Bengal is one of
the most densely populated countries in the world and is
prone to monsoonal flooding, potentially aggravated by an
intense annual cyclonic activity. In this context, sea-level
rise, along with tectonic, sediment load and groundwater
extraction induced land uplift/subsidence, significantly
exacerbate the Bangladesh’s coastal vulnerability. Here we
present the goals and first results of a Belmont Forum/
IGFA-funded project, BanD-AID (http://Belmont-Sealevel.
org) that addresses the causes and consequences of
coastal vulnerability of Bangladesh, The project’s outcome
will establish an advanced observation system based on
contemporary space geodetic sensors to quantify (1)
causes of sea-level rise and land motion and establish their
robust vertical datum link, and (2) human interactions that
governs coastal vulnerability and resilience in Bangladesh.
We present the first results such as the apparent sea
level rise at the Bangladesh coast gained by combining
space geodetic observations, including satellite altimetry,
GRACE and GPS/InSAR, together with in-situ tidal and river
gauges, and different reconstructed sea-level approaches.
This unique combination of different satellite techniques
and in-situ information offers the ﬂossibility to better
quantifﬁ the major contributions to the relative sea-level
rise at the Bangladesh delta, towards addressing its coastal
vulnerability and future sustainability.

O-1111-03
Coastal vulnerability to climate change-

induced sea-level rise may be increased by
land motion and human factors

V. Ballu (1) ; J. Aucan (2) ; V. Duvat-Magnan (3) ; B. Pelletier
(4) ; M. Gravelle (5) ; C. Shum (6) ; M. Karpytchev (7) ; M.
Becker (8) ; F. Hossain (9) ; P. Simeoni (10) ; P. Valty (11) ;
S. Calmant, (8) ; Z. Khan (12) ; T. Kanas (13) ; L. Testut (14)
(1) CNRS/University of La Rochelle, LIENSs, La Rochelle,
France; (2) IRD, Legos, Nouméa, New Caledonia; (3) UMR
LIENSs 7266 University of La Rochelle - National Centre for
Scientific Research (CNRS), Geography, La Rochelle, France;
(4) Grand Observatoire du Pacifique Sud GOPS, Nouméa, New
Caledonia; (5) CNRS/Université de La Rochelle, Lienss, La
Rochelle, France; (6) Ohio State U./School of Earth Sci., Div.
of geodetic science, Colombus, United States of America;

(7) Université de La Rochelle, Lienss, La Rochelle, France; (8)
IRD, LEGOS, Toulouse, France; (9) University of Washington,
Dept. of civil & environmental engineering, Seattle, United
States of America; (10) Geo-consulte, Port-Vila, Vanuatu;
(11) IGN, Lareg, Paris, France; (12) IWM, Dhaka, Bangladesh;
(13) Land Survey, Port-Vila, Vanuatu; (14) LEGOS/LIENSs,
Toulouse, France

Sea-level rise has been recognized as a major source of
coastal vulnerability. Several areas, including low-lying
Pacific islands and low lying countries such as Kiribati,
Tuvalu, Marshall Islands and Bangladesh have been
identified as being highly vulnerable to the effects of sea-
level rise. While the major global source of sea-level rise
is climate change, several other local factors can have as
strong or stronger an effect than climate-based sea-level
rise on coastal vulnerability.

We will present several case studies illustrating situations
where increased coastal vulnerability is not solely
attributed to climate change. We describe several other
factors that can enhance the relative sea-level rise, such
as natural factors like tectonic motions, erosion, sediment
loading and local sea-level variability, and human factors
like poorly designed development. Illustrating these
factors using examples from Kiribati, Vanuatu, New
Caledonia and Bangladesh, we emphasize that although
climate related sea-level rise is a global issue, it can
locally combined with several other factors, modulating
its value and impact. Studies of each individual case at
the local scale are mandatory for adequate prediction and
mitigation in the future.
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Influence of climate changes on mangrove
ability to fix and store CO2

C. Marchand (1) ; T. Meziane, (2) ; M. Allenbach (3) ; A.
Leopold, (3) ; TT. Nhutrang (4) ; A. Alfaro (5)

(1) Institut de Recherche pour le développement (IRD),

Paris, France; (2) MNHN, Paris, France; (3) University of

new caledonia, Noumea, New Caledonia; (4) University of
Sciences, VNU, Ho Chi Minh City, Vietnam; (5) University of
Technology of Auckland, Auckland, New Zealand

Mangroves are forested ecosystems developing in the
intertidal zone of tropical and subtropical coastlines. They
cover up to 140,000 km? worldwide, and extend from
30°N to 38°S (1). They are amongst the most productive
ecosystems in the world (2). Furthermore, they have been
suggested to be enhancers of heterotrophic secondary
production and offshore fisheries. In addition, it is well
recognized that tropical mangrove ecosystems provide a
high abundance of food, shelter, and breeding and nursery
habitats for a diverse community of terrestrial, aquatic and
aerial organisms, including many endangered species
(3). At a larger scale, the ?\igh net primary productivity
of mangroves and low decomposition rates results in
global atmospheric CO2 sinks (4). In addition, mangroves
are crucially important ecologically and economically,
supporting a wide variety of ecosystem services (5). For
example, mangroves stabilize the shoreline and serve as
barriers against erosion. One of the most dramatic examples
of the efficiency of this biological system as protection
from catastrophic climatic events was demonstrated in
2004, when a large-scale tsunami devastate most coastal
areas, but mangrove forested shorelines were significantly
less affected (6). The annual economic value of mangroves,
including products and services has been estimated to be
us$ 200,000-900,000 ha-1 (7). Mangrove ecosystems
have been decreasing dramatically worldwide, mainly due
to habitat destruction. Once mangroves covered more than
200,000 km2 worldwide (8). However, human population
growth and urbanization of coastal areas, expansion of
industrial activities, and exploration and exploitation of
natural resources have resulted in a current decrease in
mangrove area of 1 to 2% per year. This declining rate is
equivalent or even higher than that of other threatened
ecosystems, such as coral reefs or primary rainforests (9).
Mangrove ecosystems also are also threatened by climate
change. However, the responses of mangrove ecosystems
to climate changes are not well understood (10). Relative
sea-level rise may be the greatest threat to mangroves
because most mangrove sediment surface elevations are
not keeping pace with sea-level rise (11). Additionally,
the increases of temperature and atmospheric CO2
concentrations may also modify their functioning and
distribution. Reduced mangrove area and healtﬂ will
increase the threat to human safety and shoreline
development from coastal hazards, such as erosion,
cyclonic events, and tsunamis (12). Mangrove habitat
loss also may reduce coastal water quality, biodiversity,
and fish and crustacean breeding and nursery habitats.
Such ecological deterioration may have direct and indirect
adverse effect on adjacent coastal habitats, and may
eliminate a major resource for human communities that
rely on mangroves for numerous products and services.
Mangrove destruction also has the potential to release
Iargbe quantities of stored carbon, which can have dramatic
lobal implications (13). A synthesis of the current
nowledge will be proposed, and our project of mangrove
monitoring in the Indo-pacific area wiﬁ be presented.

1. Giri et al., 2011. Status and distribution of mangrove
forests... Global Ecology and Biogeography 20, 154-
159 /2. Bouillon et al.. 2008. Mangrove production and
carbon sinks... Global Biogeochemical Cycling 22, GB
2013 /3. Nagelkerken et al. 2008. The habitat function of
mangroves... Aquat. Bot. 89, 155-185 /4. Donato et al.,
20171. Mangroves among the most carbon-rich forests...
Nature Geoscience 4, 293-297 /5. Barbier, 2007. Valuing
ecosystem services... Economic Policy 22:177-229 /6.
Walters et al. 2008. Ethnobiology, socioeconomics and
management of mangrove forests... Aquat. Bot. 89,
220-236 /7. Wells et al., 2006. Shoreline Protection... UN
Environment Programme World Conservation Monitoring
Centre, 33 pp /8. Spalding et al.., 1997. World Mangrove
Atlas, International Society for Mangrove Ecosystems,
Japan /9. Duke, et al. 2007. A world without mangroves?
Science 317, 41-42 /10. Gilman et al.., 2008. Threats to
mangroves from climate change... Aquat. Bot. 89, 237-
250 /11. Lovelock, C.E., Ellison, J.C., 2007. Vulnerability

of mangroves ... In: Climate Change and the Great Barrier
Reef: A Vulnerability Assessment. pp. 237-269 /12.
Danielsen et al., 2005. The asian tsunami... Science 310,
643 /13. Kristensen et al., 2008 Organic carbon dynamics
in mangrove ecosystems...Aquat. Bot. 89, 201-219.
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Evolution of dengue epidemics in the
south pacific in the present and the future
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M. Lengaigne (9) ; A. Mercier (1) ; M. Dupont-Rouzeyrol (7)
; S. Hales (10) ; L. Mciver (11) ; J. Benzler (12) ; VM. Cao-
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(1) IRD, LOCEAN, Noumea, New Caledonia; (2) IRD, Espace-
dev, Montpellier, France; (3) IRD, Locean/espace-dev,
Noumea, New Caledonia; (4) Météo-France , Noumea, New
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National Centre for Epidemiology and Population Health,
Australian national university, Canberra, Australia; (12)
Robert Koch Institute, Berlin, Germany; (13) Institut Louis
Mallardé, Papeete, French Polynesia

Dengue fever is the most important mosquito-borne viral
disease, with 390 million people being infected each year
and 2.5 billion people living in areas at risk of dengue
worldwide. The rapid global spatial spread over the past 40
years is likely to be due to recent socio-economic changes
such as global population growth and uncontrolled
urbanisation but these factors need to be associated
with suitable climatic conditions before dengue fever can
establish itself in a given country, for it is transmitted by
a number of mosquito species, mainly Aedes aegypti,
whose life cycle is influenced by temperature, rainfall and
humidity. In the following contribution, we focus on the
South Pacific region, a vast, oceanic region where dengue
epidemics are recurrent, aiming at disentangling socio-
economic factors from climate factors.

We first analyse an original dengue database covering
the 1971-2009 period across the South Pacific. In the
Pacific re%Eon, dengue epidemics occurred every 3 to 6
years, with each eﬂidemic wave caused by the regional
circulation of 1 of the 4 dengue virus serotypes, with very
limited serotype co-circulation. There are no apparent
spatial propagation patterns in the region, and countries
such as French Polynesia and New Caledonia are the
most regularly affected. There is a weak anti-correlation
between the major El Nifo climate variability and the
annual number of countries experiencing an epidemic,
suggesting a link between climate and dengue epidemics.
However, while the South Pacific has experienced a weak +
0.5°C trend in temperature, there is no detectable overall/
regional long-term trend in the evolution of the number
of affected countries for the past 40 years. However, local
trends exist: New Caledonia is experiencing a positive
trend whereas dengue epidemic frequency is decreasing
in some smaller islands. We then analyse dengue epidemic
profiles per country (endemic, regular epidemics, or
sporadic epidemics). We identify variables linked to the
different profiles by fitting a statistical model based on
variables characterizing the socio-economic situation
(e.g. GDP) or climate (e.g. temperature) in each country.
These statistical models are able to reproduce the major
epidemic profiles. Assuming the socio-economic variab{es
to remain constant over time, we project these models for
thce gext 100 years using models of the IPCC-ARS under
RCP8.5.

Finally, we focus on the case of New Caledonia where very
high quality data allows a more quantitative analysis. At
present, dengue epidemics there occur approximately
every 6 years. Using spatial statistical modelling, we
show that the primary variables explaining the spatial
distribution of incidence rates are the mean temperature
and a variable highly correlated with people’s way of
life. Using this model, we show that by the end the 21st
century, with temperature increasing by approximately
3°C as projected by 6 IPCC-AR5 models in New Caledonia,
mean incidence rates will be multiplied by two, with areas
currently at low risk of dengue fever being highly exposed
in the future. In terms of dengue epidemics recurrences,
we also build a temporally dynamic model at weekly time



scales allowing the detection of the beginning and length
of dengue epidemics. One key variable is the number of
days where temperature exceeds 32 °C. As this number
will increase substantially over the next 100 years in the
IPCC-ARS5 models, we show that the proportion of dengue
epidemic years will rise from 17 % at present to 100 % in
the RCP8.5 scenario and 66 % in the RCP4.5 scenario, with
the duration of dengue epidemics substantially increasing
compared to the present day. Implications for the future of
dengue virus circulation in the South Pacific are discussed
on the basis of our results
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Mass mortality events in atoll lagoons: pre-
sent environmental control and increased
future vulnerability with climate change

S. Andrefouet (1) ; C. Dutheil, (1) ; C. Menkes (2) ; M. Bador

(3) ; M. Lengaigne (4)
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Several geomorphologically closed atolls of the Pacific
Ocean have experienced in recent decades mass benthic
and pelagic lagoonal life mortalities, that are due to
unusual calm weather conditions lasting for several weeks.
These events, although poorlyknown and characterized,
pose a major threat for resource sustainability for
islanders, and need to be taken into account for long-
term resource management. A sample of eleven mortality
events on eight atolls from the central South Pacific
occurring between 1993 and 2012 were revisited to
estimate the environmental thresholds required to trigger
such events. We investigated thresholds and spatial
patterns of sea surface temperature, significant wave
height and wind stress satellite data. Then, using these
thresholds, spatial maps of present-day potential risk are
produced for the central South Pacific region. The highest
risk zone lies north of the Tuamotu Archipelago in French
Polynesia. To assess future risks in a climate change era, a
regional climate model is used to downscale the projected
future climate and to estimate the potential change in risk
by the end of the 21st century. This process highlights a
relative risk increase of up to 60% for the eastern Tuamotu
atolls/ However, caution is required given the limited
number of case-studies available to train the analysis and
identify thresholds. This study suggests that long-term
monitoring of the biophysical conditions of the lagoons at
risk is needed to precisely identify the physical thresholds
and better understand the biological processes involved
in these rare, but consequential, mass mortality events.
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Mesopelagic heterotrophic N2 fixation rela-
ted to organic matter composition in the
Solomon and Bismarck Seas (Southwest
Pacific)

M. Benavides (1) ; PH. Moisander, (2) ; H. Berthelot (3) ; T.
Dittmar, (4) ; O. Grosso (5) ; S. Bonnet (6)

(1) Mediterranean Insitute of Oceanography, Marseille,
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institute of oceanography, Marseille, France; (6) IRD,
Mediterranean Institute of Oceanography, Noumea, France

The oceans play a key role in absorbing carbon dioxide
(CO2) emitted by human activities. This absorbing power
depends largely on the activity of microalgae, which take
up CO2 using nutrients and sunlight. The availability of
nutrients is thus essential for maintaining life in the
oceans and balancing global CO2 levels. In open ocean
areas nitrogen is mainly provided through nitrogen
fixation, a process performed by specific microorganisms
called diazotrophs. Primary production in the oceans is
strongly limited by the availability of fixed nitrogen. In
open ocean nutrient-impoverished areas, which make

up ~50% of the global ocean surface, nitrogen is mainly
provided through the process of biological atmospheric
nitrogen (N2) fixation. N2 fixation is carried out by the
so termed diazotrophs, marine microorganisms that may
belong to the cyanobacteria, bacteria or archaea. For
many years, autotrophic diazotrophs were thought to be
the most abundant diazotrophs in the ocean. Autotrophic
diazotrophs need light to fix carbon dioxide via
photosynthesis, and therefore are constrained to the sunlit
layer of the ocean, which is generally less than 100 m deep.
Recent investigations have revealed that heterotrophic
diazotrophs, which cannot photosynthesize, are present
in greater abundance than autotrophic diazotrophs in
the world’s oceans. Heterotrophic diazotrophs are not
constrained by the availability of light and therefore are
able to live in the dark ocean, the largest and less studied
habitat on Earth. This discovery significantly expands the
boundaries where N2 fixation was though to be possible
and theoretically increases the inputs of fixed nitrogen to
the ocean, which remain unaccounted for. The diazotrophs
inhabiting mesopelagic dark waters are heterotrophic
and depend on organic matter for their nutrition. In this
habitat, these microorganisms can live in association with
oxygen minimum zones or local oxygen deficit microzones
like ™ organic particles. However, the relationship of
heterotrophic diazotrophic activity and diversity with
organic matter is unknown. We investigated N2 fixation
along two transects in the Bismarck and Solomon Seas
(Southwest Pacific, Transects 1 and 2 respectively).
In Transect 1, transparent exopolymer particles (TEP)
where higher and oxygen concentrations lower than
in Transect 2. The presence of N- and P-containing
dissolved organic matter (DOM) compounds was also
higher in Transect 1 than in Transect 2, as revealed by
Fourier transform ion cyclotron mass spectrometry. N2
fixation rates (0.09-1 nmol N L-1 d-1) were higher in
Transect 1 than in Transect 2, and correlated positively
with TEP and negatively with oxygen, reflecting the
dependence of mesopelagic heterotrophic diazotroph
activity on organic matter. The scores of the multivariate
ordination of DOM samples (principal coordinate analysis)
were negatively correlated with bacterial abundances and
positively correlated with N2 fixation rates. We interpret
these results as an active bacterial exploitation of the
DOM pool and its use to sustain diazotrophic activity.
Phylogenetic analyses of the nifH gene detected y-, 6-, o-
and B-proteobacteria (Cluster 1), Cluster Il and Cluster IV.
The relative importance of anaerobic Cluster Ill phylotypes
in our clone library (26% of sequences), suggests that N2
fixation was partially supported by diazotrophs with a
particle-attached lifestyle. Custom-designed quantitative
PCR primer-probe sets were designed for three selected
phylotypes. The abundances of a phylotype close to
Cluster Il ranged from undetectable to 1000 nifH gene
copies L-1. Altogether, our results provide new insights
into the mysterious ecology of heterotrophic diazotrophs
and suggest that in situ organic matter sustains their N2
fixation activity. The input of fixed N2 by these organisms
is significant and potentially contributes significantly to
nutrfi;lent replenishment and primary production in the SW
Pacific.
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Autonomous observations with Bio-Argo
floats in the Southern Ocean

S. Blain (1) ; H. Claustre (2) ; S. Speich (3) ; J. Uitz (2) ; A.
Poteau (2) ; G. Obolensky (1) ; M. Rembauville (1)

(1) Université Pierre et Marie Curie, CNRS, laboratoire
Océanographie microbienne, banyuls/mer, France;

(2) CNRS, Université pierre et Marie Curie, Laboratoire
océanographique villefranche, Villefranche sur mer, France;
(3) Ecole normale superieure, Departement de geosciences,
paris, France

The Southern Ocean (SO) is the most remote and the least
understood of the world’s oceans, although it plays a
crucial role in past and present climate state and changes.
Itis unique in being the only zonally unbounded ocean. For
this reason, it is the major link by which water properties
are exchanged among the other oceans. Moreover, the SO
is a major source of natural CO2 due to the upwelling of
CO2-rich deep waters and a major sink of anthropogenic
CO2 due to the formation of intermediate and bottom
waters. The SO also largely contributes to supply nutrients
from the deep ocean to the upper water layer everywhere
in the world ocean. For all these reasons, the SO plays a
critical role in the control of the Earth’s climate. In turn
it is very sensitive to climate variability. Given its critical
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role, changes in the SO have global ramifications. In fact,
such changes are already under way. But at present, the
SO remains particularly under-explored. The SO extends
over a vast area of the Earth’s surface and it is located far
away from the other continents and most of the research
facilities. Extreme weather conditions and significant sea-
ice coverage prevail over most of the year. This results in
a scarcity of oceanographic data that limits our ability to
understand key climatic-relevant processes and document
ongoing changes.

The SOCLIM (Southern Ocean and Climate) project
intends to implement a cutting-edge approach that will
qualitatively and quantitatively improve the observation
of the SO via pioneering in situ data acquisition with
deployment of instrumented profilers and moorings.

Ten new-generation Bio-Argo floats were launched in
water off South of Africa in the Antarctic Circumpolar
Current from December 2014 to January 2015 and they
are now entering the Indian sector of the SO. These
floats are equipped with sensors that measure salinity,
temperature, chlorophyll-a, color dissolved organic
matter, backscattering at 700nm, transmission at
650nm, oxygen, nitrate and light attenuation at different
wavelengths. They are collecting data in the Sub-Antarctic
and Antarctic zones south east of Africa and around the
Kerguelen Plateau. We will present the first data gathered
during the austral summer and fall 2015. They will
provide first insights in the dynamics of the termination
of phytoplankton blooms in different environments and
contribute to quantify the biological pump of CO2 in the
SO. We will also present the plan for the deployment of
an instrumented mooring in the region of Kerguelen to be
deployed in 2016.

P-1111-04

Carbon production and export are fuelled
by dinitrogen fixation and dissolved orga-
nic nitrogen in the South-western Pacific
Ocean: results from the VAHINE meso-
cosms experiment

S. Bonnet (1) ; H. Berthelot (2) ; T. Moutin (2) ; S. L’helguen
(3) ; K. Leblanc (4) ; S. Hélias (4) ; O. Grosso (4) ; N. Leblond
(5) ; B. Charriére (6)

(1) IRD, Mediterranean Institute of Oceanography, Noumea,
France; (2) Aix Marseille University, Mediterranean institute
of oceanography, Marseille, France; (3) University of Bretagne
Occidentale, Lemar, Brest, France; (4) CNRS, Mediterranean
institute of oceanography, Marseille, France; (5) CNRS, Lov,
Villefranche sur mer, France; (6) CNRS, Centre de formation
et de recherche sur les environnements méditerranéens,
Perpigan, France

The oligotrophic ocean represents 80 % of the global
surface ocean. Its role on CO2 sequestration has long
been considered to be low, but this view is currently
challenged by new studies highlighting alternative
pathways for carbon export to the deep ocean. In these
systems, carbon production is limited due to nitrogen (N)
scarcity but dinitrogen (N2) fixation and dissolved organic
nitrogen (DON) would represent significant nitrogen (N)
sources for the ecosystem. Here we deployed in New
Caledonia large in situ mesocosms in order to investigate
(1) the contribution of N2 fixation and DON use to
primary production (PP) and particle export and (2) the
fate of the freshly produced particulate organic N (PON)
i.e. whether it is preferentially accumulated and recycled
in the water column or exdported out of the system. The
mesocosms were fertilized with phosphate (P) in order
to prevent P-limitation and promote N2 fixation. The
diazotrophic community was dominated b¥| diatoms-
diazotrophs associations (DDAs) during the first part of
the experiment for 10 days (P1) followed by the unicellular
N2-fixing cyanobacteria UCYN-C the 9 last days (P2) of
the experiment. N2 fixation rates averaged 9.8+4.0 nM
d-1 and 27.7+8.6 nM d-1 during P1 and P2, respectively.
NO3- concentrations (<40 nM) in the mesocosms were a
negligible source of N indicating that N2 fixation was the
main driver of new production all along the experiment.
The contribution of N2 fixation to PP was not significantly
different during P1 (9.0+3.3 %) and P2 (12.6+6.1 %).
However, the e-ratio that quantifies the efficiency of a
system to export particulate organic carbon (POCexport)
compared to PP (e-ratio = POCexport/PP) was significantly
higher (p<0.05) during P2 (39.7+24.9 %) than during P1
(23.9+20.2 %) indicating that the production sustained by

UCYN-C was more efficient at promoting C export than
the production sustained by DDAs. During P1, PON was
stable and the total amount of N provided by N2 fixation
(0.10+0.02 pM) was not significantly different from the
total amount of PON exported (0.10+0.04 puM), suggesting
a rapid and probably direct export of the recently fixed
N2 by the DDAs. During P2, both PON concentrations
and PON export increased in the mesocosms by a factor
1.5-2. Unlike in P1, this PON production was not totally
explained by the new N provided by N2 fixation. The use
of DON, which concentrations decreased significantly from
5.3£0.5 pM to 4.4+0.5 uM, appeared to be the missing
N source. The DON consumption of about 0.9 puM during
P2 is even higher than the total amount of new N brought
by N2 fixation (about 0.25 pM) during the same period.
These results suggest that while DDAs mainly rely on N2
fixation for their N requirements, both N2 fixation and
DON can be significant N-sources for carbon production
and export following UCYN-C blooms in New Caledonia
and by extension in the N-limited Ocean where similar
events are likely to occur. This study confirms that in
the South West Pacific, N2 fixation is a biogeochemically
relevant process able to provide sufficient new N to
drive new carbon production and export. These results
are particularly important in the context of increasing
temperatures that will probably increase the diazotrophic
activity in the future ocean.

P-1111-05

The role of dinitrogen fixation on carbon
export in the South Pacific: results from
the OUTPACE project (Oligotrophy to Ul-
Tra-oligotrophy south PACific Experiment)

S. Bonnet (1) ; T. Moutin (2)

(1) IRD, Mediterranean Institute of Oceanography, Noumea,
France; (2) Aix Marseille University, Mediterranean institute
of oceanography, Marseille, France

The additional CO2 in the atmosphere, mainly resulting
from fossil fuel emissions linked with human activities
(anthropogenic CO2), is the main cause offglobal warming.
The ocean has acted as a major sink of anthropogenic
CO2 preventing a greater accumulation in the atmosphere
and therefore a greater increase in the earth temperature.
Although the biological pump provides the main
explanation for the vertical gradient of carbon in the
ocean, it was thought to be in an equilibrium state with
an associated near-zero net exchange of CO2 with the
atmosphere. Climate alterations are beginning to disrupt
this equilibrium and the expected modification of the
biological pump will probably considerably influence
oceanic carbon sequestration (and therefore global
warming) over a decadal time scale.

The overall goal of the OUTPACE (Oligotrophy to UlTra-
oligotrophy PACific Experiment) project is to obtain a
better representation of the influence of nitrogen fixation
on the biological carbon pump in the South Western
Pacific Ocean. The international OUTPACE cruise took
place between February 18 and April 2, 2015, involved
30 scientists onboard, and covered around 5 000 km in
the South Western Pacific Ocean from the North of New
Caledonia to Tabhiti.

The very first results are discussed in the context of global
climate change and, more particularly, considering the role
of the ocean in carbon sequestration through biological
processes.

P-1111-06

The 3-dimensional potential vorticity struc-
ture and meridional overturning circula-
tion of the Southern Ocean revealed using
ARGO floats and data from instrumented
elephant seals

C. Chapman (1) ; JB. Sallée (2)
(1) CNRS.LOCEAN-IPSL, Paris, France; (2) Sorbonne
Universités, LOCEAN-IPSL, Paris, France

The meridional overturning circulation (MOC) of the
Southern Ocean is a fundamental component of the
climate system. The MOC exhibits first order control over
the heat and CO2 budgets of the globe, forming the Earth’s




large CO2 sink and mediating the exchange of heat, salt
and chemical constituents southward and between ocean
basins. Understanding the MOC is vital for understanding
the climate system and predicting its future states.

To date, the vast majority of studies interpret the Southern
Ocean MOC through a quasi 2-dimensional framework
known as the Transformed Eulerian Mean (TEM). The
TEM framework, developed for the study of the large
scale atmospheric circulation, generally relies on zonal
or streamwise averages. However, the Southern Ocean
circulation is not 2-dimensional. Phenomena such as
meso-scale turbulence, forced topographic meanders
and mi><ingb processes are highly localised due to the
interaction between the Southern Ocean currents and large
scale bathymetry. These local dynamics effect not only the
regional, but the global potential vorticity structure of
the Southern Ocean. It has been hypothesised that these
local dynamics might have a strong influence on the
MOC. We will present the results of a systemic program
to study the MOC as a 3-dimensional system. Employing
hydrographic profiles obtained from ARGO floats, cruises
and instrumented elephant seals we develope maps of the
3-diemensional potential vorticity, geostrophic velocity
and the associated fluxes due to stationary meanders.
Using approximate force balances, we will use these maps
to investigate the local overturning in the upper 2000m.
Finally, we will discuss the implications for the large scale
overturning.

P-1111-07

The 02C3 Project :Observing Pacific island
societies facing climate change. Metho-
dological, epistemological, ethical, and
political implications

V. David (1) ; PY. Lemeur (1) ; C. Sabinot, (2) ; G. David (3) ;
M. Mangeas (4) ; E. Rodary (5) ; V. Naidu (6)

(1) IRD, Département sociétés umr gred, Nouméa,

New Caledonia; (2) IRD, Umr 228 “ espace pour le
développement”, Nouméa, New Caledonia; (3) Institut pour
le Développement (IRD), UMR 228 ESPACE DEV, Montpellier,
France; (4) Institut de recherche pour le développement,
Mathematics, espace-dev, Montpellier, France; (5) IRD,
Département sociétés umr gred, Montpellier, France; (6)
University of the South Pacific, School of governance,
development and international affairs, Suva, Fiji

Pacific island societies bear the historical hallmark
of vulnerability, mobility and resilience. They have
displayed adaptive capacities on the long run as far as
livelihood, social institutions and political organization
are concerned. The current intensification of global and
climate changes could jeopardize these polities as well
as pushing them to eiaborate innovative solutions to
face these dramatic trends. Current research programs
carried out by IRD social scientists with colleagues from
other institutions on changing livelihoods, health, coastal
and marine governance and the value of place and land
give clues about the individual and collective agency
developed by Pacific islanders to deal with the risks and
uncertainties inherent in this unstable situation. Against
these emerging and serious challenges, there is a growing
consensus about the need to think more broadly and
Oceania-wide by sharing information, establishing data
bases, and participating in collaborative research on
the human and societal dimensions of climate change.
The joint Francophone Pacific and Anglophone Pacific
project Oceania Observatory of Climate Change and lIts
Consequences (02C3) is an effort to replicate GOPS, the
South Pacific Integrated Observatory for the Environment,
Terrestrial and Marine Biodiversity in the Social Sciences
and Humanities, to enhance cooperation and collaboration
initially among scholars based in New Caledonia and Fiji
(USP) but with the intention to promote immediate Oceania
wide collaboration.

The focus of the 02C3 observatory would be on peoples’
knowledge, norms and practices in an encompassing
framework, including various registers of knowledge:
local/traditional, administrative, scientific, statistical,
legal, professional... This self-evident idea raises
serious challenges as far as methods, epistemology, data
management and ethics are concerned. Collecting legal
texts and scientific articles dealing with the issue does not
raise specific difficulty, aside from localizing and accessing
sources and making relevant information available to all.
Identifying mobility forms linked to climate change (climate
and environmental refugees, let alone mining refugees) is

also feasible. When it comes to local knowledge, practices
and representations of environmental and climate changes,
things become trickier. There is a need for developing an
in-depth reflection (1) on pertinent disciplinary and trans-
disciplinary concepts that could be mobilized in social
sciences for collecting and analyzing these data and (2) on
the methodological and ethical implications of this type of
data production and maintenance.

The 02C3 project seeks to contribute to this effort by
bringing together social scientists to cooperate on the
human dimensions of climate change. The first step
would be to develop a collective framework on the issue
of producing, collecting, managing social data on climate
change anc? how to make them available quickly to
stakeholders and decision makers. The second step would
be to establish an expanding network of social scientists
and humanity scholars that will focus on Pacific Island
Countries and Territories (PICTs) people’s awareness of
climate change causes and consequences, stake holder
standpoints, and governments’ policies and policy
implementation on climate change. Third step, it will
build and host a shared digital database of information
relating to climate change that will be a useful resource for
above-mentioned decision makers, academics and other
stakeholders.

P-1111-08

Variability in subtropical-tropical cells
drives oxygen levels in the tropical Pacific
Ocean

O. Duteil (1) ; C. Boening (1) ; A. Oschlies (1)
(1) GEOMAR, Kiel, Germany

Previous studies found a negative trend in oxygen
concentrations in tropical regions during the last decades.
Employing a biogeochemical circulation model, we
highlight the importance of wind driven ocean transport
associated with the Subtropical-Tropical Cells (STCs)
in setting the oxygen levels in the tropical ocean. The
observed and simulated slowdown of the STCs by 30
percent from the 1960s to the 1990s caused a decrease
in oxygen transport to the tropics. Transport of phosphate
was similarly reduced, decreasing export production and
respiration. The effects of physical transport and biological
consumption partly compensate, damping oxygen
interannual and decadal variability. Our results suggest
that the observed residual oxygen trend in the tropical
Pacific is mainly driven by changes in oxygen transport.
Accordingly, the observed recent strengthening of the
STCs leads us to expect a pause in the oxygen decrease
or even an increase of tropical Pacific oxygen values in the
near future.

P-1111-09

Impact of the initialization with different
ocean reanalyses on forecast bias in seaso-
nal hindcasts

E. Exarchou (1) ; C. Prodhomme (1) ; V. Guemas, (1) ; F.
Doblas-Reyes (1)

(1) IC3, Barcelona, Spain

We analyze seasonal hindcasts performed with EC-Earth3
that are initialized from two different ocean reanalysis
estimates (ECMWF-ORAS4 and MERCATOR-GLORYS2V1),
with the goal to investigate the impact of the different
ocean reanalysis on the model bias and the model forecast
skill. The seasonal hindcasts are four months long, consist
of 10 ensemble members and they are initialized every
May and November between 1993 and 2009. We find that
the forecast initialized with ORAS4 is globally more skillful
than the one initialized with GLORYS, particularly in the
tror)ics. To study how the SST bias development relates with
skill, we focus on the Tropical Atlantic, and in particular in
two specific regions: the Atlantic3 region (ATL3), and the
Angola-Benguela Area (ABA), where most climate models
exhibit strong systematic biases. In both sets of hindcasts,
a strong warm surface temperature bias develops in less
than one month in winter or summer in ABA, and a stronﬁ
cold surface temperature bias develops in one mont

in winter in ATL3. The biases in ATL3 in the hindcasts
initialized with GLORYS2V1 are particularly strong in 1997,
2001 and 2003, and are caused by subsurface temperature
errors in GLORYS. Despite the warm surface temperature
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biases in ABA, monthly mean netsurface fluxes errors are
negative, indicating that errors in SST most likely have an
oceanic origin; this is also corroborated by the presence
of strong subsurface temperature biases. Errors in the
upwelling of the water masses could be in turn related to
wind stress errors. We further investigate this possibility
by performing additional sensitivity experiments using
fixed windstress over the upwelling regions.

P-1111-10

Ant invasions in the light of climate
change: forecasting a major threat for
island biodiversity and economy

H. Jourdan (1) ; C. Gomez (2)

(1) IRD-Institut de Recherche pour le Développement, UMR
237 IMBE, Nouméa, New Caledonia; (2) IRD- Institut de
Recherche pour le Développement, Umr 237 imbe, Nouméa,
New Caledonia

In the last four centuries, spread of exotic species have been
steeply rising through human mediated transportation,
and have been responsive for major changes to natural
ecosystems as well as major consequences and damages
to human activities with tremendous associated economic
costs. This situation is especially exacerbated in island
context, where biological invasions are considered as the
main driver of change and threat for both biodiversity and
human societies. In the same time, the whole biosphere
is experiencing consequences of climate change. There
is, now, a wide consensus that climate change will also
contribute to exacerbate threats posed by invasive species
to ecosystems and human societies. Scientists estimate
that this will be especially true for ectotherm organisms,
whose current distributions are limited by thermal barriers.
But to date, these assumptions have not been widely
tested or validated. Among ectotherm organisms, ants
are recognised as major invasive organisms, according to
their high contribution and dominance in ecosystems, high
aggressiveness in context of invasion as well as economic
losses related to their spread (decreased of agricultural
production, damage to infrastructure, management
expenses..). Then this insect group represents an ideal
biological model to test current assumptions, especially
in the context of fragile insular ecosystems which are
considered as major biodiversity hotspots.

Here we present first results of a study, which aims at
providing a better understanding of the patterns and
Erocesses behind ant invasions as well as the impacts they
ave on invaded communities and the projections that
one can infer from these for the future as a consequence
gf glc;bal environmental change (under climate change
river).

To better understand the main determinants of the
distribution of exotic ant species, we developped species
distribution models (SDM) to predict suitable ranges for 20
major invasive ants across Pacific islands. We also explored
the evolution of these patterns in the future. We modeled
current distributions, based on bioclimatic parameters,
soil characteristics and land cover. Future climatic data
were sourced from the 5th IPCC assessment report, and it
had been calibrated and statistically downscaled using the
WorldClim data for ‘current’ conditions, in order to compare
projections. Also, we used ordination analysis to define
invasiveness potential and develop spatial projection of
life history traits on dynamic invasive fronts, localized on
distribution maps. Then, to better fit our predictions, we
made a downscale to New Caledonia biodiversity hotspot,
which is already affected by 16 ant species and at risk from
the last 4 species. It provides us an unvaluable opportunity
to validate in the field current occurrences, then field
data have been use to recalibrate our prediction of the
distribution. More answers are needed regarding future
ant species assemblages, ecological determinants of the
distribution dynamics of introduced ants: How climate is
impacting life history traits that will facilitate invasiveness?
How ant species assemblages get structured under the
influence of life history traits or biotic interactions?

NB: Our project is involved in a current European Eranet
Biodiversa funded project 2013-2016 “(FFIl) Forecasting
Future Invasions and their Impacts.”-

P-1111-11

Climate change impacts on marine fishe-
ries: assessing the catchment in Peninsular
Malaysia

AHM. Kamal (1) ; J. Ismail (2) ; H. Idris (3)

(1) Universiti Putra Malaysia Bintulu Sarawak Campus, Animal
Science and Fishery, Bintulu, Sarawak, Malaysia; (2) Universiti
Putra Malaaysia Bintulu Sarawak campus, Animal science and
fishery, Bintulu, Malaysia; (3) Universiti Putra Malaysia Bintulu
Sarawak Campus, Animal science and fishery, Bintulu,
Malaysia

Global climate change variations over the past 30 years
have produced numerous impacts in the abundance and
production performance of marine fish and fisheries
worldwide. The consequences in terms of flooding of low-
lying estuarine habitats due to over rainfall, fluctuation of
temperature, dilution of water parameters, devastation
of feeding and breeding habitats, salinity fluctuations
and acidification of waters, high siltation in coastal area,
changes in the sea water table and breeding triggers
have raised serious concerns for the well-being of marine
fisheries and their production. This study shows that the
overall total catchment of marine fisheries was decreased
38% in 2009 compared to 1998 while considers the fishing
gears and vessels number used in Peninsular Malaysia.
Registered vessels number was increased up to 92% in
2009 compared to 1998 which eventually increased the
total catchment volume of marine fisheries. In 2009,
the catching efforts and performance was far low as per
vessels compared to 1998. Analysis of climate change
variables shows that temperature was decreased as
rainfall was increased within the year from 1998 to 2009.
However, it is still early to conclude that whether climate
change variables couIJ have unpleasant impacts on fish
production in the tropical seas like Malaysia. In spite of
that it is predicted that the prolong exists of monsoon
and increases of rainfall in this area resulting the stresses
and sometimes interfering on the habitat, reproductive
cycle and their related ecosystems in this coastal marine
environment in tropics.

P-1111-12

Inter-annual Variability of the Upper Ocean
Temperature in the Tropical Western
Indian Ocean

?/I.)Manyilizu (1) ; D. Francois (2) ; P. Penven (3) ; C. Reason,
4

(1) University of Dodoma, College of Informatics and
Virtual Education, Dodoma, Tanzania, United Republic
of; (2) Commonwealth Scientific and Industrial Research
Organisation (CSIRO), Marine and atmospheric research,
Wembley, Australia; (3) Institut de Recherche pour le
Developpement (IRD), Centre ird de bretagne, Bretagne,
France; (4) University of Cape Town, Department of
oceanography, Cape Town, South Africa

Interannual variability of the upper ocean temperature in
the tropical western Indian Ocean has been studied using
a regional ocean model. The strongest SST variability
occurs in the offshore region lying over high subsurface
temperature variations located between 30 and 130 m.
Such a region corresponds with strong variations in the
thermocline depth. The lowest SST variations occur in
the Tanzanian shelf waters and lie over the subsurface
waters with the smallest temperature variations in the
upper 200 m. Such smallest temperature variations match
with weak variations in the thermocline depth. However,
the region with the highest variability of the subsurface
temperature is more explained by interannual variability
related to strong thermocline variations. The thermocline
variations can be associated with local Ekman pumping
and/or remote influence from the large-scale climate
modes. Anomalous local downwelling (upwelling) and
downwelling (upwelling) Rossby waves generated during
ENSO and IOD events lead to anomalies in the thermocline
depth and hence in subsurface temperature. The strong
variability in the offshore region is related to strong
interannual variability in the thermocline associated with
ENSO and the IOD.
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THOT (TaHitian Ocean Time series): a new
kind of long-lasting deep-sea oceanogra-
phic station in the central South Pacific

E. Martinez (1) ; H. Claustre (2) ; M. Rodier, (1) ; A. Poteau
(2) ; A. Mignot (3) ; M. Taquet (1) ; C. Ponsonnet (4) ; K.
Maamaatuaiahutapu (5) ; C. Maes (6)

(1) IRD-Ifremer-UPF-ILM, Ecosystémes insulaires océaniens,
Tahiti, French Polynesia; (2) CNRS-Université pierre et Marie
Curie, Laboratoire océanographique villefranche, Villefranche
sur mer, France; (3) Massachusetts Institute of Technology,
Cambridge, Massachusetts , United States of America; (4)
Direction des Ressources Marines et Miniéres, Tahiti, French
Polynesia; (5) University of French Polynésia, Tahiti, French
Polynesia; (6) IRD-CNRS-Ifremer-UBO, Laboratoire de
physique des océans, Plouzane, France

Through various physical, chemical and biological
processes as well as their synergetic interactions, oceans
platl) a key-role in the modulation of climate system,
carbon cycle and marine ecosystems. In the central
South Pacific, including the 47 % of the French maritime
domain of French Polynesia, ocean dynamic plays a key-
role in the El Nifio Southern Oscillation (ENSO). ENSO is
the dominant mode of interannual variability in the Pacific
with strong effects at global scales. It a?/so modulates
the decadal oscillations of the Pacific Ocean and longer-
term trends. Furthermore, being part of the South Pacific
subtropical gyre, variability of the French Polynesia waters
is representative of those in the subtropical gyres of
the global ocean. To observe and characterize climate
changes in this region, the deployment of long-lasting
oceanographic survey stations is necessary to follow
the evolution of oceanographic key parameters (e.g.,
temperature, salinity, oxygen, phytoplankton biomass).
However, presently there is no deep-sea monitoring
observatory in the central South Pacific.

The objective of the TaHitian Ocean Time-series (THOT)
project is to set up a deep-sea oceanographic station
to observe and improve the understanding of climate
changes in the French Polynesia waters as representative
of subtropical gyre and Pacific scales. This project will be
part of existing international programs on climate and
ocean observations (Bio-ARGO, CLIVAR). It will provide a
synergy and complementarity to long-term observations
for global ocean

Implementation of a mooring station, such as those
already existing, is complex in French Polynesia due to
its geographical, scientific, logistical and technological
remote context. Thus the originality of THOT is to set up
a long-lasting station to observe climate changes based
on 1) a regular deployment of physical-biogeochemical
profiling floats in the area of interest over the next two/
three years; 2) then to deploy the next generation of
biogeochemical profiling floats capable of horizontal
displacement to replace in their initial position.

P-1111-14

Diazotrophic impacts on the biogeoche-
mistry of the South Western Tropical Paci-
fic and the implications of rising tempera-
ture and CO2

1112 - The Arctic Climate system
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The Physical Basis of Arctic Change

C.Lee (1)
(1) University of Washington, Seattle , United States of
America

Research suggests that the Arctic responds to climate
change earlier, and with greater intensity, than other
components of the earth system, making it a useful

C. Menkes (1) ; C. Dupouy (2) ; I. Berman-Franck (3) ; S.
Bonnet (2) ; F. Deboissieu (1) ; J. Lefévre (4) ; M. Rodier, (5)
; . Biegela (6)

(1) IRD, LOCEAN, Noumea, New Caledonia; (2) IRD, Mio,
Noumea, New Caledonia; (3) Bar llan University , Mina &
everard goodman faculty of life sciences, Ramat Gan, Israel;
(4) IRD, Legos, Noumea, New Caledonia; (5) Institut de
Recherche pour le Développement, Umr-241 eio, Papeete,
France; (6) IRD, Mio, Marseille, France

The physical, chemical, biological, and biogeochemical
characteristics of the south western tropical Pacific Ocean
have been studied since the 1980’s. The initial studies
focused on the equatorial upwelling which crosses the
Pacific and annually enriches surface seawaters. Primary
productivity in this high-nutrient, low-chlorophyll (HNLC)
region is limited by the availability of Fe and regulated by
intense zooplankton grazing which provide forage for tuna
fisheries. In contrast, in the Melanesian Archipelagoes,
the upper layer of the tropical ocean (between 15 and
25°S) is characterized by stable thermal stratification and
nutrient-depleted (DIN, DIP), oligotro%hic water especially
in austral summer. Expansive surface blooms in the region
experience strong seasonal and El Nino/La Nina cycles.
Thus, primary producers include a high abundance of
organisms fixing atmospheric dinitrogen (diazotrophs)
that inject new-nitrogen into the system, the diazotrophs
( including the cyanobacterium Trichodesmium spp,
diatom-diazotroph ~ associations, and unicellular
cyanobacteria, and heterotrophic bacteria). The new
production sustained by diazotrophy and the transfer of
this “ new N” to the planktonic food web critically impacts
regional and global carbon and nitrogen cycling. In coastal
lagoons, cyanobacteria are a major component of the
food web, and run-off from land drainage and pollutions
from land may affect the coastal carbon cycle and lagoon
e?uilibrium. Here we will present a comprehensive review
of the biogeochemical investigations over the last 30
years and examine the predicted impacts of increasing
sea surface temperatures and elevated atmospheric pCO2
(leading to ocean acidification) on the growth, abundance,
and contributions of diazotrophs to carbon and nitrogen
cycling in this region.

P-1111-15

Indian Ocean warming trends simulated by
an OGCM
R. Sivankutty (1) ; C. Gnanaseelan, (1)

(1) Indian Institute of Tropical Meteorology, Theoretical
Studies Division, Pune, Maharashtra, India

Tropical Indian Ocean (TIO) SST shows a steady increasing
trend over the last 50 years. Many recent studies suggests
that this surface warming has significant influence on
large scale summer monsoon circulation features. In this
study we investigate he reasons behind the TIO warming
using OGCM simulations. The surface heat flux changes
alone cannot explain the surface warming pattern in TIO.
Significant changes large scale surface circulation in TIO
is simulated by the model. The surface circulation change
in TIO closely corresponds to surface wind changes and
associated geostrophic response in the ocean. We propose
an air-sea coupled feedback mechanism to explain the
increased warming rate of central and eastern TIO. Results
of model sensitivity experiments controlling the surface
forcing parameters confirms that, TIO warming pattern is
highly modulated by oceanic processes.

barometer for the health of the global environment.
Observed changes in the Arctic marine and cryosphere,
including increased seasonality, rapid sea ice loss and
accelerated melting of the Greenland ice sheet, are
consistent with these ideas of ‘Arctic amplification’. Such
changes can produce substantial environmental and
societal stress, with regional implications and potentially
profound global impacts. The resulting challenges
include accelerated coastal erosion, changing weather
patterns and rising sea level. Arctic environmental change
can also produce new opportunities, such as expanded
resource extraction and shortened shipping routes.
Accurate predictions of Arctic environmental change and
its global impact are needed to inform the response to
these challenges and support planning of future activity.
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However, current predictions sometimes differ from
observed Arctic change, motivating efforts to advance our
understanding of the physical processes.

This presentation will provide an overview of our current
understanding of some prominent changes in the Arctic
ocean and cryosphere. A complex interplay between
the physics o?lthe atmosphere, cryosphere and ocean,
with the potential for positive feedbacks (such as that
between reduced ice cover, reduced albedo and increased
absorption of solar radiation, known as the ice-albedo
feedback) govern the observed response to climate
change. This motivates efforts to establish integrated,
interdisciplinary, international programs to advance
understanding and, ultimately, improve predictive ability.
Sustained, climate-scale Arctic observing represents a
critical component of such efforts, and the state of such
observing systems and their underlying technologies will
thus be briefly reviewed here.

K-1112-02
Assessment of Arctic Feedbacks

B. Soden (1)
(1) University of Miami, Miami, FL, United States of America

Radiative feedbacks in the Arctic play a key role in
determinin? the energy and moisture budgets both
at the surface and top of atmosphere which, in turn,
influences the atmospheric and oceanic circulation. The
Arctic has experienced dramatic declines in summer sea
ice over the past decade which has triggered a series of
interconnected responses in the surface energy budget
and the atmospheric feedbacks. The Arctic has become
warmer, wetter, and cloudier. All of these changes further
modulate the radiative fluxes at the surface. Observations
indicate that the most pronounced warming occurs
during boreal winter, with an increase in Arctic mean
temperature of roughly 1K. This warming is associated
with a pronounced sea ice loss in boreal summer which
increases the evaporation rates (i.e. moisture flux).
The resulting increase in water vapor and cloud cover
enhances the downward long wave flux at the surface,
contributing to earlier melt onset and the delayed autumn
freeze up. This study will summarize the importance of
these relationships using multiple observational data sets
and comé)are the observed feedback strengths to those
simulated in coupled ocean-atmosphere models.

K-1112-03
Biological impacts of recent climate
change in the Arctic

D. Hik (1)
(1) University of Alberta, Department of Biological Sciences,
Edmonton, Alberta, Canada

The ecology of the Arctic is changing in response to
shifts in t%e climate system. Although Arctic species
are well adapted to seasonal and diurnal variabiﬁty in
physical conditions, many of the observed climate-driven
changes are leading to fundamental shifts in the structure
and diversity of biological processes. What happens in
both the marine and terrestrial environments has both
local and global implications. For example, the tundra
is a huge giome extending across 30 degrees latitutde.
Vegetation changes show a complex pattern at larger
scales, but overall there has been a rapid increase in
woody vegetation (shrubs, trees), changes in phenology
and albedo as a consequence of earlier snowmelt, and
changes in foodweb structure and trophic interactions.
Freshwater ecosystems are facing similarly large changes,
and the ability of rivers, lakes and wetlands to maintain
adequate streamflows, water levels and water quality for
ecosystem sustainability is poorly understood. In the
marine environment, there is already compelling evidence
of a shift towards an increasingly pelagic system in the
absence of summer sea ice. In both terrestrial and marine
ecoystems, extreme events (e.g. winter rain, fire, storm
surges) can overturn long-term trends, but there are still
insufficient observations to adequately predict the future.
I will provide a brief overview of current understanding of
how Arctic ecosystems are responding to climate change
and variability, and the most important research needs
identified during the 3rd International Conference on
Arctic Research Planning (ICARP Ill).

0-1112-01

The Regional Arctic System Model (RASM)
- A Tool to Advance Science and Reduce
Prediction Uncertainties of Arctic Climate
Change

W. Maslowski (1)
(1) Naval Postgraduate School, Oceanography, Monterey,
California, United States of America

Some of the largest changes due to climate warming are
expected in the Arctic. However, 21st century projections
of the magnitude of these changes vary widely in the latest
suite of global climate predictions. In addition, several
studies point to strong sensitivity of climate projections
to multi-parameter space, varying within physically
acceptable bounds. Such variations and sensitivities
are the source of large uncertainties and limited skill in
reconstructions of the past and present Arctic System, and
in projections of the future state of this region.

We introduce a new tool for regional climate modelling, the
Regional Arctic System Model (RASM), and demonstrate its
advanced capability in simulating some critical physical
processes and feedbacks, WhiC?l significantly improve
model representation of observed seasonal to decadal
variability and trends in the sea ice cover.

RASM is a limited-area, fully coupled ice-ocean—
atmosphere-land model that uses the Community
Earth System Model (CESM) framework. It includes the
Weather Research and Forecasting (WRF) model, the LANL
Parallel Ocean Program (POP) and Community Ice Model
(CICE) and the Variable Infiltration Capacity (VIC) land
hydrology model. The ocean and sea ice models used in
RASM are regionally configured versions of those used in
CESM, while WRF replaces the Community Atmospheric
Model (CAM). RASM has recently been upgraded to CICE
Version 5.0 (CICES5.0) with (i) the new prognostic salinity
thermodynamic model to represent sea ice growth and
melt, (ii) a new anisotropic rheology to capture anisotropic
sea ice dynamics at the multi-floe scale (of order
2-10km) and (iii) a form drag scheme to more accurately
approximate ice-ocean and ice-atmosphere stresses. In
addition, a streamflow routing (RVIC) model was recently
implemented in RASM to transport the freshwater flux from
the land surface to the Arctic Ocean. The model domain is
configured at an eddy-permitting resolution of 1/12° (or
~9km) for the ice-ocean and 50 km for the atmosphere-
land model components. It covers the entire Northern
Hemisphere marine cryosphere, terrestrial drainage to the
Arctic Ocean and its major inflow and outflow pathways,
with optimal extension into the North Pacific / Atlantic to
model the passage of cyclones into the Arctic. All RASM
components are coupled at high frequency (i.e. 20-minute
intervals) to allow realistic representation of inertial
interactions among the model components.

Model results are presented from both fully coupled
and a subset of RASM, where the atmospheric and land
components are replaced with prescribed realistic
atmospheric reanalysis data for 1948-2009. Seleceted
physical processes and resulting feedbacks will be
discussed to emphasize the need for high model resultion
and fine-tuning of many present parameterizations of
sub-grid physical processes when changing model spatial
resolution. We also investigate sensitivity of simulated
sea ice states to scale dependence of model parameters
controlling ice dynamics, thermodynamics and coupling
with the atmosphere and ocean. Finally, we show that sea
ice extent common(ljy used to evaluate the model skill is
not a sufficient model constraint as the modeled sea ice
thickness distribution and volume can vary significantly
while ice extent remains unchanged.

0-1112-02

IPCC AR5: Projections of Arctic Change

K. Riemann-Campe (1) ; R. Gerdes (1) ; M. Karcher (1) ; F.
Kauker (1)

(1) Alfred-Wegener-Institut Helmholtz-Zentrum fir Polar-
und Meeresforschung, Sea ice physics, Bremerhaven,
Germany

The climate is changing, which is particularly visible in the
Arctic sea ice state. To plan the access to shipping routes,
resource extraction, etc. several groups with different



interests would like to know the future development of
Arctic sea ice coverage.

Climate scenario simulations with global coupled
climate models, contributing to the coupled model
intercomparison project phase 5 (CMIP5), are used to
exploit possible scenarios for the sea ice distribution
under climate change during the coming decades. Their
results are also discussed in the IPCC assessment report
no. 5 (AR5). More than 30 models take part in the CMIP5
experiments and together they estimate a very large
uncertainty range for Arctic sea ice. CMIP5 models simulate
the global climate change and their individual strengths
differ regionally. Several studies show that if a limited
number of CMIP5 models are chosen with respect to their
regional strengths, the range of uncertainty decreases
considerably for selected variables.

Within the projects ACCESS (Arctic Climate Change,
Economics and Society) and ICE-ARC (Ice, Climate,
Economics - Arctic Research on Change) we compare
satellite sea ice concentration observations with simulated
sea ice concentration of 34 CMIPS models. The skill of
the models varies within the region in the Arctic, the time
period of the satellite observation used and the satellite
data processing. Thus, we analyse two different satellite
derived products over individual regions, which have been
discussed as potential sites for resource extractions, as
well as the whole Arctic for two different time periods.
From this, we select the best four CMIP5 models with
regard to the misfit between model and observations.
Although the models agree on the general future reduction
on sea ice area, they differ in the magnitude of the sea ice
gecr?_asey and thus the timing of when the Arctic becomes
ice-free’.

The sea ice coverage correlates well with the near surface
air temperature in summer and with the position of warm
Atlantic water during winter. These correlations exist
in the chosen models but with strong differences. For
example, the position of the warm Atlantic water entering
the Arctic via the Fram Strait and the Barents Sea Opening
varies considerably in the four chosen models. Therefore,
one reason for the differences in future sea ice estimates
from different models is the simulated change of the
atmospheric and oceanic northward heat transport into
the Arctic.

Different sea ice projections between climate models can
be understood not only being due to differences of the sea
ice model component, but the model realisation of oceanic

and atmospheric northward heat transport.

1112-POSTER PRESENTATIONS

P-1112-01

Reconstruction of the Greenland ice sheet
surface mass balance over 1900-2014
with the help of the regional climate MAR
model

X. Fettweis (1) ; H. Gallée (2)

(1) University of Liége, Department of geography, Liege,
Belgium; (2) Laboratoire de Glaciologie et Géophysique de
I’'Environnement, Grenoble, France

With the aim of studying the recent Greenland ice sheet
Surface Mass Balance (SMB) rates with respect to the last
century, we have forced the regional climate MAR model
with ERA-Interim (1979-2014), ERA-40 (1958-2001),
NCEP1 (1948-2014), NCEP2 (1979-2014), 20CR (1880-
2012) and ERA-20C (1900-2010) reanalysis. While all
of these forcing products are reanalyses, MAR simulates
significant differences in SMB over the common period. A
temperature correction of +1°C (resp. -1°C) had notably
to be applied to the MAR boundary conditions given that
ERA-20C (resp. 20CR) is ~1° colder (resp. warmer) over
Greenland than ERA-Interim data over 1980-2010.

Discrepancies in simulated SMB is particularly high in
regions where SMB measurements are missing suggesting
that uncertainties in the current SMB reconstruction are
high and observations are still needed before performing
future projections. Comparisons with SMB measurements
(along K-Transect), ice cores and satellite derived melt
extent allows to select the best reanalysis forced data set.

All of these simulations show that i) the period 1961-1990
usually chosen as reference for SMB and ice dynamics
(stable ice sheet) over Greenland is a period when the SMB
was abnormally high in respect to the last 120 years; ii)
SMB has been significantly decreasing after this reference
period. Both ERA-20C and 20CR forced simulations
su?gest a precipitation increase over the last century but
only the ERA-20C forced simulation suggests that SMB
during the 1920-1930 warm period over Greenland is
comparable with the SMB of the 2000’s.

