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Preface

By Madame Chantal JouanndSecretary of State for Ecology

The challenges of climate change are beyond measure. Everyone should be alarmed by this reality:
alarmed by the magnitude of climate warming, and by the multiplication of extreme events, if
nothing 5 done; alarmed by the violence and the multiplicity of impacts on our climate, our
ecosystems, our lifestyles, our civilization. There is urgency to act, now. The cost of inaction will be
higher than the cost of the action, recalled Sir Nicolas Sternmi& act, on both fronts: mitigation

and adaptation.

To mitigate climate change, France found the means to meet its international commitments. With
already one of the lowest emission rates of greenhouse gases relative to our GDP, we have set
ourselves, ashe entire European Union, very ambitious reduction targets. These targets have been
not only met, but even exceeded. This is an encouragement to continue our efforts, relentlessly.

The front of adaptation to climate change is also fundamental. Adaptirgintate change means
anticipating, despite the uncertainty of its impacts, on spontaneous reactions efystems and
society throughout all its components. It represents a difficult exercise, involving many disciplines,
taking into account specificitiesf each territory, to be considered on a case by case basis. In France,
adaptation is driven by the National Observatory on the Effects of Climate Warming (ONERC). A
national strategy was adopted in 2006. ONERC is now working towards the adoption inf2912
national climate plan; as a preparatory step, a national dialogue is being conducted in 2010.

This publication, prepared in preparation for the Copenhagen UN Conference on Climate Change
(2009), includes various national studies about adaptation tmate change. It illustrates the
willingness of France to mobilize all actors in society, including scientific, institutions and civil society,
in the debate about climate change mitigation and adaptation.

The findings are unanimous: climate change wilNesely impact territories: rising sea levels,
increased probability of heat waves and droughts, increased frequency and intensity of natural
disasters ... We have a responsibility to act, not for our grandchildren, but for our children. Our
citizens now uderstand. Their concerns and their demands are strong in the field of disaster risk
reduction. Let us live up to their expectations. Understanding these phenomena is a starting point of
any effective prevention policy. This publication is developed asiiloation.

Chantal Jouanno
Secretary of State for Ecology
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Introduction by Paul Verges, President @NERC

The conclusions of the Intergovernmental Panel on Climate Change (IPCC) set out in its last report for
2007 are final: man is indeed responsible for the climate change that is affecting Earth. Despite this
observation, the acknowledgement has yet to be transformed into concrete actions: greenhouse gas
emissions have soared since 1990, and even in the pefigiobal economic crisis which we have
been experiencing since 2008, the trend in the levels gfd@Bcentration in the atmosphere has not
shown any change.

Taking into account climate system inertia, global warming will increase during the coming decades
even if emissions drop sharply. The continued increase in emissions at the current rate could lead us
to a catastrophic climatic disturbance. At a meeting in Copenhagen in March 2009, several
researchers observed that the emissions of the last few yaadgscertain aspects of the climate were
approaching the worst case scenario considered by the IPCC.

Our societies must react in order to keep global warming within limits that enable the effects of
climate change and the resulting catastrophic consequenfigsthe world's populations to be
avoided. The effort to be made is essential and vast, so as to limit our greenhouse gas emissions
considerably. This requires radical transformations of our economic, industrial and agricultural
systems, our way of lifena our behaviour.

The awarding of the Nobel Peace Prize to IPCC researchers and to Al Gore has great symbolic value,
because the ravages that could accompany a radical change in our climate are comparable to those
of a war. It is time to move into actiothe next meeting, in Copenhagen, of the conference of the
parties to the United Nations Framework Convention@imate Change must lead to an ambitious
agreement between all countries in order to meet this challenge.

This is not the first time that hunmity has been confronted by the need to adapt to new living
conditions, and several societies have been able to overcome considerable difficulties thanks to a
change in their practices. This is how man has been able to colonise particularly inhospitdble la
such as the arctic regions or certain tropical deserts. Yet conversely to these examples given to us by
history, modern man has the chance to be able to anticipate the changes and to organise his
adaptation thereto. We must seize this chance and pight now the changes to be made in our
behaviour.

Since its creation in 2001, ONERC has been an essential tqmbfading public authorities and
elected officials the necessary bases for strategic choices and for steering political decisions. After
having suggested a national strategy for adaptation to climate change for France, ONERC, together
with the Ministry for Ecology, Energy, Sustainable Development and the Sea, responsible for Green
Technologies and climate Negotiations, steerejiat ministerial working group on the impacts of
climate change, adaptation and associated costs.

Unlike the works carried out over the last few years, for example those by the World Bank, the
United Nations Framework Convention on Climate Change or the Stern Réhéesim was not to
obtain a global estimate of cost, but to create the most exhaustive description possible of impacts



and to give the basic costs of these impacts by sector, as well as some adaptation measures. The
exercise proved to be innovative, padiarly for the large numbers of players mobilised, but it came

up against a lack of data and references, which proves how far we still have to go. There is great
uncertainty over climate projections, and even more so when we try to quantify the impaats th
climate change will have, but it does not justify a waittsee attitude or lack of decision.

Paul Verges
Presidentof ONERC
Presidentof the Region 'a Réunioh
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ONER@nnual Report2009

Summary for decision makers

Climate change is today a realignd its consequences will have a significant mediemm impact

on our environment and our ways of life. The Grenelle Environment Forum recommended
anticipating these as of now, in order to minimise the resulting secimomic impacts and reduce

the vuherability of the players concerned. Defining and evaluating the impacts of climate change
that players will have to confront allows the most suitable adaptation measures to be planned.

In March 2007, the Ministry for Ecology, Energy, Sustainable Devetimnd the Sea (MEEDDM)
F2NYSR Yy AYUSNYAYAAGSNRALFE 3INRdzL) dzy RSNJ G4KS ylIY
I 3a20AF 0SSR 02aiGa Ay CNIyOSéxX (KdzA dzy RSNI I 1Ay3 |
that will allow the cost of impacts to be litad.

One of the characteristics of this task resides in the fact that it is, for the most part, carried out by the
services concerned, with research organisation and private player collaboration. It must be
considered as a stage in an ambitious publitoacgauging processt leads to temporary results

that remain open to discussion, for development in later stages.

Methodological frameworks

The decision has producesectoral evaluationat Horizon2030, 2050 and 2100, without wanting to
aggregate theresults. At this stage, the thematic works have not been designed to be exhaustive:
only certain impacts have been assessed in a quantitative fashion.

The group chose to work from th®CC A2 and B2 scenari@is,accordance with the simulations
created byCNRM/MétéaFrance using the Arpegeélimate model. A2 is a rather pessimistic scenario,

B2 an optimistic scenario: these two scenarios are generally those adopted in climate change impact
analysis.

In the absence of a lonterm sociaeconomic outlook forFrance per region and per sector, it was

decided to work using the current French soeégonomic situationd 8 OSY I NA 2 1y 26y I &
SO2 y 2 Yhis¢choiee allows the impact of climate change to be isolated from that of other
developments and does notdd macroeconomic uncertainties to uncertainties relating to climatic
aspects. Nevertheless, this choice remains restrictive and limiting for some sectors, for which a
socioeconomic change is already anticipated or for which these changes constitute midéigr

factor in the vulnerability to climate change.

Scope and results of thematic works
Only a limited number of sectors have been studied and within these the analysis only concerned a
selection of climate change impacfBhe estimated costs must be rsidered agough estimates,

due to the limits of the methodologies used and the methaustive nature of the evaluations carried
out. The detail of the quantitative evaluations is recorded in the general report.
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Water resources

If we consider demand as img stable, a deficit o billion m®per yearin meeting the current needs

of industry, agriculture (irrigation) and drinking water supply will be seei@tizon 2050.The
projections indicate that the zones most affected will be those already concebgestructural
deficits. Estimating the compensation for the potential deficit in water resources at Horizon 2050
2yt e NBLINBaSydGa | a@AaArofSe LINI 2F GKS | RFLIGFKGA
need to adapt waterelated activities. A sectors will be affected by this change, which will mean an
increase in conflicts of use, a decrease in water quality and therefore a disturbance to aquatic
ecosystems or part of the water resources. The adaptation of each sector to climate change will
include better management of water consumption: adaptation of water demands and requirements
is a priority theme. As to the adaptation of the offer, this will have to come within a planned
adaptation, in order to study the impacts in advance. The evalnatiothe potential cost of these
adaptation measures can only be made via local enquiries. They may represent very high operating
investments and expenditures.

Natural hazards and insurances

The analysifocused orfour hazard types: floodingcoastal hazals, clay shrinkage and swelling and
gravitational hazards. For example, the average annual damabeusinggenerated by the risk of

clay shrinkage and swellingould exceedcUR one billiorper yearin 2100(compared to EUR 200
million per year today) ifrrance, based upon constant urbanization projectiortss cost could be
multiplied by a factor of 4 to 5 if urbanisati@montinues to happerin highrisk zonesif no specific

policy could deal withreducing that riskWithout adaptation, the decline ahe coastline by marine
erosion or flooding as a result of climate change (rise of sea level), should ultimately cover about one
hundred thousand people and lead to tdestruction of housing for cost amounting to several tens

of billions euros across theentury, for the only region of LanguedeRoussillon Thecost of flood
damage from overflowing riversmay also increase in several watersheds, with important
uncertainties remain regarding the expected impact. An evaluation at the national level woudd be,
this stage, risky, because of the difficulty of treating and aggregating costs on all watersheds,
including in small ones in which the impact could be high. As to the cost relating to gravitational
hazards, this has not been assessed, because of afoeedore information. However, the heavy
impact on society of catastrophes arising from these hazards should be underlined, as these can lead
to the loss of human life and very high localised costs.

Biodiversity

Even though it is sometimes difficult taolate the impacts of climate change from other pressures
suffered by ecosystems, and even though the problems are very different depending on the
ecosystem and the species concerneiijns of changes in biodiversity attributable to the gradual
modifications caused by climate change can already be sdgindiversity is directly affected by the
changes in temperature and rainfall amounts in particular, butittterect effectscould be at least

as high. It is therefore essential to know more about the crdces of climate change impacts on
one hand, and spontaneous or planned adaptations on the other, in order to prevent negative
consequences for biodiversity. Furthermore, tpeeservation of natural ecosystems and their
resilience may also constitute an daptation action (combating flooding, for example)The
economic assessment of biodiversity losses is based on the concept of ecosystem services. This
approach, applied to coral ecosystems and 1gmods services provided by forests shows clearly
negative mpacts.On a more global scalsignificant economic losses related to the reduction, and
even disappearance of regulation servicage to be expected, in particular in the second half of the
21% century. Giving priority to territorial governance may erabthe better integration of
biodiversity protection and the various challenges to be met, on relevant spatial scales.

