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Preface 

By Madame Chantal Jouanno, Secretary 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 is 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 Stern. We must 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, as the 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. Adapting to climate change means 
anticipating, despite the uncertainty of its impacts, on spontaneous reactions of eco-systems and 
society throughout all its components. It represents a difficult exercise, involving many disciplines, 
taking into account specificities of 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 in 2012 of a 
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 to climate 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 will severely 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 understand. 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 as a contribution.  

Chantal Jouanno 
Secretary of State for Ecology 
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Introduction by Paul Vergès, President of ONERC 

 

 

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 period of global economic crisis which we have 
been experiencing since 2008, the trend in the levels of CO2 concentration 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 years and certain 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 consequences for the 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 life and 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 action: the next meeting, in Copenhagen, of the conference of the 
parties to the United Nations Framework Convention on Climate Change, must lead to an ambitious 
agreement between all countries in order to meet this challenge.  

This is not the first time that humanity 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 inhospitable lands, 
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 plan right now the changes to be made in our 
behaviour.  

Since its creation in 2001, ONERC has been an essential tool for providing 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, steered a joint 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 Review, the aim was not to 
obtain a global estimate of cost, but to create the most exhaustive description possible of impacts 
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and to give the basic costs of these impacts by sector, as well as some adaptation measures. The 
exercise proved to be innovative, particularly 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 impacts that 
climate change will have, but it does not justify a wait-and-see attitude or lack of decision.  

 

Paul Vergès 

President of ONERC 

President of the Region "La Réunion" 
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ONERC Annual Report 2009 

Summary for decision makers 

 

Climate change is today a reality, and its consequences will have a significant medium-term 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 socio-economic impacts and reduce 
the vulnerability 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 Development and the Sea (MEEDDM) 
ŦƻǊƳŜŘ ŀƴ ƛƴǘŜǊƳƛƴƛǎǘŜǊƛŀƭ ƎǊƻǳǇ ǳƴŘŜǊ ǘƘŜ ƴŀƳŜ άLƳǇŀŎǘǎ ƻŦ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜΣ ŀŘŀǇǘŀǘƛƻƴ ŀƴŘ 
ŀǎǎƻŎƛŀǘŜŘ Ŏƻǎǘǎ ƛƴ CǊŀƴŎŜέΣ ǘƘǳǎ ǳƴŘŜǊǘŀƪƛƴƎ ŀ ǇǊƻƧŜŎǘ ǘƻ ŜǾŀƭǳŀǘŜ ǘƘŜ ŘŀƳŀƎŜ ŀƴŘ ǘƘŜ ƳŜŀǎǳǊŜǎ 
that will allow the cost of impacts to be limited.  

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 public action gauging process: it leads to temporary results 
that remain open to discussion, for development in later stages. 