1113 - Climate Extremes: Patterns, Mechanisms and Impacts

ORAL PRESENTATIONS]

0-1113-01

The timing of anthropogenic emergence in
climate extremes

A. King (1) ; M. Donat, (2) ; E. Fischer, (3) ; E. Hawkins (4) ;
L. Alexander (2) ; D. Karoly (5) ; A. Dittus, (1) ; S. Lewis, (6)
; S. Perkins, (7)

(1) University of Melbourne, School of Earth Sciences,
Melbourne, Victoria, Australia; (2) University of New South
Wales, Climate change research centre, Sydney, Australia; (3)
ETH Zurich, Zurich, Switzerland; (4) University of Reading,
Dept. of meteorology, Reading, United Kingdom; (5)
University of Melbourne, School of Earth Sciences, University
of Melbourne, VIC, Australia; (6) Australian National
University, School of earth sciences, Canberra, Australia;

(7) University of New South Wales, Climate change research
centre, NSW, Sydney, Australia

Many extreme events can be attributed to anthropogenic
climate change whilst others can not. This has motivated
us to study the time of an anthropogenic emergence (TAE)
of six indices representing temperature and precipitation
extremes. We used multiple historical runs and RCP8.5
projections from six CMIP5 models. We define a quasi-
natural variability for each of these indices at gridbox
level and for sub-continental regions and the globe as a
whole. We determine when an anthropogenic emergence
occurs by comparing index distributions across moving
windows with the quasi-natural variability. We also

investigated how TAE compared for mean temperature and
precipitation with extremes. We found earlier emergence
of extreme temperatures in equatorial regions compared
to other parts of the world and some seasonal variability
in TAE. Spatial aggregation reduces variability in mean and
extreme temperature and precipitation leading to earlier
TAE values. Using limited observational datasets, the same
TAE methodology was applied and signs of emergence
found. Finally, using the CMIP5 models, we show the
regions of the world where anthropogenic signals can
already be detected in our temperature and precipitation
indices to aid in the study of attribution of extreme events
to climate change.

0-1113-02

Extreme heat waves with the Heat Wave
Magnitude Index and their occurrence in
the future

A. Dosio (1) ; J. Sillmann () ; S. Russo, (1)
(1) European Commission Joint Research Centre, Institute for
Environment and Sustainability, Ispra, Italy

Heat waves are defined as prolonged periods of extremely
hot weather and their intensity, duration, and frequencies
are expected to increase in the future under climate
change.

Recently, a new Heat Wave Magnitude Index (HWMI) was
developed that, by taking into account both heat wave
duration and intensity, enables the quantification of the
magnitude of heat waves across different time periods and
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regions of the world.

Here we first apply the HWMI to grade the observed heat
waves occurred in Europe since 1950: in fact, although
the worst event in the last decades occurred in Russia in
2010 (the strongest recorded globally in recent decades
exceeding in amplitude and spatial extent the previous
hottest Eurcg)ean summer in 2003), many other heat waves,
documented in literature and in newspapers, occurred in
different European regions in the past decades.

Subsequently, we apply the HWMI to the predictions
from several regional climate models (RCM) from the
COordinated Regional climate Downscaling Experiment
(CORDEX). RCMs have been used to downscale CMIP5
Global Circulation Models under different Representative
Concentration Pathway (RCP), namely RCP4.5 and RCP8.5.
We focus on two regions, Africa and Europe, for which a
large ensemble of models’ results is available.

Results show that, by the end of this century, under the
most severe emission scenario, events with magnitude
even greater than the one in Russia in the summer of 2010
will become more frequent and are projected to occur
as often as every 10 years for regions such as southern
Europe and central Africa.

0-1113-03

The Role of Teleconnection Patterns in
Wave Climate and Storms Distribution: The
SW Spanish and Wales Coasts Examples

R. Nelson Guillermo (1) ; A. Giorgio (2) ; P. Michael 3) ; T.
Thomas, (3)

(1) Universidad del Atlantico, Basic Sciences, Barranquilla,
Colombia; (2) Cadiz University, Faculty of marine sciences,
Cadiz, Spain; (3) University of Wales Trinity Saint David
(Swansea), Swansea, United Kingdom

Tele-connection patterns such as the North Atlantic
Oscillation (NAO) and Arctic Oscillation (AO) are influenced
by climate change, as models predict a weakening of the
overturning circulation that may affect both regional and
global climate, sea level and extreme waves. Occurrence
and distribution of storms are important variables in
the incidence of coastal erosion, deterioration and/or
complete destruction of ecosystems. This work presents
the characterization of wave climate and energy, coastal
storms and their recurrence intervals, related to several
regional cycles in Cadiz (SW Spanish Atlantic coast), Tenby
and Swansea (S Wales, UK). At the former site, wave records
include 22 years of data covering the period between 1987
and 2012. Storm characterization was carried out usin
the Storm Power Index and five classes were obtained,
from class | (weak events) to V (extreme events). Storm
occurrence probability was 96% for class | (i.e. almost one
event per year) to 3% for class V. The return period for class
V was 25 years and ranged from 6 to 8 years for classes Ill
and IV storms, e.g. significant and severe events. Classes
| and Il showed a period of recurrence ranging from 1
to 3 years. Approximately 40% of the change in monthly
wave data and storminess indices was related to several
teleconnection patterns, being the Arctic Oscillation (AO),
with 21.45%, and the North Atlantic Oscillation (NAO), with
19.65%, the most important drivers of change.

0-1113-04

Timescales of Change: Unraveling East
Africa’s Climate Paradox

B. Lyon (1) ; A. Giannini (1) ; N. Vigaud (1)

(1) IRI, Columbia University, Palisades, NY, United States of
America

East Africa is currently facing something of a climate
paradox. Over roughly the past 15 years, the region has
been experiencing an increased frequency of drought,
particularly during the «long rains» season from March-
May. In a seeming contradiction, there is a general
consensus among climate change projections that the
region of East Africa will become wetter as a result of
anthropogenic climate change by the end of the current
century. One possible explanation of this discrepency is
that the climate models are not properly responding to
increasin? greenhouse gases and their influence on East
African climate: The future climate of East Africa may in
fact become drier, not wetter. Another possibility is that

the recent rainfall decline is associated with processes in
the climate system operating on shorter time scales than
long-term climate change. In this case, the recent rainfall
decline may be masking longer-term climate change. A
third possibility is that there is an interaction of processes
operating on these different time scales.

This paper will review recent and ongoing research that
is helping to explain the recent variations in East African
climate. A combination of observational and climate
model experiments indicate that the recent rainfall decline
in East Africa has been associated with decadal-scale
variations of the climate system, specifically in the Pacific
Ocean. Evidence is presented that the rainfall decline in
East Africa was manifest as an abrupt shift towards drier
conditions that occurred in 1998-99 when the Pacific
Decadal Oscillation (PDO) shifted from its warm to cold
phase. This shift in the PDO was associated with a colling
of eastern equatorial Pacific while the western Pacific has
remained anomalously warm. Observational evidence
indicates that the recent rainfall decline in East Africa
was part of a near-global scale shift in seasonal rainfall
patterns, with similar shifts observed previously over the
past century. Results from climate model experiments,
using only observed sea surface temperatures in the
tropical Pacific as forcing, indicate the models are able
to reproduce the recent drying in East Africa and the
associated shift in global precipitation patterns. However,
observations also indicate that the western Pacific warm
pool region has continued to warm over the past several
decades, an increase which almost certainly contains an
anthropogenic component. Current work is investigating
whether this combination of «natural» decadal variations
and anthropogenic change, particularly in sea surface
temperatures in the Pacific warm pool region, led to an
exacerbation of recent East African droughts (we note that
the devastating drought in 2010-11 was likely the most
severe of the past 50 years). Understanding the physical
processes associated with climate model projected
increases in East African rainfall and how realistic they
are in light of what is known about the behavior of the
current climate system remains a critical next step in fully
unraveling the East African climate paradox.

0O-1113-05

Physical insights on future European
summer heat waves and record-breaking
temperatures

M. Bador (1) ; L. Terray (1) ; J. Boé (1)

(1) CERFACS/CNRS, Sciences de I'univers au cerfacs,
ural875, Toulouse, France

Recent summer heat waves had strong socio-economic
impacts in different parts of Europe. This highlights the
need for improved understanding of key processes and
feedbacks. We focus on the detection of an anthropogenic
signal on record-breaking summer temperature using
historical and 21st century simulations from a set of
CMIP5 climate models. Results show that simulated and
observed record evolutions follow the stationary climate
theoretical record rate until the 1980s. They then diverge
from the expected value, with an increase of the number
of warm records and a decrease of the cold ones. These
changes are shown to accentuate over the 21st century.
The influence of internal variability based on control
simulations is used to estimate an anthropogenic signal
emergence time around 2030.

We then focus on a set of case studies of future heat waves.
We analyze a high spatial resolution simulation (from
1950 up to 2100) of the ALADIN regional atmospheric
model driven by the CNRM-CM5 model. Based on warm
spell duration indices, we select a few intense events that
occur in the second part of the 21st century. Heat waves
are generally associated with quasi-stationary anticyclonic
circulation anomalies that produce clear skies and warm
air advection. They are often associated to anomalously
dry land surface conditions. For each case study, we
perform ALADIN sensitivity experiments by perturbing
either the prescribed large-scale circulation and/or the
initial soil moisture content. We then infer the dominant
mechanisms and the feedbacks operating to amplify or
mitigate the heat waves. We also perform a worst-case
scenario where we try to generate an extreme heat wave
in order to assess the associated temperature rise and its
possible saturation due to negative feedback.



0-1113-06

Global future changes of precipitation
extremes

A. Toreti (1) ; P. Naveau, (2) ; M. Zampieri, (3) ; A. Schindler,
(4) ; E. Scoccimarro, (5) ; E. Xoplaki (6) ; HA. Dijkstra, (7) ; S.
Gualdi, (3) ; J. Luterbacher (6)

(1) European Commission, Joint Research Centre, Ispra,

Italy; (2) Laboratoire des Sciences du Climat et de
I’Environnement, IPSL- CNRS, Gif-sur-Yvette, France; (3)
Centro Euro-Mediterraneo sui Cambiamenti Climatici, Lecce

, Italy; (4) Federal Office of Meteorology and Climatology,
MeteoSwiss, Zurich, Switzerland; (5) Centro Euro-
Mediterraneo sui Cambiamenti Climatici, Lecce, Italy; (6)
Justus-Liebig-University Giessen, Geography: Climatology,
Climate Dynamics and Climate Change, Giessen, Germany;
(7) Utrecht University, Department of physics and astronomy,
Utrecht, Netherlands

Precipitation extremes have a strong impact on ecosystems
and societies especially in exposed and vulnerable
areas. In a climate change context, where exposure and
vulnerability are also expected to change, it is essential
to achieve a better understanding and an improved
characterisation of these events. By analysing the latest
global climate model simulations from the Coupled
Model Intercomparison Project Phase 5 and by using an
innovative statistical approach, seasonal changes in daily
preciﬂitation extremes under the high emission (RCP8.5)
and the mid-range mitigation emission (RCP4.5) scenarios
are investigated. Two future time periods (2020-2059,
2060-2099) are compared with the ﬁistorical time period
1966-2005 and the results presented in terms of very
high risk events. Furthermore, global models are evaluated
w.r.t. precipitation extremes by using the available (high-
resolution) gridded observations during the selected
time ?erlod of the historical run. At the European scale,
complex changes in the tail behaviour are also assessed.
Results show that in the historical period a reliable
characterisation of daily extreme precipitation cannot be
achieved for large areas of the world, where an estimation
of the return levels cannot be obtained. This is the case,
for instance, during boreal winter for a belt elongated over
the subtropics and tropics of the Northern Hemisphere
and the oceanic areas west of the three continents of the
Southern Hemisphere. In the Euro-Mediterranean area,
northern Eurasia, and North America, the simulations
show lower intermodel variability and higher correlation
with the observations in boreal winter. Conversely, for
Australia, southern Asia, and the Middle East, all seasons
are characterised by larger intermodel variability and lower
correlation with the observations. Concerning the future
projections, the main findings point to an intensification
(more pronounced at the end of the century under the
high-emission scenario RCP8.5) of precipitation extremes
almost everywhere in the world and in all seasons.
However, a lack of reliability and consistency affects the
subtropics/tropics. The zonal means of the identified
changes clearly show more pronounced increases over
the high latitudes of both hemispheres in all seasons, with
the exception of the Northern Hemisphere in the mid-
century boreal summer, associated with larger intermodel
variability. Over the Southern Hemisphere, a shar

decrease in the estimated positive changes from the hig

to the middle latitudes is evident in all seasons followed
by (with the exception of the austral winter) a strong
increase towards tﬁe low latitudes. Stronger hemispheric
differences are also estimated over the high latitudes for
RCP8.5 at the second half of the century that are most
prominent in summer and autumn. At the regional level,
models show a better agreement on the projected increase
of return levels over land, although large variability affects
the estimated seasonal changes over specific areas (e.g.,
eastern Asia in summer).

0-1113-07

Weakened Flow, Persistent Circulation and
Prolonged Heat Waves in Boreal Summer
D. Coumou (1) ; J. Lehmann, (1) ; K. Kornhuber, (1) ; V.
Petoukhov, (1)

(1) Potsdam Institute for Climate Impact Research, Potsdam,
Germany

Changes in atmospheric circulation can strongly alter the
frequency and/or magnitude of high-impact extreme
weather events. The Northern Hemisphere mid-latitudes

have seen significant changes in the large-scale summer
circulation over the last decades and this might have
contributed to more prolonged heat waves (1-3). The zonal
mean zonal wind (or “jet”) has weakened by about 5% over
1979-2014, likely driven by the much more rapid warming
in the Arctic as compared to the rest of the Hemisphere.
In conjunction with the summer jet, the kinetic energy
associated with transient synoptic-scale weather systems
(the Eddy Kinetic Energy, or EKE) has seen a significant
weakening as well. The observed decline in EKE is more
pronounced in relative terms than that of the jet (by about
10% over 1979-2014), which is consistent with theoretical
arguments and climate model simulations. Transient
eddies are both forced by the jet via vertical shear but
can also accelerate it via the eddy-driven jet (4, 5). The
observed summertime weakening of both jet and EKE is
also a robust signal in future projections of CMIP5 climate
models (5, 6). At the same time, for some wave numbers,
we have seen an increased occurrence-frequency of high-
amplitude quasi-stationary waves during recent boreal
summers. We argue that this increase in frequency is
associated with a recent cluster of resonance events which
can create such high-amplitude waves.

The reduction in amplitude of fast-moving transient
waves (as ¢ #:)tured by EKE) and the more-frequent
occurrence of high-amplitude quasi-stationary waves
both favor more persistent weather conditions. It has
been demonstrated that high-amplitude quasi-stationary
waves in the atmosphere are statistically associated with
extreme weather at the surface (7, 8). Especially regions
at the western boundary of the continents show the
strongest association between surface extremes and high-
amplitude upper-level waves. In contrast, strong transient
wave activity, i.e. large EKE, is linked to moderate surface
temperatures and vice versa (3). Over most continental
regions affected by storm tracks, there is a significant
negative correlation between monthly EKE and surface
temperature. Thus, the hottest summers are associated
with extremely low EKE, while mild summers are associated
with more pronounced EKE. Again the western boundaries
of the continents are especially sensitive since these
regions are most directly influenced by the storm tracks.

In conclusion, boreal summer circulation has seen
pronounced changes over the last decades, trends which
seem to have amplified since the onset of rapid Arctic
Amplification around 2000. Especially the reduction in
EKE, but also in zonal mean flow, have created conditions
favorable for the buildup of heat and drought over the
continents. Moreover, a cluster of resonance events is
observed since 2000, which has increased the occurrence-
frequency of high-amplitude quasi-stationary waves with
wavenumbers close to 7. Thus, this generally implies a
weakening of transient synoptic eddy activity and more-
frequent states of quasi-stationary flow. These observed
changes in large-scale flow point towards more persistent
flow patterns and therefore more extreme surface weather.
This is also consistent with the pronounced increase in
(hgea]toe)xtremes in Europe and other mid-latitude regions
1.)J. E. Overland, J. A. Francis, E. Hanna, M. Wang, Geophys.
Res. Lett. 39, L19804 (2012).
2. ). a Francis, S. J. Vavrus, Environ. Res. Lett. 10 (2015),
d0| 10.1088/1748-9326/10/1/014005.

D. Coumou, J. Lehmann, J. Beckmann, Science (80-. ).
(accepted) (2015).
4. T. Woollings, M. Blackburn, J. Clim. 25, 886-902 (2012).
5. J. Lehmann, D. Coumou, K. Frieler, A. V Eliseev, A.
Levermann, Environ. Res. Lett. 9, 084002 (2014).
6. P. A. O’Gorman, Proc. Natl. Acad. Sci. USA 107, 19176~
19180 (2010).
(7.J. A. Screen, I. Simmonds, Nat. Clim. Chang. 4, 704-709
2014).
8. D. Coumou, V. Petoukhov, S. Rahmstorf, S. Petri, H. J.
Schellnhuber, Proc. Natl. Acad. Sci. U. S. A. 111, 12331~
12336 (2014).
9. S. Russo et al., ). Geophys. Res. Atmos. , n/a-n/a (2014).
1(3) ;\I(Chrlstldls G. S. Jones, P. a. Stott, Nat. Clim. Chang.

0-1113-08

Climate Model Simulation of Present and
Future Extreme Events in Latin America
and the Caribbean: What Spatial Resolution
is Required?

R. Oglesby (1) ; C. Rowe, (2) ; R. Mawalagedara, (3)

(1) University of Nebraska, Lincoln, Earth and atmospheric
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sciences and daugherty water for food institute, Lincoln NE,
United States of America; (2) University of Nebraska, Lincoln,
Earth and atmospheric sciences, Lincoln NE, United States

of America; (3) University of Nebraska, Lincoln, Earth and
atmospheric sciences and daugherty water for food institute,
Lincoln, United States of America

Latin America and the Caribbean are regions presently
at grave risk to a variety of extreme climate events.
These include flooding rains, damaging winds, drought,
heat waves, and in high elevation mountainous regions,
excessive snowfalls. The causes of these events are
numerous. For example, flooding rains and damaging
winds are often associated with tropical cyclones, but
also can occur, either separately or in tandem, due to
smaller, more localized storms. Similarly, heat waves and
droughts can be large scale or localized, and frequently
occur together (as excessive drying can lead to enhanced
heating, while enhanced heating in turn promotes
additional drying). Even in the tropics, extreme snow
and ice events can have severe consequences due to
avalanches, and also on water resources. Understanding
and modeling the climate controls behind these extreme
events requires consideration of a range of time and
space scales. A common strategy is to use a global
climate model (GCM) to simulate the large-scale (~100
km) daily atmospheric controls on extreme events. A
limited area, high resolution regional climate model (RCM)
is then employed to dynamically downscale the results,
so as to better incorporate the influence of topography
and, secondarily, the nature of the land cover. But what
resolution is required to provide the necessary results,
i.e., minimize biases due to improper resolution? In
conjunction with our partners from participating Latin
American and Caribbean nations, we have made an
extensive series of simulations, both region-wide and for
individual countries, using the WRF regional climate model
to downscale output from a variety of GCMs, as well as
Reanalyses (as a proxy for observations). The simulations
driven by the Reanalyses are used for robust model
verification against actual weather station observations.
The simulations driven by GCMs are designed to provide
projections of future climate, including importantly how
the nature and number of extreme events may change
through coming decades. Our results suggest that for
proper simulation of both mean climate, and importantly
extreme events, a spatial resolution of 4 km is required in
regions of complex mountainous topography. A somewhat
coarser resolution of 12 km is adequate in regions without
much topographic relief, and where differing land covers
account for most of the spatial heterogeneity.

0-1113-09

Should we expect more extreme rainfall
from Atlantic tropical cyclones as a res-
ponse to global warming?

F. Chauvin (1) ; H. Douville (1)
(1) Météo-France, CNRM-GAME, Toulouse, France

Daily precipitation extremes increase in intensity over
many regions of the globe in simulations of a warming
climate, including the tropics where observational
constraints suggest that this sensitivity could be higher
than expectations for the extratropics and from the
Clausius-Clapeyron (CC) relationship (e.g. O’Gorman
2012). Here, the focus is on heavy precipitation related
to Atlantic tropical cyclones (TCs). The objective is to
investigate whether the sensitivity to global warming of
TC rainfall is mainly controlled by the atmospheric water
holding capacity, following the CC relationship, or could
be even higher due to a dynamical cyclone amplification
associated with an increased release of latent heat in
the atmosphere. This amplification may lead to rates of
change reaching twice the CC rate (Trenberth 2007). Our
investigation is based on TRMM satellite precipitation
observations and atmospheric ERA-Interim reanalysis in
association with the IBTracs observed TC dataset on the
one hand, and on coupled ocean-atmosphere simulations
performed with a stretched version of the CNRM-CM5
global climate model on the other hand. For the CNRM-
CM5 simulation an objective TC-tracking has been
performed.A water budget analysis has been conducted
along the cyclone tracks for both observation and model.
It was found that moisture convergence is the dominant
contribution to TC rainfall, as expected from previous case
studies. Results also show that our climate model captures
quite well the water budget derived from ERA-Interim,
although the latter shows a systematic underestimation

of TC rainfall, as compared with TRMM, possibly due to
an underestimation of TC winds. Moreover, the analysis of
our climate scenario suggests that the increase of spatially
aggregated TC mean rainfall follows the CC relationship,
while super CC rates are only reached in the very inner
core of the TCs.

O-1113-10

Temperature and precipitation extreme
compound events in Southeastern South
America and the associated atmospheric
circulation

M. Rusticucci () ; B. Tencer (1) ; ML. Bettolli, (2)

(1) School of Earth and Ocean Sciences, University of Victoria,
Victoria, Canada; (2) University of Buenos Aires, Atmosphere
and ocean sciences, Buenos Aires, Argentina

Compound events consist of the simultaneous or
successive occurrence of two or more extreme events,
the combination of extreme events with conditions that
amplify the impact of the events, or the combination of
events that are not individually extreme but can lead to
extreme impacts when occurring together (IPCC, 2012).
In this paper we analyse the joint occurrence of extreme
temperature and heavy precipitation events (simultaneous
or lagged by one day) in southern South America during
1961-2000.

The study is based on a comprehensive dataset of
daily precipitation and daily minimum and maximum
temperature observed at meteorological stations of the
region and compiled during the CLARIS LPB project. Four
different extreme temperature events were defined: warm
nights (days) correspond to days with minimum (maximum)
temperature exceeding the 90th percentile of the daily
distribution; cold nights (days) are days with minimum
(maximum) temperature below the 10th percentile. Heavy
precipitation events are events with daily rainfall above
the 75th percentile of the empirical distribution of rainy
days. A compound event is defined when one of the
above temperature extremes occurs simultaneously with,
preceded or followed by a heavy precipitation event.

The existence of a significant statistical relation between
these extremes could help to better characterize the
uncertainties associated with projections of extreme
precipitation events for a future warmer climate. Results
show that the probability of occurrence of an intense
precipitation increases during or after a warm night,
but decreases during a cold night, compared to the
expected likelihood of occurrence of this type of events
in the absence of a relation between temperature and
precipitation extremes. Warm days are usually associated
to the occurrence of heavy precipitation events on
the same day or the day before, but they rarely occur
afterwards. On the contrary, cold days happen more often
after an intense rain.

In order to characterize the atmospheric circulation
during the occurrence of a compound event, we use a
synoptic classification developed by Barrucand et al (2014)
and based on daily mean fields of geopotential height
at 500hPa from the NCEP2 reanalysis. The associated
circulation during a compound event of warm nights or
warm days and heavy precipitation shows a trough over
the Pacific Ocean and a cold front over the continent that
lead to warm and wet air advected to the east of the region
of study. Cold days and heavy precipitation events in the
southwestern part of the domain of study are usually
characterised by a positive anomaly of geopotential height
at the southern part of the continent associated with an
eastern anomaly over the region.
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Capability of CORDEX RCMs in simulating
extreme rainfall events over South Africa

S. Abba Omar (1) ; A. Babatunde (2)

(1) University of Cape Town, Environmental and Geographical
Science, Cape Town, South Africa; (2) Climate Research
Analysis Group (CSAG), Department of environmental and
geographical science, university of cape town, Cape Town,




South Africa

In South Africa, extreme rainfall events often lead to
widespread destruction, damage infrastructure, displace
communities, strain water management and even destroy
lives. Past studies have shown that reliable predictions
of extreme rainfall events from regional climate models
(RCMs) could help reduce the impact of these events.
The Present study evaluates the ability of nine RCMs in
simulating extreme rainfall events over South Africa,
focusing on the Western Cape (WC) and east coast region
(EC). This study defines an extreme rainfall over a location
as rainfall that is equal or above the 95th percentile of
the rainfall distribution at that location, and defines
widespread extreme rainfall events (WEREs) over an area as
events during which more than 50% of the grid-points in
the area experience extreme rainfall. The 95th percentile
threshold values were calculated over 11 years (1989-
2008) of South Africa’s daily rainfall data from nine RCMS
which participated in the Coordinated Regional Climate
Downscaling Experiment (CORDEX). The simulations
were compared to two observation datasets (TRMM and
GPCP), and to ERAINT rainfall data to understand whether
these RCMs improve on the results from ERAINT. A self
organizing map (SOM) was used to characterize WEREs
identified in all the datasets into archetypal groups, and
ERAINT data is used to describe the underlying circulations
for each archetypal rainfall pattern. The number of WEREs
mapped to each rainfall pattern for each dataset allows us
to get an idea of whether certain RCMs are more likely to
simulate certain rainfall patterns.

The results show that RCA35, REMO and WRF seem to be
the best at simulating the 95th percentile threshold values
over the whole of South Africa. However, it was found
that CCLM seems to do the best over the WC and PRECIS
does the best over the EC. Downscaling ERAINT with CCLM
produces fewer WEREs, whereas downscaling ERAINT with
PRECIS produces a higher number of WEREs simulated over
both areas (WC an EC). The SOMs identifies five major
patterns of WERE over areas. The first pattern (TRW) links
WERE in WC or EC with tropical activities, producing a
tropical temperate through that is truncated at the coast.
The second pattern links WERE in WC or EC with mid-
latitude rainfall activities(MLW). The third pattern produces
an isolated WERE over each area (ISW). The forth pattern,
which is unique to WC, links WERE in WC with rainfall
activities over the Agulhas current. The fifth pattern, which
is unique to EC, links WEREs in EC with both tropical and
mid-latitude rainfall activities, hence producing TTTs.
PRECIS has the tendency to overestimate the frequency of
TRW WEREs over both the EC and WC whereas, WRF only
shows this tendency over the EC. ARPEGE simulates more
WEREs associated with ISW over the EC region and over
the WC WRF and CRCMS5 underestimate the frequencies
of these events. Over the EC the frequency of WEREs
associated with mid-latitude rainfall activity seems to be
simulated reasonably well by the RCMs whereas over the
WC most of the RCMs overestimate the frequency of these
types of WEREs.

P-1113-02

The potential risk of climate change and
extreme climatic events on coastal cities
of Nigeria

S. Ayanlade (1)

(1) Obafemi Awolowo University, lle-Ife, Nigeria, Dept. of
Geography,, lle-Ife, Osun, France

This study examines the potential risk of climate change
and extreme climatic events on coastal cities of Nigeria.
The study applied satellites data, Remote sensing and
Geographical Information System (GIS) methodologies to
assess the environmental and societal implications and the
risk of climatic events such as flooding, coastal erosion
and seas surface rise on coastal cities of Nigeria. The risk
of climate variability and extreme weather events cannot
be overemphasized on urban settlements that occupy
millions of people in Nigeria. It is obvious from the report
of Nigerian National Population Commission (NPC, 2006)
that a large percentage of Nigeria’s urban population
lives in coastal cities. Previous studies have reported that
Climate change has been affecting and will continue to
affect almost, if not all, the sectors of the urban economy
including the most sensitive ones such as water and health
sectors. Such impacts and the risk of climatic event are
now obvious in many coastal cities of Nigeria. The impacts
of climate change and urban risk may be felt also by a

wide spectrum of socio-economic variables like human
health, transport, energy, industry and other service
sectors in the coastal cities. Increases in population
growth rates in the coastal cities of Nigeria, combined
with a likelihood of a Tm sea-level rise, could create high
risk on tourism-oriented economies, ecology, and other
societal implications. Though, the report of IPCC, (2007)
has shown that there are some uncertainties about the
nature and magnitude of risk and vulnerability to climatic
changes, it is necessary to make some assumptions about
risk of changes in climate in order to assess potential such
risk on coastal urban settlements of Nigeria. Thus, the
general objectives of this study has been to assess the
spatiotemporal risk of climatic event; map out a composite
of scenarios for climate change impacts; to examine
the risk of climatic extreme events on coastal cities of
Nigeria; and their implications on physical, economic
and social environments. This study holds the benefit for
better understanding of a need to have a coastal zone
management plan to address the possible coastal cities
risk indicated in this study.

P-1113-03
The Climate Expectancy : a resolute para-
metrical approach to redefine the climate

V. Cailliez (1)
(1) Chambre d’Agriculture de la Creuse, GUERET, France

1) The 30-year average, a largely outdated concept :

Since the climatic break (or powerful acceleration)
that happened throughout the world in the late 70s,
temperatures are following a steep slope. Considering
the whole set of GCM simulations (see IPCC ARS5), this
trend is not going to slow down, to speak gently. So, we
can no longer ignore that the mathematica? operation of
averaging applies not only on values but also on time,
when used on a chronological series.

If we don’t renew the definition of climate normality, we
will be using the 30-year average of 1981-2010 (i.e. the
1996 expectancy) until 2021, when the 30-year average
of 1991-2020 is to be calculated and released. What
was tolerable in times of slow and weak fluctuations is
becomming unacceptable in a situation where a strong
trend is at work (from +0.3°C to +0.5°C per decade in
France since the climatic break, for instance).

The link with climate extremes is obvious. An extreme
is qualified by its distance to normality. If we define the
normality better, we define better what is away from it.

2) Redefining the climate :

The World Meteorological Organization (WMO) classical
definition of the climate can be written : observation time
series = 30-year average + anomaly time series

The proposition is to refine the 3 terms of the equation by
an homogenization of the observed meteorological datas,
followed by a separation between the random part of the
series (replacing the anomaly) and the organized part
which is, in fact, the climate expectancy. The underlying
idea is to consider that a ‘real’ anomaly in a time series
should be what is totally unexpected, and so, what is part
of a random series.

3) Organizationnal analysis :

The purpose is the separation of the long-term
organizations (trend, cycles...) from the short-term ones
(persistance...). Considering the long-term organizations,
we can write :

Par(t) = (a*t+b)+Amp1*sin(2TTt/P1+Phas1)+Amp2*sin(...)
+...+ParWLTO(t)

where Par(t) is the homogenized series and WLTO means
Without LongTerm Organization.

The short-term organization is treated in an auto-
regressive process :

ParWLTO(t) = AT.ParWLTO(t-1)+...+Akmax.ParWLTO(t-
kmax)+ParWSTO(t)

where Ai are the auto-regression coefficients and kmax is
the (maximum) horizon of significant persistance. WSTO
means Without long term and ShortTerm Organization.
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We can now easily deduce the expression of the climate
expectancy ClimPar(t) :

ClimPar(t) = Par(t)-ParwSTO(t)

On this expression, it is easy to figure out that we can
have a different value of the climate expectancy on each
observed data till the last one. The compatibility with the
classical WMO definition is achieved simply by centering
ParWSTO(t).

The randomness of the ParWSTO(t) series can be verified
with multiple statistical tests like the runs tests. It happens
that the separation between organized and random parts
is excellent. We experienced this with 30-year to 60-year
long daily datas of maximum and minimum temperatures,
located in the central region of France called Limousin.

Because the ParWSTO(t) series is a random series (or very
close to), it can be regenerated by a random number
generator. The shape of the random distribution is
adjusted dynamically and parametrically to the observed
one by analysing the organization of the variance,
skewness and kurtosis of ParWSTO(t).

The upgrade of the determination of climate extremes is
the result of the whole process which can be summarized
as a separation between organized and random variability.

4) Biding farewell to the 30-year average ...

On one side, the 30-year average is an easily explained
notion, which needs only simple calculations and is
universal. To abandon it will be indeed a difficult human and
social process. On the other side the climate expectancy is
a quite open concept, delicate to understand at first sight
and that can lead to long and uneasy calculations. However
its integration into the toolbox of climatologists has to be
started soon because of the strengh and the inertia of the
global warming phenomenon. Its usability at very different
scales of time (from hourly to centenial datas at the least)
should facilitate a rapid consensus.

P-1113-04

Climate change and extreme weather
events in Mediterranean Sea: studies with
WRF atmospheric model

G. Emmanouil (1) ; M. Vlachogianni (1) ; A. Sfetsos (1)
(1) Demokritos, Athens, Greece

Extreme weather events are becoming more frequent the
last years. This fact along with its relation to the possible
climate change, are two major issues of scientific study.
In this work, WRF-ARW atmospheric model is used to
simulate extreme weather conditions in Mediterranean
Sea, focusing in the Greek peninsula. Sensitivity tests with
different model configurations will be presented, as well as
evaluation of the results against in-situ observations. The
results show good agreement with observations and prove
to be a very useful tool for studyinfg, forecasting and trying
to limit down the consequences of such events.

P-1113-05

Extreme Rainfall Events in Asia: Projected
Changes and Uncertainties

N. Freychet (1) ; A. Duchez (2) ; CH. Wu (1) ; HH. Hsu (1) ;
CA. Chen (1) ; A. Forryan (2) ; B. Sinha (2) ; JJM. Hirschi (2)
; AL. New (2)

(1) Academia Sinica, RCEC Research Center for Environmental
Change, Taipei, Taiwan; (2) National Oceanography Center
(NOC), Southampton, United Kingdom

Extreme precipitation (and drought) are one of the main
concern for society and environment, because they can
lead to severe flood (and lack of water supply). In warmer
environment, atmospheric moisture is expected to increase,
and could thus create more favorable conditions to trigger
extreme rainfall. However, the change in dynamics can
also play a major role in the change of distribution of
precipitation. The modification of the land-sea thermal
gradient, the vertical structure of the atmosphere, or the
latent heat released by the precipitation, can all impact the
large scale circulation, and thus the rainfall distribution.

In this study, focussed on the East Asia region, we analyzed

the results from two high resolution models (HIRAM-C192
and HadGEM3-GC2), and from the CMIP5 ensemble, to
investigate the projected change in extreme rainfall events
(either extreme precipitation or long drought). The role of
the SST is also investigate. HadGEM3-GC2 is fully coupled
with ORCA025, while HIRAM-C192 is forced by prescribed
SST. The SST forcing for this model is determined by a
cluster analysis from the CMIP5 projection. Three main
patterns of SST are used, providing three different
projections for this model. We also emphasize the
correlation with the dynamics to explain the internannual
variability of the extremes events.

In both CMIP5 ensemble and high resolution models the
signal of extreme precipitation strongly increase during
the summer. On the other hand, the signal on the drought
spell is not clear. HadGEM3-GC2 show a decrease during
winter of East Asia, while the three HiRAM runs show
an increase during this same season. It could be due
to a difference of sea-land contrast. The East Asia 200
hPa Jet intensity impacts significantly the variability of
extremes precipitation, while the winter 850hPa winds
show a strong correlation with the dought over East Asia.
The results on CMIP5 ensemble also show a significant
impact of the change in vertical motion (with a tendency
to slow down), that could act as a counterbalance to
increase of atmospheric moisture. But large uncertainties
remain between different models, and impact strongly the
confidence on the extreme projection.

P-1113-06

Climate change impacts on social well-
being of fishers’ communities in the Ban-
gladesh Sundarbans

MM. Islam (1)

(1) Sylhet Agricultural University, Department of Coastal and
Marine Fisheries, Sylhet, Banglades

Social well-being concept has garnered much interest in
recent years as a multi-dimentional, holistic approach to
understand and measure progress and problems. Though
the concept of social well-being has operationalized
across different disciplines, there are very few studies
using this concept to show how climate change is affecting
well-being of fishing communities. To fill this knowledge
gap, this study employs social well-being approach to
study the impacts of climate change on the livelihoods
of mangrove fishers’ communities in the Bangladesh
Sundarbans. Qualitative data collection tools were
employed; a semi-structured questionnaire was used to
collect the empirical data from four fishing communities.
Given that, in recent past two consecutive cyclones- Sidr
(hit Bangladesh coast on 15th November, 2007), and
Aila (struck Bangladesh coast 25th May, 2009) affected a
major part of the Sundarbans mangrove ecosystem with
great devastation. In addition, the region faces other
environmental degradations such as saline water intrusion,
occasional droughts as well as degraded resources base of
the forest. Thus, ongoing environmental changes in the
Sundarbans and its effects on the communities provide a
suitable setting to study the impacts on climate changes
on the well-being of the residing population. Following
the WeD framework of wellbeing, social well-being has
three dimensions, material, subjective and relational
that together constitutes human welfare. Cyclones Sidr
and Aila caused loss of different ‘material’ values for the
fishing communities in several ways. Rising tidal waves,
associated with cyclones washed away productive assets,
housing, and standing crops in the field, employment
opportunities in alternative occupations were also
severely squeezed, that altogether rendered in income
loss of the communities. Immediate aftermath of cyclone
Aila, most fishers took shelters in makeshift built on
embankments that severely degraded their standard of
living. Increased salinization after cyclone struck caused
acute crisis of drinking water and loss of biodiversity that
reduced overall environmental quality of region. Many
fishers expressed their shocks, fears after seeing that
rising water washing away their belongings before their
eye. Living in constant economic hardship, depending on
external supports for survival for longer period, school
drop out and increased child labour undermined fishers’
aspirations and confidence for a secured future. In case of
relational values, ‘social cohesion’ of fishers’ communities
traditionally served as buffer during the period of crisis.
However, individual competition to receive relief at the
cost of others’ interest negatively affected the community
bonding and dispelled social capital to certain extend. The



responses from the government mostly gave emphasis on
of materialistic rehabilitation of the affected communities.
Following this new understandings through social well-
being lens, the present study submits for a more holistic,
more responsive policy making in Bangladesh by taking
consideration into multiple dimensions of human welfare
that are affected by climate change impacts.

P-1113-07

Characterization of extreme rain events
and assessment of Regional Climate
Models in Morocco

K. Khomsi (1) ; M. Gil (2) ; M. Sinan (3) ; M. Snoussi (4)
(1) Direction de la Météorologie Nationale, Casablanca,
Morocco; (2) Université Montpellier 2, Hsm/ird,
MONTPELLIER, France; (3) Ecole Hassania des Travaux
Publics, Casablanca, Morocco; (4) Université Mohammed
V-Agdal, Faculty of Sciences, Rabat, Morocco

At a global scale, more than half of the costliest disasters
are weather related and our planet is facing more
devastating extreme events mainly those related to rain.
In Morocco, the floods between the 21st and the 25th
November 2014 in the south of the country had caused
the death of 32 people. In Casablanca, the flood of the
29th-30th November 2010 had caused enormous human
and material losses. In the province of Settat, the flood of
the 23th and 24th December 2001 have caused the death
of eight people and flooded several industrial units and
Douars in the region, adding to many other tragedies in the
flood areas. Also in Ourika, the floods of the 17th August
1995 had caused more than 230 deaths, 500 missing, 200
damaged cars and other property damage. Thus, there is
a real need for understanding and anticipating weather
extreme events mainly those related to intense rains, that
may leads the way in risk assessment and development of
mitigation strategies.

The aim of this work is to characterize the frequency and
the trends of rain extreme events and to assess simulations
of regional climate models for these extreme events in the
watersheds of Tensift and Bouregreg (Morocco), during the
last decades. First, the work analyzes the observed trends
in daily rainfall time series, than it identifies rare, very rare
and exceptional rain events, using percentile-sampling
thresholds, and studies the trends of their frequencies.
Finally it evaluates an ensemble of regional climate models
from the European project ENSEMBLES, with regard to
the found trends in order to recognize models that best
describe observed rain regime, in the studied catchments.

P-1113-08

Relationship between the Tropical South
Atlantic SST and drought over West Africa
from CORDEX

NAB. Klutse (1) ; A. Babatunde (2) ; M. Adeniyi, (3) ; F.
Nkrumah (4)

(1) Ghana Atomic Energy Commission, Remote sensing, gis,
climate, ghana space science and technology institute, Accra,
Ghana; (2) Univesrity of Cape Town, Environmental And
Geographical Science, Cape Town, Western , South Africa; (3)
University of Ibadan, Department of physics, Ibadan, Nigeria,
Federal Republic of; (4) University of Cape Coast, Department
of physics, Cape Coast, Ghana

Droughts in West Africa are not only an environmental
problem but also a social and economic concern. However,
droughts research has not obtained the necessary
attention in West Africa. Moreover, the dynamics of West
African drought are not fully understood and among the
studies that have considered droughts of West Africa, only
a few have considered the link between Tropical South
Atlantic (TSA) Sea Surface Temperature (SST) and drought
over West Africa. In this study, we look at how CORDEX
models represent the relationship between the TSA SST
and drought, precipitation and temperature over West
Africa. Studies on drought done over West Africa used
only precipitation in Standardised Precipitation Index
(SPI) to measure drought index. The use of precipitation
alone is inadequate to give information about drought as
evapotranspiration has a direct influence on drought. We
recognize that evapotranspiration is an important process
of water loss. Here, we use the Standardised Precipitation
Evapotranspiration Index (SPEl) where evapotranspiration

is included in the calculation of the drought index.

P-1113-09

Drought Hazard Analysis over India and Its
Impact on Climate Using Applying Multiva-
riate Technique for Composite Indicators

P. Kumar, (1) ; K. Swati (2)
(1) Banasthali University, Remote sensing, jaipur, India; (2)
Banasthali University, Remote Sensing, Tonk, India

Drought being complex and least understood disaster
affects multidimensional parameters of social and
economic structure of society. It is said to be hydro-
meteorological disaster having prolonged period of below
average precipitation causing drought whose severity is
largely determined by the amount of rainfall. The objective
of this study to carryout drought hazard analysis in India
with a combination of drought indices in geospatial
environment using meteorological drought hazard
analysis has been carried out effectively by the generation
of Drought Hazard Index (DHI). Meteorological drought
hazard analysis was performed by analyzing rainfall and
its distribution pattern and drought occurrences. The
current study of this research is to develop a composite
index capturing spatial variations of drought hazard by
taking into account the spatial and temporal occurrence
of meteorological drought and to map the drought hazard
in India. The present research involves generation of
drought hazard index formed by compilation of individual
indicators based on meteorological parameters into single
index which is further used for the analysis of namely
meteorological drought hazard in the country India. The
study uses Climate Precipitation Center (CPC) rainfall
time series at 10 x10 km grid for south west monsoon
season (June-September) for 12 years 2001-2012 shown
in Figure 1. DHI proposed in this study is a major initiative
towards generating hazard indices for disasters with the
composite index approach. DHI has fairly well represented
the drought hazard pattern in the country by capturing
the spatial variations in drought hazard across India. The
DHI has thus effectively captured the spatial variations
in drought hazard across India. The spatial patterns of
drought hazard are reasonable and justify the strength
of the index. The procedure for generating DHI can be
further improved by adding more number of indicators.
The strengths of the methodology are using a composite
index method, analysis in spatial perspective, inclusion of
a wide range of inputs and covering a large geographic
area. Indicators selection and weights generation are the
possible areas for further work.

P-1113-10

Determining climate indicators to assess
the impact of extreme weather events on
road accidents in Hungary

M. Lakatos (1) ; E. Vincze (1) ; Z. Bihari (1) ; T. Szentimrey (1)
(1) Hungarian Meteorological Service, Climate Department,
Budapest, Hungary

The Special Report of IPCC on Managing the Risks of
Extreme Events and Disasters to Advance Climate Change
Adaptation (2011) concluded that there is evidence from
observations gathered since 1950 of change in some
extremes. A set of climate indices are used in several
projects on climate change as prevailing indicators of
changes in extremes.

The main focus of the presentation is preparing climate
indicators to impact and vulnerability assessment
of roads accidents, as critical infrastructure, within
extreme weather events in wintertime periods based on
existing dataset of the National Adaptation Geographical
Information System (NAGIS) in Hungary. The daily grid for
period 1961-2010 in 0.1° spatial resolution for several
basic meteorological variables and climate indicators
were created in CARPATCLIM (Climate of Carpathian
Region) project is integrated to the NAGIS system for the
territory of Hungary. The common used methods and
software in the CARPATCLIM project was the method
MASH (Multiple Analysis of Series for Homogenization;
Szentimrey) for homogenization, quality control,
completion of the observed daily data series; and the
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method MISH (Meteorological Interpolation based on
Surface Homogenized Data Basis; Szentimrey and Bihari)
for gridding of homogenized daily data series. It is a
relevant climate database for studying climate extremes
and climate change in the region.

Different climate indicators are defined and quantified to
mapping of exposure and sensitivity such as zero crossing
days, precipitation amount in a specific period, ice days,
snow cover, wind speed, cold/wet days, daily mean
temperature < 25th percentile, and daily precipitation >
75th percentile for example. These climate indicators are
the input values to impact studies that will be developed
through the integration of the exposure and sensitivity
mapping layers to the NAGIS system. Mapping of exposure
will be based on measurement data and cﬁmate modelling
results of Hungarian Meteorological Service (OMSZ), while
the transport accident data recorded at the central body of
disaster management will serve as a basis for sensitivity
mapping. Among others these climate indicators will be
used to assess the vulnerability due to climate change,
which will foster the development of adaptation strategies
and objective decision making.

P-1113-11
Changes in nature of extreme rainfall in
southern Africa

C. Lennard (1)
(1) University of Cape Town, Climate System Analysis Group,
Cape Town, South Africa

Extreme rainfall, usually expressed through local or
regional weather events, is driven by synoptic-scale
forcings as well as other factors like moisture availability,
lapse rate etc. Rainfall and especially small-scale extreme
rainfall associated with convection is poorly simulated by
numerical models (general circulation models - GCMs)
and regional climate models (RCMs). However, numerical
models are able to simulate large-scale circulation
states so in this study we characterize circulation states
to investigate projected changes in extreme rainfall over
Southern Africa.

Downscaled evaluation and projection data from two
CORDEX regional models and four global models were
examined and changes in the occurrence of rainfall and
extreme rainfall investigated in three sub-regions over
southern Africa. Synoptic states associated with extreme
rainfall were identified in each region. Over teh evaluation
period we find that the regional models performed
adequately in capturing the general rainfall characteristics
over the region but did not capture the characteristics of
extreme rainfall well. However, synoptic states associated
with rainfall and extreme rainfall were captured and
characterized.

In the near-term (2036-2065) and far-term (2065-2099)
under both RCP4.5 and RCP8.5, synoptic states that are
associated with drier conditions are projected to increase,
while synoptic states that enhance precipitation are
projected to decrease over time. Furthermore, the synoptic
states associated with extreme precipitation are projected
to increase.

Given the current threat posed by extreme rainfall in the
regions these results speak directly to the necessity to
develop effective and implementable adaptation strategies
to reduce the impact of extreme rainfall on vulnerable
communities.

P-1113-12

Summer temperature extremes over Europe obtained from
an ensemble of regional climate models

S. Lidija (1) ; I. Gittler, (1) ; K. CindriC Kalin, (1) ; 0.

Brankovi(, (1)

(1) Meteorological and Hydrological Service, Department for

Elimatologica Research and Applied Climatology, Zagreb,
roatia

European summer temperature extremes from simulations
of six EURO-CORDEX regional climate models are analysed
for the 20-year period, 1989-2008. The models were
driven by ERA-Interim reanalysis at 50 and 12.5-km
horizontal resolutions. Three categories of extreme
temperature indices - absolute, percentile and duration -
are derived from daily data. The results are compared with

extreme temperature indices calculated from the gridded
daily E-OBS data over Europe and for Croatia, where the
indices are derived from daily observations at 20 Croatian
meteorological stations. The ensemble spread is large,
but the biases at 12.5-km simulations are smaller than
at 50 km. When compared with validation data, model
simulated temperatures and their percentiles are mostly
overestimated over southern Europe and underestimated
over northern Europe. Over Croatia, spatial distribution of
indices at 12.5 km is closer to observed distribution than
at the 50-km resolution.

P-1113-13
Standardized Precipitation Index (SPI) and

Its Use to Assess Drought Occurrences in
Cameroon over Recent Decades

F. Mkankam Kamga (1)
(1) Université des Montagnes, Bangangté, Cameroon

The standardized precipitation index (SPI) is computed and
analyzed using 55 years of precipitation data recorded in
24 observation stations in Cameroon along with University
of East Anglia Climate Research Unit (CRU) spatialized data.
Four statistical distribution functions (gamma, exponential,
Weibull, and lognormal) are first fitted to data accumulated
for various time scales, and the appropriate functions are
selected on the basis of the Anderson-Darling goodness-
of-fit statistic. For short time scales (up to 6 months) and
for stations above 10°N, the gamma distribution is the most
frequent choice; below this belt, the Weibull distribution
predominates. For longer than 6-month time scales, there
are no consistent patterns of fitted distributions. After
calculating the SPI in the usual way, operational drought
thresholds that are based on an objective method are
determined at each station. These thresholds are useful in
drought-response decision making. From SPI time series,
episodes of severe and extreme droughts are identified
at many stations during the study period. Moderate/
severe drought occurrences are intra-annual in short time
scales and interannual for long time scales (greater than 9
months), usually spanning many years. The SPI calculated
from CRU gridded precipitation shows similar results, with
some discrepancies at longer scales. Thus, the spatialized
dataset can be used to extend such studies to a larger
region—especially data-scarce areas.

P-1113-14
Analysis of extreme temperature indices

of long-term homogenised temperature
series in South Africa

M. Nxumalo (1) ; A. Kruger, (2)

(1) South African Weather Service, Climate department,
Pretoria, South Africa; (2) South Africa, Climate department,
Pretoria, South Africa

Homogenized data reduces the risk of significantly
biased results in historical climate trend analysis. This
study utilises for the first time long-term homogenised
maximum and minimum daily temperature data sets
for South Africa, spanning from the period 1931 to
2014. Previous extreme temperature trend analyses
for South Africa only covered periods from 1961, which
makes the current analyses significant in terms of the
period of analysis, but also the number of stations that
could be utilised. Whereas previous studies covered the
analyses of the time series of fewer than 30 stations, the
combinations of data from different stations in single time
series through homogenisation increased the number of
time series to 36. The time series were analysed using
the extreme temperature indices developed by the WMO-
ETCCDI team, which makes it possible to compare the
results to other analyses across the world. Examples of the
index trends analysed are the annual number of cool days,
annual number of warm days, Diurnal temperature range,
annual maximum and minimum temperatures, warm and
cold nights and annual maximum warm spells, amongst
others. This analysis forms part of the ongoing study in
historical temperature trends in South Africa from in-situ
measurements, by the South African Weather Service.

P-1113-15
Characterizing and understanding the




Sahelian heat waves

B. Oueslati (1) ; B. Pohl (2) ; V. Moron (3) ; S. Rome (4)

(1) Centre de Recherches de Climatologie-BIOGEOSCIENCES,
Université de Bourgogne, dijon, France; (2) CNRS, Centre de
Recherches de Climatologie-BIOGEOSCIENCES, Université
de Bourgogne, Dijon, France; (3) Aix-Marseille Université,
CEREGE UM 34 CNRS, France, Geography, Aix-en-Provence,
France; (4) Université Grenoble Alpes, LTHE UMR 5564 UJF-
CNRS-IRD, Grenoble, France

Large efforts are made to address the heat waves (HW) in
developed countries because of their devastating impacts
on human health. This interest increased after the intense
event over Europe during summer 2003. However, HWs
are still understudied over developing countries. This is
particularly true in West Africa, and especially in the Sahel,
where temperatures recurrently reach critical values, such
as during the 2010 HW event. Understanding the Sahelian
HWs and associated health risks constitute the main
objective of ACASIS, a 4-year project funded by the French
Agence Nationale de la Recherche.

Our work contributes to this project and aims at
characterizing the Sahelian HWs and understanding the
mechanisms associated with such extreme events.

There is no universal definition of a HW event, since it is
highly dependent on the sector (human health, agriculture,
transport...) and region of interest. In our case, we chose
to define a HW as a period of at least 3 consecutive days
of extremely high (90th percentile) daily heat index (Rome
et al. 2015). This index combines temperature and relative
humidity in order to determine the human-perceived
equivalent temperature (Steadman, 1979).

Intrinsic properties of Sahelian HW are next analyzed
from the Global Summary of the Day (GSOD) synoptic
observations and ERA-interim and MERRA reanalyses
over 1979-2012 during boreal spring seasons (April-
May-June), the hottest period of the year in the Sahel.
Reanalyses capture well the observed interannual
variability and seasonal cycle at the regional scale, as well
as the 1979-2012 increasing linear trend of springtime
HW occurrences in Central and Western Sahel.

Reanalyses however overestimate the duration, spatial
extent of HW, and underestimate their intensity. For both
GSOD and reanalyses, we show that, over the last three
decades, Sahelian HWs tend to become more frequent, last
longer, cover larger areas and reach higher intensities. The
mechanisms associated with HWs are analyzed to assess
the respective roles of atmospheric dynamics, radiative
and turbulent fluxes, in the establishment of such events.

P-1113-16

Changes in the occurrence of cold and
heat waves in France toward the end of the
century assessed using a stochastic model
to downscale climate model simulated
temperature

S. Parey (1) ; T. Hoang (1)
(1) EDF/R&D, MFEE, Chatou, France

As cold and heat waves have a major impact on society
and economy, these events are widely studied in climate
change simulations for different parts of the world. This
study may be viewed as another of such studies, but
its originality lies in the adopted methodology. The aim
here is to assess changes in cold or heat wave frequency
distribution in France at the station, or grid point level
in order to avoid any smoothing of the time series which
could alter the extremes. Thus 22 robust temperature
time-series provided by Meteo-France in the framework of
the national research agency project SECIF and designed
as SQR (for Reference Daily time Series in French) are first
used to estimate the distributions of cold or heat waves of
different durations, from one single day to more than 15
consecutive days. Then a stochastic model for temperature
(Parey et al. 2014), designed to correctly reproduce
extreme values, is used to simulate 100 equivalent
temperature time series with potentially more severe
extremes, so that a distribution of such frequencies can be
derived for each station. As the stochastic model simulates
the random part of temperature, after removing the
deterministic parts (seasonality and trends) of the mean
and the standard deviation, these 100 simulations are also

used to reconstruct 100 time-series from each climate
model simulation for different periods and greenhouse
gas emission scenarios. The climate model biases are
corrected by reconstructing the future seasonalities as the
observed ones, to which the future changes given by the
climate models are added (Smf = Smo + (Smf - Smp) ; Svf
= Svo*Svmf/Svmp where subscripts o is for observation, f
for future and p for present). Then, the full climate model
non parametric trends in mean and standard deviation are
considered. In this way, distributions of the cold or heat
waves frequencies can also be obtained for climate model
simulations and thus the significance of the changes can
be more robustly assessed. The results obtained with two
climate models (CNRM-CMS5, IPSL-CM5A-MR), two RCP
scenarios (RCP4.5 and RCP8.5) and two future periods, the
first and second half of the 21st century will be presented.

Parey S., Hoang T.T.H, Dacunha-Castelle D.: Validation of
a stochastic temperature generator focusing on extremes,
and an example of use for climate change. Climate
Research, Vol. 59: 61-75, 2014

P-1113-17

Study of Extreme Rainfall Events over
Odisha using observation and simulation

S. Payoshni (1) ; KC. Gouda (2) ; P. Goswami (3)

(1) CSIR 4P, BANGALORE,KARNATAKA, India; (2) CSIR 4PI,
Cemp, BANGALORE,KARNATAKA, India; (3) CSIR FOURTH
PARADIGM INSTITUTE (FORMERLY CSIR CMMACS), Cemp,
BANGALORE KARNATAKA, India

The state of Odisha lies in the eastern part of India with
a broad coast line of around 480 km. The climate of
state fully depends on the Indian summer monsoon and
being the coastal state always the disaster due to hydro
meteorological events like tropical cyclone, extreme
rainfall events (ERE) and flood etc. are important to monitor
and model for the real time mitigation and disaster
management. In this study first the extreme rainfall
analysis is being carried out using the rainfall data from
multiple sources like the India Meteorological Department
(IMD) daily gridded data, APHRODITE and Tropical Rainfall
Measuring Mission (TRMM) data. Firstly the EREs defined
with the criteria of a grid point receiving 10cm or more
rainfall per 24hour, are counted over the continental part
of Odisha state domain (18-22.50N, 82-870E) at the
daily scale for the period 1951 to 2014. The inter annual
variability in the number of ERE over the state are presented
and which clearly shows there is an increasing trend in the
ERE of about 0.23 events/year. Because there is a positive
trend of the ERE in the second part the ERE distributions
are being analyzed and clearly indicates there is increase in
the ERE over t%e south, central and eastern part of Odisha
while the trend is normal in the northern part. The possible
impact of climate change is also quantified. To simulate
the ERE the Mesoscale Meteorological Research Institute,
Japan Non Hydrostatic Model (NHM) is calibrated for the
Odisha region and about 10 such events are simulated and
the model is well capable of simulating the EREs before
48-72 hours. Some sensitivity studies also carried out with
the model for the optimized configuration of the model
for the meso scale forecasting of the EREs over Odisha.
This model configuration and the observational studycan
be used for the investigation of the ERE mechanisms in
particular over Odisha region and the medium range
forecasts can be useful for different sectors like agriculture
planning, water management, disaster management etc.
for the state of Odisha

P-1113-18

Uses and limits of thermal indices: the
case of Sahel

S. Rome (1) ; V. Moron (2) ; B. Oueslati (3) ; B. Pohl (4) ; B.
Fontaine (4) ; A. Diedhiou (5)

(1) Université Grenoble Alpes, LTHE UMR 5564 UJF-CNRS-
IRD, Grenoble, France; (2) Aix-Marseille Université, CEREGE
UM 34 CNRS, France, Geography, Aix-en-Provence, France;
(3) Centre de Recherches de Climatologie-BIOGEOSCIENCES,
Université de Bourgogne, dijon, France; (4) CNRS, Centre de
Recherches de Climatologie-BIOGEOSCIENCES, Université
de Bourgogne, Dijon, France; (5) Institute of Research for
Development (IRD), LTHE - University Grenoble Alpes,
Grenoble Cedex 9, France

Our main goal here is to analyse extreme heat waves
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(HWs) in the Sahel (13°N-18°N; 16°W-30°E), using different
thermal indices. In the ACASIS project funded by the French
“Agence Nationale de la Recherche”, HWs analyses are
characterized for the first time during the hottest season
in the Sahel, using the Global Summary of the Day (GSOD)
synoptic observations during April-May-June 1973-2013.
Such extreme high temperatures are usually defined by
3 criteria: 1/ Their low probability of occurrence: less
than the 10% of the days. The use of absolute thresholds,
associated with heat budget and physiological impacts,
could be an alternative (Seneviratne et al., 2012). 2/
Their intensity, i.e. their amplitude in terms of standard
deviations from the local climatology (Goubanova, 2007),
or otherwise excesses over absolute intensity thresholds.
3/ Their severity: extreme events causing socio-economic
or human losses, the notion of impact is thus of major
importance for their definition (Beniston et al., 2007).