12



Health

The economic assessment task concerned the impact of two major extreme events (heatwave in
2003 and flooding of Gard in 2002).eTmeasurement of the impact of the heatwave took into
account the real costs and the costs saved for health insurance, the indirect costs (loss of human life,
non-productive time) and the intangible costs (estimated value of the loss of quality of life and
suffering linked to a decline in healthj.the impact for health insurance does not seem significant,
the global cost for society as a whole is nevertheless consideMigleestimate the value lost by our
society because of th2003 heatwaveas being dittle more than EUR 500 millioan the basis of an
average loss of one year of lifespaBuring the floods, three major danger to health phases were
noted: an immediate danger phase (injury and death), a stesrh danger phase (risks of infection),

and a danger phase regarding the psychological problems relating totmashatic stress. The
ANRdzLIQa S@FtdzZ GA2y (F &1 O2yOSy i GardifSdeistieyostbK A & |
taking care of people presenting psychological disorders has bsgmated at approximatelfZUR
234,000 (for 953 people)This is a low estimate, since it only concerns the cost of treatment (the
indirect and intangible costs not having been calculated).

Agricultural Sector

The growth models for the field crops usdtbsv an increase in yield in response to climate change
(notably for wheat up to horizon 2100). This increase does not take into accountaimbeal
variability and the drop in water availabilityhe inclusion of these variability factors, which are still
badly integrated into the growth models, could enable the results to be refined and the anticipated
increase in yield to be moderate#or example, increased events like B@03 heatwavecould, in
2100, represent a cost of up to more th&tR 300 millioqper year for a crop such as wheat the
absence of any adaptation measuhditiculture will also be affected by climate change, with high
territorial differences and effects on the quality of the wines. In the casmeddows,the exercise
carried out fo the peri-Mediterranean areagives a lossompensation cost dEUR 200 million per
year over the second half of the ZIcentury. It is therefore necessary to adapt to these forecast
changes as of now.

Forest sector

An increase in productivity (volume wbod) is expected in the short and medium terms because of
the increase in temperatures and rates ©€ in the atmosphereTherefore, the additional annual
gross production will reach almost 30 millior? im 2050. Nevertheless, over this same period, the
expected gains in productivity are on the same scale as possible lodsesigh wilting, fire,
drought, etc. After 2050, the trend will be unfavourable because of water stress, particularly in the
south of France, with an increased risk of drought arej Buggestinglearly negative impacts in the

long term. In order to compensate for these effects, adaptation by the forest sector will have to
make all parties in the field play their paiVith regard to forest fires, a study led by the
interministerial Mission on the risk climate changelated fires is currently underway. According to
the initial results, the expected climate change will be accompanied ligcapased hazard in areas
that are already at risk\where systems protecting forests from firase in place), as well as by a
regional spread (towards the North and at altitud® ¥ (G KS aF2NBad FANBE KIFT N

Energy

Climate change will have consequences on demand, with a drop in energy consumption in winter,
but an increase in summer because of theeddor air conditioning in housing and vehicles. The

! Calculated in accordance with the recommendations of the Boiteux report (2001)
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economic assessment of these impacts revealenergy saving trend of around 3 the constant
economy scenario, i.e. 1.8 to 5.9 Mtoe/year according to the scenarios and horizons, but the
spontaneous dvelopment of residential and automotive air conditioning will cut global warming
related energy savings by hdilf. terms of electricity production, because of the restrictions relating

to water resources, we must expectdaop in production of around 15%rom hydroelectric plants,
F2N) 6KAOK g1 G§SNI Aa vyield ®ssesidid peoduction (aBdNdnérdy dranspdrty’ R
infrastructures.

Tourism

The results provided by a study carried out by tlentre International de Recherche sur
I'Environnement et I&éveloppemen{CIREL; International Research Centre on Environment and
Development) and Sogreah, based on the summer tourist comfort index (ICT), highbigbp in
summer climate comfortthroughout mainland France, with maximum temperatures reached
becaning too high to afford tourists maximum comfort. This deterioration is less marked in the
Northern half of France (Northwest Coast specifically), as well as in certain mountainous
departments (particularly in the Alpsin 2100, a significant impact on sumer turnover is to be
expected, because of a drop in attractiveness to tourists, except in the north of France and certain
departments in the Alp<On the other hand, an improvement in conditions will be seen in the inter
seasons. With regard to winter gfs, an OECD study in 2006 indicated that, in the Atps,
reduction in snow cover will reduce the reliability of the depth of snown the French Alps, 143
skiable resorts currently have a low snow depth. In the event of warming by +1°C, this widl be th
case for only 123 resorts; for 96 resorts if warming reaches 2°C and for only 55 resorts in the event of
warming by 4°C. In a general fashion, this work indicated that, in all geographical areas of mainland
France, the tourism sector must adapt to futurelications of climate change in order to limit the
negative impacts and seize the potential opportunities.

Transport infrastructures

The predicted climate change could mean adaptations are reqairedad infrastructure levelf the

2003 heatwave dishot seem to cause generalised disorders that call into question the permanence
of the roadway or civil engineering structures, the effectsepfetitive periods of heatwaveare not
known at this timeAs far as the risk gdfermanent marine submersiotinked to an overall rise in sea
levels by one metre is concerned, this would represent a property cost, for the maintaoads
6SEOf dzZRAY 3 Y20i2N¥Blea | yR 20KSNI NBIFR&a0sx SEOf dzZRA Y 3
example the submersion of arlited length of road could cause an entire section to be unavailable
but only the property value for the submerged length has been calculated) that falls in a range
betweenEUR 500 million and 1.2 billioft. could reach EUR 2 billion if the current pratiens prove

to be insufficient For reasons of data availability, infrastructures outside the public national network
and port, rail and river infrastructures have not been studied.

Territories

The words specifically concerned the question of the pertirsmrale of analysis, sectoral interaction

on a territorial scale, and the concept tvhnsition towards changeThe importance of the time

interval needed for what we could cal 0 KS @ dzf Yy SNJI 06 A f wiad BighlightédINiBy (1 A OS &
conversion will lasas long as the publis likely to be affected by the impacts of climate change are

not, on the face of it, uniformor these reasons, the informing, awareness raising and mobilising of
players and populations in relation to climate change and adaptationstitute fundamental

aspectslIn addition, it has been proved that adaptation will above all include a better knowledge of
climate change and its challenges, witganisation of skillsalso playing a major role. In view of

14



these observations, it is nesgary to take the measure ebcial rhythmsuseful for making concrete
the common objective of a nefractured development towards new lifestyles.

Analysis elements

The works carried out highlight the costs, but also the benefits linked to climate cliangginland
France, depending on the sector considered, derscenarios and time horizofor some sectors,
we will see both costs and opportunities depending on the impact studied, so much so that it is

P - -

a2zYSGiAYSa RATTFAOMA i UGZESRSUIBNMAYGS Z RevadtelsS i @ TOKIK

view of the qualitative and quantitative analyses carried out by the study groups, we can expect a
negative global impact from climate change; t@sts could reach several hundreds of millions of
euro per yar for various sectors if no adaptation is undertaken.

Seen as an additional policy to mitigati@daptation will allow the costs of climate change impacts

to be limited significantly,and even transformed it opportunities in some casel.spontaneous
adaptation can already enable the negative impacts of climate change to be limited, we should note
that unorganised adaptation could also cause these to be increased or the benefits to be limited: this
is the case with energy, with the spontaneous develeptrof air conditioning, which plays a part in
significantly increasing energy consumption in summer, and therefore greenhouse gas emissions; or
for agriculture, where a spontaneous increase in irrigation cannot be compatible with doetien

in water awilability. Thishighlights the importance of coordinating and organising adaptatidm

order to avoid these pitfalls.

The impacts of climate change will not be spread evenly or faityoss the territory:

1 from ageographicalpoint of view, some regionsoald find themselves severely affected by
the changes, whereas others will be less so and may even turn this to good account, these
differences being due as much to climatic hazards as to territorial geographical and
socioeconomic characteristics likelyitdluence the vulnerability of systems;

1 from an individual point of view, players will not be eqlin subject to climate change.
Depending on the sector of economic activity and the social vulnerability of households, the
effects will not be redistributedn the same wayThe most disadvantaged individuals will
probably be the most and the quickest affectdayy the impacts of climate change.

Adaptation to climate change must therefore be contextualised and makeisaggialities in view
of risk are reduced.

Several uncertainties remain over what the consequences of climate change will be: it is therefore
necessary to plan governance methods tbhah be both planned for the long term and progressive
over the short term.

Identified lines of adaptation

While the works were mainly focussed on the impacts of climate change, some lines of tamtapta
were listed or suggestedlhese optiongdo not, at this stage, constitute recommendations, but
rather lines to be considered within the framework of adaptation planmjrstudies.Their relevance,
efficiency and feasibility must be studied in an integrated fashion, in particular by taking into account
local context.

15



There follows some neaxhaustive examples of lines identified:

1 General: organise availability of climatedel resultsg in particular the collapses on a local
level- and impact studies;

1 Water: implement alternative agricultural systems that are more robust and less demanding
on water resources (already included in Objective Earth 2020);

Natural hazards: takinto account climate change in planning and development documents;

Biodiversity: enhance protected spaces as preferred areas for observing the impacts of
climate change and monitoring adaptation strategies;

1 Health: integrate health risks of climatic drign basic and ongoing training for healthcare
professionals;

T ! ANAROdzf Gdz2NBY RAQGSNEAFTE (GKS ONRL) agadasSvyas ff
be combined;

1 Energy: ease the development of a building and urbanism framework that reduces the
demards on energy, particularly that of air conditioning;

1 ¢2dNRaYY RBPDISTI2VI GFENMINAYES Ay 2NRSNI 62 NBRdzOS

Perspectives

For reasons of feasibility and data availability, sopoints could not be tackled’hese choices do
not prejudge the importance of the impacts of climate change on these sectors, which merit being
treated in future stages.

The fields that were not handled in this study and that must form the subject of specific attention in
future stages were as follows:

a | NJ A Aa¥well as thair, port, river and railsectors;

Themaritime, fishing and aquacultursector;

Tertiary sectoractivities (other than the tourism sector);

Industrial sectoractivities (other than the energy sector);

The impacts of climate change oultural heritage.

= =4 =4 =8 =9

The integration ofOverseas territoriesin the quantitative evaluation of impacts and adaptation
measuresconstitutes a major priorityThe problems of climate change in the Overseas Departments
and Collectivities and in New Caledomiee different from hose affecting mainland Franc&his
involves, as of now, works resulting in particular in a better knowledge of the development of
climatic parameters and their consequences in these areas.