Methodological frameworks 

The decision has produced sectoral evaluations at Horizons 2030, 2050 and 2100, without wanting to 
aggregate the results. 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 the IPCC A2 and B2 scenarios, in accordance with the simulations 
created by CNRM/Météo-France using the Arpège-Climate 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 long-term socio-economic outlook for France per region and per sector, it was 
decided to work using the current French socio-economic situation όǎŎŜƴŀǊƛƻ ƪƴƻǿƴ ŀǎ άŎƻƴǎǘŀƴǘ 
ŜŎƻƴƻƳȅέύΦ This choice allows the impact of climate change to be isolated from that of other 
developments and does not add 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 a determining 
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 impacts. The estimated costs must be considered as rough estimates, 
due to the limits of the methodologies used and the non-exhaustive 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 being stable, a deficit of 2 billion m3 per year in meeting the current needs 
of industry, agriculture (irrigation) and drinking water supply will be seen at Horizon 2050. The 
projections indicate that the zones most affected will be those already concerned by structural 
deficits. Estimating the compensation for the potential deficit in water resources at Horizon 2050 
ƻƴƭȅ ǊŜǇǊŜǎŜƴǘǎ ŀ άǾƛǎƛōƭŜέ ǇŀǊǘ ƻŦ ǘƘŜ ŀŘŀǇǘŀǘƛƻƴǎ ƴŜŜŘŜŘ ŀƴŘ ŀƴ ŜȄǘǊŜƳŜƭȅ ǇŀǊǘƛŀƭ ŜǾŀƭǳŀǘƛƻƴ ƻŦ ǘƘŜ 
need to adapt water-related activities. All 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 evaluation of the 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 analysis focused on four hazard types: flooding, coastal hazards, clay shrinkage and swelling and 
gravitational hazards. For example, the average annual damage to housing generated by the risk of 
clay shrinkage and swelling could exceed EUR one billion per year in 2100 (compared to EUR 200 
million per year today) in France, based upon constant urbanization projections. This cost could be 
multiplied by a factor of 4 to 5 if urbanisation continues to happen in high-risk zones, if no specific 
policy could deal with reducing that risk. Without adaptation, the decline of the 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 the destruction of housing for cost amounting to several tens 
of billions euros across the century, for the only region of Languedoc-Roussillon. The cost of flood 
damage from overflowing rivers may also increase in several watersheds, with important 
uncertainties remain regarding the expected impact. An evaluation at the national level would be, at 
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 a need for more 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 to isolate 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 concerned, signs of changes in biodiversity attributable to the gradual 
modifications caused by climate change can already be seen. Biodiversity is directly affected by the 
changes in temperature and rainfall amounts in particular, but the indirect effects could be at least 
as high. It is therefore essential to know more about the cross effects of climate change impacts on 
one hand, and spontaneous or planned adaptations on the other, in order to prevent negative 
consequences for biodiversity. Furthermore, the preservation of natural ecosystems and their 
resilience may also constitute an adaptation 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 non-goods services provided by forests shows clearly 
negative impacts. On a more global scale, significant economic losses related to the reduction, and 
even disappearance of regulation services are to be expected, in particular in the second half of the 
21st century. Giving priority to territorial governance may enable the better integration of 
biodiversity protection and the various challenges to be met, on relevant spatial scales. 
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Health  

The economic assessment task concerned the impact of two major extreme events (heatwave in 
2003 and flooding of Gard in 2002). The measurement 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 health). If the impact for health insurance does not seem significant, 
the global cost for society as a whole is nevertheless considerable. We estimate the value lost by our 
society because of the 2003 heatwave as being a little more than EUR 500 million on the basis of an 
average loss of one year of lifespan1. During the floods, three major danger to health phases were 
noted: an immediate danger phase (injury and death), a short-term danger phase (risks of infection), 
and a danger phase regarding the psychological problems relating to post-traumatic stress. The 
ƎǊƻǳǇΩǎ ŜǾŀƭǳŀǘƛƻƴ ǘŀǎƪ ŎƻƴŎŜƴǘǊŀǘŜŘ ƻƴ ǘƘƛǎ ƭŀǎǘ ǇƘŀǎŜΦ ²ƛǘƘ ǊŜƎŀǊŘ ǘƻ ǘƘŜ Gard floods, the cost of 
taking care of people presenting psychological disorders has been estimated at approximately EUR 
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 used show an increase in yield in response to climate change 
(notably for wheat up to horizon 2100). This increase does not take into account inter-annual 
variability and the drop in water availability. The 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 moderated. For example, increased events like the 2003 heatwave could, in 
2100, represent a cost of up to more than EUR 300 million per year for a crop such as wheat in the 
absence of any adaptation measure. Viticulture will also be affected by climate change, with high 
territorial differences and effects on the quality of the wines. In the case of meadows, the exercise 
carried out for the peri-Mediterranean area gives a loss-compensation cost of EUR 200 million per 
year over the second half of the 21st century. It is therefore necessary to adapt to these forecast 
changes as of now.  

Forest sector 

An increase in productivity (volume of wood) is expected in the short and medium terms because of 
the increase in temperatures and rates of CO2 in the atmosphere. Therefore, the additional annual 
gross production will reach almost 30 million m3 in 2050. Nevertheless, over this same period, the 
expected gains in productivity are on the same scale as possible losses through 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 and fire; suggesting clearly 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 part. With regard to forest fires, a study led by the 
interministerial Mission on the risk climate change-related fires is currently underway. According to 
the initial results, the expected climate change will be accompanied by an increased hazard in areas 
that are already at risk (where systems protecting forests from fires are in place), as well as by a 
regional spread (towards the North and at altitude) ƻŦ ǘƘŜ άŦƻǊŜǎǘ ŦƛǊŜέ ƘŀȊŀǊŘΦ 

Energy 

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

                                                           
1
 Calculated in accordance with the recommendations of the Boiteux report (2001) 
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economic assessment of these impacts reveals an energy saving trend of around 3% in the constant 
economy scenario, i.e. 1.8 to 5.9 Mtoe/year according to the scenarios and horizons, but the 
spontaneous development of residential and automotive air conditioning will cut global warming-
related energy savings by half. In terms of electricity production, because of the restrictions relating 
to water resources, we must expect a drop in production of around 15% from hydroelectric plants, 
ŦƻǊ ǿƘƛŎƘ ǿŀǘŜǊ ƛǎ ǘƘŜ άǊŀǿ ƳŀǘŜǊƛŀƭέΣ ŀƴŘ yield losses for production and energy transport 
infrastructures. 