Accordin? to prior IPCC assessments (TAR, AR4 and SREX),
it is very likely that increased maximum temperatures and
enhanced probabilities of hot days occurrences will occur
at the global scale. There is also medium confidence that
warm spells/heat weave frequencies, lengths or intensities
will increase in many regions (Cubasch et al., 2013).
Because of its latitude, Sahel is especially concerned,
with diurnal temperatures often exceeding 40°C in boreal
spring and, to a lesser extent, autumn. AR4 concluded that
global land-surface air temperature (LSAT) had increased
over the instrumental period of record, with the warming
rate approximately double that reported over the oceans
since 1979. AR5 confirms previous estimates: Global LSAT
increased: 0.1005°C + 0.01925°C per decade over 1901-
2012 period while the rise reaches 0.262°C + 0.05°C per
decade over 1979-2012 time period, according to the
observations of CRUTEM4.1.1.0, GHCNv3.2.0, GISS and
Berkeley dataset average (Hartman et al., 2013). Changes
in the length of the spells are observed and they are likely
to increase but this needs to be investigated further over
Sahel where severe heat can have damaging consequences
for societies.

For instance, in Niamey (Niger) in April 2010 whereas
Tmax reaching 47°C (Ringard et al.,, 2015), increased
morbidity and mortality rates were observed, especially
among the elderly and young children. Moreover, in some
places, HWs can be associated with increased rates of
atmospheric pollution.

Terminology is large: a “hot spell” implies the hottest
temperature during an extreme of temperature with a
small duration (a few hours), small extension (around
the station) and a high frequency; a “warm spell” should
be less frequent and covers a larger area; a “heat wave”
(HW) exceeds thresholds of temperature most frequently
and covers at least a whole region (~ 500-1000 km?).
These thresholds can be absolute (T° fixed locally) or
relative, exceeding 5 °C as local standards for example
for Expert Team on Climate Change Detection and Indices
(ETCCDI, 2013). ACMAD (African Centre of Meteorological
Applications for Development) classifies the extreme
temperatures following five high-impact weather events;
they broadcasts a mail alert when Tmax> 40°C. In ACASIS,
Sahelian HW is defined (Rome et al. 2015) as a period of
at least 3 consecutive days of extremely high (above the
local 90th percentile) daily heat index. The Heat Index
(HI) (Steadman 1979, 1994), combining temperature and
relative humidity, appears as the most appropriate index,
suitable for tropical climate, which takes into account the
human-perceived equivalent temperature. The role of
humidity is rather small in boreal spring across the Sahel,
when high incoming solar radiation is combined with
extremely dry soils, preventing cooling effect associated
with latent heat flux. As for global scales, results show
a clear warming trend over the last three decades, with a
clear trend for HW events to become more frequent, last
longer, cover larger areas and reach higher intensities (see
also Oueslati et al. 2015). We then observe a decrease in
cases of “Caution” HI and an increase in cases of “Danger”
and “Extreme Danger” Hl values.

P-1113-19

Future changes of extreme events of sea
cooling in the Black Sea region in winter
period of end of XXI century

A. Savchenko (1)

(1) Marine Hydrophysical Institute of NAS of Ukraine,
Interaction of atmosphere-ocean, Sevastopol, Ukraine

The study of climate change at the end of the XXI century
with increasing human intervention around the world
is important and necessary. In particular, it is argued
that the unprecedented magnitude of the positive trend
in surface air temperature, observed since the mid XX
century, largely due to the concentration of greenhouse
gases in the atmosphere associated with human activities.
Moreover, this warming will continue in this century, and
by the end of the century will be 2 - 5 °C. At the same
time, the spatial resolution of global models, despite
their continuous improvement remains insufficient to
display a regional atmospheric circulation. The method of
«dynamical downscaling» takes an additional argument in
regions with underdeveloped network of meteorological
stations and difficult terrain. In the current global climate
models do not take into account the Crimean Mountains,
the Caucasus Mountains height not exceeding 2 km, and
the Black Sea is posed less than 10 points calculation area.
In this study, we used input data of global model INMCM4,
which is a joint in international project CMIP5. Experiment
of downscaling was carried out for area Black-Caspian
Sea region to further revised data, i.e. the transition
from large-scale calculations of global fields to regional
estimates to obtain regional climate characteristics
(temperature, turbulent heat fluxes, etc.), directly with the
influence of regional factors with a spatial resolution of 25
x 25 km. Thus, for the Black Sea region were calculated
turbulent heat fluxes in winter 2071-2100 (scenario
RCP8.5). By control period used a data set of observations
for the period 1971-2000 years. In the Black Sea basin was
selected region’s largest winter heat fluxes from the sea
surface, which is the north-western basin. This water area
is interesting that in the selected area of river runoff about
80% of the total annual flow into the Black Sea. According
to the scenario RCP8.5 average temperature in winter over
the Black Sea basin will increase by 2 - 3 °C at the end of
XXI century. The following integral characteristics of the
north-western shelf of the Black Sea are in the area of the
sea bounded by the 44 - 47° N and 28 - 34° E. In the
future heat fluxes of winter periods will change as follows:
sensible heat flux will decrease by 3%, and latent heat flux
will increase by 22% compared to the control period. Also
Bowen ratio was calculated for the average winter values
that will decrease in the future to 0.34 although it was 0.43
in control period. This ratio was calculated in order to look
at the share of sensible and latent heat in the total heat
flux (sensible heat flux + latent heat flux = total heat flux)
and look at their quantitative changes. Most interesting
were the calculations of extreme events P = 95% (5% of
winter days with the largest values of total heat flux of
the winter period) and their change in the future period.
Thus it appears that the total flux extreme heat rise by
15% compared with the control period, but it is interesting
that the most extreme P = 99% (1% of winter days with
the highest values of total heat flux of the winter period),
which in the future will rise by 40%. It was also interesting
to see the changes in the synoptic situation during
extreme cooling P = 95% of north-western part of Black
Sea in the winter, where a total heat flux used to build
composites. Composite fields showed that after clustering
atmospheric situation in Europe have been identified 2
main types (clusters). So the first type - a anticyclone on
the Baltic sea, and the second type of synoptic situation
- a cyclone in the district of the Caspian Sea. So in the
future period the number of extreme events P = 95% in
each cluster was approximately 50% to 50%. And compared
to the control period, the number of events first type was
little over 20% and second type almost 80% of all events
P = 95%. That is, it can be concluded that the change not
only the quantitative characteristics of extreme cooling,
but also qualitative changes in the synoptic situation in
Europe during extreme cooling of sea surface of Black Sea.
The greatest danger in the future period(2071-2100) in
Black Sea region are extreme events for P = 99%, while
increasing total heat flux almost 40% compared to the
control period and result in potential losses in fishing,
oil (gas) industry, agriculture and the other in this region.
Thus these results require further verification and analysis
of possible risks in the future for the economy of the Black
Sea region.
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Climatological analysis of trend of rainy
days in Bangladesh using Mann Kendall
Test

MR. Uddin (1) ; J. Begum (2) ; S. Ahmed (3)

(1) Bangladesh University of Engineering and Technology,
Department of physics, Dhaka, Bangladesh; (2) Southeast
University, Department of textile engineering, Dhaka,
Ban%Iadesh; (3) Comilla Victoria Govt. College, Department
of physics, Comilla, Bangladesh

The impact of climate change on rainy days has received
a great deal of attention by scholars worldwide. Many
studies have been conducted to illustrate that changes in
annual rainy days is becoming evident on a global scale.
Bangladesh is likely to be one of the most vulnerable
countries in the world due to climate change. This study
focuses on detecting the trend of rainy days for 13
Bangladesh Meteorological Department rain gauge stations
using Mann Kendall test, which was run at 5% significance
level during the period 1950-2009. Seasonal and yearly
trend of rainy days (greater than 01 mm/day) are studied.
Variation of three threshold rainy days named: Moderated
Heavy (22-44 mm/day), Heavy (45-88 mm/day) and Very
Heavy (greater than 88 mm/day) are also studied. The
country is divided into two regions named: wet region and
dry region. All the stations showed increasing trend of rainy
days except in Srimongal. The trend of Dhaka, Cox’s Bazar,
Srimongal and Chittagong stations are not statistically
significant. All the four seasons (winter, pre-monsoon,
monsoon and post-monsoon) showed statistically
significant increasing trends except post-monsoon. The
country’s averaged threshold rainy days also showed
statistically significant increasing trend except Very Heavy
rainy days. The yearly rainy days indicate statistically
significant increasing trend. The yearly rainy days in the
wet region (122 days) were higher than that of dry region
(105 days). The wet (dry) region showed negative (positive)
trend of rainy days during 1950-1979 whereas wet (dry)
region showed positive (negative) trend of variation of
rainy days during 1980-2009. The country’s averaged
rainy days showed negative trend during 1950-1979 and
positive trend during 1980-2009. These changes indicate
that the climate of Bangladesh is changing. The yearly
averaged increase of rainy days was 0.35 days.

P-1113-21
Climate Change Signal in the 2012 Central
U.S. Record (Flash) Drought

SSY. Wang (1)
(1) Utah State University, Climate Center, Logan, Utah, United
States of America

The summer drought of 2012 in the central United States is
instructive regarding one unique feature, that is, its rapid
intensification during the early summer, evolving over a
mere month from moderate to severe status. The timing
of this drought’s rapid intensification coincided with a
subseasonal feature of widespread drying. The seasonal
transition from June to July saw precipitation in the
central U.S. decrease by about 25%, and this precipitation
decrease is observed to have intensified since 1979.
Such an intensification could enhance spring drought
occurrences in the central U.S., where conditions evolved
quickly from being abnormally dry to exceptionally dry,
likely within a mere month from June to July. In this study,
various atmospheric and land reanalysis datasets were
analyzed to examine the trend calculated from 1979 to
2012 in the June-to-July seasonal transition. It was found
that the change in precipitation deficit was accompanied
by increased downward shortwave radiation flux and
tropospheric subsidence, enhanced evaporative fraction,
as well as an elevated planetary boundary layer height.
The cham];e in the tropospheric circulation encompassed
an anomalous ridge over the western U.S. and a trough on
either side; this wave-form circulation pattern is known to
induce dry conditions in the central U.S. Such trends in
the June-to-July seasonal shifts in precipitation, surface
drying, and tropospheric circulation could have intensified
and accelerated drought that took place in spring. The
knowledge of the trends allows one to anticipate the
evolution of spring onset of drought into the summer.

Extreme North America Winter 2013-15:
California drought and cold East Coast

SSY. Wang (1) ; JH. Yoon (2) ; R. Gillies, (3)

(1) Utah State University, Climate Center, Logan, Utah, United
States of America; (2) Pacific Northwest National Laboratory

, Department of energy, Richland, WA, United States of
America; (3) Utah State University, Logan, UT, United States
of America

The ongoing California drought was initiated by an anomalous
high-amplitude ridge system in the winter of 2013-2014.
The anomalous ridge was investigated using reanalysis data
and the Community Earth System Model (CESM). It was found
that the ridge emerged from continual sources of Rossby
wave energ&/ in the western North Pacific starting in late
summer and subsequently intensified into winter. The ridge
?enerated a surge of wave enerlgq;y downwind and deepened
urther the trough over the northeast U.S., forming a dipole.
The dipole and associated circulation pattern is not linked
directly with either El Nifio-Southern Oscillation (ENSO) or
Pacific Decadal Oscillation; instead, it is correlated with a
type of ENSO precursor. Multi-model analysis using CMIP5
model outputs indicated that the connection between the
dipole and ENSO precursor has become stronger since the
1970s, and this is attributed to increased greenhouse gas
Ioading as simulated by the CESM. Therefore, there is a
traceable anthropogenic warming footprint in the enormous
intensity of the anomalous ridge during winter 2013-2014
and the associated drought. When projecting for the future,
the large-member ensemble simulations of CESM indicated
increases in fire counts and extreme drought occurrences,
both of which are increasingly linked to the ENSO cycle.

Furthermore, the extent to which climate oscillations will
modulate wildfire occurrences in the chan?ing climate is
examined. The consensus of climate model has projected
a generally wetter climate for California towards the latter
part of the 21st century, a scenario that seems to counter the
projections of more fires in a wetter climate. Using CESM that
directly outputted fire parameters, it is found that both the
mean fire probability and annual precipitation in California
are projected to increase slightly towards the end of the 21st
century. However, the fluctuation in annual precipitation
will amplify leading to a robust increase in the variation of
vegetation and fire probability. The increased fluctuation of
fire probability is associated with the amplified ENSO cycle at
the 4-5 year frequency. This association suggests a potential
for increasingly severe wildfires to occur more regularly in
the future.

P-1113-23

Early and late winter cold spells over the
Euro-Mediterranean region

E. Xoplaki (1) ; A. Toreti (2) ; J. Luterbacher (1)

(1) Justus-Liebig-University Giessen, Geography:
Climatology, Climate Dynamics and Climate Change,
Giessen, Germany; (2) European Commission, Joint Research
Centre, Ispra, Italy

Temperature extremes have a strong impact on ecosystems,
societies and economies; for instance in terms of impacts
on agriculture, human health, energy consumption among
others. Warm summer extremes and their impacts, i.e.
summer heat waves, have extensively been investigated and
characterised in several studies focusing on either recent
past-current time or climate projections for the next decades.
Less efforts have been, instead, devoted to cold spells
occurring in the Euro-Mediterranean region, although also
these extreme events can have significant impacts especially
in a future warmer climate. Especially for the European south,
sensitivity to cold weather is greater than the northern, cooler
regions, while mortality is found to increase to a greater
extent with a given fall in temperature in regions with warmer
winters. This study aims at characterising future changes in
the occurrence, intensity, and duration of cold spells and
their spatial variability over the Euro-Mediterranean region.
The focus is on early and late cold season events (December
and March, respectively), especially conditional on the
occurrence of a presiding warmer autumn (winter for the late
season events). Mid- ang late 21st century potential changes
are investigated by using the recently released Euro—Corgex
regional climate simulations both under the mid-range
mitigation emission scenario RCP4.5 and the high emission
scenario RCP8.5.
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K-1114-01

Short Lived Promise? Short-lived climate
pollutants, cumulative carbon and emis-
sion metrics

M. Allen (1)
(1) University of Oxford, School of geography and the
environment, Oxford, United Kingdom

The relative priority given to reducing carbon dioxide
emissions versus other forms of anthropogenic climate
pollution, such as the Short Lived Climate Pollutants
(SLCPs) methane and soot, could be a significant issue
for many countries in the preparations for COP21. The
decision to allow countries to adopt their own metrics to
add up the role of different gases in their contributions to
the overall emission reduction goal highlights the need for
clarity on these issues. This talk will review the findings
on cumulative carbon and emission metrics in the IPCC
5th Assessment, and present a new Policy Brief from the
Oxford Martin School, with the same title, that discusses
and elucidates these issues.

Any strategy to prevent dangerous anthropogenic
interference in the climate system must limit cumulative
emissions of the main long-lived climate pollutant, carbon
dioxide (CO2). To limit the warming they cause to 2°C, for
example, CO2 emissions must be ?imited to a cumulative
budget of about one trillion tonnes of carbon, over half of
which has already been released. That said, other climate
drivers are likely to contribute to peak warming, and hence
reduce the carbon budget consistent with 2°C of total
anthropogenic warming. Current emissions of both CO2
and SLCPs also affect the rate and magnitude of climate
change over the next few decades, although it is important
to note that the climate benefits of reduced emissions on
these short timescales could be comparable to, and hence
potentially outweighed by, natural climate variability,
particularly on regional scales.

Reductions in SLCP emissions could be achieved at
relatively low cost and with substantial co-benefits but,
| will argue, implementing these reductions immediately
would have little impact on peak warming unless CO2
emissions are substantially reduced at the same time.
Hence any decisions on policy priorities between CO2
and SLCPs, and any country’s choice of emission metric
to relate them, represents in essence a matter of
intergenerational prioritisation: Advancing measures to
reduce SLCP emissions could provide some climate benefit
to the current generation through reduced warming over
the next few decades, while immediate reductions in CO2
emissions also deliver a more substantial climate benefit
to future generations.

Any emission trading system or climate policy that
addresses emissions of several different greenhouse
gases together in a single ‘multi-gas basket’ requires
some form of metric to specify what a given amount of one
greenhouse gas is ‘worth’ in terms of another. The choice
of metric to compare the impact of emissions of methane
and other SLCPs with the impact of CO2 depends on the
timescale of interest. If the policy goal is to limit peak
warming, it also depends on the amgition and success of
future mitigation measures.

The standard ‘100-year Global Warming Potential’ metric
(GWP100) provides (despite its name) an approximate
indication of the relative importance of emissions of
different gases to the increase in global temperatures over
the next 20 to 40 years. GWP100 is therefore a measure
of impact on peak warming if and only if temperatures are
expected to be approaching stabilization within 40 years,
for which CO2 emissions need to approach zero on a
comparable timescale.

As long as CO2 emissions continue to rise, policies that
allow SLCP measures to be exchanged, traded or offset
against CO2 emission reductions using GWP100 over-

value the impact of SLCP measures on peak warming and
hence risk discouraging the CO2 emission reductions that
are required to stabilize temperatures. Replacing GWP100
with a different metric would not solve this problem
because any metric that is suitable for long-term impacts
would be misleading for short-term impacts and vice
versa. Using a metric that changes over time would help,
but introduces greater complexity and uncertainty.

Rather than discussing a change of metric within a single
‘multi-gas basket’ framework, policymakers should focus
instead on introducing additional instruments, safeguards
or measures to ensure that cumulative emissions of CO2
are limited to an overall budget consistent with meeting
the 2°C goal. A simple precaution would be to avoid trading
or offsetting between CO2 and SLCP emission reductions
until global CO2 emissions are falling fast enough to allow
a robust and realistic assessment of the remaining time to
peak warming.

0-1114-01

The changing face of global fossil fuel
carbon dioxide emissions

R. Andres (1) ; T. Boden (2)

(1) OAK RIDGE NATIONAL LABORATORY, LOS ALAMOS,
NM, United States of America; (2) OAK RIDGE NATIONAL
LABORATORY, OAK RIDGE, TN, United States of America

Global fossil fuel carbon dioxide emissions have been
persistently increasing for the last 250 years. This increase
is a primary driver of the atmospheric disequilibrium
impacting and changing atmospheric, terrestrial, and
oceanic systems.

The Carbon Dioxide Information Analysis Center (CDIAC)
at Oak Ridge National Laboratory (ORNL), U.S.A., has been
estimating fossil fuel carbon dioxide emissions for more
than 20 years. These emission estimates are based on
fuel statistics, carbon contents, and the fraction of fuel
oxidized. This has resulted in an annual time series of
emission estimates from the year 1751 to the present.
Annual updates add another year to the time series as
well as revising data in previous years. Over the years,
this basic time series has been supplemented by mapping
the emissions at one degree latitude by one degree
longitude, describing the time series in terms of stable
carbon isotopic (a13C) signature, parsing the time series
from annual to monthly time steps, and describing the
uncertainty of the global total FFCO2 emissions. Underway
now is an uncertainty evaluation of the annual and monthly
mapped emissions.

This time series reveals interesting trends when
disaggregated by country, fuel type, and source. For
example, the proportion of emissions from Kyoto Protocol
Annex B and non-annex B countries has changed since
Protocol signing to today. The role of coal in fueling global
energy systems has changed from being the primary fuel to
becoming secondary to liquid fuels to again becoming the
primary fuel. The practice of flaring excess gas in oil fields,
as a proportion of total energy production, has decreased
by more than a factor of two since the year 1950. Release
of carbon during cement production has increased by
more than a factor of four since 1950 and now equates to
about 5% of global carbon dioxide emissions from fossil
fuel production.

The global fossil fuel carbon dioxide uncertainty analysis
resulted in a 20 range of 1.0 to 13%, which can be greatly
simplified to 8.4% (20). This uncertainty in the magnitude
of global fossil fuel carbon dioxide emissions has become
an important component to our overall understanding of
the global carbon cycle. The uncertainty in the magnitude
of mapped fossil fuel carbon dioxide emissions will
become a limitation to our understanding of local carbon
cycles in the absence of detailed local inventories and
observations.

The emission time series has been used by the Global
Carbon Project in its annual evaluation of the global
carbon budget. The budget is a high level check on the



understanding of carbon flows throughout the Earth
system. Uncertainty propagation through the budget
constrains our knowledge about the carbon system.

0-1114-02

Potential emissions of CO2 and methane
from proven reserves of fossil fuels in the
context of the global remaining carbon
budget

R. Heede (1) ; N. Oreskes (2)

(1) Climate Accountability Institute, Snowmass, CO, United
States of America; (2) Harvard University, and Climate
Accountability Institute, Department of the history of
science, Cambridge, MA, and Snowmass, CO, United States
of America

Scientists have argued that no more than one-third of
proven recoverable fossil fuel reserves can be extracted
and consumed by 2050 if we are to avoid exceeding the
2°C temperature target agreed to in Copenhagen (IEA
2012). The remaining carbon budget is <275 gigatonnes
of carbon (GtC) (assuming a 66% probability of staying
below 2°C; IPCC 2014), whereas recoverable fossil fuel
reserves contain an estimated 733 GtC (based on BP 2014;
IPCC 2014 cites reserves of 1.0-1.9 TtC). Global reserves
are based on national assessments without reference to
reserve ownership or productive capacity. The studies
that do identify corporate owners are limited to investor-
owned companies listed on major securities exchanges.
We identify the largest seventy investor-owned and
state-owned companies that possess the financial and
technical capacity (and the ownership or production
rights) to exploit and produce the majority of the world’s
recoverable reserves of oil, natural gas, and coal. We
quantify the potential emissions of CO2 and methane for
each entity’s reserves, and compare the emissions to the
global remaining carbon budget.

This presentation will report on recent estimates of the
potential emissions of CO2 and methane from the proven
reserves declared by the world’s largest producers of oil,
natural gas, and coal, focusing on the seventy companies
and eight government-run industries that produced
63 percent of the world’s fossil fuels from 1750 to
2010 (Heede 2014). Full production of these reserves
(accounting for non-energy uses and flared and vented
CO2) is estimated to result in emissions of 440 GtC of
carbon dioxide — or 160 percent of the remaining 275
GtC carbon budget. Of the 440 GtC attributed, the 42
investor-owned oil, gas, and coal companies hold reserves
with potential emissions of 44 GtC, whereas the 28 state-
owned entities possess reserves of 210 GtC — equivalent
to 16 percent and 76 percent of the remaining carbon
budget, respectively. Government-run industries possess
reserves of 185 GtC (16% of the remaining budget).

This analysis shows that 1) the profound risk to the
future arises not so much from the proven reserves in the
hands of publicly-traded corporations, but from their on-
going exploration for and development of new fossil fuel
resources, and 2) that while the investor-owned companies
may be most vulnerable to investor and consumer
pressure, effective action to control climate change must
also include the state-owned companies and governments
that hold the preponderance of reserves. This work will
inform climate scientists, energy and emission scenario
modelers, climate negotiators, national climate and energy
policy leaders, and investors in fossil fuel companies with
practical data on the potential consequences of fossil fuel
reserves held by specific companies with the capacity,
financial resources, and incentives to extract, refine, and
market carbon fuels. These supra-national companies
may play a critical role in delivering solutions to reduce
net emissions from the fossil fuel sector.

0-1114-03

Net Carbon gain and loss in the world’s
tropical vegetation: New estimates for the
2012 - 2014 period

A. Baccini (1) ; W. Walker (2) ; L. Carvalho (3) ; D. Sulla-
Menashe (4) ; RA. Houghton (2)

(1) The Woods Hole Research Center, Woods Hole, United
States of America; (2) The Woods Hole Research Center,
Woods Hole Research Center, United States of America;

(3) Boston University, Dept. of mathematics and statistics,
Boston, United States of America; (4) Boston University,
Geography, Boston, United States of America

Tropical forests store 471 Pg C, 55 % of global forest
stocks, and emissions from land use and land cover
change (LULCC) are the second largest anthropogenic
source of carbon dioxide to the atmosphere. Despite the
near convergence of emissions estimates for the tropics as
a whole, estimates for individual regions are much more
variable, particularly at national and subnational scales.
Forest disturbance and successional processes determine
the magnitude and distribution of sources and sinks of
atmospheric carbon dioxide, which influence climate.
Tracking terrestrial carbon fluxes and predicting how
tropical forests will respond to continuous global change
relies on accurate estimates of annual changes in tﬁe
density and distribution of carbon stocks at local to global
scales. Thus, determining the magnitude and distribution
of sources and sinks at annual time steps with measurable
uncertainty is of scientific and political importance. While
sifgniﬁcant progress has been made in the quantification

single-epoch carbon storage across large areas of
the globe, robust assessments of aboveground carbon
dynamics remain lacking. Existing evidence for tropical
forests as a carbon sinE is based on a limited number
of repeated in situ measurements that have been scaled
to characterize sequestration dynamics across large
regions of the tropics. Advancing the work of Baccini et
al. (2012), we combine wall-to-wall satellite image data,
Light Detection and Ranging (LiDAR) measurements and
field data to empirically examine aboveground biomass
dynamics (i.e., gains and losses) and quantify net changes
in carbon density (i.e., rates of carbon sequestration and
emissions) at annual intervals for the period 2002 to 2014
using a hierarchical statistical model that segments annual
time series measurements of carbon density according
to piecewise linear trends. Thirteen years (2002-2014)
of pantropical satellite data serve to provide direct,
measurement-based evidence that the world’s tropical
forests are a net carbon source on the order of 420 Tg C
yr —1. This net release of carbon consists of net losses of
548 Tg C yr-1 and net gains of 128 Tg C yr-1. The gains
result%rom forest growth, afforestation and reforestation;
losses result from natural disturbance processes as well
as both anthropogenic reductions in forest area attributed
to deforestation and in biomass density within forests
resulting from degradation. While the changes are
widely distributed throughout the tropics, the forests
of tropical America account for 75 % of the net loss.
Advantages of this new approach to emissions estimation
over traditional methods that rely on emission factors
(carbon density) and activity data (forest area change)
include (1) providin? spatially explicit, consistent and
accurate estimates of net emissions from forest biomass
change that eliminate the need for error prone land cover
classifications or area change products, (2) accounting for
gains and losses without tﬂe need to explicitly define or
delineate forest degradation and (3) tracking of changes
in net forest carbon emissions on an annual basis with
quantified uncertainty that is suitable for use in national
and international policy making on REDD+ and associated
mitigation actions.

0-1114-04

Global methane budget and natural gas
leakage based on long-term 013CH4 mea-
surements and updated isotopic source
signatures

S. Schwietzke (1) ; O. Sherwood, (2) ; PP. Tans, (1) ;
Englund (2) ; G. Etlope, 3); A Ionescu (4) ; JB. Miller, (]) H
EJ. Dlugokencky, (1) ; LMP. Brth|Ier, (1)

(1) National Oceanographic and Atmospheric Administration,
ESRL/GMD, Boulder, CO, United States of America; (2)
University of Colorado at Boulder, Institute of arctic and
alpine research, Boulder, CO, United States of America; (3)
Istituto Nazionale di Geofisica e Vulcanologia, Rome, Italy;
(4) Babes-Bolyai University, Cluj-Napoca, Romania

Methane (CH4) is a greenhouse gas (GHG) with the second
largest global radiative forcing contribution after CO2.
Its atmospheric abundance has increased by about 150%
since the industrial revolution. Given the critical role of
CH4 in global climate change, it is important to better
understand its sources and sinks. Improving the estimates
of individual source magnitudes - such as fossil fuels,
agriculture, and other anthropogenic and natural sources
- helps prioritizing CH4 emissions mitigation efforts
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and modeling future climate change. Policy-makers rely
strongly on accounting-based national and international
emissions inventories to inform mitigation regulatory
action. However, recent field studies indicate that emissions
inventories may significantly underestimate fossil fuel
CH4 emissions (those associated with extraction and use
of natural gas, oil, and coal). In this work, atmospheric
measurements from the National Oceanographic and
Atmospheric Administration (NOAA) Global GHG Reference
Network spanning the past three decades are used to derive
long-term estimates of global CH4 emissions from fossil
fuels and other sources in comparison with inventories
and other estimates. Atmospheric measurements include
global CH4 and the stable isotope 13CH4, which are used
in a global box-model to constrain source magnitudes.
First, probability distribution functions of the key model
parameters are derived including literature isotopic source
sifgnatures, isotopic fractionation factors, atmospheric CH4
lifetime, and fossil fuel hydrocarbon gas compositions.
Our isotopic source signature distributions are based
on the largest literature survey to date, which suggests
significant  corrections compared to previous studies.
Second, a Monte Carlo simulation of the box-model is
performed to quantify confidence intervals of individual
emissions sources. We find that attributing the majority
of increased CH4 levels over the past three decades to
microbial sources is consistent with 13CH4. The sum of
CH4 emissions from the fossil fuel industry and geological
seepage is significantly larger than previous estimates,
which is compatible with pre-industrial isotopic ice core
records. Third, recently published estimates of global CH4
emissions from oil and coal production are subtracted
from our global fossil fuel CH4 results to quantify
global CH4 leakage from the natural gas industry during
extraction, processing, transport, and distribution of
the fuel. Natural gas CH4 leakage as a fraction of total
production has decreased steadily over the same period
indicating industry efficiency improvements. The results
highlight a major gap in our understanding of global CH4
emissions. This motivates increased collaboration efforts
between the physical sciences and regulatory agencies to
explain and reconcile the differences between atmospheric
measurements and emissions inventories.

0-1114-05

Arctic Deposition of Black Carbon from
Biomass Burning in Northern Eurasia from
2002 to 2012

WM. Hao (1) ; N. Evangeliou (2) ; Y. Balkans-
ki (3) ; S. Urbanski (1)

(1) US Forest Service, Missoula Fire Sciences Laboratory,
Missoula, MT, United States of America; (2) Norwegian
Instiitute for Air Research, Atmospheric and climate

research, Kjeller, Norway; (3) Institut Pierre et Simon Laplace,
Laboratoire des sciences du climat et de I'environnement, Gif
sur Yvette Cedex, France

Black carbon (BC) in smoke plumes in Northern Eurasia can
be transported and deposited on Arctic ice and accelerate
ice melting during certain times of the year. Thus, we
examined daily BC emissions from fires in this region
at a 500 m x 500 m resolution from 2002 to 2012 and
modeled the BC transport and deposition in the Arctic.
Black carbon emissions were estimated based on MODIS
land cover maps and detected burned areas, the Forest
Inventory Survey of the Russian Federation, and biomass
specific BC emission factors. Annual burned areas in
Northern Eurasia varied considerably with an average of
260,000 km2 for the study period. Grassland dominates
the total burned area (61%), followed by forest (27%). For
grassland fires, about three-quarters of the area burned
occurred in Central and Western Asia and about 17% in
Russia. More than 90% of the forest burned area was in
Russia. Annual BC emissions from Northern Eurasian fires
varied enormously with an average of 0.85 Tg. In contrast
to burned area, BC emissions from forest fires accounted
for about two-thirds of the emissions, followed by
rassland fires (15%). More than 90% of the BC emissions
rom forest fires occurred in Russia. Central and Western
Asia is the major region for BC emissions from grassland
fires (53%). Overall, Russia contributed 83% of the total BC
emissions from fires in Northern Eurasia.

The transport and deposition of BC on Arctic ice from all
the global sources was estimated using the LMDz-OR-
INCA global chemistry-aerosol-climate model at the LSCE.
Overall, about 55% of emitted BC was deposited on the

Arctic ice. Biomass burning over Northern Eurasia was the
dominant source (54%) of the BC deposition in the Arctic.
Anthropogenic sources in Northern Eurasia accounted for
24% of BC deposition in the Arctic, while all sources from
North America and southern Asia comprised the balance.
Seasonally, biomass burning contributed 68% of the BC
sources in the Arctic in the spring and 81% in the summer,
while anthropogenic sources contributed 73% in the winter
and 67% in the fall. About 49% of total BC deposition in the
Arctic originated from Asia and only 5% was from Europe.
Geographically, in Asia, Siberia was the major source (59%)
for the BC deposition in the Arctic, followed by Kazakhstan
(18%) and Mongolia (8%).

These results are critical to understanding the contribution

of black carbon from biomass burning to accelerated
melting of Arctic ice under future climate conditions.
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P-1114-01
Lagrangian modeling of global atmosphe-
ric methane (MAIOLICA Il project)

F. Arfeuille (1) ; S. Henne (1) ; D. Brunner (1)
(1) EMPA, Dubendorf, Switzerland

In the MAIOLICA Il project, the Lagrangian particle
dispersion model FLEXPART is used to simulate the global
atmospheric CH4 over the 1990-2010 period. In this
Lagrangian framework, 3 million particles are permanently
transported based on wind fields from ERA-interim. The
history of individual particles can be followed allowing
for comprehensive analysis of transport pathways and
timescales and to establish a link between sources
(emissions) and receptors (measurement stations) in a
straightforward manner, a prerequisite for source inversion
problems. FLEXPART was extended to incorporate the
methane loss by reaction with OH. CH4 mass is further
lost by soil uptake and stratospheric loss reactions with
prescribed Cl and O(1D) radicals.

Sources are separated into 245 different tracers,
depending on source origin (anthropogenic, wetlands,
rice, biomass burning, termites, wild animals, oceans,
volcanoes), region of emission, and time since emission (5
age classes). The inversion approach applied is a fixed-
lag Kalman smoother similar to that described in Bruhwiler
et al. [2005].

Results from the FLEXPART global methane simulation and
from the subsequent inversion will be presented.

Bruhwiler, L. M. P., A. M. Michalak, W. Peters, D. F. Baker,
and P. Tans (2005), An improved Kalman Smoother for
atmospheric inversions, Atmos Chem Phys, 5, 2691-2702

P-1114-02

Changes in the global methane budget
since 2000

P. Bousquet (1) ; M. Saunois (1) ; B. Poulter (2) ; P. Ciais (3)
; JP. Canadell (4) ; EJ. Dlugokencky, (5) ; A. Peregon (1) ; M.
Global-Carbon-Project (6)

(1) Université de Versailles St Quentin en Yvelines,
Laboratoire des sciences du climat et de I’environnement, Gif
sur Yvette, France; (2) Montana State University, Ecosystem
dynamics lab, Bozeman, United States of America; (3) LSCE,
CEA, CNRS and UVSQ, Gif-sur-Yvette, France; (4) Global
Carbon Project, Csiro marine and atmospheric research,
Canberra, Australia; (5) National Oceanographic and
Atmospheric Administration, Esrl/gmd, Boulder, CO, United
States of America; (6) Global Carbon, Project, Paris, France

Methane is the second anthropogenic greenhouse gas after
carbon dioxide. Atmospheric methane has contributed
20% of the climate forcing by long-lived greenhouse
gases since pre-industrial times but also influences the
oxidizing capacity of the atmosphere. With a lifetime
around 10 years in the atmosphere and a diversity of
emission types, methane is an important target for climate
change mitigation. Observations of atmospheric methane
began in 1978, reached global coverage after 1983, and
now include a large variety of in-situ and remote-sensed
observations. After the loss of SCIAMACHY (2002-2012),
two space missions are currently producing methane



weighted-columns, GOSAT (since 2009) and METOP-IASI
(since 2007).

Although sources and sinks of methane are identified,
large uncertainties remain in their spatio-temporal
quantification. Here, we present a synthesis of methane
emissions and sinks since 2000 using an integrated
aﬁproach to combine: atmospheric measurements,
chemistry-transport models, ecosystem models, emission
inventories, and climate-chemistry models. The results of
an ensemble of atmospheric inversions (top-down) and
of process-based models (bottom-up) are presented and
compared. Global and regional methane budgets and their
changes are presented and discussed for the period 2000-
2012. Possible scenarios are presented to explain the
increase of atmospheric methane after 2006, after almost
a decade of stagnation. Year-to-year changes are also
analysed after 2006 in order to identify robust changes as
opposed to still uncertain ones.

(6) Global Carbon project / methane is a group of
scientists working to improve the global methane budget
. P.Bousquet, M.Saunois, B.Poulter, P.Ciais, J.G.Canadell,
E.J.Dlugokencky, A. Peregon, D. Bastviken, D. J. Beerling,
P. Bergamaschi, D. R. Blake, G. Braisford, V. Brovkin, L.
Bruhwiler, S. Castaldi, C. Covey, C. Crévoisier, C. Curry,
S. N. Denisov, A. V. Eliseev, J. Etiope, C. Frankenberg,
Y. Fukuyama, N. Gedney, M. Herrero, P. Hopcroft, S.
Houweling, A. Ito, R. Jackson, F. Joos, T. Kleinen, C. D.
Koven, P. B. Krummel, J.-F. Lamarque, Z. Lingxi, Z. Loh,
J. Marshall, T. Machida, S. Maksyutov, K. McDonald, J.
Melton, G. Maenhout, I. Morino, C. Le Quéré, V. Naik, P.
|. Palmer, P. Patra, S. Peng, G. Peters, I. Pison, C. Prigent,
R. G. Prinn, M. Ramonet, P. Raymond, M. Rigby, K. Saad,
M. Saito, M.Santini, R.Schroeder, I.J.Simpson, R.Spahni,
P.Steele, L.Taylor, H.Tian, Y.Tohjima, F. Tubiello, G. R. van
der Werf, N. Viovy, A. Voulgarakis, W. Wagner, M. Weitz,
D. J. Wilton, D. Worthy, D. Wunch, Y. Yoshida, T. Yokota.

P-1114-03

Fossil fuels ultimate recovery appraisal,
clue to climate change modelling

B. Durand (1)
(1) retired from ENS de Géologie, Geology, Arvert, France

According to ICCP report, Climate Change 2013 (the
Physical Science Basis), as shown by figure SPM.10 of
Summary for Policymakers, temperature of the earth’s
surface at the end of the century would depend primarily
on the cumulative quantity of CO2 from anthropogenic
sources emitted since 1860. Because roughly 80 % of
these emissions are produced by fossil fuels combustion,
accordinlga to this modelling, fossil fuels ultimately
recoverable quantities are the main drivers of climate
change during this century and the followers.

Since production histories of fossil fuels are already long,
it is now possible, as shown in this paper, to predict with
a good approximation their quantities to be ultimately
produced. This is done by statistical methods, using mainly
the construction of creaming curves of technical reserves
discoveries and Hubbert’s production linearization.

These guantities are such that a temperature increase till
the end of the century as high as described by RCP 8,5
and 6, is highly improbable even in a Business As Usual
scenario. And staying below a 2 °C temperature increase
from 1860 on remains obviously possible, provided
that use of coal is now strongly restricted. This is the
responsibility of the main coal consumers.

10 of them, China, the USA, India, Japan, South Africa,
Russia, South Corea, Germany, Poland and Indonesia,
consume nearly 90 % of the world’s total coal production.
As a result, these 10 countries also produce for the
moment most of the world CO2 emissions. Therefore
they are, according to ICCP modeling, the main drivers
of climate change. They should definitely cooperate to
undertake immediate and strong action.

Exploitations of bituminous shales, methane hydrates, or
of coal by underground gasification are not considered
here. They are for the moment highly hypothetical at a
large scale. Nevertheless they should not be encouraged.

P-1114-04

Extending the relationship between global
warming and cumulative carbon emissions
to multi-millennial timescales

T. Froelicher (1)
(1) ETH Zurich, Zurich, Switzerland

Climate model simulations and theoretical arguments
indicate an approximately linear relationship between
cumulative carbon emissions and projected global mean
temperature over the 21st century and beyond in a wide
set of future carbon emissions scenarios. This Transient
Climate Response to cumulative carbon Emissions (TCRE)
is estimated to likely (> 66% likelihood) be in the range
of 0.8-2.5°C/1000 Gt carbon. TCRE is defined for peak
temperature and is nearly independent of the rate of
carbon emissions. Any global temperature target therefore
implies a limited carbon emissions budget. TCRE is a
simple and useful policy framework and may play an
important role in the post-Kyoto political negotiations for
a new global agreement on future carbon emissions.

A recent modeling study (Frolicher et al. 2014) using
carbon pulse experiments of a comprehensive global
atmosphere-ocean general circulation model (AOGCM)
finds that global mean temperature may continue to
increase on multi-centennial timescales even after
stopping carbon emissions. In other words, there may be a
significant amount of warming expected from past carbon
emissions. These results impﬁl that the linear relationship
between global warming and cumulative carbon emissions
breaks down when the carbon emissions are tapering off.
This is in contrast to a large body of studies suggesting
that global mean surface temperature stays roughly
constant for a couple of centuries at the value attained
when carbon emissions are stopped. These earlier studies,
however, use climate models ofpintermediate complexity,
which simplify the complexities of many processes such as
cloud feedbacks.

These results call for an extension of the TCRE concept. Here
| use climate models of different complexities to show that
the temperature response to cumulative carbon emissions
can be characterized by three different timescales or
phases and that the TCRE concept is only valid during the
first phase, when emissions are steadily increasing. For
longer time-scales, when emissions are tapering off, two
new metrics will be introduced that better characterize
the time-dependent temperature response to cumulative
carbon emissions, namely the Peak Climate Response to
cumulative carbon Emissions (PCRE) and the Equilibrium
(multi-millennial) Climate Response to cumulative carbon
Emissions (ECRE). | will explain why the PCRE is generally
larger than the TCRE in the fully coupled AOGCMs and why
the models of intermediate complexity as a class don’t
simulate an increase in global mean temperature after
carbon emissions stoppage. The implications of these
results for allowable carbon emissions required to remain
below a specific global warming target will be discussed.

Frolicher, T. L., M. Winton, J. L. Sarmiento, 2014, Continued
global warming after CO2 emissions stoppage, Nature
Climate Change, 4, 40-44.

P-1114-05

Hydrological and biogeochemical
constraints on terrestrial carbon cycle
projections

S. Mystakidis (1) ; N. Gruber (2) ; LE. Davin (1) ; S.
Seneviratne (1)

(1) ETH Zurich, Institute for atmospheric and climate
science, Zurich, Switzerland; (2) ETH Zurich, Institute of
biogeochemistry and pollutant dynamics, Zurich, Switzerland

Terrestrial ecosystems are playing a crucial role in the
climate system K)y absorbing about one third of the total
anthropogenic emissions of CO2, thus providing a valuable
ecosystem service to mankind. How this ecosystem
service will evolve in the coming decades is still a subject
of debate. This evolution depends on the response of
biogeochemical cycles and ecosystems to a changing
climate with more frequent and severe extreme events in
some regions as well as to increased CO2 concentrations.
Earth System Models which are explicitly represent the
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ecosystem behavior such as the exchange of carbon and
water with the atmosphere are used to study the future
evolution of the land and ocean carbon cycle sinks.
However, the estimates of these carbon fluxes are clearly
subject to significant uncertainties. Observationally-based
constraints on these simulated fluxes should therefore
facilitate reduce uncertainties in future terrestrial carbon
cycle projections performed for AR5 (CMIP5).

Gross Primary Production (GPP) is the total amount of
carbon that is taken up by plants durintg Ehotos nthesis
and it is one of the main components of the land carbon
cycle and driver of the carbon uptake by land. We show
that over many regions models simulating high present-
day GPP and Evapotranspiration (ET) tend to simulate
?her increase in future GPP. Using these emergent
t|onsh|ps combined with present-day estimates of
ET and GPP we constrain future changes in GPP. We find
that the inter-model spread in future GPP is reduced by
at least 50% while the increase in future GPP in northern
latitudes is higher than previously thought. Our results
for future changes in Water Use Efficiency (WUE), a
highly 5|?n|ﬁcant determinant of primary production of
terrestrial ecosystems, show similar behavior. Applying
the observational constraints on the future land sink (NBP)
reveals higher than previously thought decrease in the land
sink. The inter-model spread in the land sink is reduced by
more than 30% and in most of the constrained ensembles
the terrestrial biosphere is even turned into a net carbon
source by the end of the century. Our findings therefore
have several implications on the future productivity of
ecosystems and the atmospheric CO2 concentrations.

P-1114-06
Air Pollution Emissions and Potential for
Co-Benefits in Megacities of South Asia

BR. Gurjar (1)
(1) Indian Institute of Technology Roorkee, Civil Engineering
Department, Roorkee, India

The South Asian region is highly and densely populated
and includes 5 megacities (each with population more than
10 million) and hundreds of large and medium size cities.
z]:;( acities in South Asia are namely - Delhi, Mumbai and
Kolkata (India), Dhaka (Bangladesh) and Karachi (Pakistan).
Constantly increasing energy-intensive urban activities in
burgeoning cities areas are responsible for a large share
in the unacceptably hi?h emissions of those air pollutants,
which are responsible for poor air quality, adverse
health effects and also climate change. High levels of Air
pollution in South Asia came into highlight by the South
Asian haze called Atmospheric Brown Cloud (ABC). The
annual premature deaths due to ABC were estimated equal
to 100,000s in the South Asian region. Whereas, recent
estimates of the burden in India show approximately 1.04
million premature deaths and 31.4 million disability—
adjusted life years (DALYs) to be attributable to household
air pollution (HAP) resulting from solid cooking fuels.
Numerous policy measures and technological interventions
are being tried in India and other countries to curb the air
pollution. However, there is a growing interest in adopting
those measures which can reduce air pollution emissions
resulting in not only air quality improvement and health
benefits but also in climate change related co-benefits.

This presentation would provide an analysis of the urban
pollution emissions and potential for health and climate
change related co-benefits in South Asian megacities.
Most of the South Asian countries are in the stage of
developing or emerging economies, and India is the fasted
growing economy among them. Given the increasing trend
of energy use and emissions in South Asian cities, present
study is a step to make governments and people aware
of the extent and intensity of ambient as well as indoor
air pollution problem. The analysis presented in this study
is expected to help initiate appropriate policy measures
and suitable action plans to limit air pollution emissions
and adopt ways based on co-benefits approach that can
Rrgmote the sustainable development - especially in South
sia.

P-1114-07
Cumulative carbon emissions modulated

by policy options for limiting warming to
below 1.5 and 2°C

J. Rogelj (1) ; M. Schaeffer, (2) ; M. Meinshausen, (3)

(1) IASA, Laxenburg, Austria; (2) Climate Analytics, Berlin,
Germany; (3) University of Melbourne, Australian-german
college of climate & energy transitions, school of earth
sciences, Melbourne, Australia

Cumulative emissions of carbon dioxide, or so-called
carbon budgets, have recently received increasing
attention in the climate policy arena. Not only are they part
of the headline statements of the most recent assessment
of the Intergovernmental Panel on Climate Chanfge (IPCC),
they have also been proposed as guidance for long-
term emission reduction goals within the international
climate negotiations under the United Nations Framework
Convention on Climate Change (UNFCCC). For example,
directly following from the concept of a carbon budget is
that as soon as 2055 to 2070, global net emissions of CO2
will have to be phased-out to zero in order to stay below
2°C warming with a likely chance.

A thorough understanding of the interplay between policy
choices and the amount of carbon emissions compatible
with specific temperature limits gains therefore in
importance, in particular because the amount of future
carbon emissions compatible with limiting warming to
below the 1.5 or 2°C thresholds is vanishing quickly
with time. Mitigation costs are related to the size of the
carbon budget and can increase significantly with a delay
of strong decarbonisation, as weaker reduction ambition
early on comes with the necessity of much stronger
reduction rates later.

We provide key insights that link the theoretical concept
of carbon budgets to a real-world context, by quantifying
policy-relevant emission-scenario aspects that increase
or decrease cumulative carbon emissions compatible with
limiting warming to below specific temperature limits, like
1.5 or 2°C relative to preindustrial. To achieve this, we
explore dimensions not previously assessed by the IPCC.

First, we show that the choice of methodology to derive
compatible carbon emissions from integrated multi-gas
emission scenarios plays a non-negligible role. Both the
influence of non-CO2 forcing variations and the timescales
of the Earth system response lead to lower compatible
carbon emissions when derived from low instead of high
emission scenarios. Second, as non-CO2 forcing has the
potential to modulate carbon budgets, we assess the
potential influence of the mitigation of so-called short-
lived climate pollutants (SLCP, like methane, soot, or
hydrofluorocarbons) on the size of compatible carbon
emissions. We show how, due to technological linkages
between the sources of CO2 and some SLCPS, the potential
impacts can vary strongly across species. Third, we explore
how socio-economic developments and technological
policy choices can influence the size and cost of a carbon
budget for meeting a specific temperature goal by, often
inadvertently, influencing the proportion of CO2 to non-
CO2 forcing. Finally, by using multi-gas characteristics
of a large set of emission scenario as well as theoretical
phase-out pathways we explore the implications for the
timing of global net zero carbon emissions.

P-1114-08

Speciation of anthropogenic VOC emis-
sions from observations in contrasted
urban environments: a basis for emission
inventory evaluation and the definition
of CMIP (Coupled Model Intercomparison
Project) historical emission inventory

T. Salameh (1) ; A. Borbon, (1) ; C. Afif, (2) ; S. Sauvage, (3) ;
N. Locoge, (3) ; C. Granier (4)

(1) Laboratoire Interuniversitaire des Systémes
Atmosphériques (LISA),IPSL,CNRS,UMR7583,UPEC and

UPD, Créteil, France; (2) Unité Environnement, Génomique
Fonctionnelle et Etudes Mathématiques, Saint Joseph
University, Beirut, Lebanon; (3) Mines Douai, Sciences de
I’Atmospheére et Génie de I’Environnement (SAGE), Douai,
France; (4) CNRS, LATMOS/IPSL, Paris, France

Having accurate trace species emission estimates is critical
in the development of basic scientific knowledge and to
assess atmospheric chemistry, air quality, and climatic
conditions at present and in the future. In addition, detailed
emissions data are also required at high resolution for the
design of feasible controls aimed at reducing emissions
of pollutants, and for the evaluation of the efficiency of



the implemented policies. Therefore, concerted efforts in
emission inventory development are necessary to improve
the quality of the emission estimates and to be able to
reproduce air quality conditions in models. In this context,
the CMIP project was established to provide a basic
support for the IPCC future report (AR6). The CMIP Panel
has requested further improvements on the emissions data
by using observations, as well as on the emissions spatial
and temporal resolution. Among others, a high priority is
given to the development of anthropogenic hydrocarbon
and particle speciation.

Non-Methane Volatile Organic Compounds (NMVOCs),
emitted from various sources, are of particular interest
since they affect urban air quality and regional climate
change by contributing to the formation of tropospheric
ozone, PAN and Secondary Organic Aerosols. According
to Shindell et al. (2012), NMVOC reductions could help
slow the near-term rate of climate change because of
their influence on short-lived climate forcers (e.g., ozone,
methane, aerosols). Thus, reducing NMVOC emissions
provides regional to global benefits to air quality and
climate (Fry et al. 2014). Some studies have shown
that the NMVOC composition depends on the regional
characteristics, even among the northern mid-latitude
megacities (Borbon et al., 2013). These discrepancies may
be more important if we consider the UNFCC Non-Annex
1 countries.

Here, we propose to make an assessment of the spatial
and temporal variability of the composition of NMVOC
anthropogenic emissions from recent and decadal
observations in urban areas in order to define more
accurate and representative NMVOC emission sources
profiles. The main objectives are: (1) the establishment
of NMVOC emission sources profiles from in-situ
observations or by near field measurements, (2) the
analysis of seasonal and interannual variability of NMVOC
emissions composition, and (3) the evaluation of the
anthropogenic emission inventories.

This work is based on the most recent results of
several long-term (air quality networks) and intensive
measurement campaigns (MEGAPOLI - Paris, 2009,
CalNex,) in post-industrialized regions (northern mid-
latitude cities) and in the Eastern Mediterranean Basin
within the TRANSEMED initiative. According to the ACCMIP
and RCPs inventories, the total anthropogenic emissions
of NMVOCs in the MEA region were constantly increasing
reaching ~15 Tg in 2010 whereas in USA and Europe, the
NMVOCs emissions were decreasing reaching ~10 Tg
in 2010 (ECCAD database). A very detailed and unique
multipollutant database was generated in a city of the
Middle East, Beirut, with a focus on the organic carbon,
and in Istanbul. Since, the current NMVOC speciation
applied in models needs updating, source profiles were
determined with field measurements close to the main
potential emitters (Salameh et al. 2014).

References:

Borbon et al., 2014. Emission ratios of anthropogenic
VOC in northern mid-latitude megacities: observations vs.
emission inventories in Los Angeles and Paris. J. Geophys.
Res., vol. 118, 2041-2057.

ECCAD database: http://eccad.sedoo.fr/eccad_extract_
interface/JSF/page_products_em.jsf

Fry et al., 2014. Air quality and radiative forcing impacts of
anthropogenic volatile organic compound emissions from
ten world regions. Atmos. Chem. Phys., 14, 523-535.
Salameh et al., 2014. Speciation of Non- Methane
Hydrocarbons (NMHC) from anthropogenic sources in
Beirut, Lebanon. Environ Sci Pollut Res, 2T, 10867 - 10877.
Shindell et al. 2012. Simultaneously mitigating near-term
climate change and improving human health and food
security. Science, 335, 183-189.

P-1114-09

Black Carbon emission and its climate
implication in Pakistan

1. Shahid (1)

(1) Institute of Space Technology, Islamabd, 1-Islamabad
higll(hway near Rawat Toll plaza ISlamabad, Islamabad,
Pakistan

Black carbon (BC) is a product of incomplete combustion
(burning that gives off smoke). It is the solid, mostly pure
carbon component of soot that is capable of absorbin
light at all wavelengths. Black carbon emissions in Sout
Asia are primarily derived from four sectors: residential,

industrial, transportation, and biomass burning (field
burning, cook stove burning). The residential sector
represents the largest single source of black carbon
emissions in South Asia. The transportation and industrial
sectors are also significant contributors (US EPA 2012).
Black carbon deposited on snow and ice darkens the
surface and decreases reflectivity, thereby increasing
absorption and accelerating melting. Kopacz et al., (2011)
reported the role of BC in Himalaya glacier melting and
change of radiative forcing in the region due to BC.

Emission inventories and analyses of aerosol samples
indicate that more than half of the black carbon emitted in
South Asia comes from the burning of biofuels, especially
in traditional cook stoves. Shahid et al., (2015) reported
that burning of different wood species for cooking emits
22% BC of the total amount of biomass burned. Other
large sources include burning of coal (for example in
brick kilns), exhaust from diesel vehicles and generators,
waste burning, and forest fires. Many sources of black
carbon also co-emit other substances that are less light-
absorbing, or that scatter light, including brown carbon,
organic carbon, and sulfate. Emissions from diesel
trucks have a higher percentage of pure black carbon
than emissions from open fires. The overall effect of BC
in ann region will therefore be a result of local / regional
/ global emission, climate and geograg)hy. For example,
in the Himalayas BC can amplify the effects of enhanced
global warming while, in addition, causing surface
dimming which can reduce crop productivity. There have
been efforts to build emission inventories in Pakistan,
however, this has been sporadic and specific. Three local
efforts, one in 1990, another in 1994 and the latest in
2009 have all focused on greenhouse gases (GHG), and
BC carbon was ignored. In global and regional emission
inventories scarce information is available for Pakistan.
In this study BC emissions have been estimated from
different sectors using Atmospheric Brown Cloud emission
inventory manual with emphasis of biomass burning for
cooking and field burning (crop Residue). Unfortunately
no sector specific emission factors are available. Thus we
used emission factors that have been already published
and closely related to Pakistan environment. During the
¥ear 2013-14, 16.923 x 106 Hectare area was cultivated
or cropcrroduction, and 116 x 106 tonnes of crops were
produced which inturn produced 40 x 106 tonnes of dry
mass that was burnt in field. Thus single source of crop
residue buring emits about 24 mega tonnes of BC along
with other pollutants. Based of this data emission maps
will be generated for gridded emissions over Pakistan.