Thecrossover knowledge and observation regaiments have been identified in order to advance
understanding of the economic impacts of climate change.

1 Improving knowledgeabout climate changes, in particular for the hazards that remain
subject to major uncertainty:

A change in rainfall patterns;

rise in sea levels;

consequences of climate change on the hydrological regime;

highly localised climatic hazards, i.e. gravitational hazards;

changes to sun and wind patterns;

changes to the physiechemical characteristics of marine habitats.

> > > > >
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Improve the claracterisation of certain hazardsdroughts or heatwaves for examptein
terms of intensity or even territorialisation;

Produceterritorialised data, whether this is for hazards, models, climate scenarios or socio
economic development scenarios;

Improvethe characterisation and quantification of noigoods impacts;

Integrate the problems of adaptation and mitigationyvia research aimed at better
identifying their synergy and conflicts;

Improve understanding of thepontaneous adaptatiorbehaviour of the vdous players;

Lead a discussion on the feasibility and acceptability of implemeplaigned adaptation
measures;

Continue works oradaptation costs,little touched on here, on the junction betweethe
economics of uncertaintyand long-term economics, and involving the availability of
economic analysis tools for adaptation;

Improve theinclusion of sectoral interactionsthe impacts of climate change on one given
sector will in fact be largely influenced by the impacts affecting other sectors;

Launch a gloal discussion and a planning effort with regardthe questions of water
availability and usewithin the context of climate change;

Continue amulti-risk and multisector discussioon adaptation.

Finally, in general, the steps must peduced on othe& scalesjn particular for local authorities

17
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Complements

Water resources

Key messages

- The impacts of climate change on water resources will be multiple, both in ter
the offer (quantity and quality) and demand

- Ore of the main challenges of the future will be to merge a decreasing offer \
demand that, in places, is already unsatisfied and that will increase with the in
of climate change.

- At horizon 2050, we can estimate the deficit in water to satistyent uses, withou
adaptation, at some 2 billion m

- These changes will generate restrictions on users: agriculture, drinking water 4
waste water treatment, energy production, and rainwater drainage.

- In order to prepare adaptation, it is necessamyimprove knowledge of impacts al
environments, and the modelling of systems in interaction with water, and org
monitoring of water (surface and underground) and environments (humid
coastal zones).

Scope of study

Several economic sectors will be impacted by a change to the water cycle: agriculture; the
production of energy for cooling production units or operatifayv volumes; drinking water supply;
supplying canals, etc.

The estimate of the deficit for water users at horizon 2050 has been made on the basis of an

extrapolation of the results of a Boe study (2007), relating to a change in flbwesimpacts of
climate change on the resources will not be limited to this quantitative aspedtldsl indicates

19



Tablel - Impacts identid and studied Water

Quantified Non quantified
Increase irdemand (rise in temperatures) X
Change to the available resources X
Reduction in water quality X
Increase in the vulnerability of certain ecosystems X
Increase in cost for access to water, restrictions on use, treatment, et X

Quantitative impacts: deficit in available resources

The impacts of climate change on flows will be multigiehorizon 2050Boe (2007) highlights:

1 In winter, a moderated reduction, as an overall average, in flows, except for the-easttof
the country and the Alpsyhere they will increasdn spring, slight changes in general,

In summer and autumn, a major reduction in flows;
A high increase in the number of lemater level days;

A reduction in flood flows well below average, but an increase in some cases;

= =4 =4 =4

A reducton in soil humidity regardless of the season, except in mountain areas in winter
and/or spring;

1 A sharp decrease in snow precipitation and maximum height of accumulated snow at low
altitude, which lessens the higher you go.

If we presume that the wateresources are today fully exploited in water division zones (ZRE) during
the spring and summer and that everywhere else the resources allow drawing to be doubled, it is
estimated thatthe deficit in water to satisfy the current requirements for drinking wet, industry

and irrigation will be in the order of 2 billion cubic metres in 2050.

The territories will not be affected in a uniform fashion: the most vulnerable zones will be the zones
already cowerned by structural deficitsThe cost of the deficit WireachEUR 5 to 10 billionf the
volumes of water must be fully compensated and iéiddal treatments implemented.Other
scenarios include adapting economic activities are foreseeable and may prove to be less costly.

Limits of the exercise

One of the man limits is due to the constant economy hypothesis, which does not allow changes in
use to be taken into accounwhen calculating the deficitHowever,the role of socioeconomic
developmentsis essential: depending on the population dynamics, for examyitbput adaptation,

the deficit would be much greater than the result shown.

Restrictions on use
Such a deficit will have an impact on all sectors dependant on the resources.
Agricultural restrictions
The agricultural sector, the main user of water nesms, with 48% of total consumption, will be
particularly affected by the impact of climate change on resour@ée initial results of the INRA

Climator programme (Brisson & ltier, 2009) on wheat and maize show that the greatest part of the
drop in rain&ll will mainly lead to a hydrological drought and in part to a soil drought in both rainfed
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(whea) and irrigated (maize) cropsiydrological comfort during the production period will fall in
general, with arincreased need for water suppotin order to leep current production conditions.
However, thereduction in water availability will causestricter drawing restrictionsSeveral crop
alternatives with cereabased onecrop systems are possible and may be favourable for adapting to
these changes.

Drinking water restrictions

The drinking water supply (AEP) represents almost 18% of water dvahite there are currently no

major AEP problems, the basins will be faced with more frequent water shortages because of climate
change, even in the absence of incsed demandThe reduction in the quality of the resources,
accentuated by climate change, will again reduce the amount of fresh water available for domestic
purposes.These developments may lead to an increase in water prices (difficulties in distribution,
treatment costs).

Waste water treatment restrictions

In the event of a drop in the watercourse regime, maintaining environmental standards will mean
more intense treatment of waste water and therefore greater treatment costSome impacts of
climate chage on the water treatment networks will be positive (faster biological reactions), others
negative (additional energy consumption, problems relating to odours, increasedsamr
phenomena).Crisis management policies will have to be organised to tatideirticreased riskg
particularly sanitary ones.

Rainwater treatment restrictions

Faced with an increased risk of urban +ofifi (violent rain, swollen evacuation networks), it will be
necessary and without regret t@view the rules on sizing spillways amdinwater recuperation.

Industry and energy production restrictions

While the quantitative impact of the energy production sector on water resources is currently
relatively moderatedjts qualitative impact is not insignificanfwater temperatue, contanination
by biocides)The impacts of climate change on water will affect energy production in two ways:
1 Reduction in cooling yield in the case of a combined increase in air and water temperatures
associated with a weak flow;
1 Repercussion from conflicts ose on managing hydroelectric plants.

Civil engineering work management restrictions

The modification of ruroffs and external flows is likely to affect tleanagement of major dams
This will require a specific outlook.

Significant impacts on quality

Water quality aml quantity are interdependeniDucharneet al. (2004) studied the impact of climate
change on soil nitrogen mineralization in the form of nitrates, modulated by the changes in rainfall
and by agricultural activityAccording to their resultsin average for the free groundwater, the
concentration of nitrates will increase at horizon 2100 b33 in relation to the current
concentration.In the water courses, the impact of climate change means an increase in nitrate
concentration, but this iselks severe than in the aquifers.
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Adaptation

Adaptation measures will be local and will affect ecosystems, agriculture, drinking water, flood

management, demographics, energy, etc., and they will be based on a complex alchemy between the

adaptation of needsand the adaptation of the offerThe adaptation measures identified are set out

in table 2.

Table2 ¢ Recommended adaptation measures

By savings, modification of activities or substitution of another resoarq

Reduce domestic consumption:

- Active and passive savings (modification of technologies
manufacturing standards)

Reduce agricultural consumption:

- Reduce irrigation water requirements by accepting a loss in yield
than proportional to the reductiorin volume produced

- Reduction in irrigation volume

- Diversification of watering calendars

- Optimise efficiency of water supplied when watering is justified

Adaptation of demand - Implement agricultural systems that are more robust and |
demanding on water resources

- Nitrogen irput reduction policy

By town planning
- Promote efficient town planning at the appropriate levels

By adapting energy demands

- Improve production station yields

- Set up management per chain of hydroelectric plant

- Limit the installation of new thermal onuclear power stations ir
coastal areas

By developing new infrastructures

- Set up additional water supply infrastructures in order to relig
severe droughts

By intervening on target flows

- Review the flow targets in lowvater level aml crisis periods by
respecting the DCE provisions

Adaptation of offer

Perspectivesand recommendations

The research perspectives for improviagderstanding of the impacts of climate changms water
are numerousThey are set out in the following table:
Table3 ¢ Research, followap and observation requirements

Improve knowledgeof the impacts observed and predicted for water quali
past hydrology, environmental operation, and water use

Better characteriselroughts

Improve hydrometeorological models, take into account transfers tq
Research underground waters and the variations in soil occupation and condition of
requirements vegetation.

Improvelow-flow planning,and regionalisation of studies

Characterise the territory in uniforinydro-eco-regions

On a basirwide scale, carry outostbenefit analyses

Carry out research inttechnologies for water savingreating or recycling

Followup and Improve themonitoring network for surface and underground weits
observation Map humid zoneginventory, characterisation and monitoring)
requirements Map resource pressurefrawing, river traffic, etc.)
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Natural hazards and insurances

Key messages

- Climate change has a definitepianct on natural hazards, and mufect specific
territories (coastal, clay zones, etejore than the mainland territory as a whole.

- The cost of damage to housing in relation to the risk of clayshditkage and swelling
could bemultiplied by a factorof between 3 and 6 by 210@lepending on the scenario,
without taking into account changes to urbanisation.

- With reference tdfloods caused by rivers bursting their bankbere are no clear strong
signals of average annual damage in the examples addptebiustration purposes, ever
if, for certain basins (Orb, Meuse), a significant increase can be predicted.

- An essential question is posed favastal hazardsywhich without adaptation, for the
Languedoc Roussillon region alone, could cost alflBoR 5 billion by 210Gn terms of
housing destroyed.

- Lastly, with regard tgravitational hazardsthe impacts of climate change remain
uncertain.

Scope of study

Four hazards have been studied in detdié risk of floodingin 5 cattiment basinsthe coastal risk
in Languedodroussillon (submersion and erosion), the risk linked tostmnkage and swelling of
clay soils(SSCSdue to drought andyravitational hazardgtorrential floods, avalanches, landslides,
subsidence, rockfalls).

Only the damage to housing and buildings has been evaltiateel direct impacts on infrastructures,
in terms of health or even biodiversity have not been evaluated.