Tourism 

The results provided by a study carried out by the Centre International de Recherche sur 
l'Environnement et le Développement (CIRED ς International Research Centre on Environment and 
Development) and Sogreah, based on the summer tourist comfort index (ICT), highlight a drop in 
summer climate comfort throughout mainland France, with maximum temperatures reached 
becoming 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 Alps). In 2100, a significant impact on summer turnover is to be 
expected, because of a drop in attractiveness to tourists, except in the north of France and certain 
departments in the Alps. On the other hand, an improvement in conditions will be seen in the inter-
seasons. With regard to winter sports, an OECD study in 2006 indicated that, in the Alps, the 
reduction in snow cover will reduce the reliability of the depth of snow. In the French Alps, 143 
skiable resorts currently have a low snow depth. In the event of warming by +1°C, this will be the 
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 future indications 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 required at road infrastructure level. If the 
2003 heatwave did not seem to cause generalised disorders that call into question the permanence 
of the roadway or civil engineering structures, the effects of repetitive periods of heatwave are not 
known at this time. As far as the risk of permanent marine submersion linked to an overall rise in sea 
levels by one metre is concerned, this would represent a property cost, for the mainland A-roads 
όŜȄŎƭǳŘƛƴƎ ƳƻǘƻǊǿŀȅǎ ŀƴŘ ƻǘƘŜǊ ǊƻŀŘǎύΣ ŜȄŎƭǳŘƛƴƎ ƭƻǎǎ ƻŦ ǳǎŜ ŀƴŘ ƻǳǘǎƛŘŜ ƻŦ ǘƘŜ άƴŜǘǿƻǊƪέ ŜŦŦŜŎǘ όŦƻǊ 
example the submersion of a limited 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 
between EUR 500 million and 1.2 billion. It could reach EUR 2 billion if the current protections 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 pertinent scale of analysis, sectoral interaction 
on a territorial scale, and the concept of transition towards change. The importance of the time 
interval needed for what we could call άǘƘŜ ǾǳƭƴŜǊŀōƛƭƛǘȅ ŀǇǇǊŜƴǘƛŎŜǎƘƛǇέ was highlighted. This 
conversion will last as long as the public is likely to be affected by the impacts of climate change are 
not, on the face of it, uniform. For these reasons, the informing, awareness raising and mobilising of 
players and populations in relation to climate change and adaptation constitute fundamental 
aspects. In addition, it has been proved that adaptation will above all include a better knowledge of 
climate change and its challenges, with organisation of skills also playing a major role. In view of 
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these observations, it is necessary to take the measure of social rhythms useful for making concrete 
the common objective of a non-fractured development towards new lifestyles.  

Analysis elements 

The works carried out highlight the costs, but also the benefits linked to climate change in mainland 
France, depending on the sector considered, climate scenarios and time horizon. For some sectors, 
we will see both costs and opportunities depending on the impact studied, so much so that it is 
ǎƻƳŜǘƛƳŜǎ ŘƛŦŦƛŎǳƭǘ ǘƻ ŘŜǘŜǊƳƛƴŜ ǘƘŜ ǎƛƎƴ ƻŦ ǘƘŜ άƴŜǘέ ƛƳǇŀŎǘ ƻŦ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜΦ Nevertheless, in 
view of the qualitative and quantitative analyses carried out by the study groups, we can expect a 
negative global impact from climate change; the costs could reach several hundreds of millions of 
euro per year for various sectors if no adaptation is undertaken. 

Seen as an additional policy to mitigation, adaptation will allow the costs of climate change impacts 
to be limited significantly, and even transformed into opportunities in some cases. If 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 development of 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 the reduction 
in water availability. This highlights the importance of coordinating and organising adaptation in 
order to avoid these pitfalls. 