These are the preliminary results,work is going on and
hopefully will be able to finish till June.

P-1114-10
National and regional contributions to
global climate change

RB. Skeie (1) ; JS. Fuglestvedt (1) ; M. Allen () ; T. Berntsen
(1) ; GP. Peters (1)
(1) CICERO, Oslo, Norway

According to the “Brazilian Proposal” from 1997 the
industrialized  countries  should reduce emissions
proportional to their contribution to temperature increase.
The emissions of Greenhouse Gases (GHG) and Short-Lived
Climate Forcers (SLCFs) have changed dramatically over
the last decade with large regional differences, suggesting
that previous estimates are outdated. In this work we
update earlier estimates of the contributions to global
mean temperature change from countries and regions, and
perform deeper analysis of various scientific and policy
related choices. Which time period should be accounted
for when calculating the countries’ contributions? We show
the importance of the start year, end year, and evaluation
year on countries’ contributions. Another choice is which
forcing components that should be included in the analysis.
First we consider only CO2 from fossil fuels and then we
explore how the results are affected when all Kyoto gases
and CO2 from land use change are included, and then non-
Kyoto gases together with SLCFs. Time series of emissions of
GHGs, aerosols and its precursors for countries/regions are
constructed and a simple climate model is used to calculate
the temperature response. Another policy choice is for which
stage in the emission chain the contributions should be
calculated (extraction, production (territorial), consumption).
Finally, we will discuss how the historical responsibilities of
countries/regions can be seen in relation to attribution to
extreme events based on work in the EU-project EUCLEIA.
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P-1114-11

Biogenic CH4 and N20 emissions ove-
rwhelm land CO2 sink: implications for
climate change mitigation

H. Tian (1) ; C. Lu, (1) ; P. Ciais (2) ; A. Michalak, (3) ; JP.
Canadell (4) ; E. Saikawa, (5) ; D. Huntzinger, (6) ; K. Gurney
(7); S. Sitch, (8) ; B. Zhang, (1) ; J. Yang, (1) ; P. Bousquet (9)
; LMP. Bruhwiler, (10) ; G. Chen, (11) ; EJ. Dlugokencky, (10)
; P. Friedlingstein (8) ; J. Melillo, (12) ; S. Pan, (1) ; B. Poulter
(13); R. Prinn, (14)

(1) Auburn University, School of Forestry and Wildlife
Sciences, Auburn, AL, United States of America; (2) LSCE,
CEA, CNRS and UVSQ, Gif-sur-Yvette, France; (3) Carnegie
Institution for Science, Department of global ecology,
Stanford, United States of America; (4) Global Carbon Project,
Csiro marine and atmospheric research, Canberra, Australia;
(5) Emory University, Department of environmental studies,
Atlanta, United States of America; (6) Northern Arizona
University, School of earth sciences and environmental
sustainability, Flagstaff, United States of America; (7) Arizona
State University, Tempe , United States of America; (8)
University of Exeter, Exeter, United Kingdom; (9) Université
de Versailles St Quentin en Yvelines, Laboratoire des sciences
du climat et de I’environnement, Gif sur Yvette, France; (10)
National Oceanographic and Atmospheric Administration,
Esrl/gmd, Boulder, CO, United States of America; (11) Oak
Ridge National Laboratory, Environmental sciences division,
Oak Ridge, United States of America; (12) Marine Biological
Laboratory, The ecosystem center, Woods Hole, Unite

States of America; (13) Montana State University, Ecosystem
dynamics lab, Bozeman, United States of America; (14)
Massachusetts Institute of Technology, Center for global
change science, Cambridge, United States of America

The stabilization of greenhouse gas (GHG) concentrations
in the atmosphere requires reducing net anthropogenic
GHG emissions and increasing the capacity of carbon sinks
in the biosphere. Although global terrestrial CO2 uptake
partially mitigates global warming, its contribution may
be offset or even overturned by the increasing biogenic
emissions of methane (CH4) and nitrous oxide (N20). Of
particular importance to climate change mitigation policies
is the ability to evaluate the net balance of these three
GHGs in the terrestrial biosphere. Here we synthesized
multiple estimates of CO2, CH4 and N20O from various
studies to investigate the net biogenic GHG budget (NBGB)
on global and regional scales. Based on 22 bottom-up
studies using terrestrial biosphere models, empirical and
inventory-based approaches and 7 top-down studies
using atmospheric inverse models, we conclude that
global terrestrial ecosystems had a net positive NBGB,
indicating net greenhouse gas release to the atmosphere.
After subtracting pre-industrial GHG emissions from
land ecosystems, we found the global land uptake of
anthropogenic CO2 (-7.7 to -9.2 Pg CO2 eq/yr) was
offset by 129% to 147% due to anthropogenically-caused
emissions of CH4 and N20. Among them, agricultural CH4
and N20 emissions (7.0 to 8.0 Pg CO2 eq/yr) play the most
important role, offsetting 85% - 103% of the global land
sink of anthropogenic CO2. It is clear that biogenic CH4
and N20 emissions had overwhelmed the global land CO2
sink, contributing to a net climate warming effect of all the
GHG exchanged to or from the land biosphere. Our results
indicate that effective agricultural management strategies
are very much needed to alleviate biogenic GHG emissions,
while sustaining food and bioenergy production.

P-1114-12

Emissions metrics and evaluating me-
thane-emitting natural gas as a bridge fuel

J. Trancik (1) ; M. Edwards (1) ; M. Klemun (2) ; M. Roy, (3)
(1) MIT, Cambridge, MA, United States of America; (2)
Massachusetts Institute of Technology, Engineering Systems
Division, Cambridge, United States of America; (3) MIT,
Cambridge, United States of America

Climate change mitigation is a multi-gas problem.
Mitigation policies that focus on CO2 reductions alone
may result in increased emissions of other gases such as
CH4, leading to overshoots of climate policy goals. For
example, policies aimed at reducing CO2 emissions may
encourage a transition from coal to natural gas electricity,
enabled by increased production of unconventional gas,
but could also lead to higher CH4 emissions due to
leakage in the natural gas supply chain. Therefore, it is

important to consider multiple gases in making emissions
reduction commitments and in evaluating technology
options to meet these goals. Here we present an approach
to evaluating policies and technologies based on their
multi-gas emissions.

Evaluating technology options on a common scale,
or setting a national target for overall GHG emissions
reductions, requires some means of comparing different

ases on a common scale. This comparison is challenging

ecause of the dissimilar removal dynamics of different
GHGs. Emissions equivalency metrics are a commonly
used approach, and the global warming potential (CWP)
is the most prevalent metric. The GWP converts masses of
non-CO2 GHG emissions to a CO2-equivalent value based
on a time-integrated radiative forcing comparison over a
fixed horizon of 100 years, leading to a conversion factor
that is constant over time. This static approach can lead
to significant overshoots of climate policy goals, such as
radiative forcing stabilization targets, because it doesn’t
take into account how close in time emissions occur
relative to an intended stabilization year.

Here we present an alternative set of dynamic emissions
equivalency metrics that evaluate emissions impacts
relative to an intended radiative forcing stabilization
level [1]. Our approach results in a lower impact value on
shorter-lived greenhouse gases, like CH4, early on, but
increases this value as emissions approach an intended
stabilization time. The metrics are relatively independent
of the future emissions and energy consumption scenario
to be followed, and therefore can be used to evaluate
policies and technologies despite the inherent uncertainty
about the future. Applying the metrics to set emissions
reduction targets and evaluate technologies results in
substantially fower overshoots of climate policy targets
than the GWP. Furthermore the metrics points to methane
mitigation timelines that can allow for greater energy
consumption while meeting climate policy goals [2].

How might dynamic metrics be used in setting policy
targets? We will discuss a specific example by examining
the US Environmental Protection Agency’s Clean Power Plan
target of 30% reduction in power sector CO2 emissions by
the year 2030 (from 2005 levels). This policy incentivizes
a shift to natural-gas based electricity generation, and
could result in significant increases in power sector CH4-
emissions. Applying the time-sensitive metrics mentioned
above, overall GHG reductions (counting both CO2 and CH4
) may only reach 10-20% by 2030, instead of the targeted
30%, without additional methane regulation. However,
as shown by applying the proposed dynamic metrics,
reduction rates of 11-13% per year would allow the 30% by
2030 GHG reduction target to be met [3]. As demonstrated
by this US example, capturing the full climate benefit of
coal-to-gas technology transitions requires substantial
CH4 mitigation to complement CO2-focused climate
policy frameworks. The alignment of CO2 abatement and
CH4 leakage reduction goals is an important problem that
needs to be addressed as nations globally prepare policy
proposals for the 2015 United Nations Climate Change
Conference in Paris (COP21. The method proposed here
provides an approach to setting coupled CO2 and CH4
reduction targets, and evaluating mitigation technologies.

[1] M.R. Edwards and J.E. Trancik, Climate Impacts of
Energy Technologies Depend on Emissions Timing, Nature
Climate Change, Vol. 4, pp. 347-352, 2014.

[2] Roy, Edwards and Trancik 2014. Timelines for
mitigating methane emissions from energy technologies,
in review. http://arxiv.org/abs/1501.03041

[3] Klemun and Trancik, 2015, Hidden effects of carbon-
focused energy policies necessitate accelerated methane
mitigation, in preparation.

P-1114-13

A global estimate of carbon stored in the
world’s mountain grasslands and shru-
blands, and the implications for climate
policy

A. Ward (1) ; P. Dargusch (2) ; S. Thomas (2) ; Y. Liu (2) ; E.
Fulton (3)

(1) University of Queensland, Brisbane, Australia; (2)
University of Queensland, Brisbane, Queensland, Australia;

(3) Commonwealth Scientific and Industrial Research
Organisation, Hobart, Australia




Carbon market and climate finance schemes (e.g. the CDM,
REDD+ and the Green Climate Fund) are being investigated
for their ability to achieve enhanced sustainability
outcomes in terrestrial forests, lowland grasslands and
marine ecosystems, all which store large amounts of
carbon (C). To date however climate policy discourse has
largely overlooked the conservation of existing C stored
in mountain grasslands andshrublands. These ecosystems
provide critical ecological goods and services to humanity
yet are increasingly at risk from anthropogenic stressors
including agricultural intensification, mining and climate
change. The absence of a global estimate for these C
stocks is likely to be one reason for their exclusion from
climate change policy discussions, both on a political and
scientific basis. This represents a missed opportunity in
two respects: firstly, by conserving and restoring existing
C stocks the impacts of climate change can be lessened;
and secondly, carbon finance and climate finance might
provide financial support to address the aforementioned
stressors. Here we use spatial analysis and estimate there
to be between 60.5 Pg C and 82.8 Pg of C contained within
biomass and soils of the world’s” mountain grasslands
and shrublands. To put this in perspective, globally
tropical Savannas andgrasslands, temperate forests and
tropical peatlands are estimated to contain 326-330 Pg
C, 159-292 PgC and 88.6 Pg C respectively. Our review
of existing empirical studies and of United Nations
FrameworkConvention on Climate Change (UNFCCC)
national greenhouse accounts suggests that this C is not
reliably accounted for in international carbon budgets. Our
estimate is the first to provide a global point of reference,
useful in developing future research and in climate policy
discussions. We conclude by briefly discussing how climate
finance might be leveraged to support the sustainable
management of these C stocks, and in so doing uphold
the other important socio-economic benefits provided to
humanity.

P-1114-14
Global and China’s admissible emissions
pathways under various warming targets

Y. Zhu (1) ; Z. Wang (1)
(1) Institute of Policy and Management, Chinese Academy of
Sciences, Beijing, China

Using the adaptive control model with climate system,
this paper projected and compared the global admissible
emission pathways under various warming targets,
namely, warming 2°C above pre-industrial level, and the
average level of 1850-1900, 1861-1880, 1961-1990,
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The GOSAT contribution to understanding
global concentration distribution and
regional fluxes of carbon dioxide and me-
thane over its five-year operation period

T. Yokota, (1) ; S. Maksyutov (1) ; N. Kikuchi (1) ; Y. Yoshida
(1); A.Bril (1) ; M. Inoue, (1) ; I. Morino, (1) ; O. Uchino, (1) ; H.
Takagi (1) ; HS. Kim (1) ; R. Janardanan, (1) ; DA. Belikov, (2)
; M. Ishizawa (1) ; M. Saito (1) ; F. Kawazoe (1) ; M. Ajiro (1)
(1) National Institute for Environmental Studies, Tsukuba,
Japan; (2) National Institute for Polar Research, Tokyo, Japan

The Greenhouse gases Observing SATellite (GOSAT)
has been operating for more than five-and-a-half years
since January 2009. Over that period, the NIES GOSAT
Project provided researchers and the general public with
the retrieved column-averaged concentrations of carbon
dioxide (XCO2) and methane (XCH4) (SWIR Level 2 data
products), which helped ascertain the global distributions
of the two global warming gases and their variability with
time and space. Further, with those concentration data that
filled gaps in the existing surface monitoring networks,
the monthly estimates of regional sources and sinks of
CO2 and CH4 (Level 4 data products) were produced with

1980-1999 and 1986-2005 that mentioned in IPCC-AR5
WGl report. Our study shows that the admissible emission
is required to reduce by 20%, 35%, 50% and 62% until
2020, 2030, 2050 and 2100 respectively so as to limit the
global warming within 2°C above the preindustrial level.
This indicates that the Copenhagen agreement is hard
to achieve without some breakthrough in low-carbon
energy technology since the global emission is ever-
increasing. Corresponding to the RCP 4.5 and RCP 6.0 in
IPCC AR5 report, the admissible emissions pathways for
the 2°C targets above the average level of 1850-1990 and
1861-1880 indicates that it can still rise until 2040-2045
following the historical trend and then reduce. Therefore,
they are not effective targets to abate the emissions
promptly. Moreover, taking 1961-1990, 1980-1999
and 1986-2005 as the base year means the admissible
emission is far more than what is needed.

In view of the difficulty to achieve these targets, we
further proposed three viable warming limit schemes after
appraising the feasibility of the aforementioned targets,
which are (1) warming 2.5°C relative to pre-industrial level,
(2) warming 1°C relative to 1986-2005 and (3) 1.5°C relative
to 1850-1900. The first one is a mild reduction target,
which requires the global emission to stop increasing
immediately and starts to reduce since 2020 gradually,
finally reach a level slightly less than that in 2005 by 2100.
This target is in accordance with the current abatement
commitments of major countries/regions. The second one
is a moderate target, which indicates the global emission
should decrease at once with a smooth dropping rate.
It matches the average warming expectation of RCP 2.6
scenario in IPCC report and should be a reference for each
country to make further commitment. The last one is a
strong target, which requires the global emission to reduce
immediately with the rate similar to its growth rate during
2000-2012, indicating greater efforts need to make.

Finally, the emission rights are analyzed with different
principle of allocation. The sovereignty principle is to
the benefit of developed countries such as United States,
European Union and Japan; some populous countries like
China and India are in favor of the egalitarianism principle;
the developing countries will get more emission right
under the principle of ability-to-pay. China will acquire
about one fifth of global emissions under all the three
principles, indicating the current emission level in China
is compatible with its population and economy. But with
all these principles, the admissible emission for China will
shrink gradually under the three aforementioned warming
targets and the emission gap between emission demand
and supply will enlarge accordingly.

smaller uncertainties. Although there are some issues
still left that need to be handled, such as region- and
time-dependent biases and low retrieval success rates
over the tropics, the GOSAT Project has contributed
significantly to advancing the global carbon cycle studies
through providing useful space-based GHG data. The
Orbiting Carbon Observatory 2 (OCO-2) was launched
successfully in July 2014, and now and finally, there are
two CO2 monitoring platforms in space, as originally
planned ten years ago. GOSAT is expected to operate and
continue its observation for the next several years, even
after its five-year nominal operation period ended in early
2014. Evaluating and inter-comparing data from the two
platforms will yield valuable findings that can further
advance the space-based GHG monitoring techniques. We
will present the overview of the latest GOSAT data products
and some of important research outcomes brought by the
GOSAT Research Announcement researchers, and show
our views on the future of space-based carbon cycle study
by worldwide research collaboration.

0-1115-01

The Integrated Carbon Observation
System (ICOS RI) - a European Research
Infrastructure on greenhouse gases and
the global carbon cycle

WL. Kutsch (1) ; A. Vermeulen, (2) ; T. Johannessen, (3) ; I.
Levin, (4) ; D. Papale, (5) ; L. Rivier, (6) ; A. Watson, (7)
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(1) 10 Integrated Carbon Observation System (ICOS Rl), Head
Office, Helsinki, Finland; (2) Integrated Carbon Observation
System, Carbon Portal, Lund, Sweden; (3) University of
Bergen, Bergen, Norway; (4) Universitat Heidelberg, Institut
fuer umweltphysik, Heidelberg, Germany; (5) University of
Tuscia, Viterbo, Italy; (6) LSCE, Gif sur Yvette, France; (7)
University of East Anglia, Exeter, United Kingdom

Greenhouse gases contribute to radiative forcing and
therefore their concentrations in the atmosphere influence
climate of the Earth. The mission of ICOS Rl is enabling
research for understanding present state and predicting
future behavior of the global carbon cycle and greenhouse
gas emissions. ICOS RI does this by providing long-term
observations through a distributed infrastructure with
station networks designed to monitor GHG concentrations
in the lower atmosphere and ocean as well as GHG
exchange between terrestrial ecosystems or oceans
and the atmosphere. By knowing the dynamics of GHG
in the atmosphere and their fluxes, ICOS RI will provide
independent data to improve and verify GHG emission
inventories for international conventions.

This fusion of streams of (big) data from observational
infrastructures with advanced earth system models is the
next step in developing integrated knowledge on global
carbon and greenhouse gas budgets. By using the complex
model-data fusion systems currently under development,
these observations will enable us to verify greenhouse gas
fluxes on regional and national levels at unprecedented
resolution in time and space.

0-1115-02
Potential of in-service aircraft based green-

house gas observations within IAGOS for
constraining regional carbon budgets

(S] )Verma (1) ; J. Marshall (1) ; C. Roedenbeck (1) ; C. Gerbig

(1) Max Planck Institute for Biogeochemistry, Biogeochemical
Systems, Jena, Germany

Spatial and temporal variations of atmospheric greenhouse
gas concentrations contain information about their sources
and sinks as well as the exchange processes between the
atmosphere and the surface ofgthe earth. However, the
potential use of these observations in inverse models for
accurate estimation of surface fluxes is hindered by the
fact that they are both insufficent and unevenly distributed.
The use of passenger aircraft for obtaining information
about atmospheric composition and physical and chemical
processes is a relatively new concept. Within the recently
established European Research Infrastructure IAGOS (In-
service Aircraft for a Global Observing System), highly
accurate and precise in-situ observation of greenhouse
gases is foreseen in the near future. Detailed and
continuous measurements are made during long distance
flights by hi-tech instruments deployed on board, thus
providing a view of the horizontal and vertical distribution
of the measured trace gases on global scale and over
long periods of time. The project IGAS (IAGOS for GMES
Atmospheric Service) serves as a vital link between the
data collected on board civil aircraft through IAGOS and
the Copernicus atmosphere monitoring service (previously
known as GMES) that utilizes these measurements for
applications in the field of modeling, weather forecasting
and air quality forecasting.

This study is focussed on assessing the impact of
measurements from IAGOS on the constraint on the
regional carbon budget and quantifying the reduction
in uncertainty in the inverse source-sink estimates of
CO2 and CH4, brought about by the use of this newly
developed data stream. Anticipating the deployment of
five GHG observing systems within IAGOS, the flight tracks
from five in-service aircraft within MOZAIC (Measurement
of OZone and water vapour by Alrbus in-service airCraft),
a predecessor project of IAGOS, are used in an inversion
system to assess the constraint on the carbon budget
and quantify the potential for reduction in posterior f?ux
uncertainties. These measurement locations and times are
used to evaluate the impact of data from aircraft on the
reduction of flux uncertainties compared to that based on
the existing global observation network, and furthermore
to identify areas where the addition of these measurements
would be of greatest impact. We use the Jena Inversion
System that employs the Global Atmospheric Tracer Model
TM3 for atmospheric transport, focussing on the period
1996-2004. The vertical aircraft profiles are input into

the inversion as two partial-column averages instead of
point measurements, the lower partial column completely
containing (and exceeding) the boundary layer. This
is a novel approach, the advantage being that the error
due to imperfect model representation of the boundary
layer height and hence the vertical tracer transport near
the surface can be diminished, which results in the
reduction of the overall model-data mismatch error. The
experimental design is such that in each simulation the
existing measurement network is augmented by pseudo-
observations from up to five simulated IAGOS aircraft.
Uncertainty reduction from each of these simulations is
compared to the uncertainty reduction from simulations
employing only the existing observation network. We find
that for both CO2 and CH4, the additional constraint on
the carbon budget brought about by the use of IAGOS
measurements is highest for the tropical regions, the
magnitude of the change in uncertainty reduction being
about 20 percent.

O-1115-03

Cost-effective guidelines for measurement
of agricultural greenhouse gas emissions
and removals

M. Richards (1) ; T. Rosenstock (2) ; K. Butterbach-Bahl, (3) ;
M. Rufino (4) ; E. Wollenberg, (5)

(1) CGIAR Research Program on Climate Change, Agriculture
and Food Security, Low Emissions Agriculture, Burlington,
VT, United States of America; (2) World Agroforestry Centre
(ICRAF), Nairobi, Kenya; (3) International Livestock Research
Institute (ILRI), Nairobi, Kenya; (4) CIFOR / CCAFS, Nairobi,
Kenya; (5) Gund Institute for Ecological Economics, School of
environment and natural resources, Vermont, United States
of America

As COP21 approaches, many non-Annex 1 countries are
for the first time developing mitigation targets in the
form of Intended Nationally Determined Contributions.
Mitigation activities in the agriculture, forestry, and land
use (AFOLU) sector are likely to be in developing countries
because they provide up to 70% of the technical potential
for AFOLU-based mitigation. However, decision-makers in
these countries are currently limited by the lack of scientific
information on emissions and mitigation potentials from
the agricultural systems common in tropical developing
countries.

For example, direct measurements of methane from
livestock—perhaps the most significant agricultural GHG
source in sub-Saharan Africa—are lacking. Measurements
of soil carbon sinks from land rehabilitation and carbon
storage in aboveground woody biomass are also notable
gaps. The emission factors and models used in the absence
of such data (IPCC Tier 1) rely on measurements largely
from temperate, developed countries and their precision
and accuracy in tropical developing countries is unknown.

Here we describe the SAMPLES measurement guidelines
and data platform, two web-based resources for improving
the availability of agricultural GHG information from
tropical developing countries. Developed by scientists
within the CGIAR Research Program on Climate Change,
Agriculture, and Food Security (CCAFS), the guidelines
provide a critical assessment o¥various methods that can
be used to quantify GHG emissions within a developing
country context. As the cost of measurement is often a
constraint, the guidelines compare the available methods
for each GHG driver (e.g., land use change) and source
(e.g., soil emission or biomass accumulation) in terms
of cost and accuracy. They recommend methods that
produce reliable, robust data considering factors
common to developing country farming systems such as
heterogeneity of farming systems and seasonality of feed
supply and quality (e.g. for enteric methane emissions).
The guidelines also emphasize informed sampling design
in order to aggregate GHG measurements to larger scales
without unnecessary replication of measurement.

The SAMPLES data platformis the firstinternational, publicly
accessible compilation of GHG flux and carbon stock
change data from tropical developing countries. While it is
currently houses data from CCAFS experiments in several
countries, the data platform is open to contributions from
agricultural emissions studies worldwide. The platform
provides a resource for compilers of national inventories,
designers of monitoring and verification systems and
researchers to share and access data for developing Tier 2
emission factors and calibrating models.



These two new resources provide decision-makers and the
global scientific community with a means of developing
and sharing the information necessary to assess, monitor
and verify the GHG impacts of agricultural policies and
technologies.

O-1115-04

Reconstruction of super resolution oceanic
pCO2 from remotely sensed data and mul-
tiresolution analysis: an application in the
South Eastern Atlantic

V. Garcon (1) ; I. Hernandez-Carrasco (1) ; J. Sudre (1) ; H.

HFhi(a4§2) ; C. Garbe (3) ; A. Paulmier (4) ; B. Dewitte (4) ; S.
g

(1) CNRS, LEGOS, Toulouse Cedex 9, France; (2) INRIA,

Geostat, Bordeaux, France; (3) University of Heidelberg,

Interdisciplinary center for scientific computing, Heidelberg,

Germany; (4) IRD, Legos, Toulouse Cedex 9, France

The knowledge of green house gases (GHG) fluxes at the
air-sea interface at high resolution is crucial to accurately
quantify the role of the ocean in the absorption and
emission of GHGs. We present here a novel method to
reconstruct maps of surface ocean partial pressure of
C0O2, pCO2, and air-sea CO2 fluxes at super resolution
(4 km) using Sea Surface Temperature (SST) and Ocean
Colour (OC) data at this resolution, and CarbonTracker
CO2 fluxes data at low resolution (110 km). Inference
of super-resolution of pCO2, and air-sea CO2 fluxes
is performed using novel nonlinear signal processing
methodologies that prove efficient in the context of
oceanography. The theoretical background comes from
the Microcanonical Multifractal Formalism which unlocks
the geometrical determination of cascading properties
of physical intensive variables. As a consequence, a
multiresolution analysis performed on the signal of the
so-called singularity exponents allows the correct and
near optimal cross-scale inference of GHGs fluxes, as the
inference suits the geometric realization of the cascade.
We apply such a methodology to the study offshore of the
Benguela upwelling system. The inferred representation of
oceanic partial pressure of CO2 improves and enhances
the description provided by CarbonTracker, capturing the
small scale variability. The methodology is validated using
in-situ measurements by means of statistical errors. Mean
absolute and relative errors in the inferred values of pCO2
with respect to in-situ measurements are smaller than for
CarbonTracker.The potential of the approach with other
gases such as DMS is illustrated.

O-1115-05

Top down estimates of the European emis-
sions of hydrofluorocarbons and compari-
son with bottom up inventories

M. Michela (1) ; F. Graziosi, (1) ; U. Giostra, (1) ; J. Arduini, (1)
; F. Furlani, (1) ; P. Bonasoni, (2)

(1) University of Urbino, Basic Sciences and Foundations,
Urbino, Italy; (2) National Research Council, Institute for the
study of the atmosphere and climate, Bologna, Italy

Hydrofluorocarbons are strong greenhouse gases included
in the United Nations Framework Convention on Climate
Change (UNFCCC) Kyoto Protocol.

Under the Protocol, Parties are required to submit to
UNFCCC their annual emission inventories. Such emissions
are normally assessed through “bottom-up” methods
aggregating various local statistics. However, emissions
measured by their accumulation in the atmosphere, can
significantly disagree with reported bottom-up emissions.

Top-down emission estimates based on in situ long-
term high frequency observations combined with inverse
modelling have proved to be a powerful and important
tool for tﬁe quantification of emissions and the verification
of bottom-up inventories for many trace gases. Here we
ﬁresent regional (European) emission estimates of nine
ydrofluorcarbons characterised by extremely high Glabal
Warming Potentials (GWPs).

Emissions estimates are obtained through a combination
of observations and models. For this study we used high
frequency, long term observations conducted via gas
chromatography-mass spectrometry in four WMO-GAW

Global stations in Europe that are part of the AGAGE
(Advanced Global Atmospheric Gases Experiment)
network. The obtained data undergo a rigorous quality
control, following the procedures adopted within AGAGE.
FLEXPART 20-d backward trajectories and a Bayesian
inversion method are then used in order to derive annual
emissions from the European Geographic Domain, divided
into eight macro-regions, strarting from 2001 onward.

Then, we compared our estimates with the bottom-
up inventories submitted by the single countrie to the
UNFCCC. Such comparison revealed not negligible
discrepancies between the inversion results and the
inventories, thus showing the effectiveness of this approch
as a verification tool for declared emissions

The estimates provided by this analysis are relevant non
only for constraining the atmospheric budget of these
gases on a regional scale, but also also to improve the
acci.lracy of their emissions quantification on a global
scale.

0-1115-06

Observational Determination of Surface
Radiative Forcing by CO2 and CH4

W. Collins (1) ; D. Feldman (2) ; MS. Torn (2)

(1) UC Berkeley / Berkeley Laboratory, Earth & Planetary
Science / Climate Sciences, Berkeley, California, United States
of America; (2) Berkeley Lab, Climate sciences, Berkeley,
California, United States of America

Earth’s background atmospheric CO2 and CH4
concentrations have been steadily rising due to
anthropogenic emissions, and these increases since 1750
have implications for the radiative balance of the Earth’s
atmosphere. The physics governing how atmospheric CO2
and CH4, both well-mixed greenhouse gases (WMGHGs),
influence atmospheric infrared ener%ly balance, and thus
climate, are well established, but the impact of recent
atmospheric WMGHG trends on the surface energy balance
has not been experimentally confirmed in the field.

Using infrared WMGHG absorption bands and controlling
for atmospheric temperature and water vapor, spectra
from the DOE ARM Program’s Atmospheric Emitted
Radiance Interferometers (AERI) yield the first direct
observational evidence of the time-series of WMGHG
surface radiative forcing directly attributable to recent
increases in WMGHGs, in this case between 2000-2010.
The time-series shows a secular trend of in the radiative
forcing from both CO2 and CH4. This data record Provides
the first comprehensive observational evidence of upward
trends in surface radiative forcing by WMGHGs, confirming
theoretical predictions of the anthropogenic atmospheric
greenhouse effect. These data support predictions of
enhancements to the greenhouse effect from future
WMGHG emissions.
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Evolution of CO2 storage in karstic cavities
by changes in climate in semiarid regions:
Rull Cave (Alicante, Spain)

D. Benavente (1) ; C. Pla (1) ; C. Grossi (2) ; E. Garcia-Anton
(3) ; S. Cuezva (3) ; A. Fernandez-Cortes (4) ; S. Sanchez-
Moral (3) ; J. Canaveras (1)

(1) University of Alicante, Earth and Environmental Sciences,
Alicante, Spain; (2) University of East Anglia, Norwich, United
Kingdom:; (3) CSIC, Museo nacional de ciencias naturales,
Madrid, Spain; (4) Royal Holloway, University of London,
Department of earth sciences, Surrey, United Kingdom

The global carbon cycle in the Earth’s surface-troposphere
boundary depends on feedbacks among a number of
sources and sink processes that operate on both short
and long time scales. Soil and subsurface cavities in the
vadose zone may contain large amounts of CO2 compared
to the exterior air. CO2 concentrations in the vadose zone
show significant seasonal and even daily variations, which
involves the exchange of large amounts of this greenhouse
gas with the lower troposphere. The main source of the
CO2 contained in the caves is the organic production from
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soil although the abiotic contribution can be important
in warm seasons. CO2 from soil can be transported into
the caves as a gas or dissolved in seepage waters and
the final cave air CO2 concentration air is broadly the
result of the mixing of background atmospheric CO2
with soil-produced CO2. Tourism can also increase CO2
concentrations in cave-air by an order of magnitude.
The cavities CO2 outputs are mainly due to ventilation
processes that depend on cave morphology, the number
and configuration of cave openings, and microclimatic
relationships with the exterior climate.

Our study has been carried out in the Rull cave during
two annual cycles (November 2012 - January 2015).
The karstic cavity is located in the northeastern sector
of Alicante province, a semiarid region on the Spanish
Mediterranean coast (30 km far from the coast line). Indoor
trace gases (CO2 and 222Rn) showed that cave acts as
both CO2 sink and source for the whole period, although
some differences were found between the two registered
cycles. For the first cycle (December 2012 - November
2013), average value of indoor T and RH were 15.9°C and
97.2% respectively. Indoor T reached a maximum value of
16.6 °C. CO2 mean concentration was 2054 ppm but this
value varied from 463 ppm (minimum value, registered
in January 2013) to 4065 ppm (August 2013). In 2014,
indoor T and RH average values were 16.1°C and 97.8%
respectively but indoor T reached a maximum value of
17.9 °C. Mean CO2 concentration was 1937 ppm but
ranged from 565 ppm (February 2014) to 3731 ppm
(August 2014). The gaseous recharge of the cavity occurs
when the outdoors temperature is higher than the cave air
temperature as consequence of the air density differences.
For the second studied cycle (2014) the recharge of the
cavity took place some days before than for the first cycle
as outdoor temperature exceeded the temperature of the
cavity sliﬁhtly earlier than in 2013. This fact confirms that
relationship between both temperatures is a key factor
in the dynamics of this cavity. Furthermore, air cave CO2
changed for the both cycles and was closely related to
rainfall since it contributes to biotic and abiotic processes.
For the first cycle (2013) total annual rainfall was 471 mm,
while it was 280 mm for 2014. Rainfall drop is mainly
responsible of a lower CO2 concentration in the cavity for
2014 due to: (i) a lower organic production as consequence
of reduction in soil moisture; (ii) a lower amount of
seepage waters that finally reach the cavity containing
dissolved COZ2; (iii) when the soil-epikarst system suffers
for a reduction in moisture (due to the scarce rainfalls)
a major connection between the underground and the
exterior environment is accomplished as consequence of
an opening of the soil porous system and the fractures—
fissures of the epikarst, which is responsable for a higher
gaseous exchange.

The isotopic signal §13C of CO2 is widely used as a proxy
of the origin of the CO2. The light values of 813CO2 inside
the cavity point to an organic origin of the CO2. 813C02
average annual value for outdoor atmosphere, soil and
cave are -10.1, -21.9 and -22.0 %o respectively. CO2 in
soil was measured for the whole year in 2014. Maximum
values (2948 ppm) occur while the cave is in gaseous
recharging (April 2014) while the lowest concentration
(735.5 ppm) is found in August 2014, when the soil
production is buffered due to the high temperatures and
scarce water.

Results highlight the narrow existing dependence between
climate conditions and CO2 dynamics in the cave-soil-
atmosphere system. The output of the CMIP5 multi-model
ensemble, under the RRCP4.5 and RCP8.5 scenarios,
predicts a relevant increase of temperature and a decrease
in precipitation and relative humidity at the geographical
coordinates of the cave surface throughout the current
century. We are using this CMIP5 output to model the
expected shift in season ventilation-recharge pattern and
a potential reduction of the CO2 storage capacity in this
semiarid region.

P-1115-02

The use of GHGs as tracers of the cou-
pling/uncoupling between natural pro-
cesses and human activities in a Mediterra-
nean Delta system

L. Canas Ramirez (1) ; E. Vazquez, (1) ; A. AGueda, () ; P.

Occhipinti, (1) ; C. Grossi, (1) ; R. Curcoll (1) ; M. Nofuentes
?la;mos (); O. Batet, (1) ; S. Borras, (1) ; X. Rodo () ; JA. Morgui

(1) Institut Catala de Ciéncies del Clima, Lab atmosphere &
oceans, Barcelona, Spain

Delta ecosystems are important in many environmental
aspects as they act like a buffer between terrestrial and
marine ecosystems. Moreover, human activities control
the basing hydrology and the overall watershed economy
from the water in a resource perspective. Furthermore, the
Delta environmental patchiness favors a high biodiversity
standing on a delicate equilibrium.

The high sensibility of these ecosystems to small changes
in environmental conditions, already under the pressure
of human exploitation, might lead to abrupt changes
on demographic dynamics of the inhabiting species, the
migrant ones and the invasive ones. Under the threats
of climate change, like reduced water discharge and the
consequent salinization, increased temperature, increase
in the incidence of droughts, etc., might amplify the
effects of natural occurring cycles.

The detailed and continuous study of greenhouse gas
emissions (GHGs) like CO2, CH4 and N20 as tracers of
ecosystemic metabolic fluxes is a useful tool to discern the
changes occurring along different temporal scales, from
less than hours to years. Thus, they offer an excellent
dataset to assess management, adaptation and mitigation
policies on endangered deltas.

The Ebre River Delta is one of the largest wetland areas
(over 300 Km2) in the North-Western Mediterranean
region. This area presents a high diversity of ecosystems
with rice fields, natural lagoons and marshes along the
shoreline, conforming a highly patched landscape. Water
management plays a relevant role in agricultural activity,
birdlife habitat protection and GHGs sources and sinks.

A GHGs measurement station has been established at the
Ebre River Delta Natural Park with the aim of studying
climate interactions between land-surface and atmosphere
by the Institut Catala de Ciencies del Clima (IC3) within
the framework of the ClimaDat project (www.climadat.es,
funded by Obra Social “la Caixa”) and InGOS.

GHGs data obtained in this location provide thorough
knowledge of the Ebro river delta and the coupling and
uncoupling of human activities and natural cycles.

P-1115-03

A dedicated monitoring network for green-
house gases: SNO ICOS-France

M. Delmotte, (1) ; M. Ramonet (1) ; V. Kazan, (1) ; C.
Vuillemin, (1) ; PE. Blanc (2) ; B. Burban (3) ; S. Conil, (4) ; A.
Diawara (5) ; F. Gheusi, (6) ; JM. Metzger (7) ; JM. Pichon, (8)
(1) LSCE, Gif-sur-Yvette, France; (2) CNRS, St Michel
I’Observatoire, France; (3) INRA, Cayenne, French Guiana;

(4) ANDRA, Observatoire pérenne de I’environnement, Bure,
France; (5) University Felix Houphouet Boigny - Cocody
Abidjan, Physic, Abidjan, Ivory Coast; (6) Laboratoire
d’Aérologie, Observatoire midi pyrénées, Toulouse, France;
(7) CNRS & Universite de La Reunion, Osu-reunion, Saint
Denis de la Reunion, France; (8) Laboratoire de Météorologie
Physique, Opgc, Clermont-Ferrand, France

Greenhouse gases (GHG) have been identified as the
main actors of current climate change. Evolution of the
atmospheric composition will drive our future climate
and it is therefore essential to increase our knowledge of
the global carbon cycle, to refine the carbon budget from
global to regional and/or national scale and to precisely
monitor the composition of the atmosphere.

Since the pioneer CO2 observation study conducted at
Mauna Loa in the late fifties, atmospheric monitoring
stations have been progressively deployed over most of
the earth, mainly focusing on CO2 specie. Over the last
decade a significant effort has been engaged to build
real operational monitoring network including more
monitored species (CO2, CH4, CO, N20) and continuous
recording (instead of flasks samples). In Europe, these
efforts resulted in the foundation of the Integrated Carbon
Observation System (ICOS) research infrastructure which
is based on a harmonized and operational monitoring
network including 16 countries.

As member and contributor to the ICOS infrastructure,
France has a major role on the atmospheric component of
the project through the GHG national network (SNO ICOS-
France) and the atmospheric thematic center installed



at LSCE. The French monitoring network consists of 12
observation stations including ground stations and high
tower equipped with several sampling levels.

We will present the French monitoring network for GHG:

- Network design and station location,

- station set up and specifications,

- instrumental set up and characteristics,

- data treatment and quality control.

We will also give some example of scientific results
obtained from chosen observations within the French
monitoring network (altitudinal gradients, characteristic

synoptic events, trends and seasonal varibility on long
term records).

P-1115-04

Methodological Discrepancies in Measu-
ring Agricultural Greenhouse Gases for
Precise Estimation of National Emissions

MI. Khalil (1) ; B. Osborne (1)
(I)IUnlijversity College Dublin, Ucd earth institute, Dublin 4,
Irelan

The main agricultural %reenhouse gases (GHGs) - nitrous
oxide (N20) and methane (CH4) -account for 10-12%
of anthropogenic emissions globally, corresponding
to ~ 60% and 50% of total anthropogenic emissions,
respectively. Agricultural systems are highly diversified
and complex, and that measured data covering all
practices are very limited to estimate GHG emissions
accurately at entity scales/system boudaries and thereby
national levels, which is vital. This is to provide robust
data for accounting, modeling, finding policy options and
mitigation solutions with confidence, leading to achieve
environmental sustainability and greater resilience in
agricultural production. Special equipment, technical
capacity and infrastructure required to measure actual
GHG emissions from the source into the atmosphere are
insufficient at global scales. These are associated with cost
and complexity of methodologies as well as huge difficulty
in measurement under field conditions. These result in
large uncertainty due to sampling errors and the impact of
soil, weather and other environmental variables including
management-induced changes relative to background
pools and fluxes.

Soil N20 emissions are extremely variable in time and
space linking particularly to the practices that affect its
fluxes in one soil alone or in association with climate/site-
year more than in another. Accordingly, development/
selection of existing but globally recognized methodology
appropriate for a country should be chosen. It is to
estimate changes in emissions accurately at the entity
level but sufficiently generalizable for upscaling. There
are several existing methods to measure N20 and CH4
emissions for example are: (i) intact soil cores under
artificial environment without vegetation and simulated
management practices, (ii) closed or open chamber
measurements that are limited primarily by timing and
frequency of gas samplings, (iii) automated chamber
that represents the vegetation canopy and management
practices inadequately, (iv) micrometeorological shows
difficulty in differentiating the impact of land use and
management practices at entity/boundary scales, and (v)
isotope technique, which is very delicate and expensive.

Recently, tiered measuring approaches are proposed
to capature both temporal and spatial variability of
agricultural GHG fluxes including livestock and manure
management systems coupling with the generation of
ancillary data related to key variables in these systems.
For precise estimation of national GHG emissions using
practice-based scaling factors, a new hybrid approach i.e.
coupling model with a measurement network of stratified
monitoring sites with due consideration to key factors
for example soil properties, land use type, nutrient and
water management and climate influencing GHG emissions
is likely to be most feasible and robust way forward to
minimize uncertainty. Given the regulatory roles of the
key influencing factors and variables, each measurement
method has its advantages and disadvantages in providing
the quantity of GHG emissions closer to reality. This paper
illustrates the above issues to find a universally acceptable

appropriate methodology to accurately measure and
monitor GHGs from agricultural systems.

P-1115-05

A proposed open international standard
for GHG emissions and offsets

L. Mckee (1) ; D. Bart (2) ; M. Jackson, (3)

(1) Open Geospatial Consortium (OGC), Wayland,
Massachusetss, United States of America; (2) Open
Geospatial Consortium (OGC), Antwerp, Belgium; (3)
University of Nottingham, Professor of geospatial science,
faculty of engineering, Nottingham, United Kingdom

The diversity of carbon calculators, protocols and
registries currently makes it difficult to publish, discover,
assess, access, aggregate, analyze and share geospatial
and statistical information about GHG emissions and
offsets. In recent years, facing similar diversity, the
hydrology, aviation meteorology, climatology and geology
communities have all developed consistent international
open geospatial standards (WaterML 2.0, WXXM, netCDF
and GeoSciML) for encoding those four types of data.
Those standards are based on a shared framework of
geospatial and temporal standards that make maximum
use of Internet and Web technologies. GHG markets,
treaties, science, and taxation and regulator regimes
all await an expansion of that standards framework to
encompass GHG emissions and GHG offset projects.
International standards for geospatially consistent digital
characterization of GHG emissions and offsets would
add rigor to GHG science and management analysis and
transparency to GHG transactions and compliance. The
standards would also increase the value of GHG data
immeasurably by fully leveraging the computational and
communication power of the Internet and Web.

Virtually all of the data involved in GHG measurement
and management activities has geospatial and temporal
elements. The not-for-profit standards organizations
Open Geospatial Consortium (OGC) and World Wide Web
Consortium (W3C) are already engaged together along
with 1SO with many other organizations in developing a
unified platform of spatial environmental standards.

We propose that public and private sector climate
organizations commit a very small fraction of their
budgets to developing open international encoding
and interface standards that would enable efficient and
effective integration of GHG data. Much of what needs
to be measured and communicated has already been
captured in current GHG standards, registries, protocols
and calculators. The next step is to agree on common
conceptual models for this data, using something like
UML (Universal Modeling Language) diagrams. There
will probably need to be a separate data model for each
reenhouse gas, though the models will share many
eatures and borrow significantly from standards such
as WaterML 2.0. The conceptual models would provide
a basis for different but interoperable implementation
standards for computing platforms such as XML, JSON and
REST, or CSV.

Our talk, perhaps a keynote, would be focused on standards
for encoding GHG data, but it wold also show how this
proposed standard or set of standards is necessary for all
types of environmental accounting. We would explain the
methodology for developing such standards and explain
why such standards are urgently needed as we enter «the
environmental age».

P-1115-06

The French ICOS ecosystems stations : an
overview

S. Lafont (1) ; D. Loustau (2) ; T. Tallec, (3) ; D. Bonal, (4) ; E.
Ceschia (3) ; A. Chabbi (5) ; S. Conil, (6) ; E. Dufrence, (7) ; S.
Garrigues, (8) ; R. Joffre, (9) ; K. Klumpp (10) ; B. Longdoz,
(4) ; B. Loubet, (11) ; O. Marloie (8) ; B. Mary, (12

(1) INRA, Bordeaux-ISPA, Villenave d’Ornon cédex, France;
(2) INRA, ISPA, Villenave d’Ornon, France; (3) CESBIO,
toulouse, France; (4) INRA, Nancy, France; (5) INRA,
Lusignan, France; (6) ANDRA, Observatoire pérenne de
I’environnement, Bure, France; (7) Universite Paris Sud, orsay,
France; (8) INRA, Avignon, France; (9) CEFE, Montpellier,
France; (10) INRA, Urep, Clermont-Ferrand, France; (11)
INRA, Grignon, France; (12) INRA, laon, France

7-10 JULY 2015 | PARIS, FRANCE

International Scientific Conference

2
e
o
(aa]
—
J
<C
o
[—
va
(aa]
<<

123



7-10JULY 2015 | PARIS, FRANCE

International Scientific Conference

2
)
)
(aa]
—
J
<C
o
[—
W
(aa)]
<C

124

The terrestrial biosphere interacts strongly with the
climate, providing both positive and negative feedbacks
due to biogeophysical and biogeochemical processes. To
understand and predict the evolution of the climate, it is
critical to understand both the contribution of vegetation
to the greenhouse gases (GHG) budget and the response of
the terrestrial biosphere to the changing climate.

The Integrated Carbon Observation System (ICOS), a
new European monitoring network, offers a unique way
of documenting and quantifying long term changes
in the GHG ba?ance of ecosystems. The ICOS research
infrastructure includes atmospheric, ecosystem and
marine station networks. The Ecosystem station network
(ESN) of ICOS is based on a large number of monitoring
stations that will be maintained for the next 20 years.
The ESN uses a large set of standardised instruments
to perform continuous and intensive measurements of
meteorological and micrometeorological variables. A
central part of this measurement set is the eddy covariance
measurement, that allows a continuous monitoring of the
flux exchanged between vegetation and atmosphere. All
together these standard|sec? observations allow a better
understanding of the functioning of ecosystems in relation
to climate and management practices.

ICOS Ecosystems France, the French part of ESN is a
cooperation of three research institutes: INRA, CNRS and
ANDRA. ICOS Ecosystems France is extensive and includes
eight observation stations ( 4 Class 1, 4 Class 2). In
addition seven associated stations also contribute to the
network. The network samples a wide range of ecosystems
(forest, crop and grassland), of management practices and
climates (from cold mountain climate to tropical humid
in Guyana, including wet oceanic and dry Mediterranean
climate).

We will provide an overview of the stations and the
measurement system (sensors and data flow). We will
equally present the current status of the network, recent
measurements and preliminary findings.

P-1115-07

Ground-based monitoring of greenhouse
gases emissions over continental eco-
systems: the ecosystem part of the ICOS
European infrastructure

D. Loustau (1) ; S. Lafont (1) ; I. Janssens, (2) ; D. Papale, (3)
; R. Valentini (3) B. Gielen, (2) M. Op De Beek (2) ; TMT.

Nguyen );R. Ceulemans, (2)

(1) INRA, ISPA, Villenave d’Ornon, France; (2) University of

Antwerpen, Antwerpen, Belgium; (3) University of Tuscia,

Viterbo, Italy

Since the discovery in the early nineties of a missing
terrestrial sink of carbon in the global carbon cycle (Tans
et al. 1990), there was a tremendous effort of observation
of the continental part of the carbon cycle.

The most recent estimate of its magnitude proposed by

the Global Carbon Project reaches 10.6 GtC CO2+2.9 in

2014. The continental ecosystems contribute to attenuate

tzhgea/ anthropogenic greenhouse gases enhancement by
0.

This terrestrial sink is characterized by the large amplitude
of its inter-annual variations and its ample uncertainty
which makes it difficult to predict the future of the
continental sink of carbon.

Inversion of atmospheric concentrations in greenhouse
gases (GHG) and their temporal variations combined with
atmospheric transport model allows characterizing the
GHG exchanges at the continental surface at typical scale
of 10 to 100 km.

Point measurements of the full GHG budget at half
hourly resolution together with ancillary measurements
on vegetation, management practices and soil permit
to characterize the biogeochemical processes involved
and their drivers. They are of utmost importance for
understanding the GHG cycle and its sensitivity to
environmental drivers on the long term.

Thus far, however, the inhomogeneity of methods,
protocols and instruments used across ground
observation networks have limited strongly our capacity to
detect and observe the effects of environmental changes

that are assumed to provoke changes in the GHG cycle.
Indeed, the rate of pollutants deposition (Ozone, Nitrogen
compounds), solar dimming, climate change and CO2
concentration enhancement not mentioning the secondary
drivers are not monitored with sufficient accuracy and
neither co-located in a sufficient number of stations for
attributing clearly changes in the GHG budget of the main
terrestrial ecosystems.

From this conclusion, the European research strategy
implemented through the ESFRI roadmap was to build
a new world class infrastructure having the capacity
to coordinate and harmonise networks of ocean-,
atmospheric- and ground-based stations equipped with
identical instruments and operated according to the
sale common protocols and standards, that is the ICOS
infrastructure.

This communication will present the ICOS ecosystem
network of stations and the Ecosystem Thematic Centre
which collects and processes the measurements that are
being operated across the station network. It will give
few examples of the data obtained so far and show how
they are being used for establishing robust GHG budgets
of different ecosystems and their sensitivity to the
environment, management practices and interaction.

Le Quéré C. et al. 2014. Global Carbon budget 2014. Earth
Syst. Sci. Data Discuss., 6, 1-90, 2014.

Tans, P. P, I. Y. Fung and T. Takahashi (1990).
«OBSERVATIONAL CONSTRAINTS ON THE GLOBAL
/]&IQASOSPHERIC CO2 BUDGET.» Science 247(4949): 1431-

P-1115-08

A Multi-Model Regional Decomposition of
CO2 Emissions: Socio-Economic Develop-
ments vs Energy Efficiency and Carbon
Intensity Improvements

MM. Malpede (1)
(1) Fondazione Eni Enrico Mattei (FEEM), Milan, Italy

This study explores the regional distribution of total CO2
emissions.

Kaya and Yokoburi (1997) decompose carbon dioxide
emissions into 4 different components, namely Population,
GDP per capita, Energy Efficiency and Carbon Intensity.

(2004) shows that a difference in an aggrefgate
ndicator can be decomposed into the sum of the effects
bK differences in explaining factors and residual terms.
Therefore changes of CO2 between time t and t-n is
defined as the sum of the differences of each of the drivers
and a residual term:

By making use of the Long Mean Divisia Index (LMDI)
and the Refined Laspeyres Decomposition (RLD), the
purpose of the paper is to quantitatively analyze how
those components affect total CO2 emissions for different
regions of the world, over time and across different
socio—economic scenarios. In particular, socio-economic
scenarios considered to perform this analysis are the
5 SSPs developed by National Center for Atmospheric
Research (NCAR).

The reason of that is to determine the implications of
each of the 4 drivers in evaluating the impacts of climate
policies on global and regional economic systems and
exploring the differences between short-term (2010-
2030), medium-term (2010-2050) and long-run (2010-
2100) effects.

By drawing data from the IIASA Database, this study
considers 6 Integrated Assessment Models used to
analyze climate mitigation and impact of different policies
in regional economic systems, i.e. AIM-CGE, REMIND,
MESSAGE, GCAM, IMAGE and WITCH and by making use
of the Principal Component Analysis it evaluates their
performances in explaining regional CO2 variations, and
in which degree they differ.

The main findings of this study are the following:
REGIONAL VARIATIONS OF CO2 EMISSIONS:

- Index Decomposition Analysis, performed by utilizing



the LMDI method suggests a convergence and eventually
divergence in total CO2 emissions over time for developing
countries with respect to advanced economies. This is
mainly due to more robust GDP per capita and Population
growth rates relatively to those shown by the USA and
Europe.

- However this is not the case of Latin America countries
which thanks to a relative high rate of carbonization and
less GDP per capita growth will show a minor average
gléowth of total CO2 emissions with respect to that of the
USA.

IMPACT OF EACH FACTOR IN EXPLAINING CO2 OVER TIME
AND ACROSSSCENARIOS:

- GDP per capita and Population are shown to have a
positive impact on total CO2emissions, in particular for
developing regions. Energy Efficiency, in contrast, is the
main determinant in dragging down total CO2 emissions
variations across different economic scenarios. This is
valid for all regions considered expect for Latin America
countries in which decarbonization plays the biggest role.

- While the impact of Energy Efficiency is more stagnant
over time, the pattern shown by the Carbon Intensity Effect
suggests an increasing trend over the course of the years.
Nevertheless the implications of such components differ
from region to region and scenario considered.

PERFORMANCES OF INTEGRATED ASSESSMENT MODELS IN
EVALUATING REGIONAL CO2 EMISSION VARIATIONS:

- Principal Component Analysis suggests that although
the 6 models achieved a considerable degree of
homogeneity, the main source of difference stems from
the components of Primary Energy (i.e. Fossil, Biomass,
Nuclear and Non Biomass Renewables), while showing a
similar pattern for Carbon Intensity, Population and GDP
per capita. In particular IMAGE and MESSAGE incorporate
more optimistic assumptions on total CO2 variation in the
short-term relatively to WITCH, GCAM, AIM and REMIND.

P-1115-09

Influence of Tropospheric and Stratosphe-
ric Air Pollution on Climate Change over
the Indian Subcontinent

S. Palve (1)

(1) Research Scholar University of Pune, PUNE,
MAHARASHTRA, India

India is home to an extraordinary variety of climatic
regions, ranging from tropical in the south to temperate
and alpine in the Himalayan north, where elevated regions
receive sustained winter snowfall. India is characterised
by strong temperature variations in different seasons
ranging from mean temperature of about 10°C in winter
to about 32 °C in summer season. Monsoonal and other
weather patterns in India can be wildly unstable, epochal
droughts, floods, cyclones, and other natural disasters are
sporadic, but have displaced or ended millions of human
lives. Ongoing and future vegetative changes and current
sea level rises and the attendant inundation of India’s
low-lying coastal areas are other impacts, current or
predicted, that are attributable to global warming. Over
the past two decades India has undergone rapid industrial
and economic development with increasing emissions of
gaseous pollutants. The main tropospheric pollutants (03,
NO2, CO, formaldehyde (HCHO) and SO2) and two major
greenhouse gases (tropospheric O3 and methane (CH4))
and important parameters of aerosols, which play a key
role in climate change and affecting on the overall well-
being of subcontinent residents. In the light of considering
these facts this paper aims to investigating possible
impact of air pollutants on climate change over the
subcontinent. Atmospheric aerosols can impact the local
and regional radiation heat budget. Black carbon aerosols
absorb incident solar radiation and heat the atmosphere
more effectively than dust, sulfates, and organic carbons,
which reflect more radiation and cool the atmosphere. The
population 1.25 billion in India has led to a significant
demand on natural resources. Biofuels such as wood fuel,
dung, and crop waste are the primary contributors of
aerosols in rural areas of India. Satellite derived column
aerosol optical depth (AOD) is a cost effective way to
monitor and study aerosols distribution and effects over
a long time period. Aerosols have an impact on cloud
formation process largely affecting monsoonal rainfall

distribution over Indian subcontinent especially in the
Ganga basin. Aerosols are found to be substantially
increasing in the Ganga basin. Indo-Asian aerosols have
impact on radiative forcing that cause negative forcing
(cooling) at surface and positive effect (warming) at top
of atmosphere.AOD is found to be increasing rapidly since
2000 in summer season that may cause adverse effect
to the agricultural crops and also to the human health.
Increased aerosol loading may likely affect the rainfall
which is responsible for the observed drought conditions
over the Indian subcontinent.Carbon monoxide is emitted
into the atmosphere by biomass burning activities and by
various other anthropogenic activities. The MOPITT CO
retrievals at 850 hPa show large CO emission from the
IG region. MOPITT CO distributions are able to capture at
least part of the surface CO pollution, particularly where
the sources are strongest in the Indian region. MOPITT
CO daytime retrievals are able to provide significant
information on the vertical transport of CO associated
with the deep convective activities during the Asian
Summer Monsoon and horizontal transport during the
winter monsoon. The development of convective activity
associated with the ASM leads to large scale vertical
transport of the boundary layer CO from the Indian region
into the upper troposphere. Ozone (03) plays an important
role in the global weather and climate even though the
total atmospheric composition of ozone is less than that
of other trace gases. The total ozone column (TOC) in
the tropical atmosphere depends on both chemical and
dynamical processes and has been studied extensively
during the past few decades.TCO over the Indian
subcontinent has a systematic and gradual variation,
spatial as well as temporal. Higher amount of TCO in the
northern latitudes and simultaneous lower TCO at near
equatorial latitudes indicates depletion of ozone near the
equator and accumulation at higher latitudes within the
subcontinent. Winds at tropospheric and stratospheric
heights may be just one of the principal factors of spatial
variation of TCO that transports atmospheric constituents
from one region to another. The Asian monsoon affects
the chemical composition of the troposphere. In addition,
changes in stratospheric ozone and atmospheric
abundances of aerosols alter the energy balance of the
climate system.