The impacts oSSC&nd submersions on transport infrastructures wetedied by the Transport Infrastructure and
Building Framework grou@he impacts of floods on health were studied by the Health grdine Forest Fire theme
was tackled by the Forest group
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Table4 - Impacts identified and studied: natural hazards

Quantified Non- quantified
Hazards studied
River floods X (partially, with certain basins only)
Floods from increasing groundwater X
Coastal hazards X (partially, only for Languedétoussillon
and without taking erosion into account)
Clay shrinkaggand swelling X
Forest fires X
Storms X
Impacts studied
Direct costs for housing X
Direct costs for companies X
Health impacts X
Indirect impacts X

The consequences of the temporal development of hazards have not been taken into adoount,
quantitative terms, with the exception of one comparative study of the impacts of climate change
and the development of hazards on the riskS8C&t horizon 2030However, it should be pointed

out that, in many cases, it is expected thhis hazarddevelopment will have a greater impact on

the development of risks than will climate chang#is is what we have seen over the last few years.

Clay soil shrinkage and swelling

Summer droughts are responsible for the majority of claims linked38CSAImast all departments
are concerned to various degrees, and almost 400,000 sfagldy dwellings are located in high risk
areas The increase in climate changelated drought frequency and intensity must increase the risk
of SSCSIn the absence of newrbanisation, the analysis carried ocites an annual damage cost
going from approximately EUR 220 million (reference to the period 128®3) to EUR 700 million
(scenario B2) or EUR 1,300 million (scenario A2) in 2100; it is therefore multiplied by arfatt
between 3 and 6.

If we take into account increased challenges by 2030 (urbanisation), despite adaptation efforts, the
costs increase significantifhe cost increases by approximately 17% for the period 2Q0380
when the number of individual housemcreased by 0.925%.

When posing the hypothesis that, for new sinfgeily dwellings, the extra cost of adaptation
increases to 15%aglaptation of foundations) climate change increases the scope of zones for which
this is profitable.

Floods

The impact bclimate change on extreme precipitation and thus on floodingifficult to evaluate

from climate model simulationsA quantified evaluation exercise has nevertheless been carried out
on a selection of catchment basins for which there is data relabndainage observedhe Seine in
lle-de-France, the Meuse in the Ardennes, the riigire between Nevers and Angers, the Rhone
and the Orb On the basis of expert opinions and in view of current knowledge, reasonable scenarios
for the impacts of climate chaye on hydrology have been defined for these catchment basins.
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Table5 ¢ Peak flow variation:dw, average and high hypotheses adoptedgditot catchmens

Low hypothesis Average hypothesis High hypothesis
Loire +5% +10% + 200
Seine -10% (from Qlo%) + 10% (from Q100)
Rhéne 5% (from Q100) 10% (from Q100) | 20% (from Q100)
Meuse 10%
Orb 10% | 25% | 50%

Under these hypotheses, we can conclude that damage developim@at significant for the Seine,
the Rhone and the mid.oire;and is very severe for the Meuse and the Oifthese estimates must,
however, byinterpreted with caution.
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Graphl - average annual damage five watershed(million euro 200y
Coastal hazard

Based on the hypothesis of an incream sea level of 1 metre;oastal hazards increase significantly,
especially for sandy coasts and soft rock clitfew coasts will suffer erosion or permanent
submersion and new zones will be subject to temporary submersib4®000 homes and 80,000
people (as against 15,000 homes today) and 10,000 businesses (employing 26,000 workers) are
located in a zone affected by a risk of permanent submersion or erosion byir2 106 Languedoe
Roussillon regionin the absence of a coastline management policg, tlst of damage linked to
GLISNXY I ySyd &adzoYSNEAZ2YE YR SNPRI2ayd 3Kbillloh ikRhée A &
LanguedoeRoussillon region alone.

Gravitational hazards

The impact of climate change on gravitational hazarddiffecult to assess,because of the very
nature of the phenomena in play, the complexity of the links between the hazards considered and
the various predisposition and trigger factorst this stage, it is not proposed that a calculated
evaluation be carried out for this hazhrAs an initial approximation, we could, however, consider
the possible increase isuperficial and/or frequenevents that are most directly related to winter
precipitation and the major financial consequences in the event of communication routes begomin
blocked in the mountains and in wintée can also note the potential impact of climate change on
glaciers and permafrost, on the intensity of torrential floods and lava flows and on the stability of
rock walls.

3 Q10 = current return period of 10 years, Q100 = return perigtDofyears
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Limits of the exercise

The proposed evahtion limits are mainly due to:

The restricted scope of costs studied,;

The uncertainty over risk development and the hypotheses put forward,;

The constant economy scenario;

The various timescales preventing any aggregation;

The knowledge about the sometimmerough timescales in relation to the phenomena
involved.

= =4 -8 -8 -9

Adaptation

Adaptation to climate change must enable preventative action to be continued, and even
AO0NBYIGKSYSR o0& AYLX SYSy.(iThg Jollondng 2ableN@edens (tleh & G N
recommendedihes of adaptation:

Table6 ¢ Recommended adaptation measures

Adapting the current| Improve knowledge, measurement and monitoring networks, multi
catastrophe risk managemen| approachesjncreasing detection and warning systems, reinforcing curf
policy to a changed climati L)I2f A OAS& G6AGK ay2 NBINBdGa¢ég YSI ag
situation over the basins at risk

Adapting the foundations of singfamily dwellings
Clay shrinkage and swelling | Implementing moe global provisions, such as those recommended in
PPRN regulations

Take into account climate change in planning and development docume
Development of detection and warning systems
Analysis of the effects of strategic withdralinatural operation
restoration/coastline maintenanct/pe measures

Coastal hazards

Formulate suitable responses in accordance with each catchment |
(within the framework of plans such as flood prevention action program
and management plans for major ri&@r

Floods Adaptation of actions to situations encountered (preparation of cr|
management, prevision, awareness, protection devices, adaptation of
soil use regulations)

Study responses to the risk of urban raff

Perspectivesand recommendations

The works carried out have revealed the following needs and lines for continuing the analysis of the
impacts of climate change on natural hazards:

Table7 ¢ Research, followap and observation requirements

Improve knowledge of climatic variability over the coming decades Improve knowl
about urban runroff, soil reactions and gravitational hazards

Analyse thet y' S (i gagpedt @nd intangible impacts

Characterise the escalation of damage resulting fromaS )Nl f A A SRé S @Sy
Carry out an exhaustive analysis of the impachgdrological regimes

Carry out an exhaustive analysis@vastline disappearance

Lead studies into theole of insurance

Research
requirements

Carry out an inventy/full mapping of the hazards

Implement monitoring and nationalatabasesf the damage; map current damage
Improveobservation of the economic cosif run-off

Improve the precision ddltimetric data

Followup  and
observation
requirements
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Agriculture

Key messages

- If only the gradual changes (temperatures, precipitation) are considered, the &
of climate tlange on maize and wheat crops remairoderated up to a certait
threshold, above which they become clearly negativeThe reduction in wate
availability and the multiplication of heatwaveswill themselves havea highly|
negative impact on yields.

- In vitiaulture, strongterritorial differenceswill be observed: the analysis carried
cites, for example, an increase in Burgundy yield, but a sharp drop in Lang
Roussillon. Theguality and typical featuresof wines could find themselvq
negativelyaffeced;

- With regard to meadows, the southern half, and especially the-|dedliterranean
arc will see itsvulnerability increasedue to more frequent droughts in summer, w
strong consequences on the profitability of livestock farming;

- Thelimits of the execise carried out here aremajor and are due to both th
hypotheses put forward and the uncertainties present throughout the chai
evaluation. The analysis of these uncertainties and discussions with experts r¢
certain number of requirements tamprove knowledge and encourage adaptatior
the agriculture sector;

Scope of study

Forreasons of representativeness and feasibility, the works related to the study of three specific
crops: field crops (wheat and maize in mainland France), viticulture (Burgundy and Languedoc
Roussillon) and meadows (South of the Ma€shtral). The analyscarried out was not exhaustive:

the impacts studied remain partial.
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Table 8 Impacts identified and studied: Agriculture

o Non-
Quantified quantified

Increased yield linked to G€oncentration X
Changes to plant phenology X
Effects on production ahe increase in temperature X
and the change to precipitation
Effects of the reduction in water availability on yield a X
production techniques
Impacts of heatwaves on crops X
Impacts on bioagressors X
Loss of yield linked to extreme eventschtie rise in sea X
levels

* for maize and wheat only.

Moderated positive impacts on field crops, up to a certain threshold

The analysis carried out for field crépgcorded an increase in yield favheat up to a certain
temperature threshold, which, wer scenario A2, will be reached between 2050 and 2100. Above
this threshold,yields would diminish, but the impactwould remain moderated The results are
more contrasted for maize: yields increase slightly until 2030, then begin to drop between 2630 an
2050 regardless of the scenario considered, the impact of climate change tending largely towards the
negative in 2100. In terms of costs, this correspondsrfaize in 2100 to a loss that could reach
almost EUR 113 million per yeafhis development ogl concerns gradual changes (changes to
temperature and precipitation) and does not take into account the reduction in water availability or
droughts. However, the multiplication of events such 2803 heatwavecould represent, in 2100, a
cost reaching mar thanEUR 300 million per year for a crop such as wheatler scenario A2, if no
adaptation is madegalling into question some of the optimistic results set out abave
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Graph 2 : Effect dO2 concentrationon wheat yields Graph 3 Effect of ©2 concentration omaize yields

A strong territorial effect on viticulture

Viticulture will also be impacted by climate chang&/e may see an increased yieldBargundy
(+35.2% additional yield according to scenario A2 in 2080 and +41.7% accordigg witr®ut
adaptation). These results must, however, be qualifigdwill not be possible under these
conditions to produce as many high quality wines as todalyanguedoeRoussillonmay in its turn
suffer considerable reductions in yield without adaptain (up to-26%).

4 wz2aSyil ¢SA3 g LAt SaAlas at20SydAlt LYLIOGa 2F /fAYFGS [/ KI
®  Inaki Garcia de Cortazatauri (2006) http://www.inra.fr/ealfichier_these/These_Inaki_GarciadeCortazar.pdf

28



Technical lines, including irrigation, may, however, change the data (transform a situation from a loss
in yield of-18% to an increase of 11% over the period 28009 compared to the reference period,
F2N) 0KS dza S ¥ dzf nd)a B this sfudys theNiia BritI@S<in ttie fact that the reduction

in water resource availability is not taken into account.

A possible increase in yield for meadows in the Northern area; increased vulnerability in
the peri-Mediterranean arc.