P-1115-10

A Roadmap for Monitoring GHG Emissions
Reduction in Brazil

M. Poppe, (1) ; M. Rocha, (2)

(1) Centre for Strategic Studies and Management in Science,
Technology and Innovation (CGEE), Sustainable development,
Brasilia - DF, Brazil; (2) Fabrica Ethica, Piracicaba - SP, Brazil

The Brazilian government is developing and implementing
a modular system to monitor, analyze and manage the
greenhouse gases (GHG) emissions reductions achieved
through the National Mitigation Plans (NMP) - SMMARE
(in Portuguese: Sistema Modular de Monitoramento e
Acompanhamento das Reducdes das Emissdes de Gases
de Efeito Estufa).

Since the NMP are in different stages of implementation
and are substantially different in terms of mitigation
actions, each NMP wiIYhave a Monitoring Module (MM) that
will be implemented in different points of time. All MM
will be based on the 2006 IPCC Guidelines for National
Greenhouse Gas Inventories, taking into consideration
relevant national circumstances.

CGEE (a non-profit organization with the mission of
rendering Science, Technology and Innovation as Brazil’s
best allies for economic growth, competitiveness and
well-being) has coordinated, under the supervision of
the Environmental Ministry, a group of experts with
wide experience on national GHG inventory planning,
implementation and review, to develop each MM.

SMMARE was conceived during a one-year process with
extensive and continuous dialogue with all the Ministries
responsible for each NMP; and is being implemented
based on 2 scenarios:

- Possible scenario: in which, based on the existing data
and/or data that can be easily obtained, the monitoring
of GHG emissions reduction could be done in the short-
term at the national level,

- Ideal scenario: in which it would be necessary to improve
the data collection in order to make the GHG emissions
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reduction monitoring in a more disaggregated level
(e.g. emissions reduction at the territorial-unit level,
due to decrease in deforestation; emissions reduction
at the plant level due to implementation of a specific
technology; etc.).

Finally, SMMARE is designed to be a tool to help the
international consultation analysis (ICA) process to be
conducted under UNFCCC, with the aim to increase the
transparency of mitigation actions and their effects.

An Example of a Monitoring Module - One of the NMP that
have been implemented and is obtaining good results is
the Action Plan for Protection and Control of Deforestation
in the Amazon (PPCDAm), under the responsibility of
the Ministry of Environment. Since its implementation in
2004, deforestation rates in the Amazon region have been
decreasing (a 84% reduction in 2012). With the aim of
monitoring the GHG emissions reduction associated with
the actions implemented by the PPCDAm, a specific MM
is being developed based on a generic spatially explicit
modeling framework to estimate carbon emissions from
deforestation developed by the Brazilian Institute for Space
Research (INPE-EM). An indicator for monitoring the GHG
emissions reduction achieved by PPCDAm will be tons
of CO2 reduced per hectare of avoid deforested areas.
Preliminary results indicated that the total potential CO2
emission reduction from PPCDAm could be around 580
million tones by 2020, with an average value of 200 tones
of biomass per hectare.

P-1115-11

Greenhouse gas emissions from energy
consumption and mitigation of a mining
project in Padcal, Benguet Province, Philip-
pines

E. Racelis (1) ; D. Racelis, (1)

(1) Universigl of the Philippines Los Banos, College of
Forestry and Natural Resources, College, Laguna, Philippines

The mining industry is one of the most economically
important sectors in our society particularly for developing
countries. It is a major foreign exchange earner and
provides employment opportunities to thousands of
people. However, the industry is viewed as among the
primary causes of environmental degradation. One of
the potential adverse impacts of mining operation is
greenhouse gas emission that contributes to global
warming and climate change. To minimize the impacts,
accurate assessment of greenhouse gas emitting activities
is necessary not only to identify them but more importantly
to find ways to minimize if not totally avoid their adverse
consequences.

A study was conducted to determine the amount of GHG
emissions of a mining project focusing on its energy
consumption. Using 2014 as base year, the study showed
that under Scope T, the fuel used for both mobile and
stationary sources amounted to a total of 5,081,995.10
liters of diesel and 8,317.00 liters of gasoline. The total
fuel usage has an equivalent amount of 14,021.09 Mg of
CO2e. While under Scope 2, the company consumed a
total of 280,142.01 megawatts of electricity in its mine and
milling operations including those of ancillary services and
staff housing needs. The amount of electricity consumed
has an equivalent of 238,400.85 Mg of CO2e emissions.

To sum it up, the company’s GHG emissions from energy
usage yielded a total of 252,421.94 Mg of CO2e. This
would mean that the project has to mitigate their CO2
emissions. One of the easiest and economical ways of
sequestering carbon is through plantation maintenance
and establishment in which the company has intensively
done since then. A Pinus kesiya plantation has an average
sequestration rate of 12.7 Mg C ha-1 year-1 or 46.57
M? CO2 ha-1 year-1 based on studies conducted from
different age classes. P. kesiya is a common and most
dominant species in the Cordillera Region. Hence, to
offset the company’s current emissions, it would need a
minimum of 5,420.3 hectares of pure Pinus kesiya and
mixed P. kesiya plantations to maintain per year. This
could also be supported by other mitigating measures to
compensate emissions from other sources.

P-1115-12

Interannual variability of atmospheric CO2
and CH4 in Western Europe

M. Ramonet (1) ; M. Schmidt, (2) ; M. Lopez, (1) ; F. Apadula,
(3) ; S. Conil, (4) ; AH. Elyazidi (1) ; M. Delmotte, (1) ; F.
Gheusi, (5) ; O. Laurent, (1) ; F. Meinhardt, (6) ; JM. Pichon,
(7); G. Spain, (8) ; J. Helle, (1) ; V. Kazan, (1) ; C. Vuillemin, (1)
; C. Yver-Kwok, (1) ; JD. Paris, (1) ; L. Rivier, (1) ; P. Ciais (1)
(1) LSCE, Cea/cnrs/uvsq, Gif-sur-Yvette, France; (2) Institut
fur Umweltphysik, Heidelberg, Germany; (3) Research on
Energy Systems, Environment and sustainable development
department, Milano, Italy; (4) ANDRA, Observatoire

pérenne de I'environnement, Bure, France; (5) Laboratoire
d’Aérologie, Observatoire midi pyrénées, Toulouse, France;
(6) Umweltbundesamt, Kirchzarten, Germany; (7) Laboratoire
de Météorologie Physique, Opgc, Clermont-Ferrand, France;
(8) National University of Ireland, Galway, Ireland

The space-time variations of trace gases in the
atmosphere reflect the distribution of surface emissions,
mixed by horizontal and vertical atmospheric transport. By
using atmospheric tracers or/and models to quantify the
intensity of the mixing, surface emissions can be resolved
from the atmospheric measurements. The objective of
our study is to characterize the CO2 and CH4 variations
observed over Europe. We have analyzed the CO2 and CH4
molar fractions gradients between the continental stations
in Western Europe and the Atlantic Ocean. The marine
selected data from Mace-Head, Ireland, was used as a
reference to define Atlantic Ocean background conditions.
Long term (> 10 years) time series of DCO2 and DCH4
were calculated from Shauinsland, Plateau Rosa and
Puy de Dome. New monitoring stations set up in France
provide a more detailed view of the gradients for the most
recent years. The signals are characterized by a high year-
to-year variability (up to 6 pmol.mol-1 for CO2), with a
strong correlation between most of the stations. The latest
winter (2013-2014) shows relatively low gradients at all
sites, similarly to 2007-2008 winter season. Both winters
correspond to a warm anomaly, associated to stronger
Westerlies. Stronger advection and vertical mixin ue
to higher Westerlies seems to be the main reason for the
low gradients observed in 2008 and 2014. However the
interannual variability of the climate in Western Europe,
also induce variations in trace gases exchange with
terrestrial ecosystems and fossil fuel emissions. The
objective of our analysis will be to discriminate between
the contributions of atmospheric transport and surface
emissions in the observed variability of DCO2 and DCH4
over Europe.

P-1115-13

Recovery, recycling and destruction of F-
gases in Georgia

S. Suladze (1) ; S. Shekeladze (2) ; L. Kvinikadze (3)

(1) Georgian Refrigerant Recovery and Recycling Centre,
Thilisi, Georgia; (2) Georgian Rerigerant Recovery and
Recycling Centre, Thilisi, Georgia; (3) Thilisi State University,
Thilisi, Georgia

Introduction of a sustainable system for recovery, disposal
and destruction of contaminated artificial refrigerants,
which are F-Gases with very high GWP (Global Warming
Potential), is a direct contribution to the reduction of
emissions of GHG into the atmosphere especially for
developing countries.

Refrigerating, Air-conditioning and Heat pump (HRAC)
sectoris only consumer of industrial GHGs in Georgia. These
substances have been widely introduced as alternatives to
ODS (Ozone Depleting Substances) refrigerants during
the last twenty years since Georgia ratified the Montreal
Protocol on Substances that Deplete the Ozone Layer. By
this reason annual consumption of the industrial GHGs
has grown up sharply and reached two hundred thousand
metric tons now. Therefore the Introduction of an effective
monitoring system together with recovery, disposal and
destruction of F-gas refrigerants is urgent issue today in
the country.

This study gives feasibility assessment of such system for
Georgia taking into account the experience of the Georgian
Refrigerant Recovery & Recycling Centre in recovering,
recycling or destruction of the ODS.



In order to make the feasibility assessment the
preconditions for generating unwanted refrigerants bank
were studied.

Based on the gathered and analyzed data the
recommendations were formulated for designing a
sustainable monitoring system of new and used GHG
refrigerant in the country. The recommendations include
introduction of measures to support the sustainability
looking at available F-gases waste that can be collected
through two Recovery & Recycling centers operating in the
country in cooperation with service companies, importers,
car dismantling and metal scrapping companies in longer
run with future waste disposal deploying in-country
generated sources of finance.

This is very urgent issue because like in other developing
countries there are no technical facilities of destruction
of F-gases waste in Georgia. So the collected unwanted
GHG refrigerants have to be saved for trans-boundary
transportation where they can be safely destroyed.
Financial mechanism for sustainable system of F-gases
waste permanent collection and destruction has been
studied and shown that several methods for accumulation
of funds inside the country can be acceptable for Georgia.

P-1115-14

Transferring concern with climate mitiga-
tion to Institutional Sustainability: A case
study applying carbon accounting as a
tool for resource management in a desert
environment

:(.)Tarabieh (1) ; R. Tutwiler (2) ; T. Jaskolski (2) ; M. Rauch
3

(1) The American University in Cairo, Construction and
Architectural Engineering Dept, New Cairo, Egypt; (2)

The American University in Cairo, Research institute for a
sustainable environment, New Cairo, Egypt; (3) The American
University in Cairo, Sustainability office, New Cairo, Egypt

As a result of climate change and the potential risk of
global warming, an emerging interest across academic
institutions to develop a comprehensive inventory of
greenhouse gas emissions is on the rise. Higher education
institutions are often faced with the challenge to develop
a process that will accurately assess the campus’ resource
consumption in a timely, economical, and informative
manner. This type of assessment is not typical and relies
heavily on the availability of data and institutional capacity
to carry such exercise accurately and report the findings,
benchmark against peer institutions and establish t%le
institutional mechanisms to sustain this type of data
intensive work. In response to the previous principals
and faced with a number of environmental challenges
in a desert environment, the American University in
Cairo (AUC) recently completed the first phase of carbon
accounting and issued a Carbon Footprint Report which
highlights the strategies adopted by the sustainability
team to reduce energy consumption on campus. The
report measured the University’s carbon footprint, which
is the annual total of carbon dioxide (CO2) and other
significant greenhouse gases emitted into the atmosphere
as a result of daily activities and campus operations. AUC
was the first higher education institution in the Middle
East and North Africa to conduct such a comprehensive
study of its own impact on climate change. As part of its
ongoing efforts to maintain and improve its operational
sustainability, AUC has witnessed a one-third reduction
in overall energy consumption on the New Cairo campus
over the past two years, decreasing the cost of utilities
by 35%, thanks to an energy-saving plan designed and
implemented by the University’s sustainability team. This
proposal presents the method, challenges, strengths and
areas of improvement of the method used and outlines
the present strategies developed to manage the campus
resources as a result of this exercise. It also presents the
efforts taken to institutionalize the method so it becomes
campus culture and to transition the work from research
to a daily practice.

P-1115-15

Assessing the role of megacities on atmos-
pheric CO2: results for Paris from the CO2-
MegaParis project, France

I. Xueref-Remy (1) ; E. Dieudonné, (1) ; C. Vuillemin, (1) ; M.
Lopez, (1) ; C. Lac, (2) ; M. Delmotte, (1) ; F. Ravetta (3) ; O.
Perrussel (4) ; FM. Bréon (1) ; G. Broquet, (1) ; M. Schmidet, (5)
; F. Chevallier (1) ; V. Masson (2) ; P. Ciais (6) ; M. Ramonet
() ; C. Ampe, (7) ; L. Ammoura, (6) ; V. Gros (1) ; A. Baudic,
(1) ; B. Bonsang, (1)

(1) LSCE, Ipsl, Gif-sur-Yvette, France; (2) CNRM, Toulouse,
France; (3) LATMOS, Ipsl, Paris, France; (4) AIRPARIF, Paris,
France; (5) IUP, Heidelberg, Germany; (6) LSCE, Ipsl, Gif sur
Yvette, France; (7) Airparif, Pars, France

On average, atmospheric CO2 increases in the atmosphere
at a rate of about 2 parts per million (ppm) per year, due
to the accumulation of about half of the anthropogenic
CO2 emissions in the atmosphere (mostly from the
combustion of fossil fuels), while the other half is being
re-absorbed by the ocean and the continental biosphere.
Today, more than 70% of global fossil-fuel CO2 emissions
come from punctual sources such as megacities. Paris
is the third megacity in Europe and it emits about 15%
of the total French emissions, while it covers only less
than 2% of the national territory. Currently, most of
the estimates of urban CO2 emissions are given by
bottom-up CO2 emissions inventories, which rely on
activity proxies and benchmarked emission factors. The
associated uncertainties can be as high as several tenths
of percents, especially when it comes to discriminate the
CO2 urban emissions by emission sectors. Therefore,
there is an urgent need for developing new methods to
better Monitoring, Reporting and Veryfying (MRV) CO2
emissions from megacities, dedicated to provide robust
results to policy makers for taking efficient decisions
and actions in matter of controling CO2 anthropogenic
emissions and mitigating climate change. Since 2009, the
CO2-Megaparis project aims to quantify CO2 emissions
from Paris using top-down approaches based on a
synergy between atmospheric observations and modeling.
For the first time, a mini-network of 3 greenhouse gases
(GHG) monitoring stations was developed by LSCE in Paris
agglomeration within the infrastructure of the regional
air quality monitoring agency, AIRPARIF, completing 2
other GHG stations from the ICOS European greenhouse
monitoring network. One of our urban station was
located on top of the Eiffel tower above Paris megacity.
The analysis of one year of data showed that Paris CO2
emissions lead to a mean increase of the atmospheric
CO2 concentration in the mid-afternoon of 2 to 3 ppm,
and is strongly season, windspeed and wind direction
dependent: the CO2 urban plume is characterized by a
very large spatio-temporal variability and can reach about
60 ppm at low windspeeds on top of the Eiffel tower. In
addition, analysis of correlations between CO2, CO and
14C02 were carried out from field measurements and
allowed an independent assessment of the inventories
emission sectors. Furthermore, direct modelin]g of CO2 at
a very fine resolution (2x2 km2, 1h) was performed and
matched well with the observations. Last but not least,
inverse modeling efforts at the same resolution allowed
a significant improvment of the regional inventory from
Airparif. Finally, a campaign conducted during springtime
and based on lidar facilities revealed that due to the
effect of the urban heat island, the boundary layer height
(that can be seen on the first degree as the man dilution
factor of CO2 emissions in the atmosphere), is 10 to 40%
time higher in Paris than in surrounding rural areas: this
is an important result that supports the implementation
of urban canopy models in future fine scale urban CO2
modeling framework. A synthesis of the different results
will be presented, as well as an attempt of defining the
strengths and weaknesses of the atmospheric approach
to quantify urban CO2 emissions. Contributions from
sister studies (MultiCO2 - IPSL, Le CO2 parisien - Ville de
Paris 2030, CarboCount-City - KIC Climat...) will also be
mentionned.
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1116 - Biogeochemical Feedbacks to Climate Change

ORAL PRESENTATIONS

K-1116-01

Observational constraints on biogeochemi-
cal feedbacks

C. Le Quéreé (1)
(1) University of East Anglia, Tyndall Centre for Climate
Change Research, Norwich, United Kingdom

Tremendous efforts are underway to use a wider range of
observations to inform model projections. Efforts range
from enhanced coordination of repeat observations, the
collection of quality controlled data in public databases,
the development of new data interpolation methods,
and extensive model-data comparison efforts. This
presentation will provide an overview of efforts by the
carbon cycle research community to constrain, using a
range of observations, our quantitative understanding
of how the carbon cycle works. It will use the trends
and variability observed during 1959-2014 in a range
of observations to examine how the land and ocean
carbon sinks have responded to changes in increasing
atmospheric CO2 and climate change and variability at the
global and regional level, and comment on the qualities
and limitations of models to project changes in the 21st
century and beyond. This presentation will be based on
the ‘Global Carbon Budget’ annual update by the Global
Carbon Project. It includes an assessment of the annual
change in land and ocean carbon sinks from three ocean
data products, seven ocean models, eight dynamic global
vegetation models, three atmospheric inversions, plus
indirect constraints from CO2 emissions and measured
atmospheric CO2 3rowth rate. The presentation will also
include additional data and model analysis from the marine
environment and discuss the marine biogeochemical
feedbacks related to ocean deoxygenation and to the
response of marine ecosystems to climate change and
ocean acidification.

K-1116-02

Projecting the carbon-climate feedback
from thawing permafrost

C. Koven (1) ; P. Ciais (2) ; J. Harden (3) ; G. Hugelius, (4) ; P.
Friedlingstein (5) ; DM. Lawrence, (6) ; D. Mcguire (7) ; WJ.
Riley (8) ; C. Schaedel (9) ; E. Schuur (10) ; G. Grosse, (11)
(1) Lawrence Berkeley National Laboratory, Berkeley,

CA, United States of America; (2) LSCE, CEA, CNRS and
UVSQ, Gif-sur-Yvette, France; (3) United States Geological
Survey, Menlo Park, CA, United States of America; (4)
Stockholm University, Department of physical geography
and quaternary geology, bolin centre of climate research,
Stockholm, Sweden; (5) University of Exeter, Exeter,

United Kingdom; (6) National Center for Atmospheric
Research, Boulder, United States of America; (7) United
States Geological Survey, Fairbanks, AK, United States of
America; (8) Lawrence Berkeley National Laboratory, Climate
and carbon sciences, Berkeley, United States of America;

(9) Northern Arizona University, Center for ecosystem
science and society, Flagstaff, United States of America;
(10) Northern Arizona University, Department of biological
sciences, Flagstaff, AZ, United States of America; (11) Alfred
Wegener Institute, Helmholtz centre for polar and marine
research, periglacial research unit, Potsdam, Germany

The loss of carbon from ecosystems as they adjust to
a warmer climate may act to amplify climate change.
Permafrost-affected ecosystems may be particularly
vulnerable to such carbon losses because of the huge
amounts of organic carbon that have been preserved in
frozen soils, which may thaw and decompose more rapidly
as a result of climate warming. In the IPCC fifth assessment
report, the models of the Earth system that were used to
estimate the magnitude of these terresrial carbon-climate
feedback processes did not include key representation of
the CO2 and CH4 release from permafrost thaw. Recent
progress has been made to synthesize observations
of permafrost carbon dynamics and develop the
representation of these processes in global carbon cycle
models, to better estimate the amount and timing of

greenhouse gas emissions from permafrost. | will discuss
a variety of approaches to project the feedback from
warming permafrost, from highly simplified and data-
constrained soil models to detailed ecosystem models that
include vegetation-permafrost-nutrient interactions. Such
approaches suggest that the carbon-climate feedback
from permafrost is an important process on the 50-300
year timescale, and that the magnitude of ecosystem
carbon losses is highly sensitive to the future trajectory
of fossil fuel emissions, with much larger losses under
high emission scenarios such as RCP8.5 than on mitigated
emissions pathways such as the RCP4.5 scenario.

K-1116-03

Biogeochemical feedbacks to climate
change: Insights into soil moisture
controls on soil heterotrophic respiration

C. Chenu (1) ; F. Moyano (2) ; P. Garnier (3) ; . Virto (4)

(1) Agroparistech, Umr ecosys, Grignon, France; (2) CNRS,
Bioemco, Grignon, France; (3) INRA, Umr ecosys, Grignon,
France; (4) Universidad Publica de Navarra. Escuela Superior
de Ingenieros Agronomos, Departamento de ciencias del
medio natural, Pamplona, Spain

Soils contain the largest C terrestrial pool and even small
changes in soil organic C (SOC) can have a significant
impact on the atmospheric CO2 concentration. The C cycle
feedback to climate will largely depend, in magnitude
and timing, on the response of soil C to climate changes.
However, there is still considerable uncertainty regarding
such effects.

While the effect of temperature on soil C mineralization
has been the subject of much work and considerable
debate, much less attention has been paid to the effect
of changes in water regime, another predicted component
of climate change. However, soil moisture has a key role
in regulating soil respiration. Here, we synthesise work
regarding the relation between soil moisture and soil C
dynamics, focusing on the underlying mechanisms, on
the interaction with soil properties and other components
of global changes, and discuss how mechanisms and the
complexity of soils can be integrated into models.

The effect of soil moisture is complex to predict because,
unlike that of temperature, it is strongly dependent on
soil characteristics. Soil moisture effect on heterotrophic
respiration is represented in most current carbon cycle
models by empirical functions, which are often based on
limited experimental data. We performed a data-driven
analysis of soil moisture respiration relations and showed
how these are consistently affected by soil properties
such as clay content, organic C content, bulk density.
We developed empirical models including the effects of
soil texture, soil organic carbon and bulk density which
improve the functions currently used in different soil
biogeochemical models.

Partially responsible for the present state of knowledge
may be the idea that, in biogeochemical models, time-
and spatially averaged or approximate relationship of
microbial activity with moisture is sufficient to reliably
predict C fluxes. But soil microorganisms live in a complex
3-D framework of mineral and organic particles definin
pores of various sizes, more or less inter-connected,
which result in a variety of microhabitats. Most promising
perspectives in this area are based on mechanistic
approaches, where theoretical linkages between substrate
and gas diffusivity in soil pores and heterotrophic
respiration are explored in different soil matrices. A new
generation of biogeochemical models is based on an
explicit representation of soil architecture at a fine scale,
which provides in-depth mechanistic understanding,
and should help to define relevant descriptors of soil
characteristics to improve how larger scale models account
for the effects of soil moisture.

The complex interplay between biological, biogeochemical
and physical processes is apparent when considering the
variability of soil C storage upon a widely used cropping
practice: not tillage, where soil moisture also regulates
the flows of C between soil litter and mineral layers. The
interactions between soil moisture and other components



of global change, i.e. land use, cropping fpractices,
temperature, will also result in biogeochemical feedbacks
to climate change.

0O-1116-01

Positive future climate feedback due to
changes in oceanic DMS emissions

J. Tjiputra (1) ; K. Six, (2) ; @. Seland (3) ; C. Heinze (4)

(1) Uni Research, Uni climate, Bergen, Norway; (2) Max
Planck Institute for Meteorology,, Hamburg, Germany;

(3) Norwegian Meteorological Institute, Oslo, Norway; (4)
University of Bergen, Geophysical institute, Bergen, Norway

The global ocean is the largest natural source of
dimethylsulphide (DMS) gas to the atmosphere. DMS is
produced by phytoplankton and is released to the surface
ocean if cells are degraded. Once it enters the atmosphere,
it might contribute to the nucleation particles important
for cloud formation, which then effect the Earth’s radiation
budget and climate. Future global warming and ocean
acidification is projected to alter marine DMS production
and emission. However the none of the models assessed
in the last IPCC report includes the DMS-climate feedback.

Recent study indicated that under high CO2 emissions
future, the oceanic DMS emission is projected to decrease
by 12 to 24% by the end of this century, potentially leading
to an equilibrium temperature response of 0.1K to 0.76K.

Here, for the first time using a fully interactive Earth
system model including a microphysical aerosol module
with sulfur chemistry, we perform simulations on future
climate projection with coupled DMS feedback. Under the
highest pH sensitivity, our simulation shows that projected
DMS production and emission decrease relative to the
preindustrial state by 50% and 36%, respectively toward
the end of the 21st century under the RCP8.5 emissions
scenario. The largest emission reduction is simulated
in the Southern Ocean. On contrast, emissions at polar
latitudes increase owing to the sea ice retreat. This large
change in marine sulfur emisson leads to an additional
global warming of 0.3K relative to the reference simulation
without DMS-climate feedback at the end of the 21st
century. Both simulations also produce similar trajectories
in atmospheric CO2 concentration, consistent with little
chaknge in the cumulative oceanic and terrestrial carbon
SINKS.

0-1116-02
How much carbon dioxide and methane

will be released from thawing permafrost
soils?

I. Hartley (1) ; C. Estop Aragones (1) ; M. Cooper (1) ; J.
Fisher (2) ; C. Schaedel (3) ; L. Street (4) ; A. Thierry (5) ; D.
Charman (1) ; M. Garnett (6) ; J. Murton (7) ; G. Phoenix (2) ;
P. Wookey (4) ; M. Williams (5) ; E. Schuur (8)

(1) University of Exeter, Geography, College of Life and
Environmental Sciences, Exeter, United Kingdom; (2)
University of Sheffield, Animal and plant sciences, Sheffield,
United Kingdom; (3) Northern Arizona University, Center for
Ecosystem Science and Society, Flagstaff, AZ, United States
of America; (4) Heriot Watt University, School of life sciences,
Edinburgh, United Kingdom:; (5) University of Edinburgh,
School of geosciences, Edinburgh, United Kingdom:; (6)

NERC Radiocarbon Facility, Glasgow, United Kingdom;

(7) University of Sussex, Geography, Chichester, United
Kingdom; (8) Northern Arizona University, Department of
biological sciences, Flagstaff, AZ, United States of America

High northern latitudes are predicted to warm rapidly
during the 21st century. The tundra, boreal forests and
peatlands found in these regions are recognised to contain
substantial stores of organic matter. Permafrost soils are
particularly important in this context, storing as much
carbon as all the rest of the world’s soils put together,
and more than twice as much carbon as the atmosphere.
The IPCC AR5 report emphasises that there is high
confidence that warming in the Arctic and Boreal will lead
to a reduction in permafrost extent. However, while some
estimates suggest that the potential for carbon release
from thawing permafrost soil could be the single most
important climate-carbon cycle feedback, the AR5 report
also emphasises that there is low confidence in predicting
rates of soil carbon loss, and also whether the carbon will
be released mainly as carbon dioxide or the more powerful

reenhouse gas, methane. Importantly, the permafrost
eedback is not currently included in the models evaluated
in the IPCC CMIP programme, and thus a potentially critical
feedback is missing.

This presentation will focus on how recent studies, making
detailed in situ observations, and running manipulative
field and laboratory experiments, have improved
understanding of the permafrost feedback. In particular,
the presentation will: 1) explain the role of different
high-latitude plant communities, including understudied
groups such as mosses, in both controlling rates of thaw
and potentially mitigating against some of the expected
carbon release, 2) outline the important role radiocarbon
dating has played in detecting the contribution of the
decomposition of old, previously-frozen organic matter
to rates of carbon release following permafrost thaw,
and 3) discuss the potential for substantial amounts of
permafrost carbon to be released in the form of methane.

Research has shown that in boreal forest, thick moss layers
may insulate soils to such an extent that disturbances
(e.g. fire) may be required before warming promotes
deep permafrost thaw. Therefore, tundra and peatland
ecosystems may thaw more rapidly due to wetter
conditions or reduced thickness of insulating moss layers.
Overall, it appears that there is indeed considerable
potential for increased carbon dioxide production from
thawing permafrost, especially from highly organic soils,
and where soils are not permanently waterlogged post
thaw. The latter issue requires a fuller consideration of
water flow paths within permafrost landscapes. Given the
potential for large soil carbon losses, it may be unlikely
that these could be fully compensated for by increased
plant growth, at least in tundra ecosystems where plant
biomass is low. There does though remain the potential for
increased soil carbon inputs from plants to reduce rates of
soil carbon losses. On the other hand, rates of methane
production from thawing permafrost may not be as high
as first predicted. Rather, the direct effect of climate
warming on rates of methanogenesis associated with the
decomposition of contemporary carbon inputs in northern
wetlands, is likely to be more important.

The permafrost feedback remains potentially one of the
most important carbon cycle feedbacks to climate change,
but requires considerable further study. Improving
understanding of the proportion of previously-frozen
organic matter that will decompose aerobically following
thaw, and the extent to which nutrient release from
thawing permafrost can increase plant growth and soil
carbon inputs, should be considered as key ongoing
research priorities.

0-1116-03

Biomass burning in northern sub-Saharan
Africa and associated changes in environ-
mental and climate variables

C. Ichoku (1) ; L. Ellison, (2) ; C. Gatebe, (3) ; R. Poudyal, (2)
; T. Matsui, (4) ; E. Willmot, (5) ; T. Gabbert, (6) ; J. Wang, (7)
; Y. Yue, (7) ; R. Damoah, (3) ; J. Lee, (8) ; J. Adegoke, (8) ; J.
Bolten, (1) ; F. Policelli, (1) ; E. Wilcox, (9) ; F. Hosseinpour,
(9) ; S. Habib, (1) ; C. Okonkwo, (10) ; F. Engelbrecht, (11)
(1) NASA Goddard Space Flight Center, Earth sciences
division, code 610, Greenbelt, MD, United States of America;
(2) NASA Goddard Space Flight Center, Science systems

& applications, inc. (ssai), Greenbelt, MD, United States of
America; (3) NASA Goddard Space Flight Center, Universities
space research association (usra), Greenbelt, MD, United
States of America; (4) NASA Goddard Space Flight Center,
Earth system science interdisciplinary center (essic),
Greenbelt, MD, United States of America; (5) Vanderbilt
University, Nashville, TN, United States of America; (6) South
Dakota School of Mines & Technology (SDSMT), Rapid City,
SD, United States of America; (7) University of Nebraska,
Lincoln, NE, United States of America; (8) University of
Missouri, Kansas City, MO, United States of America; (9)
Desert Research Institute (DRI), Reno, NV, United States of
America; (10) Howard University, Washington, DC, United
States of America; (11) Centre for Scientific and Industrial
Research, Natural resources and the environment, Pretoria,
South Africa

One of the most vulnerable tropical regions of the world
is the northern sub-Saharan African (NSSA) region,
which is bounded on the north and south by the Sahara
and the Equator, respectively, and stretching East-West
across Africa. This is so because of the highly active
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environmental and meteorological processes associated
with its unique location and human activities. Over the
years, this region has suffered frequent severe droughts
that have caused tremendous hardship and loss of  life
to millions of its inhabitants due to the rapid depletion
of the regional water resources. On the other hand, the
NSSA region shows one of the highest biomass-burning
rates per unit land area among all regions of the world.
Because of the high concentration and frequency of fires
in this region, with the associated abundance of heat
release and gaseous and particulate smoke emissions,
biomass-burning activity is believed to be one of the
drivers of the regional carbon and energy cycles, with
serious implications for the water cycle and climate. This
extensive biomass-burning phenomenon contributes
to environmental change, whose effects on the regional
climate variability can be significant, with far-reaching
implications for societal adaptation. An interdisciplinary
research effort sponsored by the United States National
Aeronautics and Space Administration (NASA) is presently
being focused on the NSSA region, to better understand
possible connections between the intense biomass burning
observed from satellite year after year across the region
and the water cycle, through associated changes in certain
essential climate variables (ECVs) including land-cover,
albedo, soil moisture, evapotranspiration, and atmospheric
composition, which can drive changes in additional ECVs
such as atmospheric water vapor and wind patterns,
precipitation, surface runoff, and groundwater recharge. A
combination of remote sensing and modeling approaches
is being utilized to investigate these multiple processes
to establish possible links between them. We are finding
appreciable relationships between biomass burning and
many of the above-listed ECVs. In this presentation, we
will discuss interesting results as well as the path toward
improved understanding of the interrelationships and
feedbacks between the water cycle components and the
environmental change dynamics due to biomass burning
and related processes in the NSSA region.

1116-POSTER PRESENTATIONS

P-1116-01

The biggest terrestrial tipping point or a
potential carbon sink? 124 experts weigh
in on the permafrost carbon feedback

B. Abbott (1) ; E. Schuur (2) ; JB. Jones, (3) ; FS. Chapin lii (3)
; . Permafrost Carbon Network (2)

(1) Observatoire des Sciences de I’'Univers de Rennes,
Rennes, France; (2) Northern Arizona University, Center for
ecosystem science and society, Flagstaff, AZ, United States of
America; (3) University of Alaska Fairbanks, Institute of arctic
biology and department of biology & wildlife, Fairbanks,
United States of America

Arctic tundra and boreal forest contain approximately
half of all terrestrial organic carbon. As the permafrost
region warms, more of this immense carbon pool will be
exposed to decomposition, combustion, and hydrologic
export. This permafrost carbon feedback has been
described as the largest terrestrial feedback to climate
change as well as one of the most likely to occur; however,
it is not included in current emissions negotiations and
estimates of its strength vary by a factor of thirty. Models
predict that some portion of this release will be offset
by increased Arctic and boreal biomass, but the lack of
robust estimates of net carbon balance increases the risk
of further overshooting international emissions targets
with serious societal and environmental consequences.
Because precise empirical or model-based assessments
of the critical factors driving carbon balance are unlikely
in the near future, we collected expert judgments from
124 permafrost-region scientists of tFJIe response of
high-latitude carbon balance to four warming scenarios.
Experts provided quantitative estimates of CO2 and CH4
release, change in biomass, wildfire CO2 emissions, and
hydrologic carbon flux by 2040, 2100, and 2300. Results
suggest that, contrary to current model projections, total
permafrost-region biomass could decrease due to water
stress and disturbance. Assessments indicate that end-of-
the-century organic carbon release from Arctic rivers and
collapsing coastlines could increase by 75% while carbon
emissions from wildfire could increase four-fold. For the
business as usual scenario (RCP 8.5), experts hypothesized
that the permafrost zone could emit 14 to 40% of the
carbon necessary to push the climate system beyond the

2C threshold by the end of the century (140 to 240 Gt
CO2 equivalent) with cumulative net emissions reaching
320 to 510 Gt by 2300. However, because lower warming
scenarios resulted in less carbon release from soils and
more carbon uptake by Arctic and boreal biomass, results
suggest that 65 to 85% of permafrost carbon release can
still be avoided if human emissions are rapidly reduced.

P-1116-02

Constraining the strength of the terrestrial
CO2 fertilization effect in Earth system
models

V. Arora (1)

(1) Canadian Centre for Climate Modelling and Analysis,
Environment Canada, Victoria, Canada

The response of the global carbon cycle to future
atmospheric emissions of carbon dioxide (CO2) is
paramount to projecting the future atmospheric CO2
concentrations and the resulting climate change. Yet,
the current generation of Earth system models (ESMs)
show widely varying responses of the global carbon cycle
to future increases in anthropogenic CO2 emissions.
A large fraction of the differences in response of the
ESMs is due to the land carbon cycle. The response of
the ocean carbon cycle, to changes in atmospheric CO2
and changing climate, is much more consistent across
ESMs. Over land, the strength of the CO2 fertilization
effect is biggest source of uncertainty that contributes
to the large differences in response of the land carbon
cycle. Here, using results from the three generations of
the Canadian Earth System Model (CanESM1, CanESM2,
CanESM 4.2) it is shown that the net land carbon uptake
over the historical period and the amplitude of the annual
cycle of the atmospheric CO2 concentration may be used
together to constrain the strength of the terrestrial CO2
fertilization effect. Uncertainty exists in land use change
emissions over the historical period, and thus the estimate
of historical land carbon uptake, and monthly global
atmospheric CO2 data go back only to the 1980s. These
limitations imply that both the net land carbon uptake over
the historical period and the amplitude of the annual cycle
of the atmospheric CO2 concentration provide not-too-
strong, but still meaninfgful, constraints on the strength of
the CO2 fertilization effect of the land carbon cycle.

P-1116-03

What you see is not what you get: the per-
mafrost carbon feedback in the context of
climate stabilization and reversibility

E. Burke (1) ; C. Jones (1) ; P. Good (1)
(1) Met Office Hadley Centre, Exeter, United Kingdom

Permafrost soils contain large amounts of relatively inert
soil carbon, a proportion of which is projected to thaw
and become vulnerable to decomposition under future
climate change. This paper utilises a series of idealised
scenarios — where the surface temperatures are increased,
stabilised and reduced - to highlight the implications of
the timescale of response of the permafrost carbon to
changes in climate and the potential for (ir)reversible loss
of carbon. Patterns of warming are based on the HadGEM2-
ES climate model. Uncertainty ranges in permafrost carbon
loss are estimated using a simple model that accounts for
uncertainties in the distribution of soil carbon, its lability
and different plausible decomposition mechanisms.
Under scenarios of steadily increasing temperature only
a proportion of the carbon vulnerable to decomposition
is emitted at any given time, because of a time lag in
decomposition. The proportion of vulnerable carbon
released at any given level of warming depends on the
rate of past warming. Faster transient warming causes
less of the vulnerable carbon to be emitted than a slower
increase. In a scenario where the global warming reaches
2.6 K over a period of 70 years only about 30 % of the 70
- 230 Gt C vulnerable to decomposition has been emitted.
However, if temperatures are stabilised, then the majority
of the remaining vulnerable carbon will be emitted over the
next 200 years causing an eventual additional temperature
increase of 0.1-0.6 K. If the permafrost is allowed to
recover (by reducing temperatures) causing the vulnerable
carbon to refreeze some of the permafrost carbon loss can
be avoided depending on the peak warming and the rate
of subsequent cooling. The contribution of permafrost



carbon needs to be included when assessing targets for
stabilisation and developing policies designed to avoid
dangerous climate change.

P-1116-04

Is Ocean really a source to atmospheric
CO2 during cyclones in the Arabian Sea ?

K. Chakraborty (1) ; S. Prakash (2) ; A. Paul (2)

(1) Indian National Centre for Ocean Information Services
(INCOIS), Information Services and Ocean Sciences Group
(ISG), Hyderabad, India; (2) Indian National Centre for Ocean
Information Services (INCOIS), Information services and
ocean sciences group, Hyderabad, India

The enhanced biological production, and associated
regeneration, leads to higher pCO2 in the sea water
compared to atmosphere and ocean becomes a source of
atmospheric CO2 (Sarma et al., 2008) during such events.
Cyclone induced productivity intensify this source. Byju et
al., (2011) reported that Phyan associated net CO2 flux
to the atmosphere was 0.123 Tg C. We have employed a
coupled 3-D bio-physical model, ocean general circulation
model ROMS with an ecosystem model, to study whether
Ocean is really a source to atmospheric CO2 during
cyclones in the Arabian Sea. It is observed that the storm
has a significant effect on the thermocline and mixed
layer depth which in-turn enhance sea surface chlorophyll
concentration. Model generated sea surface chlorophyll
concentration during several extreme events is validated
using satellite derived ocean colour data which also
shows higher concentrations of chlorophyll in the storm
influenced region. The high concentration of chlorophyll
appeared as a bloom over an area of approximately 150
km in diameter along the storm passage. It is observed
that thermocline shoaled up after the storm passed and
this shoaling of the thermocline caused entrainment of
nutrients in upper 50 meters which triggers high biological
productivity. The 50 meter vertically integrated primary
production during three different cyclones (Cyclone
01A, Tropical storm O05A and Tropical Storm PHYAN)
was estimated in terms of carbon using the model along
the track of the cyclone/storm. The net sequestration of
carbon due to the above mentioned cyclones are 0.125
Tg C, 0.16 Tg C and 0.125 Tg C, respectively. Our study,
in conjuction with Byju et al., suggest that ocean is not
a source of CO2 to the atmosphere during cyclones but
more such study is required to ascertain whether the
ocean acts as a sink during such events.

P-1116-05

The great climate change and the fuzzy C
sink: how irrigation can change soil carbo-
nates dynamics

IS. De Soto (1) ; I. Virto (1) ; P. Barré (2)

(1) Universidad Publica de Navarra. Escuela Superior de
Ingenieros Agronomos, Departamento de Ciencias del
Medio Natural, Pamplona, Spain; (2) PSL Research University,
Laboratoire de géologie de I’ens, Paris, France

There are two types of carbonates in soils: lithogenic
or primary carbonates, and pedogenic or secondary
carbonates. The formation of the later depends on the
availability of bicarbonates (HCO3-) and cations in the
soil solution. When bicarbonates present in the solution
are the result of the dissolution of CO2 from soil
respiration, the formation of pedogenic carbonates can be
considered a net CO2 sink. Carbonates dynamics in soil
are however complicated to depict because in addition to
the sources of carbonates (which can include pre-existing
carbonates, bicarbonates dissolved in incoming water
and the soil atmosphere) and cations, the conditions
for precipitation and/or dissolution and leaching are
continuously changing. From a global perspective, these
conditions can be considered at steady state in a given
place when relatively long periods of time (f.e. one year)
are considered, and Ioca? climate and soil conditions do
not change.

However, when the annual soil water balance changes,
alterations in soil carbonate concentrations can be
expected in a short period of time because of the solubility
of carbonate minerals. In this context, human-induced
changes, such as the implementation of irrigation, can
accelerate the dissolution and precipitation cycles of
soil carbonates. In addition, irrigation stimulates the soil

biological activity and biotic CO2 generation and also
irrigation water can be an external source of cations and
bicarbonates. For this reason, studying the evolution
of carbonates in dryland agricultural soils converted to
irrigation can help to understand the extent of this change
in terms of carbonates dynamics. The complexity of these
biogeochemical interactions makes modelling a useful and
interesting tool.

The purpose of this work was to evaluate the variations
of carbonate concentrations in the topsoil of a semi-arid
Mediterranean agricultural soil after the implementation of
irrigation. Two adjacent plots were selected for this study;
one under dryland conditions with wheat since at least 50
years and another under irrigation conditions with corn for
7 consecutive years. The plots were located in the same soil
unit (Calcic Cambisol) in Funes (Navarra, Spain). Numerical
simulations of carbonates concentration, dissolution
and precipitation were performed with PHREEQC for the
evaluation of the geochemical interactions between the
soil, the soil solution and irrigation water, for a simple
model based in the monthly water balance and the
observed concentrations in the soil solution and irrigation
water. In addition, a sensitive analysis was developed in
order to investigate the potential impact of the type of
crop, salt concentrations in the irrigation water and partial
CO2 pressure due to soil respiration. Finally, for the
validation of the model, samples of the irri ateJand non-
irrigated plots were analyzed for their carbonate content
and isotopic composition (813C).

Simulated values were consistent with the observed values
of carbonates concentrations and isotopic signature of the
soil samples. The simulation results also suggested that
the amount of new precipitated carbonates and the amount
of carbonates leached varies with the salt concentration
in the irrigation water, the partial CO2 pressure and the
type of crop. The most sensitive parameter was the partial
CO2 pressure of the soil solution. The modelling results
showed annual values of carbonates-C leaching around
hundreds of kg/ha in the studied area under irrigation.

This study showed that in a relatively short period of time
(seven years) the differences observed in the inorganic C
budget of the agricultural soil studied could be significant
in relation to the total soil C budged. Irrigation could
therefore have an important effect in soil fractions
of carbonate-rich soils and this should be taken into
consideration in regional-scale studies.

P-1116-06

The long-term effect of short-lived species
through the climate-carbon feedback

T. Gasser (1) ; P. Ciais (1)
(1) LSCE, Gif-sur-Yvette, France

This work aims to quantify and discuss the impact of
short-lived species on the carbon-cycle and through
the climate-carbon feedback. It proceeds in three steps.
First, we isolate the climate-carbon feedback and its
contribution to the currently observed, human-driven,
change in atmospheric carbon dioxide. Second, we
attribute this feedback to its various anthropogenic causes
following the concentration-based attribution of radiative
forcing provided by the IPCC. To do so, we updated the
compact Earth system model OSCAR to its version 2.2, and
we use it combined with attribution algorithms developed
to answer the Brazilian Proposal (Trudinger and Enting,
2005; doi: 10.1007/s10584-005-6012-2).

In the first step, the model is used as a carbon-cycle
model in which the sensitivity of the ocean and land
modules were calibrated on complex three-dimensional
models used in CMIPS (Arora et al., 2013; doi:10.1175/
JCLI-D-12-00494.1). Using three historical drivers: (1)
anthropogenic CO2 emissions from fossil-fuel burning, (2)
land-use and land-cover changes, and (3) reconstructed
climate, the historical change in atmospheric CO2 is
shown to be satisfactorily reproduced by the model. This
change in atmospheric CO2 is then attributed to the three
drivers. As best guesses, we find that the observed 2008
burden increase of 107 ppm is attributed at 56% to fossil-
fuel emissions, at 28% to land-use activities, and at 16%
to climate change.

In the second step, we expand the model with a climate
module whose global and local responses to radiative
forcing are also calibrated on CMIP5 outputs (Geoffroy
et al., 2013; doi:10.1175/JCLI-D-12-00195.1). Using
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the radiative forcing timeseries produced for the fifth
IPCC report (Myhre et al., 2013), we repeat the previous
experiment, albeit this time the contribution of «climate
change» is further broken-down into contributions by the
various primary and secondary radiatively active species:
CO2, non-CO2 greenhouse gases, ozone or aerosols. Of
the 17 ppm (= 16% of 107 ppm) previously attributed to
climate change, we estimate 79% are caused by non-CO2
greenhouse gases, -57% by short-lived species (ozone and
aerosols), and the complementary 78% by CO2 itself.

The overall negative figure from short-lived species is
explained by the dominance (among the various effects of
the these species) of the cooling effect of aerosols. Over
the historical period, we show that this cooling avoided a
reduction in the carbon sinks efficiency that would have
been seen if only CO2 and non-CO2 greenhouses gases
had been emitted. To complete this analysis, we make a
third experiment with a slightly altered model designed to
keep track of past changes in the carbon-climate system.
This «book-keeping» approach shows that past emissions
of short-lived species still have an impact on present-
day atmospheric CO2, and thus on present-day climate.
For instance, we estimate that sulfur emissions from the
1980s have an impact of about -2 ppm over the 107 ppm
observed in 2008.

To conclude, this study quantifies one of the indirect
biogeochemical effect of aerosols (and ozone), as
first introduced by Mahowald (2011; doi:10.1126/
science.1207374). It provides an emission-based
analysis of the causes of the change in CO2 atmospheric
concentration (and thus of its radiative forcing), similarly
to what was done for CH4 or O3 in the last IPCC report
(Myhre et al.,, 2013). The emission-based approach
complements the «traditional» concentration-based one,
since it has the interest of providing a diagnosis of the
anthropogenic drivers of climate change that is one step
closer to the political decision, albeit at the cost of an
increased uncertainty as we will also show.

P-1116-07

Response of Soil Carbon Storage to Tem-
perature and Carbon Input Variability in
Earth System Models

K. Georgiou (1) ; WJ. Riley (2) ; MS. Torn ()

(1) University of California, Berkeley, Chemical and
Biomolecular Engineering, Berkeley, CA, United States of
America; (2) Lawrence Berkeley National Laboratory, Climate
and carbon sciences, Berkeley, CA, United States of America

Soil comprises the largest terrestrial carbon pool,
containing more than double the carbon currently in the
atmosphere and triple thatin vegetation. Soil organic matter
(SOM) is particularly vulnerable to environmental change,
with potential carbon-climate and carbon-concentration
feedbacks resulting from soil warming, CO2 fertilization,
nitrogen (N) enrichment, and precipitation. These changes
are expected to influence SOM decomposition and
stabilization processes, thereby threatening the soil’s
capacity to serve as a carbon (C) sink. Earth system models
(ESMs) currently use linear kinetics to represent soil C
dynamics, and therefore lack explicit representation of the
non-linear biotic and abiotic mechanisms that govern soil
processes. As such, ESMs exhibit high uncertainty in their
simulated current and future soil C storage. Recent studies
have shown that explicit representation of microbial and
mineral interactions improve estimates of current global
C stocks and better capture spatial heterogeneity. These
microbe-enabled SOM models also better represent non-
linear responses to changes in soil temperature and C
inputs (e.g., priming of old SOM in response to increased
soil C inputs) that have been observed in many field and
laboratory experiments.

Although recent work has explored the feasibility of
incorporating microbial and mineral mechanisms into
SOM models within ESMs, most of these models lack
explicit representation of nutrient cycling (nitrogen
and phosphorus) and seasonal variability (temperature,
C inputs, and moisture). Omitting nitrogen cycling
significantly affects simulated global priming responses to
elevated CO2 concentrations, as nitrogen availability plays
an important role in dictating microbial activity in nutrient-
constrained environments. Thus far, microbe-enabled
SOM models within ESMs have also largely ignored the
effect of temporal forcing on soil C dynamics, representing
seasonal and diurnal temperature, C and N inputs, and

moisture with annual averages. These simplified model
input assumptions, however, omit the seasonal and inter-
annual fluctuations that microbial communities undergo
in response to environmental conditions, greatly affecting
the prediction of soil C equilibria and dynamics in ESMs.
For example, a significant amount of soil respiration can
occur during winter, while soils sampled in the summer
(with different microbial composition) do not show
respiration at winter temperatures. Leaf litter (primarily
in the fall) and root exudates (throughout the growing
season) support different microbial strategies depending
on the type and duration of inputs. Global environmental
change will affect the seasonality of these processes,
which cannot be resolved by annual averages.

In this study we demonstrate that the frequency at
which the system is resolved matters, i.e., that the
seasonality and magnitude of temperature, and C and N
inputs greatly impact the magnitude and sign of model
response to climate change. We incorporate a trait-based,
microbial-mineral, SOM model into the vertically-resolved
Community Land Model (CLM4.5) of the Community Earth
System Model (CESM) and present simulated current and
future global C stocks that result from including seasonal
forcing. We explicitly represent microbial diversity and
physiology in our SOM model, allowing microbes with
distinct temperature and C input optima to dominate
decomposition at different times of the year when forced
with seasonal temperature and C inputs from CLM4.5.
We show that this temporal variability plays an important
role in the diverse responses attained at sites with similar
mean annual temperatures, but very different seasonality.
The results of our vertically-resolved model also show
that surface and deep soils’ distinct diurnal and seasonal
temperature fluctuations greatly affect their respective C
storage capacity and vulnerability to global warming. We
compare our model to the conventional SOM model within
the CESM and to global observations from the Harmonized
World Soil Database, and discuss improvements in
estimating global and regional C storage and their
response to anthropogenic climate change.

P-1116-08

Spatial distribution of atmospheric variabi-
lity of greenhouse gases measured at the
IC3 climatic stations

C. Grossi (1) ; R. Curcoll (1) ; A. AGueda, (1) ; O. Batet, (1) ;
S. Borras, (1) ; L. Cafias Ramirez (1) ; M. Nofuentes Ramos
(1) ; P. Occhipinti, (1) ; E. Vazquez, (1) ; X. Rodo (1) ; JA.
Morgui (1)

(1) Institut Catala de Ciéncies del Clima, Barcelona, Spain

Changes in the atmospheric greenhouse gases
(GHGs) content results as a combinationof natural
and anthropogenic factors. Understanding the GHGs
composition, theiratmospheric variability and its effect on
climate change is necessary for mitigation andadaptation
strategies. Indeed, GHGs variability is strongly related
Ito'thg1 climaticconditions and closely dependent on the
atitude.

In the framework of the ClimaDat project funded by
Fundaci6 Obra Social “la Caixa”.researchers at the Catalan
Institute of Climate Sciences (IC3) have established
anetwork of eight climatic stations across Spain performing
continuous high-precisionobservations of CH4, CO2, N20
concentrations together with meteorological variables.The
climatic stations are located in protected and remote areas
within Spanish NaturalParks with middle latitudes ranging
between 33N and 41N (Ebre River Delta, Xurés, Valderejo,
Gredos, Grazalema, Segura, El Estrecho and El Hierro).

Analysis of the atmospheric variability of GHGs
concentration is performed at eachstation of the
ClimaDat network. The study of the influence of the
atmosphericcirculation on GHGs observations is carried
out by a source characterization of the airmasses and
their Eathways using experimental meteorological data,
daily backtrajectories and cluster analysis. The observed
GHGs concentrations at differentlatitudes and under
different climatic conditions are analyzed and presented
in thisstudy.



P-1116-09

P-1116-11

Multidecadal variability of subsurface
oxygenation off the Central Peruvian Coast
since the nineteenth century

D. Gutierrez Aguilar (1) ; J. Cardich (2) ; C. Almeida, (2) ; R.
Salvatteci, (3) ; D. Romero, (4) ; A. Sifeddine (5)

(1) Instituto del Mar del Pertl, IMARPE, Direccion General de
Investigaciones en Oceanografia y Cambio Climatico, Callao,
Peru; (2) Universidad Federal Fluminense, Niteroi, Brazil;

(3) Kiel University, Institute of geosciences, Kiel, Germany;
(4) Universidad Peruana Cayetano Heredia, Maestria en
ciencias del mar, Lima, Peru; (5) Institut de Recherche pour
le Développement - IRD, Umr locean (ird/upmc/cnrs/mnhn),
Paris, France

Subsurface and benthic biogeochemical conditions over
the upper Peruvian continental margin are characterized
by oxygen deficiency in the bottom waters, strong fluxes
of settling organic matter and reducing conditions in the
surface sediments. Previous work has shown a multidecadal
cooling trend in the surface waters off Central Peru, and
an increase of export productivity, particularly since the
1960’s to the present, suggesting an intensification of
coastal upwelling. The present study aims to reconstruct
the coeval variation of subsurface oxygenation and benthic
paleo-redox conditions for the last two centuries, based
on laminated sedimentary records of benthic foraminiferal
assemblages and redox-sensitive metals (Mo, Re, etc.) in
the upper margin off Callao (12°S) and Pisco (14°S). The
period between the mid to the late nineteenth century,
during which there was an enhanced ENSO activity and
paleo-temperatures were higher, was characterized by the
occurrence of massive diatom-rich sedimentation events
and development of bottom anoxia. Afterwards, decadal
variations marked the changes of the proxy records
since the late nineteenth century to the mid-twentieth
century. Finally for the late twentieth century until the
early 2000’s, redox-sensitive metal records and benthic
foraminiferal assemblages exhibited a trend towards less
reducing conditions. This period also featured an increase
of organic matter sedimentation and a declining trend
of siliceous sedimentation. Our findings suggest that
pelagic-benthic fluxes, vertical mixing and/or subsurface
ventilation are important factors that modulate the
subsurface oxygenation and benthic redox conditions in
the Peruvian upwelling system.

P-1116-10

Contribution of Carbon, Nitrogen and
Climate Interactions to Terrestrial Carbon
Uptake

A. Jain (1);S. Shu (1)

(1) University of lllinois, Urbana-Champaign, Atmospheric
Sciences, Urbana, IL, United States of America

There is compelling evidence showing that terrestrial
biosphere has acted as a net carbon (C) sink in recent
decades. However there is a large uncertainty regarding the
magnitude and location of the C sink, predominantly due to
large uncertainties associated with C emissions from land
use change and our limited understanding of processes
affecting plant C sequestration, such as CO2 fertilization
effect, impact of changing climate conditions on plant and
soil respirations and the interaction of N dynamics with
carbon and climate change. This presentation focuses on
understanding and assessing the interactions between the
C cycle, N cycle and climate and how they might impact
terrestrial C sources and sinks in the context of changing
global environment (particularly, increasing atmospheric
CO2 concentrations ({ESOZ]), climate change, N deposition
and land use change) by using a globaﬁ terrestrial C-N
cycle model in the modeYing framework of the Integrated
Science Assessment Model (ISAM). The ISAM model to
be used here has been calibrated based on in situ data
(Ameriflux and LBA field campaign). The model is also
evaluated with two sets of global GPP data, MODIS and
FLUXNETMTE. Analysis on the results of this study suggests
that responses of available N in terrestrial ecosystems to
global environmental changes might have not significantly
affected the net global amount of terrestrial C uptake
over the last three decades, but these N responses have a
strong influence on the spatial and temporal distribution
of predicted C sequestration as are the influences of global
environmental changes.

Are soil organic carbon and its decompo-
sers sensitive to a temperature increase?
New insights from long term bare fallows
and consequences for the terrestrial car-
bon biogeochemical cycle

R. Lefevre (1) ; P. Barré (2) ; PA. Maron, (3) ; S. Terrat, (3)
; S. Dequiedt, (3) ; T. Eglin, (4) ; BT. Christensen, (5) ; T.
Kétterer, (6) ; S. Houot, (7) ; OF. Van (8) ; C. Chenu (9)

(1) University Pierre et Marie Curie, Ecosys, Grignon, France;
(2) ENS/CNRS, Dpt geology, Paris, France; (3) INRA, Umr
agroecology, Dijon, France; (4) ADEME, Direction productions
et energies durables - service agriculture et forét, Angers,
France; (5) Aarhus university, Department of agroecology

- soil fertility, Tjele, Denmark; (6) Swedish University o
Agricultural Sciences, Department of ecology, Ultuna,
Sweden; (7) INRA, Ecosys, Grignon, France; (8) INRA, Ecosys,
Versalilles, France; (9) Agroparistech, Ecosys, Grignon, France

The IPCC projects a temperature increase of 0.3-4.8°C
at the global scale by the year 2100 as well as longer
and more frequent extreme events such as heat waves
(IPCC, 2014). The impact of a temperature increase and
of extreme events on the dynamics of stable soil organic
carbon (SOC) and its decomposers remains a major source
of uncertainty in predicting future changes in atmospheric
CO2 levels.

Long-term bare fallow experiments in which plants and
organic amendments were excluded for at least 25 years
represent a unique research platform to examine this issue
as with increasing duration of the treatment, the proportion
of stable SOC increases. This study employs soils from
four experiments situated at Askov (Denmark), Ultuna
(Sweden) and Grignon and Versailles (France). We used
archived soils sampled at the start of the experiments and
after 25, 49, 53 and 79 years of bare fallow, respectively,
when the soils had become enriched in stable SOC. The
samples were incubated at constant soil moisture and at
four different temperatures (4, 12, 20 and 35 °C). The
evolution of total CO2 and of 13CO2 from the incubated
soils was monitored for more than one year. At the end of
the incubation, SOC decomposers were determined thanks
to next generation sequencing techniques.

The results indicated a higher temperature sensitivity
of SOC in soils enriched in stable carbon. However, we
observed no relationship between the duration of the
bare-fallow treatment and the temperature sensitivity of
SOC. Interestingly, the quality (as determined by 13C0O2)
of the mineralized SOC depended on the incubation
temperature. Our results provided strong evidence for a
general relationship between temperature sensitivity and
SOC stability upon which significant improvements in
predictive models could be based.

This study also showed that soil microbial richness and
equitability were both enhanced in organic resource
depleted soils. We observed a shift from copiotrophic
to oligotrophic microorganisms, indicating a radical
change of ecological niches with carbon depletion and
temperature increase. Surprisingly, the more diverse soil
microbial communities linked to stable soil organic carbon
were more sensitive to a temperature increase than less
diverse communities linked to more labile organic carbon
compounds. It provided evidence that biodiversity is not
the only factor of functional stability and that functional
stability might be a combination of biotic and abiotic soil
characteristics.

P-1116-12

Seasonal and inter-annual variability in
wetland methane emissions simulated by
CLM4MeO and CAM-Chem and compari-
sons to observations of concentrations

E_é)Meng (1) ; R. Paudel, (2) ; PGM. Hess, (3) ; NM. Mahowald,

(1) Western Michigan University, Kalamazoo, MI, United
States of America; (2) Cornell University, Earth and
atmospheric sciences, Ithaca, NY, United States of America;
(3) Cornell University, Ithaca, NY, United States of America

Understanding the temporal and spatial variation of
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wetland methane emissions is essential to the estimation
of the global methane budget. We examine the seasonal
and inter-annual variability in wetland methane emissions
simulated in the Community Land Model (CLM4Me¢).
Methane emissions from both the Carbon-Nitrogen (CN,
i.e. CLM4.0) and the Biogeochemistry (BGC, i.e. CLM4.5)
versions of the CLM are evaluated. We further conduct
simulations of the transport and removal of methane
using the Community Atmosphere Model (CAM-chem)
model using CLM4Me¢ methane emissions from both CN
and BGC along with other methane sources and compare
model simulated atmospheric methane concentration with
observations. In addition, we simulate the atmospheric
concentrations based on the TransCom wetland and rice
paddy emissions from a different terrestrial ecosystem
model VISIT. Our analysis suggests CN wetland methane
emissions are higher in tropics and lower in high latitudes
than BGC. In CN, methane emissions decrease from 1993 to
2004 while this trend does not appear in the BGC version.
In the CN versions, methane emission variations follow
satellite-derived inundation wetlands closely. However,
they are dissimilar in BGC due to its different carbon cycle.
CAM-chem model simulations with CLM4Me¢ methane
emissions suggest that both prescribed anthropogenic
and predicted wetlands methane emissions contribute
substantially to seasonal and inter-annual variability in
atmospheric methane concentration. It also suggests that
different spatial patterns of wetland emissions can have
significant impacts on N-S atmospheric CH4 concentration
gradients and growth rates. This study suggests that
large uncertainties still exist in terms of spatial patterns
and magnitude of global wetland methane budgets, and
that substantial uncertainty comes from the carbon model
underlying the methane flux modules.

P-1116-13

Effects of multiple global environmental
changes and fire on soil greenhouse gas
emissions: feedbacks to climate change

A. Niboyet (1) ; B. Hungate (2) ; J. Brown (2) ; P. Dijkstra (2)
; J. Blankinship (3) ; KJ. Van Groenigen (2) ; X. Le Roux (4)
; P. Leadley (5) ; L. Barthes (5) ; R. Barnard (6) ; C. Field (7)
(1) AgroParisTech, Institute of ecology and environmental
sciences - paris, Thiverval-Grignon, France; (2) Northern
Arizona University, Biological sciences, Flagstaff, United
States of America; (3) Earth Research Institute, Eemb, Santa
Barbara, United States of America; (4) INRA, Laboratoire
d’ecologie microbienne, Villeurbanne, France; (5) Université
Paris-Sud, Laboratoire ecologie, systématique et evolution,
Orsay, France; (6) INRA, Umr agroécologie, Dijon, France; (7)
Carnegie Institution for Science / IPCC WGII, Stanford, CA,
United States of America

Global environmental changes are expected to alter
ecosystem carbon and nitrogen cycling, but the combined
effects of multiple simultaneous environmental changes
are poorly understood. Furthermore, little is known about
the combined effects of chronic global environmental
changes and ecological disturbances on ecosystem
functioning. In particular, these combined effects on soil
emissions of greenhouse gases might be critical as they
could accelerate climate change.

We assessed the responses of soil nitrous oxide (N20)
production, an important greenhouse gas, to elevated
CO2, warming, increased precipitation, and enhanced
nitrogen deposition, as well as their interactions, in an
annual grassland as part of the Jasper Ridge Global Change
Experiment (CA, USA). In addition, we took advantage of
an accidental, low-severity wildfire that burned part of
this long-term global change experiment to investigate
the interactive effects of a fire disturbance and chronic
global environmental changes on soil N2O emissions. We
examined the responses of soil N20 emissions, as well
as the responses of the two main microbial processes
contributing to soil N20 production - nitrification and
denitrification - and of their main drivers.

We found that elevated precipitation increased soil
N20O emissions, especially in combination with added
nitrogen and warming. Furthermore, we show that the fire
disturbance greatly increased soil N20O emissions over a
three-year period, and that elevated CO2 and enhanced
nitrogen supply amplified fire effects on soil N20
emissions: emissions increased by a factor of two with fire
alone and by a factor of six under the combined influence
of fire, elevated CO2 and nitrogen. We then provide
evidence that these responses were caused by increased

microbial denitrification, resulting from increased soil
moisture and soil carbon and nitrogen availability.

Our results indicate that the combined effects of multiple
simultaneous environmental changes and fire can exceed
their effects in isolation, thereby creating unexpected
feedbacks to soil greenhouse gas emissions. In our data
and across the literature, single-factor responses tended
to overestimate interactive responses, except when global
change was combined with disturbance by fire, in which
case interactive effects were large. Thus, for chronic
global environmental changes, higher order interactions
dampened responses of N2O emissions to multiple
global environmental changes, but interactions were
strongly positive when global change was combined with
disturbance.

These findings highlight the need to further explore
the impacts of ecological disturbances on ecosystem
functioning in the context of global change to see how
much these combined impacts might play critical roles
in shaping ecosystem processes that in turn feed back to
climate change.

P-1116-14

Changing environmental controls affect
the strength of the permafrost carbon
feedback

C. Schaedel (1) ; M. Bader, (2) ; E. Schuur (1) ; R. Bracho, (3) ;
P. Capek, (4) ; BS. De (5) ; K. Diakova, (4) ; J. Ernakovich, (6)
; I Hartley (5) ; CM. Iversen, (7) ; E. Kane, (8) ; RJ. Norby, (7)
; J. O'donnell (9) ; T. Roy Chowdhury (10) ; H. Santruckova,
(4) ; G. Shaver, (11) ; C. Treat, (12) ; M. Waldrop, (12) ; KP.
Wickland, (13) ; C. Knoblauch, (14)

(1) Northern Arizona University, Center for Ecosystem
Science and Society, Flagstaff, AZ, United States of America;
(2) New Zealand Forest Research Institute, Rotorua, New
Zealand; (3) University of Florida, School of forest resources
and conservation, Gainesville, FL, United States of America;
(4) University of South Bohemia, Faculty of science, Ceske
Budejovice, Czech Republic; (5) University of Exeter,
Geography, college of life and environmental sciences,
Exeter, United Kingdom; (6) CSIRO, Division of land and
water, Glen Osmond, SA, Australia; (7) Oak Ridge National
Laboratory, Environmental sciences division and climate
change sciences institute, Oak Ridge, TN, United States

of America; (8) Michigan State University, Department of
plant biology, East Lansing, MI, United States of America;

(9) National Park Service, Arctic network, Anchorage, AK,
United States of America; (10) Pacific Northwest Laboratory,
Richland, WA, United States of America; (11) Marine
Biological Laboratory, The ecosystem center, Woods Hole,
MA, United States of America; (12) United States Geological
Survey, Menlo Park, CA, United States of America; (13) United
States Geological Survey, Boulder, CO, United States of
America; (14) University of Hamburg, Institute of soil science,
Hamburg, Germany

As the global climate warms the Arctic is experiencing
rapid increases in temperature causing permafrost
(perennially frozen ground) to thaw and thereby exposing
large quantities of previously frozen organic matter to
microbial decomposition. High latitude ecosystems store
almost twice as much carbon in soils and permafrost than
what is currently contained in the atmosphere. Warmer
temperatures in the Arctic will not only increase carbon
emissions from previously frozen organic matter in the
permafrost zone but also indirectly affect the carbon
cycle through changes in regional and local hydrology.
As permafrost degrades due to warminfg, soil drying will
occur in upland ecosystems as a result of increased natural
drainage as the water table moves further down. On the
contrary, low lying areas can turn into anoxic environments
as the topography and the underlying permafrost layer
prevent runoff. These changes in soil surface hydrology
and oxygen availability in permafrost ecosystems have
broad impacts on the amount and form (carbon dioxide or
methane) of carbon release from newly thawed permafrost
and have the potential to further increase the permafrost
carbon feedback. In order to successfully include the
permafrost carbon feedback into models relevant to IPCC
reports it is important to provide data sets that serve as
constraints for complex models assessing the carbon-
climate feedback from high latitude soils.

We have compiled a database of 26 incubation studies
with soils from active layer and permafrost from across
the entire permafrost zone to quantify a) the effect size of



increasing temperatures and b) the changes from aerobic
to anaerobic environmental soil conditions on carbon
release from permafrost. Results from two different
meta-analyses show that a 10°C increase in temperature
increased carbon release by a factor of two in the three
most important permafrost ecosystems (boreal forest,
peatland and tundra). Under aerobic incubation conditions,
soils released on average 3.4 times more carbon than
under anaerobic conditions which was consistent for
all three ecosystems as well as for soils with different
organic carbon concentrations. While the lack of oxygen
in anaerobic incubations reduced the amount of total
carbon release it increased the amount of the more potent
greenhouse gas methane. Even if accounting for the higher
global warming potential of methane one unit of soil
released more than twice as much carbon under aerobic
incubation conditions than under anaerobic conditions.

This pan-arctic synthesis shows that carbon release from
newly thawed organic matter in high latitude ecosystems
is highly affected by increasing temperatures but that
changes in soil moisture and oxygen availability have an
even larger impact on carbon release. The permafrost
carbon feedbacl? is stronger in an aerobic environment as
the faster decomposition offsets the higher heat trapping
capacity of methane occurring under anaerobic conditions
over a 100-year timescale.

P-1116-15

Topography and geochemistry influence
methane response to permafrost thaw

L. Smith (1) ; M. Conrad, (2) ; MS. Torn (3) ; J. Curtis, (2) ; O.
Chafe, (2) ; B. Markus (2)

(1) University of California Berkeley, Energy and Resources
Group, Berkeley, CA, United States of America; (2) Lawrence
Berkeley National Laboratory, Berkeley, CA, United States of
America; (3) Lawrence Berkeley National Laboratory, Earth
Sciences Division, Berkeley, CA, United States of America

Arctic wetlands are currently net sources of atmospheric
CH4. CH4 emissions in Arctic tundra vary widely in space
and time, with proximate controls—substrate availability,
competition or substrate among decomposition
processes, CH4 oxidation, and CH4 transport—dependent
on local climate, soil, hydrolo y, and biology. These
complex controls and high spatial ?and temporal variability
make it difficult to characterize current CH4 processes and
predict their responses to climate change. We investigated
these processes in Arctic polygon tundra, across a
permafrost thaw gradient from low-centered (intact)
polygons to flat- and high-centered (degraded) polygons.
We asked: (1) how do CH4 production and consumption
vary with permafrost thaw and microtopographic feature,

(2) how do subsurface CH4 processes relate to
surface CH4 and CO2 fluxes? We made measurements
in 3 microtopographic features (polygon centers, rims,
and troughs) across the permafrost thaw gradient.
Measurements included surface CH4 and CO2 fluxes,
concentrations and stable isotope compositions of CH4
and DIC at 3 depths in the soil profile, and soil moisture
and temperature. We found clear patterns in CH4
processes with permafrost degradation, as well as polygon
feature and month. More degraded sites had lower CH4
emissions, a different primary methanogenic pathway, and
greater CH4 oxidation than intact permafrost sites, to a
greater degree than soil moisture or temperature could
explain. Surface CH4 flux decreased from 190 nmol m-2
s-1 in intact polygons to 9 nmol m-2 s-1 in degraded
polygons. Stable isotope signatures of CH4 and DIC
showed that acetate cleavage dominated CH4 production
in low-centered polygons, while CO2 reduction was the
primary pathway in degraded polygons. We see evidence
that distinct patterns of water flow and geochemistry
between intact and degraded polygons contn%ute to these
observations, through transport of redox-active species
among high—centered polygon features. These findings
suggest that future Arctic tundra CH4 emissions will
depend not only on profile-scale changes in soil moisture
and inundation, but also on the effect of warming on
larger-scale geomorphic, geochemical, and hydrologic
factors. Wetland drainage due to ice wedge degradation
may reduce CH4 emissions across the landscape, even in
inundated inter-polygon troughs.

P-1116-16

Feedbacks between climate change and
the terrestrial biosphere

BD. Stocker (1) ; S. Williams, (2) ; IC. Prentice (1)

(1) Imperial College London, Department of Life Sciences,
Ascot, United Kingdom; (2) Imperial College, Physics
department, London, United Kingdom

Land ecosystems are absorbing ~25% of anthropogenic
CO2 emissions but emit a range of other greenhouse-
gases and indirectly regulate their concentrations in the
atmosphere through the emission of chemically active
compounds. Terrestrial greenhouse-gas emission rates
and the energy exchange between the land surface and the
atmosphere are sensitive to climate and atmospheric CO2
and thus represent a feedback to anthropogenic climate
change. Recent research using couplecf) Earth System
Models has demonstrated that land-based feedbacks
may amplify climate change through positive feedbacks
that have previously not been accounted for. Here, we
present a comprehensive compilation of feedback strength
estimates from individual land-mediated forcing agents
(CO2, CH4, N20, albedo, etc.) and their interactions
based on observational data and Earth system modeling.
Today, the dominant negative feedback arising from the
CO2-stimulated land C sink compensates smal?er positive
feedbacks from non-CO2 forcing agents. Under a future
business-as-usual scenario, these positive feedbacks
exert an increasingly strong additional warming.
Anthropo% nic land use change and inputs of reactive
nitrogen by atmospheric deposition and fertilizers act
to further shift the balance of feedbacks towards more
positive values. This may be mitigated by protection of
forest ecosystems and a more efficient use of mineral
fertilizers in agriculture.

P-1116-17

Modeling high-Arctic permafrost thawing impact on
greenhouse gas exchange in Northeast Greenland

W. Zhang (1) ; E. Bo (2) ; G. Schurgers, (2) J. Hollesen (2) ;
PE. Jansson (3) P. Mlller(l) B. Smith (1)

(1) Lund University, Department of physical geography

and ecosystem science, Lund, Sweden; (2) University of
Copenhagen, Department of geosciences and natural
resource manaﬂement, Copenhagen, Denmark; (3) Royal
Institute of Technology, Department of land and water
resources engineering, Stockholm, Sweden

Frozen organic carbon stored in northern permafrost soils
may become vulnerable due to the rapid warming of the
Arctic. The loss of carbon through the emissions of CO2
and CH4 may imply a critical warming potential, resulting
in positive feedbacks to global climate change. However,
positive and ne{ganve feedback dynamics associated with
thawing permafrost and ecosystem biogeochemistry on
a landscape scale is still unclear. Here, we combine two
contrasting modeling techniques to ‘model the high-
Arctic ecosystems in Northeast Greenland. Firstly, the
Coup (Coupled Heat and Mass Transfer Model for soil-
plant-atmosphere system) model is validated with three
years’ measurements of active layer depth and soil carbon
content. Secondly, to account for the transient impacts
of climate change to potential vegetation dynamics, we
employ the leaf area index, projective cover fraction and
climatic forcing produced by a regional Earth system
model (RCA-GUESS), which simulates climate as well as
vegetation dynamics, as the driving data to the Coup
model to project future active layer depth and greenhouse
gas exchange. Comparing to the Coup model driven with
static vegetation properties of the validation period, we are
able to quantify the effects of vegetation dynamics on the
magnitude and timing of active layer depth, and ecosystem
greenhouse gas exchange in the high-Arctic subject to
the scenarios in different representative concentration
pathways (RCP2.6, 4.5 and 8.5) as simulated with the
regional Earth system model.
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P-1116-18

P-1116-19

Effects of nitrogen deposition on photo-
synthesis of an alpine meadow ecosystem
in Eastern Qinghai-Tibetan Plateau

L. Zhang (1);S. Yan (1)

(1) Institute of Geographic Sciences and Natural Resources

Research, Chinese Academy of Sciences, Key Laboratory

gt;lf_cosystem Network Observation and Modeling, Beijing,
ina

Responses of leaf and canopy photosynthesis to global
change play an important role in global carbon cycling.
Due to human activities, especially the burning of fossil
fuels, the extensive use of farmland ecosystem nitrogen
and continuous development of animal husbandry, the
nitrogen input level into ecosystem increases significantly.
However, the effects of increasing atmospheric nitrogen
deposition on leaf and canopy photosynthesis of grassland
ecosystems in Qinghai-Tibetan Plateau are unclear. In this
study, we measured leaf nitrogen content, photosynthesis,
and leaf area index in an alpine meadow ecosystem in
Eastern Qinghai-Tibetan Plateau, based on a multi-form
N addition experiment. Maximum rates of carboxylation
(Vcmax) and electron transport (Jmax) were calculated
from A-Ci curves measured with an LI-6400 portable
photosynthesis system. The results showed that leaf
nitrogen content in Stipa aliena growing with a high-level
nitrogen input (40 kg N ha—1 yr—1) increased by 6.2%
and 9.7 % in 2012 and 2013. Vcmax and Jmax at 250C
increased by 46.5% and 39.8% in 2012, 37.9% and 25.4%
in 2013, respectively. Meanwhile, leaf area index of the
alpine meadow ecosystem also had an increase of 45.0%
in 2012 and 21.9% in 2013. Positive effects of nitrogen
addition on leaf nitrogen content, leaf photosynthetic
capacity, and canopy leaf area undoubtedly resulted in an
increase in gross primary production of the alpine meadow
ecosystem.

Carbon Cycle Response to Artificial Atmos-
pheric Carbon Dioxide Removal

K. Zickfeld (1)
(1) Simon Fraser University, Vancouver, BC, Canada

Artificial removal of carbon dioxide from the atmosphere
(CDR) is increasingly discussed as a complementary
approach to CO2 emission reductions, particularly in the
context of stringent climate targets. The efficiency of
CDR is determined by the interplay between the natural
carbon sinks on land and in the ocean and atmospheric
CO2 levels. Only a few studies have explored the response
of the global carbon cycle to CDR. Here, we use an Earth
System model of intermediate complexity - the University
of Victoria Earth System Climate Model (UVic ESCM) - to
explore the response of the carbon cycle to atmospheric
CO2 removal under a range of idealized scenarios, which
differ in the total amount and rate of negative emissions,
and the initial state of the system. We perform two sets of
model simulations: one where a drop in atmospheric CO2
toa ta?et level and maintenance at that level is prescribed
(P), and one where an equivalent amount of negative CO2
emissions is prescribed over a given period of time, with
atmospheric CO2 left to evolve ?reely thereafter (E).

Results indicate that for both simulation sets, CO2
outgasses from the terrestrial biosphere and the ocean
during the atmospheric CO2 removal phase. The amount
of outgassing is sensitive to the experimental setup (P
versus E simulations) and the rate and amount of CO2
removal. For P simulations we find that the lower the
target atmospheric CO2 level, the larger the outgassing
from natural sinks, and the larger the negative emissions
required to maintain the target level. The efficiency
of CDR - defined for P simulations as the cumulative
negative emissions required to achieve a unit decrease in
atmospheric CO2 - is independent of the rate of removal
in the long-term, but increases significantly for scenarios
with larger amounts of CDR.

1117 - Understanding decadal variations in the climate system

and implications for the future
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K-1117-01

Global and regional climate variability: a
pause for thought
E. Hawkins (1)

(1) University of Reading, Dept. of meteorology, Reading,
United Kingdom

Our experience of how climate changes depends on the
interaction between externally driven changes, such as
those due to greenhouse gases, aerosols and volcanic
eruptions, and internal climate variations, both globally
and locally. The recent slowdown in global temperature
rise has dramatically highlighted these interactions and
challenged the climate community to understand, explain
and communicate the complex issues involved.

This talk will focus on some of the history of our
understanding of climate variability, the links between
changes in global temperature and regional climate, and
the limits on the precision with which we can make climate
projections. The concept of ‘climate emergence’ will also
be discussed as a useful framework to help understand
the role of climate variability and to help communicate the
many plausible possibilities for how regional climate may
change over the coming decades.

K-1117-02

Past and future European climate trends:
uncertainty due to internal variability

L. Terray (1) ; C. Deser (2)
(1) CERFACS/CNRS, Sciences de I'Univers au CERFACS,

URA1875, Toulouse, France; (2) National Center for
Atmospheric Research, Climate analysis section, Boulder,
United States of America

This talk will highlight the relative importance of internally
generated versus externally forced climate trends over
the past and next fifty years at local and regional scales
over Europe. The assessment is based on a large ensemble
of climate simulations performed with the CESM1 NCAR
model that cover the 1920-2100 period. The ensemble
contains a large number of integrations (30), each of which
is subject to identical natural and anthropogenic radiative
forcing but initialized from a slightly different atmospheric
state. The large ensemble shows that natural climate
variability superimposed upon forced climate change
results in a large range of possible trends for surface air
temperature and precipitation over the past and next fifty
years. A variant of the flow-analogue approach is used to
partition the temperature and precipitation changes due
to internal variability into dynamical and thermodynamical
components. Internal thermodynamical changes are
shown to be more important in summer while dynamical
ones are the dominant contributors in winter. Removing
the unpredictable dynamical contribution results in a
significant increase of the signal to noise ratio, particularly
in winter. The thermodynamical changes are shown to be
linked with the ocean, sea-ice and land surface conditions.
While large ensembles are needed to fully characterize the
forced response at global and regional scales, they also
provide a robust estimation of the uncertainties due to
internal variability that is needed to better characterize
model structural differences. This is important for a wide
range of stakeholders as the partial masking of human-
induced climate change by internal multidecadal variability
isffan important consideration for policy and planning
efforts.



0O-1117-01

The Pacific decadal oscillation, revisited

M. Newman (1) ; M. Alexander (2) ; T. Ault, (3) ; K. Cobb (4)
; C. Deser (5) ; E. Dilorenzo (4) ; N. Mantua (6) ; A. Miller
(7) ; S. Minobe (8) ; H. Nakamura (9) ; N. Schneider (10) ; D.
Vimont (11)

(1) University of Colorado/CIRES and NOAA/ESRL/PSD,
Boulder, CO, United States of America; (2) NOAA/ESRL/PSD,
Boulder, United States of America; (3) Cornell University,
Ithaca, United States of America; (4) Georgia Tech,

Atlanta, United States of America; (5) National Center for
Atmospheric Research, Climate analysis section, Boulder,
United States of America; (6) NOAA/NMFS Southwest
Fisheries Science Center, Santa Cruz, United States of
America; (7) Scripps Institute of Oceanography, La Jolla,
United States of America; (8) Hokkaido University, Sapporo,
Japan; (9) University of Tokyo, Tokyo, Japan; (10) University
of Hawaii, International Pacific Research Center, Honolulu,
United States of America; (11) University of Wisconsin,
Madison, United States of America

Since its identification in the late 1990’s as the dominant
pattern of North Pacific sea surface temperature (SST)
variability, the Pacific decadal oscillation (PDO) has been
connected both to other parts of the climate system and
to impacts on natural resources and marine and terrestrial
ecosystems. Variability associated with the PDO has often
been confused iwth externally forced climate change
including anthropogenic effects. Subsequent research,
however, has found that the PDO is not a single physical
mode of climate variability but instead largely represents
the combination of three groups of processes: (1) changes
in ocean surface heat fluxes and Ekman (wind-driven)
transport related to the Aleutian low, due to both local,
rapidly decorrelatimf;, unpredictable weather “noise” and
to remote forcing from interannual to decadal tropical
variability (largely El Nino) via the “atmospheric bridge”;
(2) ocean memory, or processes determining oceanic
thermal inertia including “re-emergence” and oceanic
Rossby waves, that act to integrate this forcing and thus
generate added PDO variability on decadal time scales;
and (3) decadal changes in the Kuroshio-Oyashio current
system forced by the multi-year history of basin-wide
Ekman pumping, manifested as SST anomalies along
the subarctic front at about 40°N in the western Pacific
ocean. Thus, the PDO represents the effects of different
processes operating on different timescales, with few of
its apparent impacts due to extratropical SST anomalies.
This talk presents a synthesis of this current view of
the PDO, and discusses corresponding implications for
climate diagnosis, including of PDO climate impacts and
predictability (both oceanographic and atmospheric);
potential decadal «regime»-like behavior; simulations
of the PDO in climate models; the interpretation of
paleoclimate multicentennial reconstructions of the PDO;
and its impacts on marine ecosystems. We conclude with
some suggested “best practices” for future PDO diagnosis
and forecasts including investigating the potential role of
the PDO in the global temperature hiatus.

0-1117-02

Importance of Atlantic decadal variability
for near-term assessment and predictabi-
lity of western Amazon dry-season dry and
wet events

K. Fernandes (1) ; W. Baethgen, (2) ; L. Verchot (3) ; A.
Giannini (1) ; M. Pinedo-Vasquez, (3)

(1) Columbia University, International Research Institute

for Climate and Society (IRl), Palisades, NY, United States

of America; (2) Columbia University, International institute
for climate and society (iri), Palisades, NY, United States of
America; (3) CIFOR, Bogor, Indonesia

The drought of 2005 was a “1 in 100 years” event in
western Amazon resulting in fire damage to over 300,000
hectares of rainforest in the Brazilian state of Acre and
22,000 hectares in the province of Coronel Portillo in
Peru. In 2010 another severe drought resulted in the
isolation of entire communities as the Negro River, a major
northwestern Amazon tributary, registered its lowest
water lever in over 100 years. The Amazon ecosystem
is sensitive to repeated occurrence of droughts, which
interferes with the forest’s natural ability to recover from
stress and undermine climate change mitigation efforts
to reduce CO2 emissions from deforestation and forest

degradation. Whether this apparent increase in drought
severity and frequency is related to natural low-frequency
modes of climate variability, to anthropogenic influence on
climate, or to a combination of both is explored here.

A modest negative trend in dry-season precipitation
is observed in western Amazon over the period 1935-
2012, which along with a multi-decadal pattern of
reduced moisture transport from the tropical Atlantic
worked to enhance the severity of the recent droughts.
Most of the western Amazon dry-season precipitation
decadal variability is attributable to decadal fluctuations
of the north-south gradient (NSG) in Atlantic sea surface
temperature (SST). The observed western Amazon and NSG
decadal co-variability is well reproduced in Global Climate
Models (GCMs) pre-industrial control (PIC) and historical
(HIST) experiments that were part of the Intergovernmental
Panel on Climate Change fifth assessment report
(IPCC-ARS). This suggests that unforced or natural
climate variability, characteristic of the PIC simulations,
determines the nature of this coupling, as the results from
HIST simulations (forced with greenhouse gases (GHG)
and natural and anthropo&;enic aerosols) are comparable
in magnitude and spatial distribution. Decadal fluctuation
in the NSG also determines shifts in the probability of
repeated dry and wet events in western Amazon, as
there is a 66% chance of 3 or more years of dry events
per decade when NSG>0 compared to 19% when NSG<O.
The HIST and PIC model simulations also reproduce the
observed shifts in probability distribution of dry and wet
events as a function of the NSG decadal phase, suggesting
there is great potential for decadal predictability based on
GCMs. Persistence of the current NSG positive phase may
lead to continuing above normal frequencies of western
Amazon dry-season droughts.

0-1117-03

Stochastic low-frequency variability in
the eddying ocean: mid-latitude imprints,
possible atmospheric impacts

T. Penduff (1) ; L. Terray (2) ; S. Leroux (1) ; G. Sérazin (1) ; B.
Barnier (1) ; JM. Molines (1) ; L. Bessiéres (2)

(1) LGGE, MEOM, Grenoble Cedex 9, France; (2) CERFACS/
CNRS, Sciences de I'Univers au CERFACS, URA1875,
Toulouse, France

Laminar Ocean General Circulation Models (2° to 1°
resolution) used in recent climate projections are being
progressively replaced by turbulent ocean models (about
1/4° resolution) in the perspective of the next CMIP
exercise. Atmospherically-forced ocean experiments
show that this resolution increase improves the physical
consistency of simulations, but also allows the ocean to
spontaneously generate a substantial variability up to
interannual-to-multidecadal timescales. Consistently with
idealized studies, this low-frequency intrinsic variability
(LFIV) is negligeable when mesoscale oceanic eddies are
not explicitly resolved, and spontaneously emerges in the
turbulent regime.

This non-linearly driven oceanic LFIV has a stochastic
character, and a marked signature on the upper ocean
temperatures in mid-latitude regions where air-sea fluxes
are maximum in Nature. Seasonally-driven global eddying
ocean simulations exhibit the strong, large-scale imprints
of this stochastic LFIV on several climate-relevant oceanic
indices: sea-surface height (SSH) and temperature (SST)
in western boundary current systems and the Antarctic
Circumpolar Current, Meridional Overturning Circulation
(AMOC) throughout the Atlantic Ocean, etc.

How these low-frequency intrinsic variability modes are
impacted, and may or not be paced, by the interannually-
varying atmosphere is an important question about
climate uncertainty. The ongoing OCCIPUT project aims
at investigating these questions probabilistically through
a 50-member ensemble of 1/4° global ocean/sea-ice
57-year hindcasts, driven by the same 1958-present
atmospheric forcing. Present results demonstrate that
initial state perturbations spontaneously grow, cascade
toward long space and time scales and non-linearly
saturate. The resulting ensemble spread describes the
atmospherically-paced  stochastic LFIV (uncertainty),
with marked imprints on oceanic variables at large space
and time scales both at the surface (SST, SSH) and below
(AMOC, mode/intermediate/deep water mass properties
and depths, etc).
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This ensemble experiment will provide the first
probabilistic description of the global ocean state and
evolution over the last decades, and a measure of the
actual constraint exerted by the atmosphere on low-
frequency ocean variability. The imprint of this stochastic
LFIV on the upper-ocean thermal fields and AMOC will
then provide insights into how this eddy-driven low-
frequency oceanic “noise” might ultimately impact the
atmosphere and climate predictability in future coupled
climate projections.

0-1117-04

Contribution of sulfate anthropogenic
aerosols to the Euro-Mediterranean climate
trends since 1980 using a regional coupled
modelling approach

P. Nabat (1) ; S. Somot (1) ; M. Mallet (2) ; A. Sanchez-
Lorenzo (3) ; M. Wild (4)

(1) Météo-France / CNRM-GAME, Toulouse, France; (2)
Laboratoire d’Aerologie, Toulouse, France; (3) University

of Girona, Department of physics, Girona, Spain; (4) ETH,
Zurich, Institute for atmospheric and climate science, Zurich,
Switzerland

Since the 1980s, sulfur emissions have considerably been
reduced in industrialized countries, notably in Europe, thus
leading to a decrease of sulfate aerosol concentration over
the Euro-Mediterranean region. Meanwhile, an increase of
incoming solar radiation reaching the surface, known as
the brightening effect, has been observed over the same
period but global and regional climate models still have
trouble in reproducing the all-sky surface solar radiation
trends and their consequences on climate.

In order to investigate the consequences of this aerosol
trend on regional climate and its role in the observed
changes during the last three decades, the present study
introduces an original approach, through the use of a fully
coupled regional climate system model (CNRM-RCSM). The
latter includes the different components of the regional
climate system, namely the atmosphere (with ALADIN-
Climate), the ocean (with NEMOMEDS), the land surface
(with ISBA) and the rivers (with TRIP). This approach enables
us to take into account the high-frequency feedback of the
sea surface temperature (SST) on the atmosphere, as well
as the river-ocean-atmosphere feedback. Aerosols are
included in ALADIN-Climate through monthly interannual
climatologies, coming from a combination of satellite-
derived and model-simulated products, and considered as
the best possible relevant estimation of the atmospheric
aerosol content for the five most relevant species (sea salt,
desert dust, sulfates, black and organic carbon aerosols).
Simulations using the lateral boundary forcing of the
ERA-INTERIM reanalysis have been carried out over the
period 1980-2012 with and without the trend in sulfate
aerosols.The scattering of the incoming solar radiation
by sulfate aerosols leads to important changes in the
Euro-Mediterranean climate. Comparisons between both
simulations and homogenized surface observations reveal
that our model is able to reproduce the all-sky surface
shortwave radiation trends only when the aerosol trend
is included. This improvement is particularly visible in
regions where aerosols have been strongly reduced (i.e.,
Central Europe, Po Valler). Aerosol changes explain 81 +
16 per cent of the simulated brightening over the 1980-
2012 period, while the direct effect has been found to be
the main cause of the simulated brightening.

As a result of this brightening effect, when including
the aerosol decrease, the surface temperature trend is
higher and closer to homogenized surface observations,
indicating that aerosols explain 23 + 5 per cent of the
observed warming between 1980 and 2012. The use of an
atmosphere-ocean coupled model enables us to show that
Mediterranean sea surface temperature changes are also
better reproduced using the aerosol trend. Air-sea fluxes
have consequently been modified by this evolution in the
sulfate aerosol content, as well as river flow.

Overall, our results demonstrate the importance of
changes in aerosol loads for the understanding of regional
climate variability.

0-1117-05

Volcanic Forcing: new initiatives to
establish its impacts on climates of the
Southern Hemisphere

P. Harvey (1) ; S. Grab (1) ; F. Engelbrecht, (2)

(1) University of Witwatersrand, Geography, archaeology
and environmental studies, Johannesburg, South Africa;
(2) Centre for Scientific and Industrial Research, Natural
resources and the environment, Pretoria, South Africa

In the northern hemisphere (NH), 1816 is well known as
‘the year without a summer’. But what happened in the
southern hemisphere (SH) in 1816, or for that matter
following other major tropical or SH volcanic eruptions?
Whilst recent work has taken on an increasingly global
focus on volcanic forcing as a driving mechanism
influencing climate, the emphasis has largely been on the
NH where most of the world’s landmass and people have
been impacted by large scale volcanic eruptions. To this
end, the SH continues to remain in the shadows; hence our
initiative to investigate: a) past impacts of major volcanic
eruptions on SH climate and environment/society, and b)
to model the climatic impacts of such eruptions on specific
SH landmasses such as southern Africa, South America,
Australia and New Zealand.

Several numerically based studies and experiments have
confirmed global mean temperature declines during
years immediately following major volcanic eruptions,
and in particular, this correlation seems to be driven by
considerably cooler than normal summers which more
than compensate for warm winter anomalies over the NH
(e.g. Briffa et al., 1998; Fischer et al., 2007; Miller et al.,
2012). Such work has additionally been supported with
longer-term tree ring density and frost ring data for North
America and Europe, demonstrating a clear environmental
response and signature to such events (e.g. D’Arrigo
and Jacoby, 1999; Breitenmoser et al.,, 2012). Recent
modeling approaches have demonstrated the association
between higﬁ northern latitude volcanic eruptions and
the dispersion of aerosols, which remain mostly confined
north of 30°N (Oman et al., 2006), and the connection to
Arctic/sub-Arctic ice growth development and consequent
sea-ice/ocean feedbacks causing hemispheric cooling
(Miller et al., 2012). Thus, much is known and much has
been learnt from volcanic forcing events on NH climates
and environments, but to what extent are these patterns
mirrored in the SH?

Given the scarcity of SH instrumental records covering
the Tambora and other major historical period volcanic
events, little is known about their impact in southerly
latitudes. Here we triangulate evidence from a variety of
proxies including historical documentary sources, and
tree ring and speleothem data, to demonstrate that major
tropical or SH volcanic eruptions are usually followed
by extreme climate events across much of the SH. For
instance, in southern Africa, such events may be followed
by exceptionally hot summers and severe winters (with
unusually early and/or late frosts and heavy snowfall
events) (Grab and Nash, 2010). Whilst this temporally
mirrors austral winters and summers in the NH (which are
warmer and cooler respectively), the cooling anomalies are
seasonally reversed between the hemispheres. In addition,
data thus far suggest that one to two years following
such a major eruption has [have] a very high probability
of experiencing very wet [floods] or very dry [drought]
conditions, but that the relationship is not linear owing
to other climate drivers such as ENSO cycles. This work is
ongoing and seeks further evidence to substantiate these
new findings.

Finally, we present our current and future aims to model
the climatic impacts (all major climate parameters) of
major volcanic eruptions across various spatial and
temporal scales in the SH using the Variable-Resolution
Earth System Model (VRESM) and its atmospheric
component the Conformal Cubic Atmospheric Model
(CCAM) (see Engelbrecht et al., 2011). The models will be
integrated to simulate volcanic events ranging in size from
Toba to Pinatubo (or smaller), and will test the associations
between geographic location (longitude/latitude) and
event magnitude to establish spatial, temporal and type/
magnitude of climatic impacts in the SH.
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Calibration and Validation of Summer
Monsoon Rainfall over Bangladesh Using
PRECIS Model

MN. Ahasan (1)

(1) SAARC Meteorological Research Centre (SMRC), Synoptic
Division, Dhaka, Bangladesh

A regional climate model named PRECIS is employed in
generating rainfall scenarios for SAARC region. PRECIS
enerated rainfall scenario is calibrated with ground-
ased observed rainfall during 1961-1990 in Bangladesh.
Through calibration regression coefficients such as slope
and constant are obtained at 27 observational sites over
Bangladesh. The regression coefficients are utilized in
validation of PRECIS generated rainfall during 2000 to
2006. Better performance of PRECIS through validation
encourages emﬁloying it in rainfall forecasting for
Bangladesh. In this work rainfall forecast for Bangladesh
is performed experimentally for 2009. The monsoon
rainfall is projected surplus 0.29 mmj/day or 2.03% in
2009 and it will be surplus 0.44 mm/day or 14.02% in
post-monsoon. It will deficit 0.11 mm/day (2.08%) and
0.01 mm/day (1.44%) in pre-monsoon and dry season
respectively. Through the analysis of monsoon rainfall
in Bangladesh this work discloses that PRECIS simulated
rainfall is not directln useful in application purposes.
Without calibration with ground-truth data model outputs
are very risky in providing long-term rainfall prediction.
However, after performing calibration excellent result
is obtained in estimating rainfall in Bangladesh with R2
is 0.94 and correlation is 0.97. The encouraging results
of this work can be taken as the starting point of SMRC
to do more realistic research on long-term rainfall
forecasting. The monsoon rainfall forecasting approach
using down scaling of regional climate model outputs is
very new in Bangladesh and also in SMRC. This persuades
result suggests extending the work for other SAARC
countries in a consecutive research project. Model run
with other ensembles and with high horizontal resolution
are also under consideration with the improvement of
computational facilities in the Centre. After completion
of the calibration and validation of PRECIS for SAARC
region, the projected rainfall is supposed to be posted
throu%h SMRC website (www.saarc-smrc.org) which is now
available only for Bangladesh. Completion of such type of
job is really necessary for SAARC region where SMRC can
play important role as a regional meteorological research
centre.

P-1117-02

Crops response to climate variability and
societal implications on rural dwellers of
Nigeria

S. Ayanlade (1)

(1) Obafemi Awolowo University, lle-Ife, Nigeria, Dept. of
Geography,, lle-Ife, Osun, France

This study examines impacts of climate variability on
the yield of eight major crops in the guinea ecological of
Nigeria, using both quantitative and qualitative methods.
The Guinea ecological zone represents a rich agricultural
area for Nigeria, sometime call “the food basket zone
of the country’. Several studies have been show that
variability of rainfall has significant implication not only
on the differences in the types of crops cultivated but also
the rate of yield of such crops. Majority of these studies
were based on assessment of two to four crops. Thus, the
present study apply GIS techniques to examine the climate
variability and its implications on the eight crops (Cassava,
yam, Maize, sorghum, Groundnut, Cowpea, Cocoyam
and Melon), majorly cultivated in the area. Rainfall,
temperature and the crops yield dataset from 1982 to
2012 were used in the analysis. A year is divided into two
growing seasons. These seasons are: early growing season
(April-June) and late growing season (July- October) with
regard to seasonal differences and the crops yields. The
results show that during the past decades the yields of
these crops were associated with climate variability, which
vary differently in the year with high rainfall than the year
with low rainfall. The study found out that the crops yield

have been dominated by reduction in the number of rain
days during the middle of the rainy season and there
is evidence of a significant change in the crop yield as
climate varied. The study concluded by recommending the
need to encourage rain fed agriculture and agricultural
research to improve crop yields.

P-1117-03

Diatoms evidence for past two centuries
major changes in seasonal sea surface
conditions prior the instrumental period in
the southern Gulf of California

L. Barbara (1) ; S. Schmidt (2) ; J. Urrutia Fucugauchi (1) ; L.
Perez Cruz (1)

(1) Universidad Nacional Auténoma de Mexico, Instituto de
geofisica, Mexico D.f, Mexico; (2) CNRS, UMR 5805 EPOC,
Université Bordeaux , Pessac, France

Studies on laminated marine sediments have enabled to
exploit annual to subseasonal information of oceanic and
climatic conditions of the past, and particularly in the Gulf
of California where there are excellent laminated records,
underlying anoxic basins. These studies, however, are
based on resin-embedded thin sections and present only
qualitative snapshots of the past environments. Any of them
have compared high resolution records with instrumental
data, in order to reconstruct the environmental conditions
and document the variability on interannual to decadal
timescales beyond the instrumental period.

Here, we describe environmental conditions in the eastern
part of Carmen Basin in the southern Gulf of California,
over the past two centuries using diatom census counts in
the DIPALV-C33 marine sediment box core. Diatom census
counts show progressive changes since AD 1850, marked
by persistent warm stratified and nutrient limited water
conditions on the Gulf eastern sector. In parallel, inferred
environmental conditions provide evidence for reduced
seasonal upwelling during the last century and limiting
Erimary productivity, concurrent with increase of storm/

urricane frequency. We propose that these multi-decadal
sea surface variations are mainly governed by synoptic and
regional wind fields in relation to the position and intensity
of the atmospheric low and high-pressure trough around
the Gulf of California. However, both ENSO and PDO
variability patterns in the last century cannot explain the
re?ional trend observed in this study, probably due to the
effect of local processes on the response of our biological
proxies.

P-1117-04
Mechanisms relating the MJO to intrasea-

sonal variability of the surface climate in
the Americas

EH. Berbery (1) ; M. Natoli (2)

(1) University of Maryland, Earth System Science
Interdisciplinary Center/CICS-MD, College Park, Maryland,
United States of America; (2) University of Maryland, Earth
system science interdisciplinary center, College Park,
Maryland, United States of America

This study uses the NCEP’s Climate Forecast System
Reanalysis (CFSR) to revisit the dynamical mechanisms
associated with the Madden-Julian Oscillation (MJO) that
affect the surface climate over the Americas. During
the boreal cold season, North America sees a notable
eastward propagation in temperature anomalies through
the MJO evolution. Despite the smaller land area,
temperature effects in South America during the austral
cold season appear clearer than in North America and
more appropriately connected to MJO convection. This is
especially true over subtropical portions of the continent.
These structures are related to the MJO enhanced
tropical convection that can induce anomalous upper-
tropospheric cyclonic circulation on the leading edge
of the MJO enhanced convection and anomalous anti-
cyclonic circulations trailing the convection. During each
hemisphere’s winter season, and connected with these
patterns, enhanced direct circulations favor changes in the
subtropical and polar jet streams. Intra-seasonal changes
in the divergent circulation in upper levels modulate the
Rossby Wave Source centers around 30-45° latitude and
the propagation of Rossby waves, as noted in the wave
activity fluxes, into the extratropics inducing near-surface
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temperature and precipitation anomalies.

During the corresponding summer seasons, the
diagnostics show that precipitation patterns are more
directly connected to the convection anomalies rather than
the circulation anomalies. The Americas see enhanced
precipitation in the monsoon regions when the large scale
upper tropospheric divergence associated with the MJO
convection passes over the western hemisphere. Similarly,
suppressed precipitation in these regions is observed
when the large scale upper tropospheric convergence
passes over the continents.

P-1117-05

Climate Change Studies over Western-
ghat Region using Remote Sensing & GIS
Modelling

N. Bhat (1) ; KC. Gouda (2)

(1) Shri Madhwa Vadiraja Institute of Technology and
Management, computer sc & engg, Udupi, Karnataka,
IFrglnce; (2) CSIR CMMACS, CEMP, BANGALORE KARNATAKA,
ndia

Western ghat region is one of the major mountain system
in the Indian sdunbcontinent, extending in the western part
of Indian from Kerala in South till Maharastra in north and
the total area is about 160,000 Sq. km. The western ghat
is of important from different point of view starting from
the flora and fauna to medicin al plant to the rich region of
river systems and the orography is most important for its
role in the Rainfall during Monsoon and other seasons. In
the study the remote sensing data from different soiurces
like MODIS, TRMM, IRS and the multi-source observations
from reanalysis products like NCEP, ERA-40, JMA and the
high resolution observations like IMD are being used to
study the climate change and quantified in terms of the
different climate parameters mainly temperature, rainfall,
humidity etc. The IRS and Landsat data are being analtysed
in the GIS Modelling frame work to see the signature in
the Land Use and Land Cover Change detaection at high
resolution over the mountain region. Finally the spatio-
temporal analysis of the climate change are presented.
Various algorithm and visualisation to understand the
climate change over the mountain region are developed
and presented in a very user friendly way which can be
easily used by the users of different sectors for the better
understanding of the climate change.

P-1117-06

Temperature impact on Non-Communi-
catble Diseases in Africa - a Blind Spot in
Research

A. Bunker (1) ; E. Diboulo, (2) ; A. Sié, (3) ; R. Sauerborn (4)
(1) University of Heidelberg, Network Ageing Research and
Institute of Public Health, Heidelberg, Germany; (2) Swiss
Tropical and Public Health Institute, Epidemiology and
Biostatistics, Basel, Switzerland; (3) Centre de Recherche

en Santé de Nouna, Nouna, Burkina Faso; (4) Heidelberg
University, Institute of public health, Heidelberg, Germany

The mean temperature in northwest rural Burkina Faso, in
the Nouna Health and Demographic Surveillance System
(HDSS) region, is projected to increase under different
climate change scenarios by the end of the 21st Century[1].
The Nouna HDSS consists of approximately 100,000
people, and is one of several International Network for the
Demographic Evaluation of Populations and Their Health
(INDEPTH) sites that collect health and demographic data
across populations in low-and-middle income countries.
As life expectancy increases in Burkina Faso and people
live for longer with chronic and degenerative diseases,
non-communicable disease will play a greater role in
contributing to the burden of disease. This study assesses
the impact of 18 years of temperature exposure on non-
communicable disease years of life lost, an indicator of
premature mortality, in the Nouna HDSS population.

Preliminary analysis used all-cause mortality data from the
Nouna HDSS, to conduct a survival analysis and calculate
the outcome variable, years of life lost, for 12,769 deaths
between 1993-2000. A time-series regression analysis
using the generalized additive model, adjusted for time-

trends and seasonality was used to study the impact of
mean temperature on all-cause mortality. Results indicate
that a 1°C increase in temperature was associated with a
1.024 relative risk increase (p value=0.029) in all-cause
mortality per 1°C increase in mean temperature above
30°C (1 day lag). We will present an extended 18-year
cause-specific time-series analysis on the impact of
mean, maximum and minimum temperature on non-
communicable disease years of life lost, including the
lagged effects.

As life expectancy at the Nouna HDSS increases, the
burden on non-communicable disease is likely to increase
with higher temperatures. Targeted preventive measures
are required to alleviate this burden.

[1] David M Hondula, Joacim Rocklév, and Osman A
Sankoh, “Past, Present, and Future Climate at Select
INDEPTH Member Health and Demographic Surveillance
Systems in Africa and Asia,” Global Health Action 5, no. 0
(November 23, 2012), doi:10.3402/gha.v5i0.19083.

P-1117-07

Farmers’ perceptions of climatic trend in
Allada plateau in southern Benin

A. Cayossi Ulrich (1) ; A. Abel (2) ; G. Hervé, (3) ; EK.
Agbossou (4) ; V. Pierre, (1) ; C. Baron (3)

(1) université d’Abomey-Calavi, COTONOU, Benin; (2)
Universite d’Abomey-Calavi, Graduate research program on
climate change and water resources, Abomey-Calavi, Benin;
(3) CIRAD, Montpellier, France; (4) UNIVERSITY OF ABOMEY-
CALAVI, Faculty of agronomic sciences, Abomey-Calavi,
Benin

Although several studies show an increase in agricultural
production in West Africa in connection with the
improvement in rainfall, farmers perceive otherwise.
This study hifghlights the differences between farmers’
perceptions of changes in precipitation and their impacts
on agricultural production and scientific observations in
the Guinea region where two rainy seasons coexist. For
this purpose, it compared precipitation data (from 1951
to 2010) and potential yields of corn (from 1970 to 2010),
simulated by SARRA-H model, to farmers’ perceptions of
changes in precipitation collected from 201 farm managers
spread over 67 villages in Southern Benin. The study
clearly shows that farmers do not make any distinctions
between the long rainy season and short rainy season
in terms of changes in rainfall and agronomic impacts.
On the contrary, climate analysis results, and agronomic
simulations reveal that the long rainy season and short one
are not affected in the same way by atmospheric forcing.
Consequently, these two rainy seasons have opposite
agronomic trends. Since 1970, the long rainy season has
a rainfall deficit coupled with a poor temporal distribution
of rainfall and a shortening in its duration which led to
a sharp drop in potential crop yields. Conversely, since
the late 1980s, the short rainy season rainfall recorded a
surge which causes a sharp increase in agricultural yields.
This pessimistic perceptions of farmers on the evolution
of rainfall in both rainy seasons influences their choice of
management of the farming calendar of the short rainy
season, worsening food insecurity in the study area.

P-1117-08

On the characteristics of climate change
in Scandinavia and its association with the
Northern Atlantic Oscillation (NAO) and
sea ice

Y. Chen (1) ; S. Stefan (1)

(1) Uni Research Climate, Bjerknes Centre for Climate
Research, Climate Data Service, Bergen, Norway

We analyzed some characteristics of climate change over
Scandinavia using CRU data (1901- 2012), and both
temperature and precipitation exhibit well-documented
positive trends. However, the spatial variability of the
trends is large with some areas showing high significance
(northern Norway and Sweden) and others none at all
(central Finland). The scenarios simulated by NorESM and
ECHAM6 models exhibit continued warming and increased
rainfall in the 21st century over Scandinavia. Given the



well-known zero-lag relationships between the NAO and
both temperature and precipitation, responses of sea ice
to external forcing and its potential influence on the NAO
are of interest. The summer sea ice, fall-early winter
NAO relationship suggests that in a warming climate,
and under continued decreasing sea ice conditions, the
tendency will be towards more positive NAO conditions
leading to a wetter, warmer Scandinavia and potentially
drier conditions in central-southern Europe. Initial
modeling experiments appear to support such speculation
(e.g., Folland et al., 2009) but more research is needed.

P-1117-09

Dengue, Weather and Urbanization in
Brazil

1. Dallmann (1)
(1) Université Paris Sud, Economics, Sceaux, France

Since two decades, the population affected by dengue
disease is exponentially increasing and dengue is now
affecting more than 100 million people in the world.
It ranks behind malaria as the second most important
vector-borne disease in the world and the first one in Latin
America. Despite the important economic and social cost
of the uncontrollable growth of the disease, little economic
analysis has been devoted to it. In addition to weather,
socio-economic factors such as urbanization and sanitary
systems play an important role in the proliferationof
dengue. In this paper, | measure the impact of weather
and urbanization factors on dengue incidence in Brazilian
states durin gthe 1992-2012 period, since Brazil is the
most affected country in Latin America. | find a positive
and statistically significant effect of different weather
factors (temperature, vapour pressure, temperature
anomalies) and urbanization factors (population density
and urbanization rate). | find also statistically significant
support for a negative impact of education and wealth on
dengue proliferation.

P-1117-10

Evaluation of Climate Change Effects on
the Growing Season in Butana Region and
North Kordofan, Sudan

F. El-Hag, (1)

(1) Agricultural Research Corporation, Dry lands research
center, Khartoum, Sudan

This study applied remote sensing to evaluate the effects
of climate changes on growing season in different agro-
ecological zones, in North Kordofan and Butana region,
Sudan, for the period 2001-2011. NDVI data were used
for the NDVI time series and phenological analysis. Within
the semidesert zone in Butana region, the trend for the
starting date of the growing season was stable, while that
for the end of the season indicated a shift to an earlier date,
resulting in shorter growing season (av. 80 days). Minimum
NDVI value was 0.13in 2011 and maximum value was 0.16
in 2010, indicating an increasing trend. In North Kordofan,
however, the average length of the growing season was 69
days and the minimum and maximum NDVI (production)
value was 0.12 in 2011 and 0.32 in 2009, respectively,
indicating a decreasing trend. Within the arid zone in
Butana region, the trend for the end of the growing season
indicated a shift towards a later date, resulting in more
number of days (av. 81 days). Minimum and maximum
NDVI (production) value was 0.27 in 2009 and 0.45 in
2003, respectively, indicating a decreasing trend. In North
Kordofan, the shortest length of the season was 59 days in
2005 and the longest was 116 days in 2009, reflecting a
considerable increase in the length of the growing season.
The minimum and maximum NDVI value was 0.23 in 2011
and 0.39 in 2002, respectively, with an average of 0.31,
indicating a decreasing trend. Within the semiarid zone in
Butana region, the length of the growing season and the
NDVI value showed a trend of increase, whereas in North
Kordofan, they showed a decreasing trend.

P-1117-11

Climatic trend in Nepal Himalaya since
early 17th century as reconstructed from
the ring-width chronologies of multiple
tree species

NP. Gaire (1) ; DR. Bhuju, (2) ; UK. Thapa, (3) ; M. Carrer, (4) ;
(SGK) Shah, (5) ; M. Koirala, (2) ; S. Bhandari, (2) ; R. Timileina,

(1) Nepal Academy of Science and Technology, Faculty

of Science, Lalitpur, Nepal; (2) Central Department of
Environmental Science, Tribhuvan university, Kathmandu,
Nepal; (3) Department of Geography, Environment and
Society, University of minnesota, Minneapolis, United

States of America; (4) Department of Land and Agro-forest
Environments, University of padova, Padova, Italy; (5) Birbal
Sahni Institute of Paleobotany, Lucknow, India; (6) College of
Applied Sciences, Kathmandu, Nepal

Climate change in Nepal is more pronounced compared
to other countries or regions. Centrally located in the
Himalayanrange, its average annual increase in temperature
is 0.06 °C since late 1970s while the precipitation pattern
is much erratic. Even within the country, the warming trend
is double in the high mountains than that in its foothills
or lowland Tarai conjoint to Gangetc plain. The future
projection of the trend is deemed necessary; however,
available meteorological data is too short for this purpose.
Taking advantage of Nepal’s rich tree diversity distributed
in diverse topography of varied aspect and high elevation
range, we carried out dendro-climatological study in 15
different sites of Nepal Himalaya from east to west that
included eight protected areas of the high mountains.
The objective of the study was to reconstruct the past
climate of Nepal Himalaya. For the purpose, over 1400
tree core samples collected from major tree species, viz.
Abies spectabilis, Abies pindrow, Betula utilis, Juniperus
recurva, Larix grifithiana, Picea smithiana, Tsuga dumosa
were analyzed following standard dendrochronological
techniques. A positive correlation was observed among
the chronologies of different species within and between
different sites indicating some common climatic factors
limiting the growth of these trees, and this gave us the
basis for climate reconstruction.

Response function analysis revealed that pre-monsoon
temperature (March-May) had an indirect relationship
with growth of most of the species while such positive
relation with precipitation of pre-monsoon to monsoon
(March-July) depended also on the site condition. In some
treeline sites, winter climate had significant influence
for the growth in subsequent growing period of the
some of these species. The seasonal correlation analysis
with climate data for 1899-2012 revealed a significant
indirect relationship between the ring width and spring
temperature (r = -0.56) and positive correlation with
spring precipitation (r> 0.50). The temporal stability of
correlation model was tested by dividing the annual time
series data into two equal halves as early and late period
and found significant with correlation of r = -0.51 and
-0.62, respectively. The stability of the models led to the
reconstruction of March-May average temperature for the
past 373 years (AD 1640 to 2012).