In thedepartments of the perMediterranean arc, from 1980 to a date between 2050 and 2090, the
changes underway will lead tovery steep drop (approximately0%) in yield from meadows in the
summer periodg droughts such as those in 2003, 2005 and 2006 Ilgalkecome the normand an
increase in yield of 10 to 20% in the winter perlmetause of more favourable temperatures and,CO
concentration levels. In total, a drop in annual fodder productiobeifveen-20 and-25%may be
seen. The cost of compensatify these drops in yield (by purchasing fodder) could reach some
EUR 200 million per year the second half of the 2century.

Limits of the exercise
The quantification work presented here comprises a certain number of limits.

These are due to:

T the hypotheses put forward (in particular, constant economy);

1 the uncertainties over climate changes and the response of agricultural production to these

changes;

T the not taking into account of the water parameter in the quantified assessments;

1 the very partiahature of the assessment.
These uncertainties affeatot only the values, but also the sense of variation of the resulig
interaction, especially with the regional variability of the impacts of climate change.

Adaptation
The following table sets out th@lanned adaptation lines suggested.
Table %¢ Recommended adaptation measures
- SGAOSNBRAFEe G(GKS ONRLI aeaidsSvyas SylroftAy)
combined
- Increase the duration of vegetation in order to enable the successiorumimger

Field crops :
winter crops
- [ SFR RA&aOdzaaAizy 2y G(G(KS NBfSGIyoOS
approach
- Carry out genetic research for new grape varieties suited to the lands
Viticulture - Lead a discussion on the changes to AOCs

- Perfect new irrigaibn technologies

- Extend use to adjustment areas if these exist (summer at altitude) or create f{
areas

- Reanalyse the lonterm water management policies in order to improve the irrigati

Meadows of small areas

- Help implement adaptation actions withthe framework of collective contracts

- Anticipate the consequences of climate change on livestock and adapt, in parti
farm buildings in order to limit the impacts of heatwave on animal performance.
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Perspectives and recommendations

Research lines arfdllow-up and observation requirements have also been identified.

Tablel0¢ Research, followap and observation requirements

Research
requirements

Lead/continue research to increase knowledge of:

- integrating the water factor into the crop models
- bioagessors

- the nitrogen aspect and the use of mineral inputs
- CQprovision

- the impact on product quality

- erosion of arable lands

- pollinators

Draw up refined forecasting approaches per region and per type of agricultural sy

Take into accountthedegte 2 F FTI NXYSNBEQ | GSNAAZ2Y (2

Encourage relationships and interconnection between research, development an
professional world in order to ensure knowledge sharing

Collaborate with other countries facing tharae adaptation problems

Follow-up and

Have network monitoring and alert systems developed for pathogenic agents

observation
requirements

Have management methods developed in the fight against the emergence
implantation of pathogenic agents and exotic diseases

Know and monitor the chages to known vector implantation areas

Encourage collaboration between the monitoring systems for animal diseases
those dedicated to human illnesses

The ADAGHAGgriculture Durable par I'Autonomie, la Gestion et I'EnvironnemenSustaiable

Agricdture through Autonomy,

on this topic. Its conclusions will enable this initial list to be completed.
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Introduction by Jean Dercourt

Permanent Secretary oAcacemy of Sciences

Climate change and related risks have been a key concern féxah@demy of Scienceser the past
decades. Already in 1990, the rep@teenhowse effect and climate impactaas published, led by
Robert Dautray (updated in 1994).

For fifteen years, thé\cademy of Scienchéas devoted several symposia and thematic issues of the
journal The Proceedings of the Academy of Scieq€soscienceo thisissue.

In 2006, theAcademypublished the reporinland Waters coordinated by Ghislain de Marsily; with
the same perspective, it initiated in 2007 three books related to environment and sustainable
development, which are currently under development

- Demayraphics, Climate and Global Food Supiidited by Henri Leridon and Ghislain de
Marsily);

- Soil Management and Ecosystem Servidgwordinated by Patrick Lavelle and George
Pédro); and

- Reducing Ecological and Social Systems' Vulnerabilities to Extremetiée&vents the
working group, led by Henri Décamps, developed a report assembling forty contributions,
which was submitted in October to a peer review and will be finalized early next year. The
abstract, not yet final, is included in this folder.

Climatevariability and change, and the analysis of the many causes of these trends over time, are the
focus of ongoing studies that, in addition to climate, are also related to internal and external
geophysics and Earth sciences.

Major meetings such as Copenhagarovide a unique opportunity to discuss about scientific studies

and significant work remaining to be conducted to better understand this system, still very
incompletely known.

Jean Dercourt

Permanent Secretary of thiecademy ofsciences
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Executive surmary of the reporf

« Reducing the vulnerability of ecological and social systems to extreme weather swent

The importance of issues related to extreme climatic events has been astonishingly underestimated
considering the figures that we have at ourmghbsal. In France, the heat wave of August 2003 led to

extra 15,000 deaths between August 1st and 20th, 55% more than would otherwise be expected. The
a02Nx¥a 2F mpdpd OF dza SR 2 @S NI ersyinsarars, sodidyyandeheaey T2 NB &

Ona global scale, twentfive of the most expensive disasters for the insurance sector in the last 39
years all happened after 1987. More than half of them occurred since 2001. Tiwagyof the 25
disastershave beerlinked to climatic conditions. Thedffects can be longasting. One year after the
Nargis typhoon of May 2008 in Burma, 350,000 persons still depended on free food distribution.

We can no longer hesitate. Scientific data show that a significant number of events that were once
considered exeptional, i.e. classified as intense with low probability, are now occurring with
increasing frequency and considerable human, financial and environmental cost. Time has come for
the highest political authorities and the business sector to take into adcinenthreat posed by an
increasing number of particularly destabilizing and costly extreme events.

In this context, is France prepared to face such events, from the ordinary citizen to deciaers
at the highest levels of government? Does it contriiguenough to international efforts to reduce
the risk of disasters? Does it have the necessary scientific data to make informed dectsions

As a response to these questions, the first important messdgkeis report by the French Academy

of Sciences is thaeaching absolute certainty about the risk of extreme climatic events is an illusion
and that it is not possible to wait to have an always perfectible knowledge of their mechanisms
before acting. Preentionto climatic hazards must be made with a fullareness of the limits of
scientific knowledge; by taking into accountvhat we knowand most importantywhat 4 S R 2 y Q
know'. Efforts to prepardor climatic hazards must be taken only after careful review of the lessons
learned from mistakes made duringher extreme events, regardless of their nature and location.

The second message is that we cannot satisfy ourselves with sectoral approaches. The problems
posed by extreme climatic events inherently affect many sectors and are highly linked together in
near inextricable way. This interdependence of hazards is a true threat to the viability of ecological
and social systems that are facing multiple hazards as a result of loss of biodiversity, deterioration of
ecosystem services, high human concentrationrisk zones and global warming. Surprisingly, the
interdependence of hazards is a hardly recognized factor and our approaches to managing extreme
events remain isolated one from the other.

Some might say that the number of disasters is no higher todaydtfaw decades ago and that they

I NB 2dzad Y2NB @QAaArAofS 0SOlFdzaS 2F G2RI&Qa Y2NB Y3
this really true and doewst the real issue lie somewhere else? The hurricanes that hit the Louisiana
coastline in the 1800syhatever their number, hit sparsely populated areas. Today, over half the

human population lives in urban areas and the world will have 60 cities of over 10 million inhabitants

by 2015, mostly located in high risk coastal areas, especially in Asia arad Afri

®  Coordinated by Henri Décamps

! Bracing ér the unknown. (2009). Editoridlature, 459 (7244).
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The fundamental question is to know what the consequences of extreme climatic events will be,
whether they are catastrophic or not. The increase in human population, industrial activity and
valuable assets exposed in high risk areas does not leaa predict a calm future. On the contrary,

we foresee an increase of our vulnerability to extreme events and we will need to better prepare
ourselves to face climatic events keeping in mind the limits to our knowledge.

This report arose from the willingness examine interdependent problems and not treat just the
singular issue of climate change, in spite of its importance. Other issues such as social and
environmental justice are just as important and must not be neglected. From this viewpoint, extreme
climatic events have revealed the problems that our societies must solve urgently at different
national and international levels

Extreme climatic events to which the continental part of France is exposed to are doubtlessly less
intense than for example in & United States, in Southern Asia, in China, in the poorest African
countries and in northern countries. However, we are in a position of great vulnerability due to our
parceled territorial organization, an unwise urban development, high population dessitiong

some of our coastlines, human impacts on the environment, and difficulties in engaging in public
debate and consultation. Our overseas territories, which are of modest geographic size, can suffer
very severe extreme climatic events and are trumolatories for cumulated risks.

At the international level, the inequalities between rich and poor countries are widening. The poor
are becoming more vulnerable to current global phenomena, whether climate change, increasing
population or disappearance ofatural environments. In such a context, many extreme climatic
events become catastrophes with countless economic and political consequences: famine,
epidemics, wars, dictatorships and migration. All these are poverty traps that make sustainable
developmen impossible and, by extension, also affect developed countries.

France must start mobilizing itself for concrete action against extreme climatic events. In this
context, we put forward in particular six recommendations that will help our country effdgtive
respondto the next big disasters

Before continuing, we must stress that these recommendations will be in vain without a continuous
effort to educate the younger generations and the pubBach an effort depends on a badly needed
shared global visiomf extreme climatic events as well as a real capacity to face the increasing
situations of multiple hazards with solidarity.

1. Ensuring the viability of sociecological systems

To prepare ourselves to extreme climatic events, we must first ensure alhdityi of socieecological
systems. This viability depends mainly on the role ecosystems have in regulating the climate and
protecting against natural hazards. Fundamental to this role is biodiversibe number of and
variability between individuals dhe same species, of different species and different ecosystems.
The current trend of biodiversity loss can affect the ability of ecosystems to regulate climate and
protect us against natural hazards and it will lead to unpredictable and irreversiblgehanh socio
ecological systems. To ensure the viability of these systems in the face of extreme climatic events
requires largescale action to protect biodiversity an action undertaken at the international level
F2tf26Ay 3 CNI y OS Qauld Beyirgeaintly expanded ' YR KA OK &

2. Adapting socieecological systems to the threat of imminent severe climatic events
Such an adaptation cannot ignore the connection between the trends that are already transforming

our environment, from an increasing populatido the disappearance of natural environments and
global warming. Thus, water use conflicts between several economic sectors, which will only get
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worse with future droughts, will not be solved solely through managing the resource, such as
building reservos. Limiting demand and a precise evaluation of risks are also necessary. More
generally, it is necessary to reduce exposure and vulnerability to severe climatic events, facilitate the
management of emergency response when such events occur and incheaseanomic capacity for
reconstruction afterwards, through adequate insurance policies, risk sharing and support for the
affected individuals and sectors. Within this new context, a commitment at the highest level of
government is necessary to develop erepring projects, warning systems and preparedness
strategies.

3. Anticipating health problems and minimizing human loss

Anticipation must be associated with monitoring and intervention. Effective meteorological
forecasting and medical preparedness syssewill permit an early mobilization of response plans
(against for example heat waves, severe colds or cyclones). The aim is to reach efficient prevention
as well as management of the risks, in particular through the organization of emergency services,
whenever possible. The first measures taken in France towards this goal have proven their
effectiveness: close to 4,400 lives were saved during the 2006 heat wave compared to the numbers
that might have been lost considering the temperatures that were reedrdMany academic
disciplines must be called upon, for example to anticipate the appearance of the H5NL1 virus and the
urgency associated with it(virology, epidemiology, ornithology, climatology, zootechnics,
simulations). We should also avoid making semorrelations between rising temperatures and the
encroachment into temperate regions of what are today considered to be tropical diseases. Man
made and/or entomological factors can have significantly variable impacts depending on éowhl

often microlocal conditions.

4. Reorganizing solutions for financial coverage

The international community must redefine the role and responsibility of the public and private
sectors in developing appropriate financiaésponses tolargescale disasters. A complete
transformation of the financial response system is required. This transformation is already under
way?, and an increasing number of countries are becoming aware of the importance of bringing it to
the highest decision level. France has a-sisiring scheméased on nationagolidaritythat protects
against small risks but is not adapted to the new dimensions of the disasters requiring the state to
pay in the end. Adapting this system in a novel way would lead to the development of an European
initiative tha would be in line with the strategy that our country has started to promote concerning
measures to face crises of all nature.

5. Developing a global security concept

According to the 2008 Report of the French Committee for Civil Defense (Haut Comitéiszour

la Défense Civile), a developed country cannot remain unprepared to exceptional events whether

they are economic, social or politiéaMuch work has been undertaken at the ministerial and inter
YAYAEGSNALE t 808t (2 ssfoNBsIibdidy FrandimpriSimyisystesd LI NE
have shown their merit, whether it is the meteorological warning systems of MEtéace or the

health monitoring systems. The basic problem is that of a global approach to security. Much more

must be do® to make global preparedness to threats better understood, to end piecemeal efforts

and multiplication of institutions, to acquire a true ability to face multiple hazard situations. Taking

into account the monitoring systems that already exist in Frames, development of a global

® The White House (2007 conomic Report of the Preside@buncil of Economic Advisors, Washington, DC.
*HCFDC (2008). Constats et propositions pour une vision globale de la sécurité. Rappoe Oéfendaris.
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approach to security would put our country at the forefront of research in early warning systems,
which is becoming a topic of increasing preoccupation at the international level.

6. Creating unifying programs of research

Prepaing for severe climatic events cannot be done without undertaking research on their
fundamental mechanisms. France lacks unifying programs in particular in areas aimed at:

1) Researclon the role of ecological and social systems in regulating exdrematic events;

2) Understandingthe worldwide dynamics of the hydrological cycle, including changes in water
phases linked to the greouse effect;

3) Creatingnew approaches to planning langse, urbanization andomstruction;

4) Identifyingthe physicalpehavioral and organizational mechanisms involved in alertness, warning,
disaster emergency measures, réiahe monitoring tools and financing required to cover the
damage from future extreme events.

From a methodological point of view, the humanities aattial sciences must take a full part in such

programs. From a theoretical viewpoint, the reliance on modeling methods to help deoisikimg
in situations of great uncertainty and multiple choices should become the rule.
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Presentation byClaude Millier

Chairmanof the Scientific Council ofhe GICGrogram

Climate research requires a multidisciplinary approach. In France, several national programs
contribute, manged by the Ministry of Education and Research, the National Agency of Research,
CNRS and the Ministry of the Ecology, Energy, Sustainable Development and the Sea (MEEDDM).
Several research organizations are involved including: ONR$ CEA, IFREMER, MEREANCE,
CERACS, INRA, CEMAGREF, IRD,.CNES

The MEEDDM launched in 1999 the programme "Management and Impacts of Climate Change
(GICC)" in partnership with ADEME, ONERC, French Institute of Biodiversity, Ministry of Agriculture.
The objective is to deelop knowledge to support public policies in considering climate change, both

in terms of mitigation and adaptation to new circumstances and risks.

The programme is managed by the Directorate of Research and Innovation (under the General
Commission on Stainable Development) with support from the GIP ECOFOR (Forest Ecosystems). It
is led by a steering committee composed of representatives of applicant organizations and a
Scientific Council composed of experts.

Projects last two to three years. Durindii@t phase (1992003), the GICC has launched five tenders,

a typical project was the project IMFREX, Impact of anthropogenic change on the frequency of
extreme wind temperature and precipitation coordinated by Michel Dequé Métdmce. A second
phase wa launched by tenders in 2005 and 2008, and a new call will be broadcast in 2010. While
programs of the first phase were mostly oriented towards climate knowledge and mitigation of
greenhouse gas emissions, those of the second phase (2005, 2008, 20I@xniahg focused on
climate change adaptation. The 2008 appeal focuses on the issues of scale, extremecsneric
scenarios, and dealing with uncertainty.

During a seminar held in October 2009 progress made with programs selected in 2005 and issues
related to those selected in 2008 were exposed and discussed. In this meeting, adapitdied
themes have been classified into five groups:
9 transportation, housing, tourism, planning
1 hydrology
9 Dbiodiversity
1 health
9 social and human sciences
These five ups have also been selected as topics of interest for the imieisterial group for
evaluation of the impacts of climate change.

The first document below is a brochure describing GICC and a sampling of results from seven
completed projects in the area of biodiversity, health, regional approach, hydrology and
transportation. In addition, a list of eight projects selected in 2008 is presented.

In addition,the DRIASnitiative targeting the setting up of climatic service ambrief presentation of

the CIRCLE program is included, of which the Mediterranean component (MED CIRCLE) is
coordinated by MEEDDM. This is to acknowledge the contribution of French research coordinated at
European level in the context of the ERET CIRCLE.
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Selected NP 2 SironiageQ and results

Background

¢KS FTSRSNIGAY3I NBASHNOK LINPINFYYS Wal-@dstwser Sy d |y
Impacts du Changement Climatique) is one of the research programmes supported by the French
Board for Economic Studies and Eonimental Evaluation. It was launched in 1999 by the ministry
concerned, now called the Ministry of Ecology, Energy, Sustainable Development and Seas (MEEDM).
Several other organisms also contributed to the programme: the Ministry of Agriculture, the
Envionment and Energy Conservation Agency (ADEME), the National Climate Warming Effects
Monitoring Agency (ONERC), the French Foundation for Biodiversity, etc.

Objectives

The stated objectives of the programme have always been to develop knowledge to bdak pub
policies, considering climate changes from the perspective of their impacts as well as from that of
greenhouse gas limitation measures and climate change adaptation measures. This requires the
mustering of research teams from a wide range of academlidst on the one hand, the physical and
biological sciences for a better knowledge of the impacts and, on the other, social studies to explore
mitigation and adaptation possibilities.

Operation and implementation

Scientific knowledge is steadily progriegs within this multidisciplinary and interdisciplinary

approach. The Scientific Council is careful to take into account the validated research results as well

as the societal concerns voiced by the Steering Committee to define the major orientationshof ea
oncoming Calls for Research Proposals (CRBsgarch activities on climate change undertaken at

the European level are also taken into account. The French Ministry of Ecology, for example, is
involved in the European programme ERET CIRCI’Ehat aims to coordinate the funding agencies

of national research in Europe, thus facilitating links between this type of programme and GICC. The
MEEDDM coordinates the Mediterranean group '¢all 2 Odza SR 2y (G(GKS a6l GSNJ Y
O2laidltf T2ySaéeaaea. i KS aSRAGSNNI Yy

The GICC programme operates through CRP yearly. CRPs were issued in 1999, 2000, 2001, 2002,
2003, 2005 and 2008, as was a joint call for tenders with the French Foundation for Biodiversity (FRB)
2y 0KS (GKSYS 2F WoA2RAOGSNRAGE FyR 3f26Ff OKIy3aSC

The research projects selected as a result of these CRPs cover several years (3 years), so the different
programmes overlap in time. CRP 2005, now under way will last until the end of 2009, CRP 2008 is
currently ongoing. On 2010, a new CRP will be launched

10 http://www.circle-era.net/

™ http://www.circle-med.net/
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1. List of Projects linked to adaptation of climate change since 2003

Before 2003, the calls for Research proposals (CRP) did not concern specifically adaptation topics.
In the 2008 CRP, adaptation has been taken into account and thus, from now on, meojgcts
deal with adaptation issues.

CRP Biodiversity

1 Evolutionary and Mechanistic Approach to the Adaptation of Lepidoptera to Environmental
Change Coordinator: Jeafrrancois Martin (INRA)

LG Aa AyONBFraiay3ate Of St Nafliekice dn edo®/stems and, in Bartiduéat; f
causes the displacement of certain animal groups toward cooler regions. This is the case with
Lepidoptera for which significant displacement in excess of 30 km on average has been
demonstrated, for the European dnNorth American species. Out of all Lepidoptera, the Colias
genus is a model organism for studying adaptation to climate variations. In particular, partners to the
programme have succeeded in showing the impact of natural selection due to thermal sitedsea
increase in thermal stochasticity on the polymorphism of an enzyme that controls metabolism:
phosphoglucose isomerase.

Previous studies in enzymology (Ward B. Watt), molecular biology (Chris Wheat) and functional
ecology (Jeafrrancois Martin) havemade it possible to develop an overall milieu/individual/thermal
stress flow chart, which selects particular genotype compositions by microclimate niche.

This phenomenon has been demonstrated for a species of North American butterfly. During the
course @ this programme, our objective will be to check the possible spread of the mechanism,
whether across space, by studying a wide distribution, present both in the Alps and the Rocky
Mountains, or through genus evolution, or even across the Lepidopteraespécithe broadest
sense.

The multidisciplinary and mechanistic approach to Lepidoptera adaptation to environmental
changes and, in particular, to stochasticity and warming, will make it possible to understand the

gl
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also a classic bioindicator in many fields.

1 Demographic Vertebrate Responses to Climate Change, Relevance of Environmental
Indicators, Influence of Demographic Strategies and Consequences for vBiwmdty
Dynamics.Coordinators: Coordinateurs Henri Weimerskirch, Christophe Barbraud, Stéphanie
Jenouvrier (CNRS)

The CLIM POP working group is made up of several French teams with accesstéomodgta
series and skills in biometrics, studying the legecal effects of climate variations and global change
through a range of biological models on higher vertebrates, living in land and marine environments.