We used a simple linear regression model for temperature
reconstruction. The validation of the reconstruction
model was assessed with validation statistics such as
reduction of error (RE) and coefficient of efficiency
(CE) using split sample procedure i.e., by dividing the
calibration period into two equal sub-periods. The
model was further validated through spatial correlation
with gridded temperature data. This temperature
reconstruction identified several periods of warming and
cooling, however, it did not show the significant pattern of
cooling during the Little Ice Age except few cold episodes.
Similarly the reconstructed precipitation for 311 years (AD
1702-2013) showed several high events and low events of
precipitation. High precipitation events were seen in AD
1721-1740, 1751-1765, 1819-1830, 1882-1888 and
1912-1922. On the other hand low precipitation event was
in AD 1741-1720, 1741-1750, 1780-1788, 1800-1818
and 1922-1975.

The correlation of spring temperature with Sea Surface
Temperature (SST) index of different region of the
equatorial Pacific viz., NINO1.2, NINO3, NINO3.4 and
NINO4 and extended multivariate ENSO Index (MEI) was
carried out. It presented a significant negative correlations
with monsoon and post monsoons seasons. These negative
relationships suggest that warm (cool) spring season over
the western Nepal Himalaya region are associated with
cool (warm) SSTs in the following seasons. Furthermore
spatial correlation of spring temperature with Sea Surface
Temperature showed similar negative correlation in the
equatorial belt of the Pacific Ocean. The relationship
showed the climate of western Nepal has linkages with
spatio-temporal climatic variability at a global scale.
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P-1117-12

Temperature effects of the large volcanic
eruption events during the past 100 years
over China

Z.Hao (1) ; D. Sun (1) ; J. Zheng (1)

(1) institute of Geographic Sciences and Natural Resources
Research Chinese Academy of Sciences, Beijing, China

Based on the meteorological temperature data and
the records of volcano events, the temporal and spatial
temperature characteristics after the different types of
large volcanoes which were classified by the geographic
latitudes were identified in China five climatic regions,
and the effects of the large volcanic events on regional
temperature were analyzed. The results showed that there
were significant differences between the temperature
variation during winter years and the summer years after
different large volcanic eruptions, northeast region was
warmer in winter year after the large volcanic eruptions
at the middle and high latitudes, other regions mainly
appeared temperature decrease, northeast and northwest
regions which were sensitive to climatic change was cooler.
In addition, there was an obvious secondary cooling
process during the summer year and in some regions
during the winter year, the change of cooling even more
obvious than the first cooling process. At the same time,
the impact of large volcanic eruptions was different in five
climate regions, regional temperature variation related to
latitude after large volcanic eruptions at equatorial and
high latitudes, but this variation related to longitude after
volcanic eruptions at low and middle latitudes.

P-1117-13

A Study of Multi-decadal Global Sea Surface
Temperature Variability Based on CMIP5
and Reanalysis Data

S. Henson, (1) ; C. Beaulieu, (1) ; L. Zhang, (1)

(1) University of Southampton, Ocean and earth science,
Southampton, United Kingdom

The analysis of long-term changes in the distribution
(mean, variance and extremes) of climate variables is
essential for a full understanding of climate change
and its impacts. The majority of cﬁmate change studies
have focused on changes in the mean climate, therefore
underestimating how changes in climate variability
may impact biological and food systems. Observed and
rojected long-term changes in climate variability still
acks investigation.

Noticing this, we explore the patterns of sea surface
temperature variability by looking at the observed sea
surface temperature data record from 1854 to 2014. We
investigate the global yearly and monthly sea surface
temperature variability changes. For example, annual
mean sea surface temperature and intra-annual variability
(measured by the standard deviation and range). We also
investigate the global and regional decadal changes in
sea surface temperature variability, for example, using
normalized probability density functions for different
periods of anomalies in the data set.

In addition to the analysis of observational data, we assess
how sea surface temperature variability may change in
the future using model projections. We analyse the model
projections by targeting the RCP8.5 (business-as-usual
emission scenario) and the RCP4.5 (mitigation scenario)
from the Coupled Model Intercomparison Project Phase 5
(CMIP5). This allows us to verify whether mitigation has an
impact on projected changes in climate variability.

Comprehending the changes in climate variability is
important for our society. Revealing the potential patterns
of sea surface temperature variability can help us better
understand the climate variability.

P-1117-14

Correlation between Polar motion and
climate variables during 1962-2013

M. Huang (1)
(1) Institute of Geographical Sciences and Nature Resources

Research, Chinese Academy of Sciences, Beijing, China

Polar motion is a significant Earth orientation parameter,
but our understanding of its relation to climate forcing
remains highly uncertain. In this study, the relationships
between the polar motion excitation and climate variatbles
are examined. High correlations are found between the
excitation and annual mean climate variables, such as air
temperature, atmospheric pressure, zonal wind at various
atmospheric pressure levels, especially at 1000 hPa level.
High correlation coefficients between the excitation and
climate variables are found for the regions of the Arctic,
Antarctic and Indian Ocean, with the center values
exceeding 0.72. Two abrupt changes in polar motion
excitation time series are detected and the accompanied
changes of climate variables are also studied. Since the
polar motion can be accurately measured by satellite, the
accurately determined polar motion can be used as an
indicator for monitoring and understanding the global
climate change.

P-1117-15

Climate change vulnerability of fishery-de-
pendant coastal communities in Bangla-
desh

N. Islam (1) ; MM. Islam (1)

(1) Sylhet Agricultural University, Department of Coastal and
Marine Fisheries, Sylhet, Banglades

Being situated in a deltaic geographic setting, Bangladesh
is considered as one of the most climate-vulnerable
countries on earth. The country frequently faces different
climate change related events such cyclones, rising tidal
floods, erosion and inundation, saline water intrusion
which are further compounded by degraded natural
resources base. In contrast to other climate vulnerable
communities, very few research have conducted in
Bangladesh on vulnerability of fishery-based livelihoods
to climate change impacts. Based on a fieldwork with
four fishing communities in Patuakhali region of south-
west coastal Bangladesh, the present study assessed
vulnerability of fishery-based livelihoods to climatic
change and variability. Bottom - up research approach
was adopted in the study and participants’ information
was collected through 70 individual interviews and 5 focus
group discussions. The result revealed multi-faceted
vulnerabilities across different scales that impinge on the
livelihoods of already resources—poor fishers’ community
in coastal Bangladesh. In line with global evidences, the
level of vulnerabilities differs among the communities and
across households within a community. Being dependent on
climate sensitive fisheries resources, fishers’ vulnerability
further depend on their level of exposure, and adaptive
capacity. For instance, fishers’ level of exposure varied
depending on areas of their fishing. Fishers with limited
asset base usually do fishing in rivers and estuaries thus
less exposed to extreme events, however when disaster
stuck in their living places they are more vulnerable due
to limited adaptive capacity. The case is reverse in case
of better off fishers. They go for sea fishing thus more
exposed to extreme events; however has better adaptive
capacity due to strong financial capabilities. In both cases,
fishers reported an increase of climate change-induced
extreme events such as storm surge, strong wind, higher
wave and stronger current during fishing operation that
often cause loss in physical capitals and subsequent
financial hardship. Loss of fishers’ lives is also common
as a deadly consequence during fishing in sea. A number
of internal and external factors regulate adaptive capacity
of fishing communities in the study areas. Adaptive
capacity of fishers often undermine by different internal
factors such inappropriate fishing vessels, lack of modern
fishing appliances, inadequate and poor infrastructure
of cyclone shelter, complexities and non-availability
of scheduled credit during crises period, exploiting
relationship between fishers and fish entrepreneur (money
lender) lack of alternatives livelihood opportunity etc.
To illustrate, with absence of state loan facility, fishers
often have to take loan from moneylender at higher
interest rate that create long term debt bondage with fish
entrepreneur that weaken fishers’ adaptive capacity. A
number of external factors such as lack of security during
deep sea fishing, also make fishers’ lives more vulnerable
by influencing their financial and social capabilities.
For instance, increased risk of piracy in the bay causes
financial loss of fishers in the form of ransom pay, bodily
harm including death as well as loss of fishing gears and
craft. In the above-mentioned, the present study submits



that to make climate resilient fishing communities in
Bangladesh, it is important to address no-climate related
external factors, along with climate change related factors
for a more holistic adaptation policy.

P-1117-16

Assessment of Regional Climate Models
over Cote d’lvoire and Analysis of Future
Projec-tions over West Africa

K. Kouadio (1) ; A. Konare (2) ; A. Diawara (3) ; K. Dje (4) ;
VO. Ajayi (5) ; A. Diedhiou (6)

(1) LAPA-MF, Université Felix Hou-phouét-Boigny;
WASCAL,Federal University of Technology Akure, Abidjan,
Ivory Coast; (2) Universite Felix Houphouet Boigny, Cocody,
Ufr ssmt, Abidjan, Ivory Coast; (3) University Felix Houphouet
Boigny - Cocody Abidjan, Physic, Abidjan, Ivory Coast; (4)
Société d’exploitation et développement Aéroportuaire et
Météorologique, Abidjan, Ivory Coast; (5) WASCAL,GRP-
WACS, Federal University of Technology Akure, Akure,
Nigeria, Federal Republic of; (6) Institute of Research for
Development (IRD), LTHE - University Grenoble Alpes,
Grenoble Cedex 9, France

The ability of six Regional Climate Models (RCMs)
used in AMMA-ENSEMBLES project is assessed over six
meteorological stations in Cote d’lvoire. The ensemble
mean of the models is also used for the prediction of
climate change over West Africa. The study focused on
two periods: the period 1995-2005, the present-day
simulations, is used to evaluate the skills of the models
over the country and the years 2010-2013, for assessment
of the future climate change scenario used. The results
show that the skills of the models vary from one station
to another and from one season to another. None of the
models considered, presents an excellent performance
over the entire country and in all the seasons. Generally,
the ensemble mean of all the models presents better
results when compared with the observation. These results
suggest that the choice of any model for study over the
country may depend on the focus of interest: intensity
or variabilit}/ of the rain and also on area of interest. The
projection for 2020-2040, future climate change over
West Africa shows that the Sahel exhibits a tendency to be
drier while wetter Guinean coast is observed.

P-1117-17

Recent Observations and Experiences of
Glaciers response to Intrinsic Climatic
Variability: the Himalayan Inquest

P. Kumar (1) ; M. Sharma (2)

(1) Jawaharlal Nehru University, Centre for the Study of

Regional Development, Delhi, India; (2) Jawaharlal Nehru

Bn:\r/lgrlsitdy, Centre of the study of regional development,
elhi, India

The earth’s climate has undergone a many phases of
both long and short term fluctuations in the past; more
so during the late Quaternary period. However, the recent
climatic fluctuation has become a bone of contention
among scientist for as to what causes these changes; to
be precise, through the human actions. Therefore, the
understanding the varying role of natural and human
actions needs to be precisely quantified for a better
understating and impact thereof. The Himalayan environ,
with one of the sensitive parameters in the form of ice
and glaciers, provides an indispensable laboratory for
evaluating and understanding climate variability through
these fluctuations in space over a longer temporal scale.
Many climate scientists agree on the warming trend of
climate past few decades. There are no concrete studies
on regional climatic variability especially at the higher
altitudes. As a layman we understand that climate changes
regionally, based on latitude, altitude, aspect, and land-
cover and so on. Lack of climatic data in the Himalayan
region limits us to assess just this sensitive key in the form
of glaciers on a longer time scale, given the understating
that response time is very large. Now the question arises,
how much do we know about the changing climate in the
Himalayas? We present here the land surface temperature
(LST, MODIS) data of the higher altitudes and behavior
of glaciers for past one decade in the Himalaya and an
assessment among the point source data and grid based
data analyzed. Point source data of Bhojbhas has taken
from the Automatic Weather Station (AWS), Snow and

Avalanche Study Establishment (SASE). The grid source
data are satellite based Land Surface Temperature (LST)
temperature data obtained from Moderate Resolution
Imaging Spectroradiometer (MODIS).A strong relationship
emerges between satellite based and ground based data,
a useful indicator if considered, especially in case of high
altitude and a complex climate system like the Himalaya.
The analysis of data are provides a very strong and positive
correlation (0.887), which means 89 percent of SASE data,
is explained by the MODIS data, which is very encouraging.
The coefficient of determination is 0.7870; therefore,
about 78.7% of the variation in the SASE data is explained
by MODIS data. The root mean square error (standard
deviation of regression) is 2.4569, which is very close also
provides a better fit. All the stations values are represented
on the simple line; and a simple linear trend lines have
been drawn on temporal framework. The daily data trend
of all the station does not show significant results in
a simple regress line (2000-2013). But the yearly trend
line data shows variability as; Harsil (0.241); Bhaironghati
(0.157); Bhojbhas (0.158); Kalapani (0.208), Rudugaira
(0.104), Raktavarn (0.0103) and Chaturangi (0.134)
which is highly significant. There is a high variability in
the elements but is not reflected as such in the study area
during the last thirteen years. Trend lines show downward
dip, meaning that there has been, without any doubt,
temperature has dropped during 2000-2013. It is but
true that temperature is a highly variable component in
the high altitudes and may vary on the hourly and daily
basis. But the thirteen years of data for five different
stations portray a declining trend. Behavior of minimum
and maximum temperature variability is not similar,
each at varied nature in different stations. Given that we
have not been able to assess precipitation characteristics
for the same duration for these stations, it is highly
speculative to assume that declining trend line may, on
a longer temporal scale, would uphold the Himalayan
glacier beyond the limit of imagination. Indeed the last
100 years glacier responses with differential rate due to
their different geomorphological, geographical, climatic
conditions and especially the response time. Same types
of results are observed in Western Himalaya, particularly
in case of Gangotri glacier, which is retreating with an
alarming rate until. Although since 2001 rate of retreat
has been slow down and particularly 2007 onwards there
are no significant changes in glacier snout. Interestingly
terrestrial records are showing that two of its tributary
glaciers as Rakatavarn and Chaturangi glacier are showing
positive change in their mass and terminus position since
1994. It propounds the complexity of glacier responses
even within same geographical and climatic conditions,
which means behavior of glacier is identical in nature, with
self strength of mind.

P-1117-18

Simulations of Future Climatological
Conditions in Central Asia CORDEX Region
8 by Using RegCM4.3.5

L. Kurnaz (1) ; MT. Turp (2) ; T. Ozturk, (3) ; M. Turkes (4)
(1) Bogazici, Center for climate change and policy studies
and department of physics, Istanbul, Turkey; (2) Bogazici,
Institute of environmental sciences, Istanbul, Turkey; (3)
Isik University, Physics department, Istanbul, Turkey; (4)
Bogazici, Center for climate change and policy studies,
Istanbul, Turkey

In this work, projected future changes in mean surface
air temperature and precipitation climatology, inter-
annual and seasonal variability and climatic aridity/
humidity conditions for the period 2010-2100 over the
large Central Asia region with respect to present climate
(from 1970 to 2000) were simulated based on the RCP4.5
and RCP8.5 emission scenarios. Regional Climate Model
(RegCM4.3.5) of the International Centre for Theoretical
Physics (ICTP) was used for projections of future and
present climate conditions. HadGEM2 global climate model
of the Met Office Hadley Centre and MPI-ESM-MR global
climate model of the Max Planck Institute for Meteorology
were downscaled to 50 km for the CORDEX Region 8.
We investigated the seasonal time-scale performance of
RegCM4.3.5 in reproducing observed cIimatoIo%y over the
domain of Central Asia by using 2 different global climate
model outputs. For the future climatology of the domain,
the regional model predicts relatively high warming in
the warm season and northern part of the domain at cold
season with a decrease in Precipitation almost all part of
the domain. The results of our study show that surface
temperatures in the region will increase from 1 oC up to
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more than 7 oC on average according to the emission
scenarios during the period 2010-2100 with respect to
past period 1970-2000. Therefore, the projected warming
and decrease in precipitation and also resultant or
associated increased aridity and more frequent and severe
drought events very likely adversely affect the ecological
and socio-economic systems of this region, which is
already characterised with mostly arid and semi-arid
climate and ecosystems.

P-1117-19

Spring temperatures in the far-western
Nepal Himalaya since AD 1640 reconstruc-
ted from Picea smithiana tree-ring widths

U. Kuwar Thapa (1) ; SK. Shah, (2) ; DR. Bhuju, (3) ; NP. Gaire
(4); S. St. George (1)

(1) University of Minnesota, Geography, Environment and
Society, Minneapolis, Minnesota, United States of America;
(2) Birbal Sahni Institute of Paleobotany, Lucknow, India; (3)
Central Department of Environmental Science, Tribhuvan
university, Kathmandu, Nepal; (4) Nepal Academy of Science
and Technology, Faculty of Science, Lalitpur, Nepal

The Nepal Himalaya has heated rapidly over the last four
decades (more than twice the mean global rate), with
this warming being even more pronounced in higher
elevations. Unfortunately, because climate records in most
of the country does not go extend prior to AD 1980, these
short records make it more difficult to gauge the rate and
(potential causes) of recent changes or enact long-term
plans for resource management in the Nepal Himalaya
under changing climate.

We conducted dendroclimatic study in order to extend the
temperature record in western Nepal Himalaya beyond
the instrumental period. For this, we developed a new,
422-year long tree-ring width chronology (spanning
AD 1591-2012) from Picea smithiana (Wall.) Boiss in
Khaptad National Park, which is located in the far-western
Nepalese Himalaya. Seasonal correlation analysis revealed
significant indirect relationship with spring temperature
(March-May) and lead to the reconstruction of March-May
average temperature for the past 373 years (AD 1640-
2012). The reconstruction was found significant based
on validation statistics commonly used in tree-ring based
climate reconstruction. Furthermore, it was validated
through spatial correlation with gridded temperature data.
This temperature reconstruction identified several periods
of warming and cooling. The reconstruction did not show
the significant pattern of cooling during the Little Ice Age
but there were few cold episodes recorded. However, the
reconstructed temperature revealed the recent warming
for last three decades as recorded in the stations. Wavelet
analysis revealed high frequency variability (2-7 years) of
spring temperature in western Nepal Himalaya for last four
centuries, which can be linked to global climate system,
El-Nino Southern Oscillation (ENSO). Significant negative
correlations were found between the spring temperature
in western Nepal and temperatures of monsoon and post
monsoon seasons over the equatorial Pacific Ocean. This
showed western Nepal Himalaya has linkages with climatic
variability in a global scale.

This multi-centennial reconstruction of temperature in
western Nepal Himalaya would serve as a basis for Ministry
of Environment, Science and Technology to develop climate
change adaptation strategies, including the National
Adaptation Program of Actions and Local Adaptation Plans
of Action. Future climate modeling shall also possible with
this Ilong available estimated temperature record for west
Nepal.

P-1117-20

Drought monitoring with root zone soil
moisture derived from ASCAT satellite
data over the East Asian region

JH. Lee (1);J. Im (1)

(1) UNIST, Urban and env engineering, Ulsan, Republic of
Korea

Several studies showed that semi-arid regions of Asia are
vulnerable to climate change induced drought (Alimullah
Miyan , 2014). While drought has often occurred over
the East Asia, we have little understanding of drought at

a large scale in that region. Accordingly, there is a need
to establish an appropriate drought monitoring and
prediction system. There are different types of drought
such as agricultural drought or hydrological drought
(Rhee et al., 2010). The factors that influence drought are
interconnected through land-atmosphere interactions.
One of the major factors is soil moisture, which can be
effectively used to monitor agricultural drought. The
surface soil moisture information from ASCAT satellite data
is employed to provide root zone soil moisture for drought
monitoring. This approach suggests several merits,
when compared to the MODIS Vegetation Index-based
indicators or precipitation-based indices often applied
to drought monitoring. First, it is difficult to characterize
the dynamics of soil dryness with the vegetation indices
such as leaf-area-index (LAl) or normalized difference
vegetation index (NDVI), as some vegetation species well
grow up in dry soils. Secondly, it is difficult to monitor
the deep soil that is actually important for predicting
the agricultural productivity solely with the precipitation
indices, because it is still unknown whether precipitation
will infiltrate into the soils, evapotranspirate, or run off.

For these reasons, root zone soil moisture is considered
a key indicator for agricultural drought monitoring due to
its direct relationship with agricultural productivity and
its climatic implication over tﬁe land (Lee, 2014). In this
study, we use an exponential filter to infer root zone soil
moisture from the satellite-retrieved surface soil moisture
dynamics. The spatial distribution of soil moisture profiles
over this region is evaluated with other datasets such as
SMOS and ECMWF data. The 1D soil moisture profile is
validated with newly obtained in-situ observations (e.g.
precipitation, soil moisture) from the Monsoon Asian
Hydro-Atmosphere Scientific Research and Prediction
Initiative (MAHASRI) research program under the frame of
The Global Energy and Water Cycle Experiment (GEWEX).
The role of soifJ moisture on the East Asian monsoon
circulation is also assessed.

Reference

1 Alimullah M, Droughts in Asian least developed
countries: Vulnerability and sustainability, 2014, Weather
and Climate Extremes, http://dx.doi.org/10.1016/j.
wace.2014.06.003.

2 Lee, J. H. 2014. Spatial-scale prediction of the SVAT soil
hydraulic variables characterizing stratified soils on the
Tibetan Plateau from an EnKF analysis of SAR surface soil
moisture. Vadose Zone Journal.

3 Rhee, J, Im, J, Carbone, G.J. 2010. Monitoring agricultural
drought for arid and humid regions using multi-sensor
remote sensing data, Remote Sensing of Environment,
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Global warming and cause-and-effect rela-
tions in solar cycles 20-23

B. Lilia (1)

(1) Institute of terrestrial magnetism, ionosphere and

radiowave propagation of RAS, Solar terrestrial, Moscow,
Troitsk, Russia

Since the early works by Bernard Vonnegut and Edward
Ney that related cosmic radiation to the weather a lot of
controversial results were discussed. Thereby we have
studied solar activity and interplanetary space conditions,
which can have an influence on galactic cosmic ray (CR)
and on global temperature. In this connection the solar
wind and interplanetary magnetic field parameters
and cosmic ray variations have been compared with
geomagnetic activity represented by the equatorial Dst
index from the beginning 1965 to the end of 2012. The
important drivers in interplanetary medium which have
effect on cosmic rays as CMEs (coronal mass ejections) and
CIRs (corotating interaction regions) undergo very strong
changes during their propagation to the Earth. Because of
this CMEs, coronal holes and the solar spot numbers (SSN)
do not adequately reflect peculiarities concerned with the
solar wind arrival to 1 AU. Therefore, the geomagnetic
indices have some inestimable advantage as continuous
series other the irregular solar wind measurements. We
have compared the yearly average variations of Dst index
and the solar wind parameters with cosmic ray data from
Moscow, Climax, and Haleakala neutron monitors during
the solar cycles 20-23. The descending phases of these



solar cycles (CSs) had the long-lasting solar wind high
speed streams occurred frequently and were the primary
contributors to the recurrent Dst variations. They also had
effects on cosmic rays variations. We show that during the
11-year solar cycles 20-23, the IMF B, global temperature
and Dst variations were correlated with the cosmic ray
count rate. We demonstrate that the detrended annual
means of global surface air temperature in 1965-2012
show the maxima during CRs and Dst index minima.
It proves that CRs play essential role in climate change
and main part of climate variations can be explained by
mechanism of action CRs modulated by the solar activity
on the state of lower atmosphere and meteorological
parameters. Following this we have to seek for another
ways of looking for global warming reason, first of all, as a
man impact on climate.

P-1117-22

Solar wind effects on climate change

B. Lilia (1)

(1) Institute of terrestrial magnetism, ionosphere and
radiowave propagation of RAS, Solar terrestrial, Moscow,
Troitsk, Russia

Climate change in connection with evolution of Dst index
and cosmic rays (CR) variations is analyzed. We considered
Dst index evolution from the point of view of solar
variability, cosmic rays and climate during SCs 20-23. It
is shown that together with other solar and interplanetary
parameters the long-term variations of the Dst-index
can be used for studies of this kind of solar-terrestrial
relationship. During the descending phases of these solar
cycles the long-lasting solar wind high speed streams
occurred frequently and were the primary contributors to
the recurrent Dst variations and had effects on cosmic rays
variations. We have studied conditions in interplanetary
space, which can have an influence on galactic cosmic rays
(CRs) and climate change. We show that long-term cosmic
ray count rate variations in SCs 20-23 were modulated by
solar activity and by the B of IMF which are correlated with
Dst variations. On the long-term scale, the correlation CRs
count rate in term of the B of IMF and Dst index is much
higher than the correlation between solar spot numbers.

P-1117-23

Local climate assessments in data scarce
mountain areas; for example Kullu district,
Himachal Pradesh, India

A. Linsbauer (1) ; N. Salzmann (1) ; M. Rohrer (2)

(1) University of Fribourg, Department of Geosciences,
FribourF, Switzerland; (2) Meteodat GmbH, Zurich,
Switzerland

High-mountain regions like the Himalayas and their
adjacent downstream areas are often highly affected
by climatic changes, climate variability and/or related
extremes. As a result of cascading effects of rising air
temperatures, melting glaciers, thawing permafrost
- as well as anthropogenic water usage or changes in
forest and agro-biodiversity - vulnerability of people’s
livelihood has broaden and increased. However, climate
impacts assessments on physical and societal systems
are often limited due to the scarcity of reliable long-
term observations, particularly in remote high mountain
regions, which additionally also hampers robustness
of future projections. Since livelihoods in remote high-
mountain regions are particularly vulnerable to climate
related impacts, and have typically only low adaptive
capacities, studies assessing climate variability pattern
of the past and for the future are an important basis for
sound impact assessments, and as such for preparing and
planning adequate adaptation measures. Key for such
studies and measures are climatic baselines.

Within  the Indian Himalayas Climate Adaptation
Programme (IHCAP) integrated vulnerability and hazard
and risk assessments are on the way for the Kullu district
in Himachal Pradesh, India, for the sake of supporting
adaptation planning there. Related to these studies, the
present work aims to provide an approach and according
results for climatological baseline generation for regions
without respective observations available or accessible.
Here, we use observational gridded data sets (CRU, GPCP,
TRMM, IMD, Berkeley) and Reanalyses (ERA-i, MERRA,
NCEP/NCAR-R1, CR20) to provide spatially and temporally

continuous data. For the grid boxes covering the area of
interest, the time series for temperature and precipitation
areanalysed and possible trends and variations are assessed
for the time window 1981-2010, as well as the entire time
line of the respective gridded dataset. Preliminary analyses
reveal that the 2m air temperatures have slightly increased
over time, whereas the 500 hPa temperatures do not
portray this trend clearly. Seasonal analysis for the same
time window for the 500 hPa temperatures show a clear
positive linear trend for winter (DJF), whereas there is no
clear linear trend visible for spring (MAM), summer (JJA)
and autumn (SON) temperatures. Precipitation amounts
seem to have significantly decreased in MAM and JJA for
the period 1981-2010.

As gridded datasets are prone to inhomogeneities, an
‘ensemble’ of observational and reanalysis datasets are
analysed and possible uncertainties are discussed. In
conclusion it is important to state that global observational
datasets and reanalysis are not a surrogate for ground and
upper air in-situ measurements and allow only a very
coarse estimation of air temperature and precipitation
trends. Nevertheless, it often remains the only option for
local studies.

P-1117-24

Spatial pattern of recent rainfall trends in
Serbia (1961-2009)

J. Lukovic (1) ; B. Bajat (2) ; D. Blagojevic (2) ; M. Kilibarda (2)
(1) University of Belgrade, Department of Geography,
Belgrade, Serbia; (2) University of Belgrade, Deaprtment of
civil engineering, Belgrade, Serbia

This study examines a spatial pattern of annual, seasonal
and monthly rainfall trends in Serbia. The study used data
from 63 weather stations between the period of 1961-
2009. The rainfall series was examined by applying the
nonparametric method of the Mann-Kendall test and Sen’s
method to determine the significance and magnitude of
the trends. Significant trends have not been detected for
the whole country at an annual scale. Seasonal trends at
the confidence level of 97.5 %, however, indicate a slight
decrease in winter (5 stations out of 63) and spring (7
stations out of 63) precipitation and an increase in autumn
precipitation (10 stations out of 63). Results for monthly
rainfall trends also generally showed a nonsignificant trend
with the exception of a negative trend in May (6 stations
out of 63) and positive trend for October (9 stations out of
63). Calculate‘rglobal autocorrelation statistics (Moran’s
1) indicate a random spatial pattern of rainfall trends on
annual, seasonal and monthly timescales with exceptions
for March, June and November. Overall, results suggest
that only weak, mostly nonsignificant trends are present in
Serbia in the period 1961-2009. To obtain spatial pattern
of rainfall trends web mapping techniques are used
applying recently developed package plotGoogleMaps.

P-1117-25
Evaluation of regional climate models in
the context of AGRHYMET

M. Ly (1)
(1) AGRHYMET Regional Centre, Training and Research,
Niamey, Niger, Republic of

The AGRHYMET regional Center is a specialized institution
of the Permanent Interstates Committee Drought Control
in the Sahel (CILSS) composed presently of thirteen
member states. It has the objective to contribute to achieve
food security for agroclimatological and hydrological
applications with emphasis on rural and natural resource
management. It contributes to achieve food security
for increasing agricultural production in the CILSS
member states by providing training and information to
stakeholders and partners. For these missions some
innovative projects have been initiated in the recent years
to help countries to achieve the Millennium Development
Goals (MDG) throughout their ability to analyse the
climate change impacts. In this regard AGRHYMET has
just initiated a climate modelling activities to examine
the present and future climate for identifying the climate
related risks in the main sectors and provide information
for decision-makers. In the Sahel, food security is highly
reliant on rainfed agriculture, and thus the intra-seasonal
variability of rainfall including the onset dates, the
cessation dates, the length of the rainy season remain an
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important factors to investigate. The aim of this work is
to provide improved knowledge and evidence on current
and probable future climate conditions, for use by decision
makers in the region. It will also enhance the capabilities
of the above mentioned characteristics of the rainy from
regional climate simulations. Some approaches are then
used in the region through the regional seasonal outlook
forum (PRESAO) to determine a suitable planting date
aiming to minimize the water stress in the growing period
and then optimizing the staple crop yields in the Sahelian
and the guinean cost countries The exercise is focusing to
analyse the divergence of regional climate models in the
CORDEX experiment on intra-seasonal variability of daily
rainfall as well as the likely occurrence of long dry and/
or wet spells during the critical growth of the dominant
crop varieties sown by West African farmers.. The project
outputs will contribute to significantly lower uncertainties
by developing better and more tailored climate change
knowledge to inform the user communities on climate
related risks, as well as enhance their resilience to food
insecurity and other climate related disasters.

P-1117-26

Effects of Drastic climatic variability in
Pakistan

U. Mehmood (1) ; U. Aslam (2)

(1) University of Management and Technology, Department
of political science, Lahore, Pakistan; (2) university of the
punjab, Lahore, Pakistan

Weather and climate have very important socio-economic
impacts. Climate of Pakistan have become unpredictable.
This study describes the effects of intense flooding
during 2010 and severe drought since December 2013
in Pakistan. Because of rapidly growing population
and industrialization in Pakistan, the waste material is
getting into the atmosphere and contaminating it and
producing greenhouse gases. In late July 2010, heavy
monsoon rains in Pakistan increased the water level in
Indus River which caused heavy flooding in southern
Pakistan. During the wet spel from 27 to 30 July Risalpur,
Islamabad, Peshawar, Lahore, and Rawalpindi received
rainfal of 415 mm, 394 mm, 333 mm, 288 mm, and 219
mm respectively. More than one fifth of Pakistan land
was under water and 20 milion people were affected and
there was a large-scale destruction of property, livelihood,
and infrastructure. On the contrary, currently most of the
areas of southern Pakistan (i.e. Tharparkar district) are
facing a severe drought since December 2013. More than
120 malnourished children have died and about 175,000
families have been affected and some of them have been
forced to leave their homes and move to barrage areas.
There is a need to explore the causes of climatic variability
and sophisticated methods of weather forecasting so that
damages can be minimized to a greater extent.

P-1117-27

Climate Variability and Waterborne Di-
seases: Case of Typhoid Fever and Enteric
Viral Hepatitis in Meknes city, Morocco

0. Mouhaddach (1) ; A. El Yaacoubi (1) ; I. Boularab (1) ; M.
Bend-Daoud (1) ; MP. Kestemont (2) ; S. El Jaafari (1)

(1) Moulay Ismail University, Faculty of science, Meknes,

Morocco; (2) Catholic University of Louvain, Lsm, Louvain-la-
Neuve, Belgium

Background: In spite of all efforts deployed by health
officers to control the waterborne diseases, Meknes stills
the most severely affected province in Morocco. Various
factors may exprain this trend, including climatological
and environmental ones.

Therefore, this study was carried in Meknes province
and aims to understand the impact of climatological
factors on typhoid fever and enteric viral hepatitis
temporal variability, and to highlight the relation between
climatological and environmental factors in this case, over
the period 2004-2013.

Methods: Due to non-normal distribution of our input
data, Spearman correlation was used. In order to point
out the relevant periods of the year where the infection by
Salmonella typhi and hepatitis viruses A & E, was strongly
correlated to climate conditions, namely air temperature
and rainfall, a new statistical approach was used, Partial

Least Squares.

Results: The results reveal a temporal periodicity of
typhoid and enteric viral hepatitis recorded cases, and the
presence of significant positive correlation between the
studied factors and the cases.

Partial Least Squares regression showed two relevant
periods where the number of typhoid and viral hepatitis
recorded cases increased, in coincidence with rise of air
temperature and decrease of rainfall. The first period
started from the end of March to the beginning of June,
while the second one extended from the beginning of
August to the end of October.

In fact, need of water for irrigation is more required
during these two periods which are characterized by water
scarcity. The wastewater reuse in irrigation is a common
practice during the hot season, what may explain this
typhoid and enteric viral hepatitis temporal variability.

Conclusion: This study identified some of climatological
and environmental determinants of waterborne diseases
in Meknes Province which currently exhibits the highest
incidence in Morocco. This knowledge can be used to
design intervention measures to reduce and control the
said diseases in this area.

P-1117-28

Evaluation of model simulation of the
Southeast Asia climate under the Sou-
theast Asia Regional Climate Downscaling
(SEACLID)/CORDEX Southeast Asia project

G. Narisma (1) ; F. Cruz (2) ; J. Dado (3) ; F. Tangang (4) ;
L. Juneng (4) ; T. Phan Van (5) ; T. Ngo-Duc (5) ; L. Trinh-
Tuan (5) ; T. Nguyen-Xuan (5) ; J. Santisirisomboon (6) ; P.
Singhruck (7) ; D. Gunawan (8) ; E. Aldrian (8) ; JX. Chung (4)
; ST. Ngai (4) ; TW. Teh (4)

(1) Ateneo de Manila University, Physics Department, Quezon
City, Philippines; (2) Manila Observatory, Quezon City,
Philippines; (3) Tokyo Metropolitan University, Department
of geography, Hachioji, Japan; (4) National University of
Malaysia, School of environmental and natural resource
sciences, Bangi, Selangor, Malaysia; (5) VNU Hanoi University
of Science, Hanoi, Vietnam; (6) Ramkhamhaeng University,
Bangkok, Thailand; (7) Chulalongkorn University, Bangkok,
Thailand; (8) Agency for Meteorology, Climatology and
Geophysics, Jakarta, Indonesia

In the face of future climate change impacts, high-
resolution climate projections are essential in developing
appropriate adaptation measures. The Southeast Asia
Regional Climate Downscaling/CORDEX Southeast Asia
(SEACLID/CORDEX-SEA) project aims to generate these
projections through a collaborative effort in regional
climate downscaling. However, before downscaling
tt‘zlobal climate projections, a regional climate model is
irst evaluated to determine its performance in simulating
the climate over the SEA region. In this study, simulations
using the 4th version of the International Centre for
Theoretical Physics (ICTP) Regional Climate Model system
(RegCM4) have been conducted over the SEA domain
(80°E-145°E; 15°S-40°N) at 36 km spatial resolution for the
period of 1989-2008 using the ECMWF ERA Interim data as
boundary condition. Comparisons of model temperature
and rainfall with observed data show areas where the
regional model tends to enhance (or reduce) biases from
the boundary forcing. For example, there is a consistent
cold bias over the Tibetan plateau and Indochina, especially
during the boreal winter. However, the seasonal cycles are
generally well-represented in the model. The correlation
etween model and observed data also tends to be high
over the mainland Asia continent but low over the Maritime
continent, which may either be due to the model or to
uncertainties in the observation data used. Results also
indicate relatively higher similarities for both seasonal
and inter-annual variabilities in the temperature and
rainfall extremes among the different model experiments
performed over mainland Asia compared to the Maritime
continent. These results emphasize the need to evaluate
and appropriately configure the regional climate model,
particularly for the SEA region.
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Atmospheric Systems and Thermical Com-
fort Index in Presidente Prudente (Brazil) in
January-March 2014 period

M. Noli Da Fonseca (1) ; MC. Silva, (2) ; PRD. Alves, (1)
(1) UFPR, Curitiba, Parana, Brazil; (2) UFPR, Curitiba, Brazil

Since humanity’s beginnings man has a concern with the
phenomena that originate in the atmosphere. The city
of Presidente Prudente is located in the western portion
of the state of Sdo Paulo, with a population estimated at
218,960 inhabitants (IBGE, 2013). The city is situated at
an average altitude of 472m above sea level and has a
great diversity of land use, because the neighborhoods
are densely built. With regard to the climate, the city is
located in a tropical climate system, a climate transition
area, thus hurting the performance of most air systems
present in South America. Thus, this research is to identify
the performance of weather systems and its relation to
the thermal comfort in the city of Presidente Prudente
in the quarter January, February and March 2014. For
this purpose, we applied initially to Rhythmic Analysis
methodology developed by Monteiro (1971) and index
calculations Thermal Comfort. Given this, it was found
that the feeling of «great discomfort» prevailed during
the three-month study, and in the second half of January
and the first half of February this feeling was linked to the
phenomenon Lock Atmospheric, which caused an increase
of up to 5 ° C in temperature and made cities registrassem
record highs. Moreover, the action of «atmospheric
blocking» and the daytime heating caused the sensation of
«maximum discomfort» was set up, which is active mainly
in the afternoon.

P-1117-30

Analysis of the Effects of Climate Variabi-
lity on Crop Yield in Imo State of Nigeria

F. Okorie (1)

(1) Imo State University, Owerri, Geography and
Environmental Management, Owerri, Imo State, Nigeria,
Federal Republic of

Agriculture is one of the sectors that are strongly affected
by climate variability and change especially in developing
countries of the world which Nigeria is among. Africa
is considered the most vulnerable region in the world
in terms of climate variations and change due to its
physical and socio-economic characteristics. In Nigeria, it
is well known that climate has varied in time and space
and it will continue to vary in future. Many variations
in rainfall particularly have occurred for the different
climatic regions and individual locations in Nigeria. In
the Southeast, Imo state for example, droughts have
been relatively less persistent, while rainfall is observed
to be increasing and temperature increases and reduces
moderately over the years compared with other states
in the Northern parts of the country. Many parts of Imo
state in Southeastern Nigeria experience flood disasters
following excessive rainfall which destroy their farmland
and wash away their crops. One major issue with respect
to climate variability involves its influence on crop yields.
Some studies have shown that fluctuations in rainfall
and temperature regimes are the atmospheric driving
forces that are responsible for the changes in the climate
systems of Imo state and other parts of the Southeastern
Nigeria. The yield and quality of food crops is central
to the wellbeing of humans and is directly affected by
changes in climatic systems. Climate variability affects
crop cultivation, uncertainties in the onset of the farming
season due to changes in rainfall characteristics ( early rain
may not be sustained and crops planted at that instance
may become smothered by heat waves) can lead to an
unusual sequence of crop planting which results to poor
harvest. Extreme weather events such as thunderstorms,
heavy rainfall and extreme temperature also devastate
farmlands and leads to poor yield of crops. Pest and crop
diseases migrate in response to climatic variations and
change. In the study, 15 years (1999-2013) climatic data
(rainfall and temperature) generated from the archives
of Nigeria Meteorological Agency (NIMET) and crop yield
data on selected crops from Agricultural development
program (ADP), Owerri, Imo state were examined . After
data analysis, the result shows fluctuations in temperature
and rainfall pattern in the state with negative effects on
crop yield, which also affects humans socioeconomically.

Based on this, it is suggested that farmers should adopt
good farm management techniques in order to adapt to
the prevailing climate variability.

P-1117-31

Climate variability and susceptibility to
desertification in Maranhao State, Brazil

S. Oliveira Sa (1) ; CMDA. Eloi (1) ; JR. Lopes (1) ; EP. Aratjo
(1) ; GA. Reschke (1) ; CWS. Dias (1) ; JA. Nogueira (1) ; C.
Gehring (2)

(1) Maranhao State University, Geoenvironmental Center,

Sao Luis, MA, Brazil; (2) Maranhao State University, Post—
graduate program in agroecology, Séo Luis, MA, Brazil

Desertification is a serious global problem. Its impact is
greater in developing countries, because it can increase
hunger, malnutrition and rural exodus. This paper
investigates the susceptibility to desertification in the State
of Maranhdo, the transition zone between Amazonia, inland
Cerrado and the semi-arid Northeast Provinces of Brazil.
For this purpose, we spatially interpolate data from 84
climatological stations in operation >20 years throughout
the state, provided by the National Hydro-meteorological
Network developed by National Water Agency. There is
a marked contrast between humid and dry areas reflect
the transition-zone between Amazonia and the semi-arid
Northeast. Rainfall distribution is very unequal, followed
by rapid water-loss via evapotranspiration after the
end of the rainy season. Total rainfall varies from about
700.0 to 2784.0 mm/year, with highest rainfall in March
(531.3 mm) and April (523.5 mm), whereas August is the
driest month (17.1 mm), monthly and annual potential
evapotranspiration varies from 20.6 - 302.2 mm/month
and 276.0 - 2300.0 mm/year respectively, and annual
water deficiency varies from 53.0 to 1421.0 mm/year.
In the months of August and September we registered
water deficiencies throughout the entire State. The
highest rates of annual and monthly water surpluses are
1678.9 mm/year and 424.6 mm/month, respectively.
20.1% (66.854 km2) of the total area of the State of
Maranhao, is susceptible to desertification, affecting an
estimated 361 thousand inhabitants. Coincidentally, the
counties with desertification risk are among the least
developed and poorest of Maranhdo State and of Brazil.
Exposure is especially high in the indigenous population
(55.2% of the State’s total indigenous population). Until
recently, Maranhdao was not included in Brazil"s map of
desertification, and public awareness of desertification
risks continues almost absent. Our results demand an
increased public awareness, and call for the development
and implementation of policy and management strategies
designed to combat against and adapt to desertification
risks, in order to avoid increased rural poverty, food
insecurity and further rural exodus.

P-1117-32

Spatial and Temporal Variability of Preci-
pitation over the Gandaki River Basin of
Nepal Himalaya

J. Panthi (1)
(1) The Small Earth Nepal (SEN), Research, Kathmandu, Nepal

Landslides, floods, and droughts are recurring natural
disasters in Nepal related to too much or too little water.
The summer monsoon contributes more than 80% of
annual rainfall, and rainfall spatial and inter-annual
variation is very high. The Gandaki River, one of the three
major rivers of Nepal and one of the major tributaries of
the Ganges River, covers all agro-ecological zones in the
central part of Nepal. Time series tests were applied for
different agro-ecological zones of the Gandaki River Basin
(GRB) for rainfall trends of four seasons (pre-monsoon,
monsoon, post-monsoon and winter) from 1981 to 2012.
The non-parametric Mann-Kendall and Sen’s methods
were used to determine the trends. Decadal anomalies
relative to the long term average were analyzed using the
APHRODITE precipitation product. Trends in number of
rainy days and timing of the monsoon were also analyzed.
We found that the post-monsoon, pre-monsoon and
winter rainfalls are decreasing significantly in most of the
zones but monsoon rainfall is increasing throughout the
basin. In the hill region, the annual rainfall is increasing
but the rainy days do not show any trend. There is a
tendency of the late departure of monsoon from Nepal,
indicating an increase in its duration. These seasonally
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and topographically variable trends may have significant
impacts for the agriculture and livestock smallholders that
form the majority of the population in the GRB.

P-1117-33

Early warning of climate variability and
change from seasonal forecasts

KA. Peterson (1) ; A. Scaife (1) ; C. Maclachlan (1) ; A. Arribas
(1) ; A. Maidens (1) ; M. Gordon (1) ; A. Brookshaw (1) ; J.
Camp (1) ; D. Fereday (1)

(1) Met Office, Hadley Centre, Exeter, United Kingdom

Projections of future climate suggest that extreme
events such as drought, floods, storms, cold spells, and
heatwaves will all change their regional frequency of
occurrence due to long term climate change. However,
on planning timescales of months to years in advance,
the timing and occurrence of extreme or unprecedented
events is determined by climate variability. In particular,
it depends on the superposition of climate variability and
climate change. In order to advise on the risk of imminent
extremes we therefore need climate predictions which
accurately take into account current climate variability.
This requires initialisation of the current state of the
climate in the atmosphere, ocean, sea ice, and land surface
as well as the changes in radiatively active greenhouse
gases and aerosols.

Here we discuss near term climate predictions from the Met
Office Hadley Centre out to seasonal lead times. We show
evidence of predictability of the leading modes of climate
variability in both the tropics (El Nino Southern Oscillation)
and the extratropics (North Atlantic/Arctic Oscillation).
We show how this can lead to predictability for regional
climate extremes and discuss the prospects for improved
warnings and adaptation to imminent extreme events.

P-1117-34

Ability of a high regional climate model to
represent key climatic features over West
Equatorial Africa

W. Pokam (1)

(1) Department of Physics-Higher Teacher Training
College-University of Yaounde 1, Physics, Yaounde, Centre,
Cameroon

Climate dynamics over West Equatorial Africa (WEA) is
dominated by four prominent features. At lower level,
two cells of westerlies (LLW) are discernible, controlled by
different mechanisms. At middle level, African easterly jet
prevails with a northern component (AEJ-N) discernible
year round, and a southern cell discernible from September
to February. The upper troposphere is dominated by the
Tropical Easterly Jet (TEJ)) which drivers over the region vary
with season. Surface processes over WEA play a prominent
role on the variability of the atmospheric dynamic over the
region.

This underlines the complexity of atmospheric features
over WEA, and the requirement of fine scale climate model
for investigating locally driven atmospheric circulations.
High resolution (25 Km) regional climate model HadRM3P
was evaluated in its capacity to capture and model key
dynamical features over WEA.

Results show the ability of HadAM3P to reproduce features
related to the development of the two cells of LLW over
WEA. HadAM3P do well in locating the core speed of the
two cells of LLW and simulate well their annual variability.
HadAM3P does a well job in simulating characteristics of
AEJ-N and AEJ-S. The height of the core speed of the two
components of AEJ is well simulated, together with their
annual latitudinal migration. In upper troposphere, TEJ is
well captured by HadRM3P.

However, some biases appear in the simulations.
Investigation of the reasons behind these biases leads to
highlight some mechanisms over the region. Exploration
of the overestimation of the strength of LLW shows that
HadRM3P overestimates surface temperature over the
coastal region in WEA. This leads to overestimation of local
vertical convergence of sensible heat flux from the surface,
inducing a warm bias of diabatic heating. This promotes

positive bias of vertical motion and in turn overestimation
of LLW. This reveals the key role of surface condition over
coastal region in WEA for the development of LLW.

Analysis show that during the main rainy season over WEA,
from September to November, the prominent feature for
the development of uplifts is diabatic heating release by
condensation throughout the depth of the troposphere
over WEA, rather than jet streak type circulation associated
to the development of AEJ-S and AEJ-N.

P-1117-35

Stochastic Dynamical Cascade for
Downscaling Precipitation signals over
Complex topographies in the High Andes

A. Posadas (1) ; E. Duffaut (2) ; C. Jones (3) ; L. Carvalho (3) ;
M. Carbajal (4) ; H. Heidinger (3) ; R. Quiroz (5)
(1) International Potato Center, Production System and
Environment/ICRAF, Nairobi,, Kenya; (2) Electrical and
computer engineering, Electrical and computer engineering
department, George Mason University, Virginia, United
States of America; (3) Earth Research Institute, Department
of geography, Santa Barbara, California University, United
States of America; (4) International Potato Center, Production
system and environment, Lima, Peru; (5) International Potato
(L;entel;a, Crops systems intensification and climate change,
ima, Peru

Global Climate Models (GCMs) suggest that rising
concentrations of greenhouse gases will have significant
implications for climate at global and regional scales.
Less certain is the extent to which meteorological
processes at individual sites will be affected. Downscaling
climate techniques are used to bridge the spatial and
temporal resolution gaps between what climate models
are currently able to provide and what decision-makers
require. Among the most important impacts of regional-
scale prediction of climate change is to assess how food
production will affect the food security. Regional scale
precipitation and temperature simulations are crucial
to understand how global warming will affect fresh
water storage and the ability to grow agricultural crops.
Precipitation and temperature downscaling improve the
coarse resolution and poor local representation of global
climate models and help decision-makers to assess the
likely hydrological impacts of climate change, and it
would also help crop modelers to generate more realistic
climatic-change scenarios. Thus, a spatial downscaling
method was developed based on the multiplicative
random cascade disaggregation theory, considering a
B-lognormal model describing the rainfall precipitation
distribution and using the Mandelbrot-Kahane-Peyriere
(MKP) function. The Multifractal downscaling technique,
complemented by a heterogeneity filter, was applied to a
15 years (01/11/1998 - 03/31/2013) daily rainfall time
series produced by the Weather Research and Forecasting
model (WRF- 15 km grid spacing). A downscaled signal of
approximately 1 km grid spacing was generated for a 220
km x 220 km region within the high plateau of the Andes.
The model parameters were estimated from gauged daily
rainfall data registered over 15 years from 18 weather
stations. A detailed testing of the model was undertaken
by comparing statistical characteristics of the spatial and
temporal variability of rainfall between the rainfall fields
obtained from the rain gauge network and those generated
by the simulation model. The potential advantages of this
methodology are discussed.

P-1117-36
Volcanic Eruptions, Carbonaceous Aero-
sols and ENSO Events

K. Potts (1)
(1) Kyna Keju Pty Ltd, Adelaide, South Australia, Australia

El Nifio/Southern Oscillation (ENSO) events are the
dominant mode of variability in the global climate
responsible for significant variations across the world
including drought in Australia and Indonesia, floods in the
Americas and a generally increased global temperature.
An El Nifio commences when the Trade Winds blowing
across the Pacific Ocean relax, reduce in strength or even
reverse. This is a major perturbation of the Walker Cell,
the maf'or zonal atmospheric circulation system over the
tropical Pacific Ocean, and, as the literature, IPCC and
the USA Climate Change Science Program suggest that



aerosols can affect the large-scale atmospheric circulation
and hydrologic cycle | examine the relationship between
certain volcanic eruptions and carbonaceous aerosol
plumes and ENSO events and demonstrate a causal link
exists between the eruptions, aerosols and ENSO which
logically must be that the volcanic eruptions and aerosols
trigger and then sustain ENSO events until the eruptions
end and the aerosol plume dissipates enabling the climate
system to recover to a non-ENSO state.

P-1117-37

Heating and cooling rate calculations for
realistic volcanic ash clouds and applica-
tions to climate simulations

A. Prata (1) ; S. Siems (1)

(1) Monash University, School of earth, atmosphere and
environment, Melbourne, Victoria, Australia

The radiative effects of long-lived stratospheric volcanic
sulphate aerosols have been widely studied, while the
impacts of short-lived, but more strongly absorbing
volcanic silicate particles have seen less attention. Silicate
ash injected into the stratosphere by the 1982 eruptions
of EI Chichén volcano were estimated to have induced
a net radiative heating rate of up to 20 K per day. This
research involves the use of satellite measurements to
determine important characteristics of dispersing volcanic
ash clouds in order to develop new knowledge on the
radiative effects of silicate ash on the atmosphere. Ten
explosive volcanic eruptions (VEI > 4), occurring over
the last decade (2006-present), have been considered
in this study. Hyperspectral infrared and satellite-based
lidar remote sensing measurement techniques have
been used to detect and quantify volcanic cloud heights,
thicknesses, mass loadings and microphysical properties.
These measurements are well suited to provide this size
and compositional information. Finally, the new data
has been used to provide some realistic estimates of the
radiative impact of silicate ash on the atmosphere using
a 1D radiative transfer model. The significance of the
results and possible applications to climate simulations
are discussed.

P-1117-38

Observed connections between tempera-
ture increase and the altitude of snowfall /
snow pack in the Swiss Alps

M. Rebetez (1) ; G. Klein, (2) ; C. Marty, (3) ; C. Rixen, (3); Y.
Vitasse, (3) ; G. Serquet, (2)

(1) WSL Swiss federal research institute, Neuchatel,
Switzerland; (2) University of Neuchatel, Institute of
geography, Neuchatel, Switzerland; (3) WSL Institute for
Snow and Avalanche Research SLF, Davos, Switzerland

The consequences of global warming are particularly
visible in mountain areas. The impact of changing
temperatures on the snow to rain ratio is highly critical
for alpine ecosystems as well as for winter tourism.
Knowledge of the decrease in snow amount is still poor,
due both to high interannual variability and to the frequent
lack of data.

Here, we analyse snowfall and snow pack for up to 100
years at 140 stations, spanning elevations from 200 to
3500 m asl in Switzerland. Our method allows to assess
the impact of changing temperatures on snowfall while
minimizing the impact of variability in precipitation
frequency and intensity.

Our results show the connection between the decrease
in snowfall / snow pack and the increase in temperature.
This decrease was stronger at locations with temperatures
closer to the melting point. These locations depend both
on elevation and season. The current frequency of snowfall
for December, January and February are similar to those of
the 1960s for November and March. These changes also
result in a decrease in snowpack and in earlier snowmelt,
particularly at higher elevation.

The transfer in altitude of snowfall affects the beginning
and end of the ski seasons. Currently approximately every
second precipitation day already consists of rain up to
1400 m asl in November and March.

The amount of snow available for water storage and

runoff during the spring and summer months is declining,
because more and more winter precipitation will directly
contribute to runoff. Impacts can also be expected on
the alpine vegetation, which will experience a shorter
snow season and possibly be more exposed to late spring
frost events, irrespective of variability or changes in
precipitation.

P-1117-39

First signs of climate change in Lyon
(France) according to Koppen and Hess-
Brezowsky classifications

F. Renard (1) ; W. Langlois De Septenville (1) ; B. Lédée (1)
(1) University Jean Moulin Lyon 3 - UMR 5600 EVS,
Department of Geography, Lyon, France

The Creater Lyon (France) gathers human and
environmental issues that can be affected by climate
change by heat waves and intense precipitation. The
objective of this study is to identify recent trends of
climate change using the annual climate types from the
Koppen-Geiger classification and the catalog situations of
Hess-Brezowsky, to assess the dynamics and evolution of
heat waves and heavy precipitation.

1. Annual climate types in Lyon since 1922

The Koppen-Geiger climate classification is the most
used method to categorize the earth’s climates. The
methodology used is the one detailed in Kottek et al. (2006)
and Rubel and Kottek (2010). Rainfall and temperature
data are from the weather station of Lyon-Bron (Météo-
France). The annual climate types is calculated, for each
year (1922 - 2013), and analyzed by decades. All years
are placed in the category of warm temperate climate, with
the exception of 1940, 1945, 1956 and 1963 which have
a snow climate. Regarding temperatures, two types are
identified in Lyon since 1922: warm and hot summer. There
has, since 1965, a strong increase of the years with hot
summer at the expense of warm summer. Indeed, absent
for the decade 1965-1975, the hot summers represent
30%, 40%, 80% and 70% for the following decades. Thus,
the hot summer type is the majority since the 1995-2005
decade. An additional study on heat waves shows also an
increase of the latter.

Concerning rainfall, the proportion of dry winters is
constant with about 20% of the years of this type by
decades. Fully humid and dry summer years have high
variability for the decades before 1995, where they are
since observed in the same proportions (40% each). This
first study on rainfall is complemented by studying the
evolution of the weather types causing rainfalls, using the
Hess-Brezowsky classification.

2. Rainfall atmospheric patterns evolution since 1881

Greater Lyon floods are caused by rainfalls with different
characteristics. Their natures (intensity, water height,
duration) are known since 1988 thanks to the Lyon 30 rain
gauges network. In addition, rain is measured daily, since
1881, using Lyon-Bron station. The second part of this
study relates the different types of rainfall to atmospheric
circulation, and highlights trends related to climate
change.

A comparison of many atmospheric circulation type
catalogs has been made, and the method of Hess-
Brezowsky (Gestengarbe and Werner 1999, 2005) was
chosen to identify the types of rainy weather and its
evolution. Since 1881, most of the rainfalls occur with
southerly (22%) and westerly (31%) circulations. However,
most of extreme rainfalls in terms of intensity, water
height or duration are due to southerly regimes, with 57
%; 47 % and 34 % respectively. Concerning the evolution
of synoptic circulations since 1881, it is noticed a sharp
and steady decrease of north-west and north regime, as
well as north-east and north regimes, whereas southerly
regimes have strongly increased, going from 20% of rainy
weather in 1881 to about 45% in 2013. Regarding intense
precipitation and focusing on the sub-types of circulation
(GroRwetterlagen GWL), it is noticed that the GWL «zonal
Ridge across Central Europe» is the most frequent, with a
strong increase since 1881, according to the Mann-Kendall
trend test. This is the same results for the «cyclonic south-
westerly» and «trough over western europe» GWLs that
have strongly increased since 1881. According to these
results, it can be expected an increase in hot summer and
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an intensification of rainfall in the Greater Lyon.