The objective is to bring these teams together around a common theme and harmonise and
standardisetheir analysis methods in order to compare the potential effects of the said climate
changes on vertebrates with contrasting life history traits and different living environments.
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1. Are certain species or zoological groups more vulnerable than others to climate change,
depending on their demographic strategy, and

2. What are the most relevant climate indicators? Is it better to use global descriptors (such as
NAO or ENSO) or local descriptors to explain the influence of environmental variability on the
demographics of species?

In order to address these questions, the authors performed ecosng analysis on all of their
databases, using the most recent metts available today, during a number of workshops that will
bring together the CLIM POP group as a whole, as well as the top specialists in Europe.

CRP 2003

1 Measuring and Preventing the Effects of Extreme Hot Weather: Improving Heat Regulation
Ability in Hgh-Risk SubjectsCoordinator: Jean Louis SAUMET (University of Angers)

Meteorological studies are anticipating climate change that will bring further periods of extreme hot
weather combined with air pollutionAt the same time, epidemiological studies tbe effects of
extreme hot weather are helping to identify the mostrék groups, including the elderly, people
suffering from heart disease or diabetes or people with a neuropsychiatric disorder who are taking
antipsychotic drugs.

In order to devise @revention strategy aimed at the vulnerable groups who will need first aid, we
first need to understand the mechanisms that the human body uses to counteract excessive
environmental heat, how these are defective inratk individuals, and how this deficiey can be
remedied.

In order to do this, the following have been proposed:

1. A clinical approach: In human beings experiencing a rise in internal temperature, physiological
thermolysis mechanisms come into play, mainly via increased skin blood flow anuirgitos.
Vasodilation of cutaneous blood vessels occurs via the suppression of vasoconstrictive tonus,
followed by a powerful vasodilatory mechanism, known as active vasodilatation, which is also
controlled by nerve impulses. We are aiming to develop ahoa for observing the effects of
heat stress in man by using a suit infused with hot water and recording heart rate, blood
pressure, skin blood flow and perspiration. A drug trial will then be carried out to test the effects
of aspirin and paracetamol othe above parameters against a placebo, to find out whether
these compounds are able to slow down the effects of extreme hot weather in order to gain
time before suitable prevention can be put in place.

2. Experimental studies: This is an initial attemptdol at problems associated with extreme hot
weather. The study we are proposing relates to diabetes, as it is a risk factor in itself, added to
which it is often accompanied by cardiovascular, renal and neurological complications. Diabetic
mice and healthymice will be exposed to a very hot environmeiihe heat setting will be
adjusted until the mortality rate of the diabetic mice exceeds that of the healthy mice, which
will act as a control. A drug trial using the same compounds as those given to hubjactsu
(aspirin, paracetamol & placebo) will then barged out in this environment.
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3. Other diabetic and healthy mice will be exposed to prolonged heat stigsg blood vessels
responsible for active vasodilation will be sampled as isolated organs aid vsomotor
properties analysed. The cell cascades responsible for vasomotricity will be analysed.

4. Setting up a thinkank on the subject, which will organise a conference calling on the expertise
of scholarly associations, the physiological societyairtiqular. Informal meetings will be held
before and after the conference to organise it and then reflect on its conclusions in terms of
overall preventive strategy. We feel it will be important to combine ideas from life sciences with
those from other disiplines concerned with managing the effects of extreme hot weather,
which have already worked on the previous project. Subsequent clinical and experimental
studies will then be able to take their observations into consideration.

Outcomes:

1. Devising a methdology for observing the pathophysiological effects of extreme hot weather that
can be applied in humans and can be used in future to test other hypotheses in addition to the
one proposed in point 2.

2.Understanding whether administration of antipyretics cdiminish or slow down the effects of
extreme hot weather in healthy subjecta study of this nature could be repeated withrik
subjects in the context of another project.

3. Understanding whether these drugs could be used in diabetics to combat thetefié extreme
hot weather. These findings should pave the way for a clinical trial such as the one proposed in
point 2.

4. Building up information about the precise vasomotor mechanisms at work during hot weather,
which could pave the way for new researoheaues into prevention of the risks associated with
hot weather.

5. Establishing a think tank on the pathophysiological effects of extreme hot weather and linking the
discussions of the life science community with those of other scientific disciplines cedaositi
hot weather.

1 Management of the Greenhouse Effect at the Local and Regional Authority Level. An
Analysis Based on Climate Policyoordinators: Corinne Larrue (University of Tours), Frangois
Bertrand (CNRS)

The aim of the research project entitledanagement of the Greenhouse Effect at the Local and
Regional Authority Level: An Analysis Based on Regional Policy" (under the Ministry of Agriculture
and Sustainable Development GICC programme) is to observe the way in which climate change is
incorporatal into local and regional public policy. The main question is to find out in what ways local
and regional authorities can participate effectively in reducing global impacts.

The research relates essentially to the regional level and aims to identify aderstand the
obstacles to and catalysts for integrating climate change into regional policy: what conditions
determine whether concerns relating to climate change make it onto the regional scene and how are
they incorporated into local and regional authtyrpolicy? How are local and regional climate policies
formulated and on what elements are they based? Who are the players and what action do they
take?
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CRP 2005

1 Impact of Climate Change on Water Resources and Hydrological Extremes in the Seine and
Somme Rer Basins (RExHySS8pordinator: Agnes Ducharne (CNRFMC, UMR Sysiphe)

¢CKAA LINRP2SO0GQa FAY Aa G2 laasSaa GKS AYLIOG 27
extremes in the Seine and Somme River drainage haataswill take advantge of two new climate
change simulation disaggregation methods (the weather regime method and variable correction
method), which are used to reflect changes in climate variability, at a daily andainteral scale, in
addition to average climate change.

We will first look to characterise how climate change can modify the breakdown of these extremes,
in terms of flooding, low water and drought (frequency analysis and predeterminatidmgse
analyses will be supplemented by flow rates, soil humidity arkqmetric levels simulated by
various hydrological model®Ve will then turn to certain manifestations of these extremes with a
particular impact on societyVith regard to flooding, we will determine how their extension into key
areas of the basins is ahging (Somme River Valley upstream from Abbeville, a river corridor of the
Seine, including Paris and the Bassée alluvial plain), for certain return paiiedill also look at
connections between agriculture and continental hydrosystems, as regardation needs, their
impact on water resources and agricultural production, and pollution diffused by nitrates, which can
be simulated in the Seine River Basin thanks to the coupled STICS/MODCOUNeaod#l go on to
assess how these processes and intéoas therein can be changed under the effect of climate
change, distinguishing between the effect of average climate change and that of change in variability.

The final component of the project will be dedicated to retroaction between changes in the
hydrasystem and social systems. We will offer to disseminate our findings to those involved in land
development and water management in the drainage basins studied, in a form suited to a socio
economic audit of the changes in hydrological extremes, defined thiéhn. One of the sensitive
topics in this respect is the urban waste discharged during rainfall, and the influence of flooding on
infrastructures, transport or energy productiofsuch analysis, even qualitative is important to
substantiate climate changedaptation strategies, though these will not be broached in this project.

1 Preventing the Effects of Heat Wave: Optimising Cutaneous Circulation in Individuals at
Risk.Coordinator: Jean Louis SAUMET (University of Angers)

Epidemiological studies of the effts of heat wave have made it possible to identifyrisk
populations: the elderly or those with cardiovascular disease, diabetes, or a neuropsychiatric
affliction treated by neurolepticAll of these populations are frequently under a variety of drug
treatments that can influence their thermoregulation.

Even though the human body does have the physiological means for fighting excesigjliely
environmental heat, this ability is impaired inrgk populationsOne of the ways in which the body
fights isto vary blood circulation in the skin (in conjunction with sudation), which makes it possible to
regulate the heat lost by the bodyhis study of how ageing and medicines frequently used on the
elderly affect cutaneous blood circulation should enabletéretirug prescription This can mean
changing dosage or discontinuing dangerous treatments should a heat wave alert or forecast be
issued, as this would have side effects on thermoregulatton this purpose, we propose:

1. A clinical approach:

Vasodilatatbn of cutaneous blood vessels facilitates heat exchanges between the internal
environment and the external environment and contributes to regulating body temperafutest
has been designed in our laboratory on cutaneous vasomotricity in response tdation by a low

47



intensity Galvanic current. Moreover, we know how to measure dependent endothelium
vasodilatation, using a Doppler laser flometer and iontophoresisWe propose to study the effects

of platelet anttaggregants, both antipyretic and namtipyretic, on cutaneous vasodilatation in
healthy and elderly subjectsThis study will make it possible to modify prescriptions for this
treatment.

2. A multidisciplinary thinkkank network:

A first symposium was held last year and included a range ofiepaitivolved in work on
thermoregulation We plan to hold another symposium, to forward the launch of the tharkk
network and bring together knowledge and thinking from different fields involved in managing the
effects of heat wave.

Outcomes:

1 To detemine whether taking platelet antiaggregants, some of which are also antipyretics, can
change the effects of the heat wave in healthy subjects.

1 To determine whether, in elderly subjects, such medicines, which are prescribed chronically,
could modify the dketerious effects of the heat wav@his study will thus help issue guidelines
so as to adapt treatment when a risk of heat wave is announ&@rdg treatment, often
prescribed to prevent atherosclerosis or thrombosis risk, could often be discontinued
temporarily, until such time as the weather becomes more favourable.

1 To continue discussion about the physiopathological effects of the heat wave with the few
teams involved in such work.

1 Energy Transport Housing Environment LocationETHEL I[ICoordinators:Charles RAUX
(CNRS)

The fight against greenhouse gases is a national priority, as reasserted in the 2004 Climate Plan, in
particular in the Residential/Services and Transport sectdfih their growing greenhouse gas
(GHG) emissions, both these sect@sd to wipe out the progress achieved between 1990 and 2001

in Industry {17.1%), Energy Productiof1§%) and Waste Treatmenb(7%) sectordMeanwhile, the
Transport (+21.6%) and Construction (+18%) sectors display worrying trends, despite technological
advances on both new automobiles and buildinBise growing distances travelled by individuals and
surfaces requiring heating, in a sprawling urban environment dominated by individual homes and the
sharp rise in distances covered by merchandise transpati, the growing preponderance of road
transport, have contributed to the unchecked rise of fossil energy consumption. Reducing
O2yadzYLIiA2y Ay GKS K2dzaAy3d yR (GUNFyaLR2NI &asSodz2N
independency.

The ETHEL resehrproject is aimed at understanding the factors determining the growth of GHG
emissions through interaction between transport and land usage so as to be able to act on
determinants and, thereby, deter the growth dynamic. Ultimately, the aim is to helsid@enakers
GOK22aS GKS 0Sad adNIdS3aIaSa T2NI LNB@GSyuAy3a GKS A

Phase Il of the ETHEL programme is aimed at supplementing Phase | on two specific points:
merchandise transport in cities and the residential sector

The issue addressed in ETHELnamely, the impact of societal and technological assumptions on
ways of life, activity locations, the related types of housing, transport supply and the related travel
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behaviours, will be extended to include merchandise transportparticular on the city deliveries
aspect, in interaction with shifting household purchasing behaviours.

The resulting findings will be applicable in that they will identify and quantify the energy issues
related to transport, locations and housing, aslhas room for manoeuvre in terms of public policy
From the scientific standpoint, the main expected outcome is methodological progress in medium
and longterm modelling of the impact of economic, societal and technological factors on the
behaviours stdied.

The main innovation here lies in the fact that the project brings together, in a joint foreaidng
effort, different proven forecasting models (in particular, the merchandise transport models
intended for use) that are not merely forecasts badsen previous trends, and sectspecific
approaches to housing and transport, the models of which are not commonly brought into
interaction.

Two activities are proposed: the first on merchandise transport in cities, and the second en fine
tuning energy mdels on housing their spatial morphologies.

2. CRP 2008

The projects selected on 2008 will start by the end of 2009. First results are expected by the end of
2011.

1 SAOPOLO: Adaptation strategies for marine protection works and costlines tenure faae to se
levels rise. Coordinator: Philippe SERGENT (CEMTEF)

1 DRIAS Providing access to French regionalized climate scenarios useful for adaptation
strategies and impacts management. Coordinator: Philippe Dandin (MeteoFrance)

1 Alpine lands adaptation to frequentraughts in the context of global change. Coordinator:
Sandra Lavorel (CNRS)

1 Managing population displacements due to extreme events (EXCLIM). Coordinator: Frangois
Mancebo et Chloé Vlassopoulou (CURAPP, CNRS & PACTE)

1 AdaptFVR: Impacts of climate changeamergence of Rift Valley Fever vectors in Senegal:
adaptation and strategies of pastoralism in Sahel regions. Coordinator: Murielle LAFAYE
(CNES)

1 Adaptation of climate change: Integrated approach challenge in French Regions. Coordinator:
Francois Bertran@UMR CITERES/Université Frangois Rabelais)

9 Adaptation capacities of coastal Human communities to erosion and submersion of
coastlines due to climate change. Coordinator: Anne Tricot (CNRS)

1 Adaptation of climate change in the French Alpine Regid®h&neAlpes»: partnership
between scientists and local authorities. Coordinator: Claire MORAND, Rhoénalpénergie
Environnement (RAEE)
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The DRIAS initiative

(DRIAS Donner accés aux scénarios climatiqRs3I A 2 Y I £ A & S a IY EINJIO yiradPkitiont (D2 dzNJI
de nas Sociétés et environnementsProvide access to French Regional climate scenarios for Impact
studies and Adaptation).

DRIASobjective Provide an easy access to French regional climate data and products & the
associated expertise to facilitate impact aadaptation studies:
A Several Greenhouse gas emission scenarios, using different regional climate models and
downscaling methods,
A Standard formats, easy access, quick looks and simple products, for a wide range of users,
A Expertise and guidance, especially degbsing the various uncertainty sources, and
promoting best practices and knelow.

DRIASs a facility. It will be based on Métdarance Climathéquiettp://climatheque.meteo.fr/:
A Generic system with internetp to date technologies,
A Providing access to different climate data and products,
A A familiar framework, easy to enrich and host new services.

CoFunding French Ministry of Environment and Sustainable Development (GICC program)
Cardination: Météo-France Direction de la Climatologie)

Partners
A Météo-Franceg CNRS GAME
A IPSL (Institut Piers8imon Laplace)
A CERFACS (Centre Européen de Recherche et de Formation Avancée en Calcul Scientifique)

Duration: 20092012

Contact.drias@meteo.fr
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The CIRCLE-MED research call stresses the
importance for early collaboration of the funded
projects with decision makers in order to effectively
disseminaterecommendations from the call projects
and its results to policy practitioners decision makers/
developers. Research projects should aim at identifying
andproviding information to help solve practical
adaptation problems.

The policy context includes a Mediterranean Strategy
for Sustainable Development, adopted in 2005, and a
Mediterranean Water Strategy in preparation for an
adoption in 2010. Discussions on the latest particularly
underlined the necessity to find synergies between
integrated coastal zones management (ICZM] and
integrated water resources management (IWRM],
especially in the context of growing demographic
and touristic pressures on the coasts, the urgency to
develop and implement climate change adaptation
and mitigation measures, and the importance of the
implication of all governance levels and functions in the
process.

Another aspect of the CIRCLE-MED research call is
the emphasis of the importance of multi-disciplinary
approaches with a good balance between biotechnical
sciences [from hydrogeology to agronomy) and social
sciences.

Networking projectCIRCLEED

CIRCLE is an EC FPé funded Networking project
aiming at implementing a European Research Area
(ERA-Net] in the field of climate change impacts and
adaptation research. The CIRCLE-MED geographical
group addresses issues of common interest to
the Mediterranean countries. It aims at creating a
Mediterranean research community network through
collaborative projects on Climate Change Impact
Research, with the objective to bring the results to
policy and decision-makers.

Funding partners:

XUNTHA DE GALICIA
{ :T.". oy Eoonssuﬂ:h OE INNCWAGION
PO Direccion Yeral de Investigacion,
o Desarvolemento o Innavacion
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FCT

Fundagio pars « Ciéncs ¢ 4 Tecnologia

Further information:

CIRCLE-MED coordinator:

Marie Mojaisky

Association VERSeau Développement
Domaine de Lavalette

859 rue Jean-Francois Breton

34093 Montpellier Cedex 5 - France

Email: mojaiskyfdverseaudeveloppement.com
Website: www.circle-med.net
CIRCLE ERA-Net: www.circle-era.net
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According to the 4™ IPCC [Intergovernmental Panel on
Climate Change) report, the environment and human
activities of the Mediterranean area will be among the
most affected in the world by global warming. It will
change precipitation and evaporation rates over land and
sea, creating even drier conditions. Coastal zones both
to the north and the south of the basin are particularly
vulnerable and this is aggravated by significantly
increasing pressures on water resources due to the
socio-economic developments in these areas. The
consequences are severe risks in the long term such
as the destruction of coastal aquifers through seawater
intrusion, the degraded quality of water and aquatic

systems, reduced flows and the drying up of wetlands
[Blue Plan’s sustainable development outlook for the Mediterranean,

July 2008]).

In this context, the first research call of the CIRCLE-
MED group focused on adaptation strategies in the
water sector and coastal zones and on finding a new
equilibrium in the Integrated Management of Water
Resources and Coastal Resources.

Eight projects were selected for a total budget of
1,65 M€ and associating research bodies from France,
italy, Portugal, Spain, Israel, Morocco, Tunisia, Croatia,
and Albania. The projects duration is 2 years, with first
results expected in 2010.

Stuoy she
Project coardination

CIRCLE-MED
participating countries
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OACIDBIV: The integrated impacts of marine acidification,
temperature and precipitation changes on bivalve coastal biodiversity
and fisheries: how to adapt?
Partners: Centre of Marine Sciences of Algarve [Portugall; Consejo Superior de
Investigaciones Cientificas [Spain); Department of Biology - University of Padova
[Italy]; Faculty of Science of Bizerta [Tunisial

Contact: Ichicharfdualg.pt

@AQUIMED: Participatory design of adaptive groundwater
management strategies and instruments in Mediterranean coastal
water scarce areas as a response to climate change.
Partners: CIRAD (France); SOCIUS {Portugall; BRGM (France]; CEMAGREF
[France); Ecole Nationale dAgricufture [Morocco)

Contact: fayssefdcirad.fr

©CANTICO: Climate and local ANthropogenic drivers and impacts for
the Tunislan COastal area.
Parners: Centro Euro- Mediterraneo per i Cambiamenti Climatici (Italy);
Météo-France - CNRM [France; Institut National des Sciences et Technologies de
la Mer [Tunisia); srael Oceano-graphic & Limnological Research {Israel); Istituto
Nazionale di Oceanografia e Geofisica Sperimentale (Italy); Institut Pierre Simon
Laplace, CNRS (France}

Contact: fsantoro@unive.it

OCLIMBIOMEDNET: Climate change influence on biodiversity, goods

and services of Mednermnean lagoons

Partners: Lab i ires”, Univ. of Montpellier (Francel;

Dip.Scienze eTecnologle Bloioglche edAmblenuh Univ. of Salento [italy); Dep. De

Ecologiay Biologia Animal, Univ. of Vigo [Spain}; Dept. of Bio-technologies, Tirana

Univ. (Albanial; Lab. Ecosysté etR ces Agquati INA (Tunisia]
Contact: mouiliot@univ-montp2.fr
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©CLIMWAT: Assessing and managing the impact of climate change
on coastal groundwater resources and dependent ecog/stems
Partnars: CVRM/Geo Sy Centre, Instituto Superior Technico (Portugal);
Fundacao de Faculdade de Ciencias e Technotogna Dept. de Ciencias e Engenharia
do Ambiente [Portugall; Dept. de Technoloxia da Construcion da Coruna (Spain);
Faculté des Sciences Semlalia, Université Cadi Ayyad [Morocco)

Contact: luis.ribeiroRist.utlpt

©INTERMED: The impact of climate change on Mediterranean
intertidal communities: losses in coastal ecosystem integrity and
services.
Partners: Animal Biology Dept., Univ. of Palermo (Italy); Recanati institute for
Maritime Studies, Univ. of Haifa [israel); Dept. of Aquaculture, Univ. of Dubrovnik
(Croatia)

Contact: gsaral@unipa.it

@MEDCODYN: Climate change impacts in transitional water systems
in the Mediterranean.
Partners: Dipt. Di Scienze e Technologie Chimiche e dei Bioistemi, Univ. of Siena
(Italy); Consiglio per la Ricerca e la Sperimen-tazione in Agricoltura, Labo-ratorio
Centrale di Idrobio-logia (Italy); La Tour duValat [France], Univ. Ain Chock of
Casablanca [Morocco)

Contact: rossidunisi.it

OWATERKNOW: Integrated Water Management in Coastal Drainage
Basins: challenges and adaptation strategies within the framework of
climate change.
Partners: Alma Mater Studiorum, Univ. of Bologna, CIRSA (Italy); Univ. des
Sciences et Technologies de Lille, Labo. Territoire, Ville, Environne- ment, Sociétés
(France); Dept. de Ciencias Agrarias da Universidade dos Acores, [Portugal); Ecole
nationale Forestiéres d'Ingénieurs (Morocco)

Contact: m.antonellini@unibo.it
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