Gerstengarbe F.-W., Werner P., 1999 Katalog der
GroRwetterlagenEuropas (1881- 1998), nach Paul Hess
und HelmuthBrezowsky . Potsdam, Germany. 138 p.

Gestengarbe F.-W., Werner P.-C., 2005 : Katalog der
GrosswetterlagenEuropas ~ (1881-2004) Nach — Paul
Hess Und Helmut Brezowsky. 6. Verbesserte und
ErganzteAuflage, PIK Report No. 100, Potsdam Institut Fur
Klimafolgenforschung, 153 p.

Kottek, M., J. Grieser, C. Beck, B. Rudolf, and F. Rubel, 2006:

World Map of the Koppen-Geiger climate classification
updated. Meteorol. Z., 15, 259-263

Rubel, F., and M. Kottek, 2010: Observed and projected
climate shifts 1901-2100 depicted by world maps of the
Koppen Gelger climate classification. Meteorol. Z., 19,
135-
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Average Bias of Diurnal Precipitation Over
Maritime-Continent

F. Royan (1)

(1) Indonesian Agency for Meteorology Climatology and
Gz:.jophysics, Research and Development Center, Jakarta,
Indonesia

Numerical simulation of diurnal precipitation over
maritime-continent were inverstigated using WRFV3.5.1.
The numerical model use input data from GFS and from
GFS+RTGSST data then the average bias from both
input data shows that the precipitation is bigger in the
afternoon untill morning from 12 UTC until 00 UTC. In
March, Most of the diurnal precipitation are on southern
part of Indonesia, In June, most of the diurnal precipitation
are almost around Indonesia, in September, most of the
diurnal precipitation are on northern part of Indonesia and
in December, most of the diurnal precipitation are around
Indonesia, except south of Java. It’s also revealed, that the
diurnal precipitation over ocean is strongest in June rather
than Land.

P-1117-41

Spatio-temporal characteristics of the
recent rainfall recovery in West Africa

S. Sanogo (1) ; A. Ba (I) AH. Fink (2) ; JA. Omotosho (3) ; R.
Redl (4); V. Ermert 4)

(1) Université des Sciences des Techniques et des
Technologies de Bamako (USTT-B), Faculty of science and
technique (fst, der-physics), Bamako, Mali; (2) Karlsruhe
Institute of Technology (KIT), Institute of meteorology and
climate research, Karlsruhe, Germany; (3) Federal University
of Technology, Akure, Wascal graduate research programme
in west african climate system, Akure, Nigeria, Federal
Republic of; (4) University of Cologne, Institute of geophysics
and meteorology, Cologne, Germany

Using daily (monthly) rainfall data from 167 (254) stations
across West Africa with at least 80% data avallabllltyfor
the 31-year period 1980-2010 and the gridded African
Rainfall Climatology Version 2 (ARC2) for the period
1983-2010,linear trends in yearly and monthly rainfall
totals were investigated. Measures of the Expert Team on
Climate Change Detectionand Indices (ETCCDI) and two
rainy season onset and retreat definitions were employed to
assess the corresponding trendsin frequency and intensity
of daily rainfall and changes to monsoon season length.
A rotated Empirical Orthogonal Functionanalysis yielded
two homogeneous rainfall regions, the Sahel and Guinea
Coast, in terms of interannual to decadal rainfallvariability,
and this led to analysis of station data and Standardised
Precipitation Index for the two regions. Results showthat the
majority of stations in the Sahel between the West Coast and
150 E shows a statistically significant positive rainfalltrend
for annual totals. The August-October period exhibits
the largest rainfall recovery in the Sahel and the date of
theretreat of the rainy season significantly moved later into
the year by 2 days per decade. The recovery is reflected
both in morerainy days associated with longer wet spell
duration and more extreme rainfall events. Trends along
the Guinea Coast are weak and non-significant except for
extreme rainfall related indices. This missing significance
is partly related to the hiatusin rainfall increase in the
1990s, but also to the larger interannual rainfall variability.
However, the tendency towards a moreintense second rainy

season suggests a later withdrawal of rains from the West
African subcontinent. ARC2 trends are broadlyconsistent
where ground calibration was undertaken, but are dubious
for Nigeria and Ghana, and especially for the Guinea, Jos
and Cameroon Line highlands due to missing gauge data.

P-1117-42

Characteristics of Hydro-Climatic variables
In Nigeria during episodes Of Sea Surface
Temperature Anomalies in the Gulf of
Guinea

M. Sholademi (1)
(1) Nigerian Meteorological Agency, Applied Meteorological
Services, Lagos, Nigeria, Federal Republic of

This study examined the characteristics of hydro-climatic
variables in Nigeria at various Agro-ecological zones (Forest,
Southern-Guinea-Savanna, Northern-Guinea-Savanna and
Sudan-Savanna) during different episodes of sea surface
temperature anomaly (SSTA) in the Gulf of Guinea (GOG)
region. The study utilizes SSTA and continental climatic data
spanning 40 years; and with the aid of advance statistical
analysis to determine onset of rain, cessation of rain,
duration of rain and frequency of occurrence of rain day
using rainfall-potential-evapo-transpiration model. Results
showed that SST is critical to climate monitoring at the local,
regional and hemispheric scales. The result further display
how to enhance optimal schedule of farm operations,
proper adaptation and mitigation practices against extreme
weather events arising from observed warming trends in
both the SST and the near air surface temperature. Further
recommendation is made for SSTA as a forecasting tool in
the prediction of hydro-climatic variables that is essential
for optimal agricultural practices.

P-1117-43

Studies on Climatic parameter influencing
milk production in Cattle in South West
Nigeria

M. Sholademi (1) ; A. Sholademi (1)

(1) Nigerian Meteorological Agency, Applied Meteorological
Services, Lagos, Nigeria, Federal Republic of

This study further advance the knowledge of climatic
indices applicable to the mitigation strategies aimed at
reducing the vulnerability of cattle milk production in south
west Nigeria. It shows that milk production in the tropics is
affected by environmental factors of which climate appears
to be most critical. We adopted Cocheme and Frangiun
(1967)’s model of 0.1PE<P<0.5PE lactation method. The
experiment was a 2x2x3 factorial arrangement of two
cattle breed, two locations and three seasons. Analysis of
variance (ANOVA), correlation and regression was used to
test the strength of relationship

between climatic parameters and milk yield. The result
shows that sunshine duration and evaporation are the
dominant climatic parameters affecting milk production
irrespective of breed and location. Furthermore, milk
production in the study area was highest during the dry
season with mean value as (approximately 331 litres/cow/
day). However, no significant interactive effect of cattle,
breed, location and season on the lactation yield of cattle
is observed in the study.

P-1117-44

Influences of climatic variability on coastal
oceanography of benin

Z. Sohou (1) ; TC. Guidi (2) ; CL. Hinvi (3) ; R. Djiman (4) ;
DE. Fiogbe (5)

(1) Benin Fisheries and Oceano%raphic Research Institute
(IRHOB), Biological Oceanography, Godomey, Benin; (2)
Institute of Technology Lokossa, University of Abomey-
Calavi (Benin), Industrial engineering and maintenance chair
of mechanical and energy, Lokossa, Benin; (3) Faculty of
A?ronomic Sciences, University of Abomey-Calavi, Faculty

of Agronomic Sciences,, Abomey-Calavi, Benin; (4) Fisheries
and Oceanological Research Institute of Benin (IRHOB),
Physical oceanography, Cotonou, Benin; (5) Science and
Technic Faculty of Abomey-Calavi University, Zoology
departement, Abomey-Calavi, Benin




In article are analyzed temporary ranks for average
monthly air temperature at Cotonou station Kazhekhun(06
“Nord, 002 ° 23 East) during 10 years (from 1975 to 1984)
with every fifteen days discretization ofcounting in. For
same the period are used average monthly temperatures
of the ocean surfaces near the capital ofthe Republic of
Benin, Cotonou. Authors calculated correlation coefficients
for humidity of air; air temperature;sea surface water
temperature. Research of interrelations between sea
surface water temperature variations andsalinity changes
on depth, allow to identify a mesolimnion zone; gives
the chance to understand distinctionswithin a year,
concerning lifting of deep waters (upwelling). Also
authors carried out calculations of correlationcoefficients
between monthly bioproduction of a pelagic species of
fish (Sardinellamaderensis), as «the upwellingindicator»,
with air temperature. In addition in article are represented
fields of sea water temperatures andthe salinity, received
with use of SURFER program.

P-1117-45

Rectification of El Nino-Southern Oscilla-
tion into Climate Anomalies of Decadal
and Longer Time Scales: Results from
Forced Ocean GCM Experiments

DZ.Sun (1); T. Zhang, (1) ; Y. Sun, (2) ; Y. Yu, 3)

(1) National Oceanic and Atmospheric Administration, ESRL/
PSD, Boulder, United States of America; (2) Chinese Academy
of Sciences, Institute of oceanology, Qingdao, China; (3)
Chinese Academy of Sciences, Institute of atmospheric
physics,, Beijing, China

To better understand the causes of climate change in the
tropical Pacific on the decadal and longer time scales,
the rectification effect of ENSO events is delineated by
contrasting the time-mean state of two forced ocean
GCM experiments. In one of them, the long-term mean
surface wind stress of 1950-2011 is applied, while in the
other, the surface wind stress used is the long-term mean
surface wind stress of 1950-2011 plus the interannual
monthly anomalies over the period. Thus, the long-
term means of the surface wind stress in the two runs
are identical. The two experiments also use the same
relaxation boundary conditions, that is, the SST is restored
to the same prescribed values. The two runs, however, are
found to yield significantly different mean climate for the
tropical Pacific. The mean state of the run with interannual
fluctuations in the surface winds is found to have a cooler
warm pool, warmer thermocline water, and warmer
eastern surface Pacific than the run without interannual
fluctuations in the surface winds. The warming of the
eastern Pacific has a pattern that resembles the observed
decadal warming. In particular, the pattern features an
off-equator maximum as the observed decadal warming.
The spatial pattern of the time-mean upper-ocean
temperature differences between the two experiments is
shown to resemble that of the differences in the nonlinear
dynamic heating, underscoring the role of the nonlinear
ocean dynamics in the rectification. The study strengthens
the suggestion that rectification of ENSO can be a viable
mefhanism for climate change of decadal and longer time
scales.

P-1117-46
Sub-Saharan Africa Climate in CMIP5
W. Thiaw (1)

(1) 5. National Centers for Environmental Prediction, NOAA,
College Park, United States of America

This paper examines the Sub-Saharan Africa climate in
CMIP5.  First we evaluate the historical simulations of
continental and regional climatology with a focus on a core
set of thirteen models. Second, we compare the CMIP5
climate projections with the historical simulations. We use
both RCP 4.5 and RCP 8.5 model simulations. We evaluate
the historical runs for a set of basic surface climate and
hydrological variables and their extremes for the continent
for the period 1979 - 2005. In addition, we conducted
evaluations for selected regional climate processes
relevant to the African climate, including the West African
monsoon, the Greater Horn of Africa spring and fall
bimodal rains, and the southern Africa warm season. For
temperature and climate variables, we use ERA-I and NCEP
reanalysis as proxy for observations. For precipitation, we
use GPCP and CMAP. Models are able to reproduce the

observed spatial patterns of basic climate and hydrological
variables but with considerable differences across models
and regions in the magnitude and sign of errors. The
variability in surface air temperature compares reasonably
well with observations. For West Africa precipitation, the
north-south migration of the ITCZ is fairly well captured
in 10 of the 13 models. However, while CMAP and GPCP
place the area of maximum precipitation in August around
10°N, only a few of the models (3 out of 13) captured this
feature. Results from a similar analysis for the Greater of
Africa and for southern Africa are presented. The ability
of the models to capture extreme events such as drought
or flood events has also been investigated and the results
presented.

Examining the projected changes in Precipitation and
temperature trends, we present the differences from the
seasonal mean between the last 27 years of the 21st
century (2073 - 2099) and the period spanning 1979 -
2005. For DJF southern Africa rainfall season, precipitation
changes are significant for only four of the models. Two of
these models exhibit a drying trend over southern Africa,
one exhibit a wet trend, and one model shows dryness in
the northeastern part of southern Africa and wetness in the
south. For the MAM season, only the CSIRO and HADGEM?2
show a reduction in rainfall across south central Africa. For
the JAS season, MIROC exhibits a wet trend in West Africa,
while CSIRO reduces precipitation there. Precipitation
changes in all other models are not significant. For the
OND season, CanESM2, CSIRO and HadGEM?2 exhibit a wet
trend over East Africa, though there are some differences
in the location of the changes in intensity. None of the
models depicts a significant dry trend over this region.
For temperature, however, all the models project positive
temperature changes across Africa. Finally, the dynamic
patterns associated with the changes in precipitation and
air temperature are presented.

P-1117-47

Changes induced by dust on West African
Monsoon features

NE. Toure (1) ; A. Konare (2) ; KO. Ogunjobi (3) ; S. Silue (4)
; I. Diallo (5) ; A. Diedhiou (6)
(1) Universite Felix Houphouet Boigny, Cocody Abidjan /
Federal University of Technology Akure, UFR SSMT, Abidjan,
Ivory Coast; (2) Universite Felix Houphouet Boigny, Cocody,
Ufr sst, Abidjan, Ivory Coast; (3) Federal University of
Technology Akure, Meteorology and climate science, Akure,
Nigeria, Federal Republic of; (4) Universite Peleforo Gon
Coulibaly de Korhogo, Physics, Korhogo, Ivory Coast; (5)
Université Cheikh Anta Diop, Ecole superieure polytechnique,
Dakar, Senegal; (6) Institute of Research for Development
gRD), LTHE - University Grenoble Alpes, Grenoble Cedex 9,
rance

The generation and transportation of dust from North
Africa are thought to modulate the West African
Monsoon (WAM) features. In this study we investigated
the relationship between the Saharan Air Layer located
above Atlantic Ocean (OSAL) and WAM features, including
Monsoon flow, African Easterly Jet (AEJ), and Tropical
Easterly Jet (TEJ) over West Africa using the RegCM4
regional model. Toward this purpose, we performed two
sets of experiments from 2000-2010, one including dust
and one without dust effect over the West African domain,
encompassing the whole West Africa and a large part of
the adjacent Atlantic Ocean. An Intercomparison of the two
simulations show that dust load into the atmosphere has
an effect on both the wind and temperature structure at
different levels, inducing observed changes in WAM system
during JJAS seasons. These changes lead to (1) a westward
shift and slight strength of AEJ core over tropical Atlantic
which is associated to (2) a weak TEJ and (3) lastly to West
Africa monsoon penetration over land. Moreover despite
the prescribed Sea Surface Temperature, correlations have
been found between Aerosol Optical Depths in OSAL and
wind, suggesting that mechanism relationship between
dust and WAM features is well reproduced by RegCM4.

P-1117-48

Perceived Effects of Climate Change

on Nomadic Practice of the Gujjar and
Bakarwal Tribe in Kashmir Valley, India: A
Socio-Demographic Analysis

J. Tufail (1)
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(1) JAWAHARLAL NEHRU UNIVERSITY, CENTRE FOR THE
STUDY OF REGIONAL DEVELOPMENT, SCHOOL OF SOCIAL
SCIENCES, DELHI, India

Despite the effects of climate change being evident at a
global scale, its negative impact wiIPsevere y affect those
communities highly dependent on natural resources.
Significant discussion has been focused on the possibility
that climate change will displace large numbers of
nomads from their nomadic way of life in the developing
world, but few multivariate studies have addressed this
issue. High Mountain areas in the arid environment are
extremely sensitive indicators of sometimes only slight
changes of precipitation and temperatures. Himalayas
as the most vulnerable mountains for climate change
has already been affected by climate change impacts.
Climate change, however, is not the only consequence.
Climate and environmental changes have deep impacts
on the traditionally nomadic population, their economy
and lifestyle. Thus it is justified to speak of both cultural
and socio-economic vulnerabilities that characterise the
present day development of India’s mountain regions.
Regional focus of this study is the Jammu and Kashmir
mountain area in the north of India and its forelands.
Although however, temperature and rainfall trends suggest
an increase exposure of the Jammu and Kashmir Nomads
to the environmental stresses. Thus, their adaptation
strategies show a clear trend towards different forms of
agro-pastoralism as a reaction to the climatic change
and changing political and socio-economic pressures.
This holds true especially for the so far under-researched
mountain regions of Kashmir in the Himalayas.

The study examined perceived effects of climate change
on grazing land, livestock performance and examined
the coping strategies of the nomadic to climate change.
Multistage sampling technique was used to select 140
respondents for the study. Data were analysed using
percentages, frequencies, tables and Chi square statistical
tools. The result of the study showed that 37.5% of the
respondents were between the ages of 51-60 years with
an average age of 49.8 years. The results revealed that
67.5% of the pastoralists strongly agreed that the pattern
of rainfall in recent time affects pasture availability.
Consequently 47.5% and 52.5% of them reported a
decrease in milk production and increase in livestock’s
mortality rate respectively due to the effect of climate
change. A significance relationship was established
between factors of climate change and milk production
of the herd (calculated x2 = 52.00, tabulated x2=7.8147.
p<0.05). It is therefore recommended that the pastoralists
be trained in forage conservation techniques. They should
also be encouraged to pool their resources to enjoy
economics of scale by the extension workers. Grazing
reserves should be developed by the government to fast
track the disposition of the pastoralists to sedentary life.
It was recommended that animal production/veterinary
services should be stepped up, diversify their production
to include crops and other sources of income generation
and establish more gazing reserves.

P-1117-49

Summer precipitation in Ukraine - observa-
tions, modeling and controlling factors

V. Tymofeyev (1) ; V. Martazinova (2)

(1) Ukrainian Hydrometeorological, Kiev, Ukraine; (2)
Ukrainian Hydrometeorological, Climatre and long-range
forecast, Kiev, Ukraine

Summer atmospheric precipitation in Ukraine is studied
via climatology, atmospheric circulation and simulation
in operative and climate models. Climatology of summer
precipitation in Ukraine is studied with special attention to
recent decades’ with growing number of extreme events
contributed greatly to the present-day climate variability.
Trends in total precipitation amounts and other indexes
were obtained; showing difference between early and
late season; trends in extreme parameters in threshold
values are found statistically significant; they are used for
regionalization of spatial changes.

Spatial inhomogeneity is found in precipitation indexes
across Ukraine, greatest growth in the daily intensity
of extreme precipitation occurred between 1990s and
2000s. Precipitation changes are analyzed against near—
surface air temperatures (SAT) variability, showing great
intraseasonal contrast, on the background of general
seasonal warming. Early summer became much wetter in

2000s with numerous extreme events, and period from
August till mid-Autumn is much drier causing greater
frequency of droughts or heat waves in the last decades.
In contrast, early period of global warming in 1970s-mid-
1980s has been characterized by much drier climate in the
early summer.

It is shown that it is convection intensification that
resulted in significant growth in extreme precipitation and
attendant events in 2000s and is contributed greatly to the
present-day climate variability. In turn increased frequency
of summer extreme events are attributed to larger-scale
atmospheric circulation change that responsible for
significant spatial in broader scale (also across Europe) and
intraseasonal contrasts. Growth in extreme precipitation
is detected in the latest decade due to deeper European
trouEh with frequent cut-off lows, and its interaction with
blocking high over the East Europe, and their greater time
residence. The latter became strengthened in the late July-
August, providing great weather contrast across Europe,
causing rains and floods in the West and greater frequency
of droughts in the East.

Ability of WRF ARW and NMM models to reproduce different
scales’ convection is assessed. Types of mesoscale fields
responsible for extreme rainfall events due to the strong
convection development are recognized within the larger-
scale synoptic systems, threat potential is assessed to
increase during the last decade. Transition between
atmospheric scales can be used to assessing general
threat of extreme precipitation.

Many uncertainties in climate models outputs are
detected, not reproducing well observed growth in
extreme precipitation in the recent decade as well as
spatial variability. One of the main challenges facing the
recent climate change is intensification of convective
potential and summer showers on the background of
further warming; many uncertainties exist in future
climate projections. Our own model of the atmospheric
circulation change is developed, and scenarios are built,
on the basis smaller rate of near-surface warming and
variable precipitation. Recommendations for sustainable
development for national economy, mainly for agriculture
are given.

P-1117-50

Instability intraseasonal of rainfall and its
implications on agricultural activities in
the middle of Benin Republic (West Africa)

I. Yabi (1) ; S. Zakari (2) ; PAB. Chabi (2) ; F. Afouda (2)
(1) University of Abomey-Calavi, Departmnt of Geography,
Abomey-Calavi, Benin; (2) University of Abomey-Calavi,
Department of geography, Abomey-Calavi, Benin

Until now rainfed agriculture is the main occupation of the
people and is the basis of socio-economic development
of rural areas of Benin (food security, monetary income).
Furthermore inter-annual variability (which has already
been the subject of several studies), it is necessary to
understand the intra-seasonal rainfall perturbations which
depend mainly cropping calendars in this region known for
its agricultural potentials.

Daily rainfall amounts of 4 stations (Dassa-Zoumé,
Savalou Savé and Banteé) for the period 1941 to 2010,
obtained the National Direction of Meteorology (DNM)
were used. Determining the beginning of the end and
the length of the dry season was done according to the
criteria Gueye and Sivakumar (1992) used by Sane et al.
(2008). Similarly, the frequency analysis of the beginning,
the end and the length of the seasons was made at the
frequencies 8 years out of 10, 5 years out of 10 and 2
years out of 10 by calculating the cumulative frequency to
better appreciate the risks. Moreover, years of rupture (in
season length) were verified by Pettitt test at significance
level o = 5 %. Moreover, the frequency and magnitude of
dry sequences (false start of the rains, drought pockets at
the heart of seasons) and wet sequences (risk of flooding
and water profusion) were analyzed (Zakari et al. 2012) to
better characterize the qualities of the seasons.

On average, the first (large) rainy season lasts 120 days
(3rd decade of March in the second decade of July-while
the second (small) rainy season is longer than 70 days
(3rd decade of August to October ). this distribution
allows two crop seasons per year (farmers cropping
calendars are modeled on that distribution), although the



second is short and uncertain. But in reality, the region
is characterized by a high occurrence of late start of the
rains (between 15 and 30% for the great season, between
10 and 25 % for early season) and ends early (20 and 35%
for the great season and 10 and 20 % for early season).
It follows a significant trend towards shorter lengths of
the seasons, making the crop seasons uncertain. in these
episodes add the appearance of dry spells especially at
the beginning at the end of the seasons that negatively
affect agricultural activities. The degradation of the quality
of rainy season has increased since the 1970s in keeping
with the decline in seasonal and annual rainfall totals. It
should be noted that the relative improvement of annual
rainfall totals recorded since the 1990s has not induced
an improvement in the quality of agricultural seasons in
the region. So the years considered normal (average) or
even surplus concerned with intra-seasonal volatility rain.
In this context of quality degradation rainy seasons, the
region has per moment of high rainfall sequences in the
heart of the seasons, causing disastrous floods for crops
and / or harvests.

It is therefore appropriate that agricultural promotion
policies and strategies integrate these intra-seasonal
rainfall fluctuations while taking into account the
knowledge and logical farmers in orger to define strategies
for adapting agriculture to climate change in this region.

P-1117-51

Analysis of the West African Heat Waves
and their Associated Dynamics Factors
using Regional Climate Models Outputs

F. Yoroba (1) ; K. Benjamin (1) ; A. Diawara (2) ; A. Diedhiou
(3);; Y. Kouadio (1)

(1) University Felix Houphouet Boigny - Cocody - Abidjan,
Physic, Abidjan, Ivory Coast; (2) University Felix Houphouet
Boigny - Cocody Abidjan, Physic, Abidjan, Ivory Coast;

(3) Institute of Research for Development (IRD), LTHE -
University Grenoble Alpes, Grenoble Cedex 9, France

Diagnostics combining Regional Climate Models Outputs
and Station-based temperature Data from 1962 to 2013
indicate characteristics signals of heat waves over the
West Africa. These heat waves can be associated with the
occurrence of the record warm days during December,
January and February (DJF) and the specific atmospheric
circulation like Saharan heat low. Heat waves for various
continental locations are shown to occur as isolated spatial
and temporal events, and not as part of larger-scale
systems over continental-size domains. An examination
of the physical processes associated with heat waves
showed mutually consistent climatic relationships, such
that heat waves were associated with reduced rainfall and
consequently reduced soil moisture content, evaporation,
and increased insolation at the surface. These combined
changes created the surface temperature increase intrinsic
to the heat waves.

1118a - Attribution of extreme events: How are high impact
extreme events changing and why ?

ORAL PRESENTATIONS

K-1118a-01

Are humans exacerbating climate and
weather extremes?

F. Zwiers (1)
(1) Univesity of Victoria, Vancouver, Canada

This talk will review some of the recent research on
extremes, pointing to aspects of changes in extremes
in which we have higher and lower levels of confidence.
The body of evidence indicating a human contribution
to observed climate change has continued to strengthen
as indicated by the 5th Assessment Report of the
Intergovernmental Panel on Climate Change (IPCC). This
continued development includes an accumulating body of
evidence suggesting that temperature and precipitation
extremes have both changed in response to human
influences on the climate. The research on temperature
extremes is well established, with recent work indicating
that temperature extremes have continued to warm over
land despite the recent global warming “hiatus”, and that
anthropogenic forcing has substantially increased the
odds of extreme warm years and summers, both globally
and regionally. The evidence on precipitation extremes is
less well established, although there is increasingly strong
evidence that human influence is detectable in observations
at the largest scales that are resolvable in available
international compilations of daily precipitation records. In
contrast, assessments of historical and projected changes
in droughts and storminess remain cautious, due to both
data limitations and uncertainty in process understanding
and modelling. Despite uncertainties and limitations
in knowledge, observed and projected changes in the
simple temperature and precipitation indicators in which
we have greatest confidence provide ample evidence that
adaptation is required now, and that further adaptation will
be required in the future under all RCP forcing scenarios.

K-1118a-02

Detecting and attributing impacts of
recent climate change on multiple systems
worldwide - certainties, uncertainties and
new research questions

W. Cramer (1) ; G. Hansen, (2) ; M. Auffhammer (3) ; C.
Huggel (4) ; D. Stone (5)

(1) IMBE, Cnrs, aix marseille university, ird, avignon
university, Aix-en-Provence, France; (2) Potsdam Institute
for Climate Impact Research, Potsdam, Germany; (3)
University of California, Berkeley CA, United States of
America; (4) University of Ziirich, Department of geography,
Zurich, Switzerland; (5) Berkeley Lab, Berkeley CA, United
States of America

Due to rapidly growing scientific evidence, based on
growing stocks of observations as well as on improved
methodologies, it is widely accepted that recent climate
change has triggered changes in numerous systems
worldwide. Most cited examples concern hydrological
systems, the cryosphere, and many biological systems
in the ocean and on all continents. The recent IPCC
assessment, which was based on an unprecedented trans-
disciplinary community effort, found more widespread
impacts than previous reports, covered a greater range
of impacted system types but also identified regions and
systems with insufficient research and monitoring effort.
Updating the report, three key questions will be addressed:
a) To which extent have human systems been impacted,
either directly or through cascading impacts through
natural systems? b) How much is known about impacts
in poorly observed regions? ¢) To which extent can the
impacts of anthropogenic climate change be distinguished
from those of natural climate variability?

K-1118a-03

Attribution of extreme events : Taking
attribution science to the limits

P. Stott (1)

(1) UK Meteorological Office, Hadley Centre, Exeter, United
Kingdom

Around the World recent heatwaves, floods and droughts
have demonstrated the vulnerability of citizens to
such extreme weather. However, scientifically robust
information about the extent to which recent extreme
weather events can be linked to climate variability and
change is often lacking. There is therefore a clear need to
develop better information on weather and climate risks
as part of the development of climate services to enable
citizens to better deal with the effects of climate change.

This paper describes recent progress in developing the
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science needed to deliver such much needed reliable and
timely information about weather and climate risks. It
focuses on two important developments in particular.

An annual report published each September in the Bulletin
of the American Meteorological Society seeks to explain
extreme events of the previous year from a climate
perspective. This report has demonstrated the capability to
deliver assessments relatively quickly while also showing
how the scientific capabilities to carry out such studies is
developing rapidly with an increasing number of types of
event being considered with larger geographical coverage.

One of the main international groups working to further
the development of this science is the EUCLEIA project, a
European funded project with eleven partners. EUCLEIA
(European CLimate and weather Events: Interpretation and
Attribution) is developing an attribution system to deliver
reliable and user-relevant attribution assessments on a
range of timescales; on a fast track basis in the immediate
aftermath of extreme events, on a seasonal basis to
stakeholder groups and annually to the annual attribution
reports in the Bulletin of the American Meteorological
Society.

We will illustrate the Fresentation with some of the main
scientific highlights of this work while also exploring how
such scientific information can be best developed and
applied in future.

0O-1118a-01

Attribution of record high daily tempera-
tures in Australia in 2013

D. Karoly (1) ; M. Black (1) ; A. King (2) ; M. Allen (3) ; F. Otto
(4); S. Rosier, (5) ; S. Lewis, (6)

(1) University of Melbourne, School of Earth Sciences,
University of Melbourne, VIC, Australia; (2) University of
Melbourne, School of Earth Sciences, Melbourne, Victoria,
Australia; (3) University of Oxford, School of Geography and
Environment and Dept of Physics, Oxford, United Kingdom;
(4) University of Oxford, Oxford, United Kingdom; (5) NIWA,
Wellinf;ton, New Zealand; (6) Australian National University,
School of earth sciences, Canberra, Australia

There has been increasing scientific interest in
understanding the climate factors associated with extreme
weather and climate events. This has led to the series
of special supplements in the Bulletin of the American
Meteorological Society over the last three years on
“Explaining Extreme Events from a Climate Perspective”.
A wide range of extreme events has been considered in
the studies included in these supplements, ranging from
heavy rainfall and drought events to record hot and cold
seasons. However, there have been no studies so far on
the attribution of record high daily temperatures at single
sites.

The Australian summer of 2012-13 was the hottest
summer averaged across Australia since reliable records
began in 1910. Lewis and Karoly (2013) showed that
human influences on climate have very likely increased
the likelihood of extreme summer average temperature
across Australia such as in 2012-13 by at least a factor
of five. Here we present an analysis of the contribution of
human-caused climate change to the frequency of events
such as the record high daily temperatures that occurred
across Australia on 7 January 2013 and in Sydney on 18
January 2013.

The recently launched citizen science distributed
computing project weather@home ANZ ( http://www.
climateprediction.net/weatherathome/australia-new-
zealand-heat-waves/ ) has generated very large ensembles
of simulated regional daily weather data needed for the
attribution of extreme events. By comparing the frequency
of extreme daily temperatures in the model simulations for
2013 and for a counter-factual world without any human
influences on the regional climate, we assess the role of
human influences on the likelihood of these two cases of
record high daily temperatures in Australia in 2013.

Lewis, S.C., and D. J. Karoly (2013) Anthropogenic
contributions to Australia’s record summer temperature of
2013. Geophys. Res. Lett., 40, 3705-3709. DOI: 10.1002/
grl.50673

0O-1118a-02

Human influence on climate in the 2014
Southern England winter floods and their
impacts

N. Schaller (1) ; A. Kay (2) ; R. Lamb (3) ; N. Massey (1) ;
GJ. Van Oldenborgh (4) ; F. Otto (1) ; S. Sparrow (1) ; R.
Vautard (5) ; P. Yiou (5) ; A. Bowery (1) ; S. Crooks (2) ; C.
Huntingford (2) ; W. Ingram (1) ; R. Jones (6) ; T. Legg (6) ;
J. Miller (1) ; D. Wallom (1) ; A. Weisheimer (1) ; P. Stott (7)
; M. Allen (1)

(1) University of Oxford, Oxford, United Kingdom; (2) CEH,
Wallingford, United Kingdom:; (3) JBA, Skipton, United
Kingdom; (4) KMNI, De Bilt, Netherlands; (5) Laboratoire des
Sciences du Climat et de I'Environnement, Saclay, France; (6)
Met Office, Exeter, United Kingdom; (7) UK Meteorological
Office, Hadley Centre, Exeter, United Kingdom

The whole winter of 2013/2014 was characterized
by a near-continuous succession of westerly storms.
Accumulated rainfall during January 2014 was the largest
ever recorded for that month across much of southern
England, including the Radcliffe Observatory record
in Oxford that begins in 1767. Severe floods resulted,
causing major disruption.

So far, quantifying any contribution from human influence
on climate to such weather events and resulting floods
has been difficult due to the large natural variability of
winter precipitation in the North Atlantic and European
regions. The emerging science of probabilistic event
attribution however increasingly allows us to evaluate
the extent to which human-induced climate change is
affecting localised weather events. Under the project
“EUropean CLimate and weather Events: Interpretation
and Attribution” (EUCLEIA), an end-to-end attribution
study is performed for the first time. An ensemble of
134,354 general circulation model simulations is run
using the citizen science project weather@home. We
find that the frequency of days in January in zonal flows
increases jointly with increases in precipitation as a result
of anthropogenic climate change. The best estimate of
the change in risk of extreme (1-in-100-year in pre-
industrial conditions) precipitation for January in soutﬁern
England is an increase by 42%, but the uncertainty range
includes no change or an increase by over 150% due to
uncertainty in the pattern of anthropogenic warming.
Further, we partition the impact of greenhouse gases
to dynamic changes in atmospheric circulation and to
thermodynamic increasing water loading, demonstrating
that both mechanisms played a role. A hydrological model
driven by the model-simulated precipitation gives similar
increases in risk compared to precipitation for 30-day
peak river flows for the Thames at Kingston. Given these
river flows we estimate that anthropogenic climate change
has placed an additional 3,500 properties in the Thames
catchment (upstream of the tidal reach through London) at
risk of flooding from rivers over a broad range of return-
times. Our study provides for the first time an estimate
of the scale of precipitation-related damages in a specific
region due to tﬁe effects of anthropogenic changes in the
composition of the atmosphere on climate.

0-1118a-03
Role of soil moisture vs. recent climate
change for heat waves in western Russia

M. Hauser (1) ; R. Orth (1) ; S. Seneviratne (1)
(1) ETH, Zurich, Institute for atmospheric and climate
science, Zurich, Switzerland

Using the framework of event attribution, anthropogenic
climate change was found to have a discernible influenceon
the occurence-probability of heat waves, such as the one
in Russia in 2010. Soil moisture, on the other hand, is an
important physical driver for heat waves as its availability
has a large influence on the partitioning of the available
surface net radiation into latent and sensible heat flux.
The presented study investigates the relative importance
of both controls, soil moisture and increasing greenhouse
gas concentrations, on heat waves in the region of the
2010 Russian heat wave. This is done with a large number
of ensemble members from climate simulations with and
without interactive soil moisture for both, the 2000s
and the 1960s. The simualtions allow to determine the
occurence-probability of heat waves with and without
the soil moisture-temperature feedback and to compare



it to the warming caused by climate change. Thereby,
we expect to see the largest effect on daytime maximum

temperatures (TXx) and a smaller influence of soil moisture
on the mean temperatures and cold extremes.

1118b - Attribution of extreme events: How are high impact
extreme events changing and why ?
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Framing Extreme Event Attribution from
the Bottom up - an Enquiry into the Social
Representations of key stakeholders, of
the Press and of Climate Scientists

JP. Vanderlinden (1) ; I. Meinke, (2) ; M. Schwab, (2) ; N.
Capellini, (1) ; SH. Von (2) ; C. Winter, (2) ; C. Pacteau (3) ;
Y. Remvikos, (1)
(1) University of Versailles-Saint-Quentin-en-Yvelines,
Observatory of versailles-saint-quentin-en-yvelines/cearc,
Guyancourt, France; (2) Helmholtz- Zentrum Geesthacht,
Zentrum fur material- und kistenforschung, Geesthacht,
Eermany; (3) CNRS, Gis climat environnement sociétés, Paris,
rance

Attribution of extreme weather events has recently
generated a lot of interest simultaneously within the
general public, the scientific community, and stakeholders
affected by meteorological extremes. This interest
calls for the need to explore the potential convergence
of the current atttribution science with the desire and
needs of stakeholders. Such an euiry contributes to the
development of climate services aiming at quantifying the
human responsibility for particular events.

Through interviews with climate scientists (internationally
and within Germany), through the analysis of the press
coverage of extreme meteorological events (heat wave in
the Paris area, storm surges in the baltic sea), and through
stakeholder (private sector, covernment services and
local and regional government) focus groups, we analyze
how social representations of the concepts associated
with extreme event attribution are theorized. From the
corpuses generated in the course of this enquiry, we
build up a grounded, bottom-up, theorization of extreme
weather event attribution. This bottom-up theorization
allows for a framing of the potential climate services in a
way that is attuned to the needs and expectations of the
stakeholders.

From apparently simple formulations: “what is an extreme
event?”, “what makes it extreme?’, “what is meant by
attribution of extreme weather events?”, “what do we want
to attribute?”, “what is a climate service?”, we demonstrate
the polysemy of these terms and propose ways to address
the challenges associated with the juxtaposition of four
highly loaded concepts: extreme - event - attribution -
climate services.

0-1118b-01
Attribution of extreme climate events in
coupled and uncoupled GCM experiments

B. Dong (1) ; R. Sutton (1) ; S. Len (1)
(1) NCAS-Climate, Department of Meteorology, Reading,
United Kingdom

Extremes of weather and climate events at global and
regional scales can have devastating effects on human
society and the environment, and there is overwhelming
evidence that these extreme events are changing.
Interest in attributing the risk of these extreme events
to anthropogenic climate change is increasing and
understanding these past changes is critical for reliable
projections of future changes. However, there is still
no consensus about the best methodology for event
attribution. A common approach relies on experiments
in which the time periods of interest are simulated using
an atmospheric general circulation model (AGCM) forced
by prescribed sea surface temperatures (SSTs), with and
without anthropogenic influences. A potential limitation
of these experiments is the lack of explicit atmosphere-

ocean coupling, and therefore a key question is whether
the attribution statements derived from such studies
are in fact robust. In this research, we have carried out
climate model experiments to test attribution conclusions
in a situation where the answer is known - a so called
“perfect model” approach. The study involves comparing
attribution conclusions derived from experiments with a
coupled climate model (specifically an AGCM coupled to
an ocean mixed layer model) with conclusions derived
from parallel experiments with the same atmosphere
model forced by SSTs taken from the coupled model
experiments. We analyse and compare the changes in
surface air temperature and precipitation in response
to anthropogenic forcing in the coupled and uncoupled
experiments, assessing both seasonal mean changes
and extreme events. Our experimental design also
allows comparison with observed changes. Our results
demonstrate that whilst the AGCM method has some
strengths, it also has significant limitations and may lead
to erroneous attribution conclusions in some situations.

0-1118b-02

Unreliable climate predictions overesti-
mate attributable risk of extreme climate
events

0. Bellprat (1) ; F. Doblas-Reyes (2)

(1) Catalan Institute for Climate Science (IC3), Climate
Forecasting Unit, Barcelona, France; (2) IC3, Barcelona, Spain

Climate predictions are increasingly being used to
attribute single extreme climate events to anthropogenic
factors by retrospective predictions. The reliability of the
systems to predict extreme events might be an important
aspect in such an assessment, yet limited hindcast periods
which cover only a small number of extreme events in
the past inhibit a robust evaluation. Using an idealized
framework based on a synthetic forecast model this
limitation is here circumvented. The framework allows
to perform large number of predictions and to compute
the fraction of attributable risk (FAR) on extreme events.
Varying the forecast reliability shows that unreliable
climate predictions are prone to overestimate the FAR due
to ensemble overconfidence, which leads to unrealistically
small probabilities for the event to occur without climate
change. We show under which conditions forecast
reliability becomes important an factor and give an
outlook for future event attribution systems using climate
predictions.

0-1118b-03
Investigating human influence on Southern
France heavy precipitation events

A. Ribes (1) ; S. Thao, (1)
(1) CNRM-GAME, Météo France - CNRS, Toulouse, France

In spite of a relatively dry mean climate, the Mediterranean
regions in Southern France use to experience heavy
rainfalls over short durations - typically a few minutes to
one day. If compared to the rest of mainland France, 10-yr
return values of maximum daily precipitation are two to
four times larger over this area. The 2014 fall season was
particularly severe, with 11 events exceeding the 190mm/
day threshold, flash floods and several fatalities.

The possible link between such events and anthropogenic
climate change has not been specifically addressed so far.
Several approaches might be proposed to deal with this
issue, including the realisation of specific climate model
experiments. Unlike many other studies, we only focus
on past observations and investigate the significance of
recent trends in such events. Trends are investigated in
terms of magnitude, frequency, and extent of events.
Some statistical challenges arise to properly account for
spatial depencies among locations. While previous studies
looked at trends locally or over a small neiborhood, here
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we propose an aggregated diagnosis for the whole region
(about 100 stations). The consistency of these trends with
the change simulated by state of the art climate models is
also discussed. Main results suggest that observationnally
based estimates of the human influence on heavy
precipitation events are still weakly constrained over such
a limited area.

0-1118b-04

Attribution of the June-July 2013 heat
wave in the southwestern United States

H. Shiogama (1) ; M. Watanabe (2) ; Y. Imada (3) ; M. Mori (2)
; Y. Kamae (1) ; M. Ishii (3) ; M. Kimoto (2)

(1) National Institute for Environmental Studies, Tuskuba,
Japan; (2) the University of Tokyo, Kashiwa, Japan; (3)
Meteorological Research Institute, Tsukuba, Japan

A severe heat wave occurred in the southwestern United
States (US) during June and July 2013. To investigate the
effects of natural variability and anthropogenic climate
change on this event, we generated large ensemble
simulations of possible weather using the MIROCS5A
climate model forced by “historical external forcing
agents, sea surface temperature (SST) observations and
sea ice (SIC) observations” both with and without human
influence. It was suggested that both the anthropogenic
warming and an atmospheric circulation regime related to
the natural variability of SST and SIC made the heat wave
event more likely. On the other hand, no significant human
influence was found in atmospheric circulation patterns.
These results were robust for two different estimates of
anthropogenic signals on SST and SIC.

0O-1118b-05

Attributing regional effects of the 2014

Jordanian drought to external climate
drivers

D. Mitchell (1) ; R. Zaaboul, (2) ; K. Bergaoul (2); F. Otto (1)
; R. Mcdonnell, (2) ; S. Dadson (]) M. Allen (1)

(1) University of Oxford, Oxford, United Kingdom; (2) ICBA,
Dubai, United Arab Emirates

Throughout 2014, the regions of Jordan, Israel, Lebanon
and Syria have experienced a persistent draught with clear
impacts on the local populations. In this study we look at
how the Erobability of such a draught has changed under
climate change, with a specific focus on the flow rate of the
Litani river and the water level of Lake Tiberious (AKA the
Sea of Galilee). Both of which hold major societal, political
and religious importance. To perform the analysis we make
use of distributed computing power to run thousands
of modelled years of 2014 with slightly different initial
conditions. We use an atmosphere only model (HadAM3p)
with a nested 50 km regional model covering Africa and
the Middle East. These data are downscaled to 1 km. Two
separate experiments and simulations, 1. For all known
climate forcings that are present in 2014, and 2. For a
naturalised 2014 scenario where we assume humans never
impacted the climate. For observations, we use station
data obtained from the Jordanian Ministry of Water. Using
a combination of these local station observations and
model data we are able to make clear statements on the
?ttribution of a 2014-like draught event to human causal
actors.

0-1118b-06

Distinguishing natural and anthropoge-
nic influences on extreme fire danger in
Australia

M. Black (1) ; D. Karoly (1) ; T. Lane, (1) ; L. Alexander (2)
(1) University of Melbourne, School of earth sciences,
Melbourne, Australia; (2) University of New South Wales,
Climate change research centre, Sydney, Australia

In the aftermath of the 2013 Blue Mountains wildfires in
New South Wales, Australia, the scientific community was
faced with the challenge of quantifying the event’s link to
different causal factors, including human-induced climate
change. While there are a number of recorded attribution
studies for temperature and precipitation-related events,
no such study exists for fire weather.

This study investigates how the likelihood of extreme fire
weather in south-east Australia has been changed due
to the competing influences of human-induced climate
change and modes of inter-annual climate variability. Our
analysis benefits from the use of the recently launched
weather@home  Australia-New  Zealand  distributed
computing citizen science project to generate very
large ensembles of regional climate model simulations
over Australia. The likelihood of extreme fire weather is
examined for different phases of the EI Nifio Southern
Oscillation under present climate conditions and climate
conditions with no human influences.

1118-POSTER PRESENTATIONS

P-1118-01

Contribution of soil initial conditions for
the occurrence of the 2003 and 2010 heat
waves

0. Bellprat (1) ; C. Prodhomme (2) ; F. Doblas-Reyes (2)

(1) IC3, Climate Forecasting Unit, Barcelona, France; (2) IC3,
Barcelona, Spain

Dry soil moisture condition before both 2003 and 2010
heat wave over western Europe and Russia, respectively
have been suggested to play an essential role on the
occurrence of the event. In order estimated the impact
of soil initial conditions on those two heat waves, we run
two sets of seasonal hindcasts with the general circulation
model EC-Earth2.3. The initialization of those hindcasts is
done either using climatological or realistic land surface
initialization in May, June, Ju?y and August using the ERA-
Land re-analysis. Results show that %e 2003 heat wave
is predictable either with climatological or realistic land-
surface initial condition and for all considered start dates.
This feature clearly shows that the 2003 heat waves was
predictable. Conversely, the 2010 heat wave is reproduced
in May only if the land is realistically initialized, while in
June the event is not predicted by none of the hindcasts.
The present study will investigate the processes behind
the occurrence of the two heat waves.

P-1118-02
Evaluation of Mechanisms of Extreme Tem-
peratures over Europe and North America

I. Colfescu (1) ; S. Tett (1) ; G. Hegerl (1)

(1) University of Edinburgh, School of GeoSciences,
Edinburgh, United Kingdom

The 20th century reanalysis is used to investigate
changes in the monthly frequency, location and intensity
of temperature extreme events during the first half of
the 20th century for North America and Europe. Using
composite analysis the main synoptic weather patterns
associated to the events are identified in the 20th Century
Reanalysis and compared to those associated with events in
the latter 20th century. An assessment of the capability of
CMIP5 models to simulate these extreme events and their
mechanisms is also performed by comparing the model
patterns with those obtained from the 20C reanalysis.

P-1118-03
Attribution of Extreme Summers in Nor-
thern Europe

B. Dong (1) ;S. Len (1) ; R. Sutton (1)
(1) NCAS-Climate, Department of Meteorology, Reading,
United Kingdom

The summer climate of northern Europe exhibits large
variability from year to year and on longer timescales.
In extreme summers the region experiences heat waves,
droughts, or floods. This presentation will discuss the
characteristics and drivers of variability in northern
European summers with a particular focus on the summer
of 2012, which was a record wet summer in northern
Europe and was associated with widespread flooding,
and the contrasting warm dry summer of 2013. The wet
summer of 2012 was not an isolated event but rather
one in a cluster of wet summers that have occurred more



frequently in the 21st century than in the last decades
of the 20th century. Wet summers are associated with a
southward position of the North Atlantic storm track and
a negative phase of the Summer North Atlantic Oscillation,
with the opposite pattern for dry summers. The magnitude
of decadal variability in these features suggests a role for
forcing from outside the dynamical atmosphere. Climate
model experiments have been carried out to identify
the drivers of variability and to attribute the factors that
influenced the summers of 2012 and 2013 in particular.
The results indicate that anthropogenic forcing, both
through its direct impact, and through its impact on
warming sea surface temperatures, has substantially
increased the likelihood of hot summers in northern
Europe. Establishing the impact on the likelihood of wet
or dry summers is more complex. Evidence suggests that
changes in North Atlantic Sea Surface Temperatures were
an important factor in explaining the striking contrast
between the summers of 2012 and 2013. The implications
of these findings for future summers in northern Europe
will be discussed.

P-1118-04

The extreme wet 2013/2014 winter season
in Western Europe in a changing climate

N. Hempelmann (1) ; P. Yiou (1) ; R. Vautard (1)
(1) Laboratoire des Sciences du Climat et de I'Environnement,
Saclay, France

Southern UK and North Western France witnessed records
of precipitation amounts during the winter of 2013/2014.
How this specific extreme seasonal event is linked to
climate change remains a difficult issue, due to the
large inter-annual variability of precipitation amounts.
Using observational records and the new EURO-CORDEX
regional climate projections ensemble, we find that over
the regions hit by the 2013/2014 event, recent trends
in winter precipitation have increased. The estimates
from observations are consistent with those from climate
simulations. The non-significant change of the return
period of the seasonal precipitation is found to be reduced.

We also address the issue whether precipitation amounts
would have changed across past decades as a result from
external changes than those of the regional atmospheric
flow, we used the methodology of circulation analogues,
computed from anomalies of sea level pressure over
the North Atlantic region. Seasonal precipitations in the
regions under study are well reproduced by flow analogues.
We find that Southern U.K. precipitations occurring with
analogue flows taken in the early part of the century are
on average weaker than those taY(en from analogue flows
from analogue flows in the past few decades.

P-1118-05

Climate change induced temporal varia-
bility of droughts in Ukraine - the role of
North Atlantic Oscillation

V. Khokhlov (1) ; N. Yermolenko (1)

(1) Odessa State Environmental University,
Hydrometeorological Institute, Odessa, Ukraine

We used the multiscalar drought index - standardized
precipitation evapotranspiration index - to investigate
spatiotemporal droughts variability caused by the
climate change. The index was calculated using the 0.5
degree grid data on the temperature and precipitation for
Ukraine. The two periods with different trends of global
temperature - 1951-1980 and 1981-2010 - were used to
reveal a climate change impact.

The analysis revealed the periods with moistest and
driest conditions. The moistest years were registered in
the end of 1970s - start of 1980s. Moreover, both the
number and intensity of droughts increase significantly
since 1980, especially for the Southern Ukraine. During
the 2006-2009, the most extreme and long drought was
observed in the Odessa region. The analysis also showed
that hydrological droughts begin with some delay from the
meteorological ones, and have maximal duration.

We used CUSUM method in order to detect sdpeciﬁc years,
when the significant change points occurred in the time
series of droughts. This method also detected the start of
1980s as the years of transition from the moist to the dry

conditions.

The cross-wavelet transform was applied to reveal
a connection between the droughts in Ukraine and
teleconnection patterns in the North Atlantics. The
analysis showed that the North Atlantic Oscillation (NAO)
has a maximal effect on the droughts in Ukraine. The
anti-phase relation is registered for the joint fluctuations
with the periods 2-3 years and is most prominent in the
Southern Ukraine. On the contrary, the NAO has a small
impact on the Northern Ukraine. This fact can be explained
by the orientation of main storm tracks for positive and
negative phases of the NAO.

P-1118-06

Understanding the role of anthropogenic
climate change behind changes in regional
heatwaves

S. Perkins, (1) ; E. Fischer, (2)

(1) University of New South Wales, Climate change research
centre, NSW, Sydney, Australia; (2) ETH Zurich, Zurich,
Switzerland

Since 1950, heatwaves have been increasing in their
intensity, frequency and duration over many global
regions. This period of time includes the temperature
“hiatus”, where global average temperature did not
significantly increase since 1998. This study makes use
of a 21-member of a single GCM to determine whether
changes in heatwaves over various global regions are a
result of anthropogenic, and whether observed changes
and discrete heatwave events could have occurred without
human influence on the climate.

The 21-member ensemble of the Community Earth
System (CESM) global climate model is a novel tool,
in that it provides a considerable estimate of internal
climate variability that is not readily obtainable from most
other model ensembles. Each of the historical and future
simulations has identical prescribed external forcings, the
former of which is based on observations. However, they
differ only slightly in their atmospheric initial conditions,
commencing on 1st January 1950. The resulting
simulations provide a unique sample of a large range of
“possible” climates that are all equally plausible under the
same external conditions and physical mechanisms of the
model. This is distinctive from a multi-member model
ensemble such as the 5th Phase of the Climate Model
Intercomparison Project, where each participating model
has a different physical set-up. Moreover, the version
CESM employed in this study provides a 980-year control
simulation, allowing for substantial research into climate
conditions without influence from human activity.

Firstly, this study explores whether a hiatus occurred for
regional heatwaves. Results show that for many global
regions there is a large range in plausible heatwave
trends during the ~15 year hiatus period, thus inhibiting
the robustness of any one estimate, including that of
observations. Next it is explored whether similar heatwave
trends are possible without anthropogenic climate change.
Similar to absolute changes heatwave intensity, frequency
and duration, we conclude that the rate of change (i.e.
trend magnitudes) in heatwaves since 1950 is primarily a
result of human influence on the climate system.

Lastly, the fraction of attributable risk methodology (FAR) is
employed to determine whether the likelihood of particular
heatwave events have increased due to human influence
on the climate. For all regions, it is very likely (>90%
probability) that there has been a substantial increase in
what is now considered the 1-in-20 year heatwave events.
Moreover, for some regions, there is little evidence the
current 1-in-20 year heatwave event would have occurred
at all without anthropogenic activity. Such results highlight
that there is already a signal in anthropogenic climate
change in the extreme events we observe today.

P-1118-07
Scenarios for extreme climate characteris-
tics

P. Szabo (1)

(1) Hungarian Meteorological Service, Climate modelling
group, Budapest, Hungary
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State-of-the-art regional climate models (RCMs) are the
best tools to provide detailed and quantitative information
about future climate change at regional and local scales
since it describes physical processes affecting regional
climate features in detail. The results obtained from a
regional climate model of around 10-25 km horizontal
resolution are of good basis for local impact assessments
instead of using low resolution global climate model
outputs. However, model simulations have different
sources and magnitude of uncertainties, the climate
modelling community strives to deliver the projection
results together with their uncertainties for impact studies.
To assess uncertainty in the simplest way, at the Hungarian
Meteorological Service two RCMs are run covering Central-
Eastern Europe: REMO (25 km) adapted from Max Planck
Institute for Meteorology and ALADIN-Climate (10 km)
from Météo-France.

Local impact assessments are based mainly on daily
minimum and maximum temperature (besides daily mean
values). According to observational data, our local climate
over Hungary is warming up more rapidly than the global

temperature. The main question of our investigation
is whether the record highs increase or the record lows
decrease faster. Using observations we calculate how
many record high daily maximum temperature and record
low daily minimum temperature are set in each year over a
grid point. Current record high to record low ratio is above
one: it is around 3 to 1 in Hungary with an average of 3.6
in the last 5 years and 2.6 in the last 10 years. Relative
increase of record highs to record lows is shown for the
two locally-run RCMs from 1961 to 2100, however, the
increasing ratio could eventuate that record lows could
disappear in the whole country around the end of the 21st
century.

We give results for the record high daily precipitation,
as well. Compared to the theoretical stationary climate
conditions, observations show only an intensification
in the inter-annual variability of precipitation records
in Hungary. The two models also do not expose robust
results: only one model shows a clear increase in record
high daily precipitation for the end of the 21st century.

1119a - Extreme hydrological events: Deciphering changes in
hazard and risk at different time-scales

ORAL PRESENTATIONS

K-1119a-01

Review of Hydrological norms for Climate
Change Resilient Hydraulic Infrastructures
in Africa (RESIHYST-Africa): towards a
regional programme

A. Amani (1)

(1) UNESCO, Hydrololgic international programme, Nairobi,
Kenya

In order to address the current and future water needs
and to boost the economic growth of African countries,
it is crucial to improve substantially the current rate of
mobilization of renewable water resources which is less
than 5%. Hydraulic infrastructures (Dams) with various
sizes are needed to increase substantially the level of water
storage. For road construction, urban water drainage and
flood protection other types of hydraulic infrastructures
are needed. In many African countries, guidelines and
hydrological norms currently used by engineers and
managers are obsolete.

In West Africa for example, particularly francophone
countries, the hydrological norms for the design of
hydraulic infrastructures currently used were established
during 60-70s. These norms were established based on
hydrological data collected from around 200 experimental
basins in West and Central African countries for a period
of 3 to 5 years during and following the International
Hydrological Decade which led to the creation of the
UNESCO International Hydrological Porgramme. In regard
to the ecological and climate changes recorded within
the region and the huge consequence on infrastructures
safety and with the future climate change, there is an
urgent need to review and adapt these norms for a resilient
design of hydraulic infrastructures in the region. Within
the framework of its International Hydrological Programme
and on the request of countries through a resolution of
IHP Africa national committees UNESCO has initiated a
regional programme to address the issue of hydrological
norms for the design of hydraulic infrastructures within
the context of climate change with a focus for the first
phase on West and Central Africa. The first phase of the
programme will concern 26 countries from ECOWAS and
ECCAS. Two experts working meetings have been held
in Ouagadougou. Twelve baseline studies have been
conducted in the following countries: Senegal, Niger, lvory
Coast, Guinea, Togo, Benin, Chad, Cameroon, Congo, CAR,
DRC and Rwanda.

The regional programme will have the following
components: i) Data and hydrological monitoring: new
basins should be monitored in partnership with hydrological
services and universities and all available climate and

hydrological data capitalized; ii) Analysis, Methods and
Modelling: Based on the available and collected new
data, hydrological research will be conducted focusing
on techniques, methods and hydrological modelling for
a robust and adapted assessment of discharges taking
into account non the stationarity; iii) Operational tools:
proposition of new adapted hydrological tools (guidelines,
softwares,..) and iv) Capacity building and promotion of
the new tools: capacity building at various levels including
technician, engineer, graduate and a wide dissemination of
the new tools will be considered.

There is an urgent need to mobilze key stakeholders and
donors for the f