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

¶ from a geographical point of view, some regions could 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 likely to influence the vulnerability of systems; 

¶ from an individual point of view, players will not be equally subject to climate change. 
Depending on the sector of economic activity and the social vulnerability of households, the 
effects will not be redistributed in the same way. The most disadvantaged individuals will 
probably be the most and the quickest affected by the impacts of climate change. 

Adaptation to climate change must therefore be contextualised and make sure inequalities 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 that can 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 adaptation 
were listed or suggested. These options do not, at this stage, constitute recommendations, but 
rather lines to be considered within the framework of adaptation planning studies. Their relevance, 
efficiency and feasibility must be studied in an integrated fashion, in particular by taking into account 
local context.  
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There follows some non-exhaustive examples of lines identified: 

¶ General: organise availability of climate model results ς in particular the collapses on a local 
level - and impact studies; 

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

¶ Natural hazards: take into 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; 

¶ Health: integrate health risks of climatic origin in basic and ongoing training for healthcare 
professionals; 

¶ !ƎǊƛŎǳƭǘǳǊŜΥ ŘƛǾŜǊǎƛŦȅ ǘƘŜ ŎǊƻǇ ǎȅǎǘŜƳǎΣ ŀƭƭƻǿƛƴƎ άŜǾŀǎƛƻƴέΣ άŀǾƻƛŘŀƴŎŜέ ŀƴŘ άǘƻƭŜǊŀƴŎŜέ ǘƻ 
be combined; 

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

¶ ¢ƻǳǊƛǎƳΥ ŘŜǾŜƭƻǇ άŦƻǳǊ-ǎŜŀǎƻƴ ǘƻǳǊƛǎƳέΣ ƛƴ ƻǊŘŜǊ ǘƻ ǊŜŘǳŎŜ ǘƘŜ ŘŜǇŜƴŘŜƴŎŜ ƻƴ ǎƴƻǿΦ 

Perspectives 

For reasons of feasibility and data availability, some points could not be tackled. These 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: 

¶ ά¦ǊōŀƴƛǎƳέ, as well as the air, port, river and rail sectors; 

¶ The maritime, fishing and aquaculture sector; 

¶ Tertiary sector activities (other than the tourism sector); 

¶ Industrial sector activities (other than the energy sector); 

¶ The impacts of climate change on cultural heritage. 

The integration of Overseas territories in the quantitative evaluation of impacts and adaptation 
measures constitutes a major priority. The problems of climate change in the Overseas Departments 
and Collectivities and in New Caledonia are different from those affecting mainland France. This 
involves, as of now, works resulting in particular in a better knowledge of the development of 
climatic parameters and their consequences in these areas. 

The crossover knowledge and observation requirements have been identified in order to advance 
understanding of the economic impacts of climate change.  

¶ Improving knowledge about climate changes, in particular for the hazards that remain 
subject to major uncertainty:  
Á change in rainfall patterns;  
Á rise in sea levels; 
Á consequences of climate change on the hydrological regime; 
Á highly localised climatic hazards, i.e. gravitational hazards; 
Á changes to sun and wind patterns; 
Á changes to the physico-chemical characteristics of marine habitats.  
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¶ Improve the characterisation of certain hazards ς droughts or heatwaves for example ς in 
terms of intensity or even territorialisation; 

¶ Produce territorialised data, whether this is for hazards, models, climate scenarios or socio-
economic development scenarios; 

¶ Improve the characterisation and quantification of non-goods impacts; 

¶ Integrate the problems of adaptation and mitigation, via research aimed at better 
identifying their synergy and conflicts; 

¶ Improve understanding of the spontaneous adaptation behaviour of the various players; 

¶ Lead a discussion on the feasibility and acceptability of implementing planned adaptation 
measures; 

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

¶ Improve the inclusion of sectoral interactions: the impacts of climate change on one given 
sector will in fact be largely influenced by the impacts affecting other sectors; 

¶ Launch a global discussion and a planning effort with regard to the questions of water 
availability and use within the context of climate change;  

¶ Continue a multi-risk and multi-sector discussion on adaptation.  

Finally, in general, the steps must be produced on other scales, in particular for local authorities. 
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Complements 

Water resources 

 

 

 

 

 

 

 

 

 

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 operating flow 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 flows. The impacts of 
climate change on the resources will not be limited to this quantitative aspect, as Table 1 indicates.  

 

Key messages 

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

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

-  At horizon 2050, we can estimate the deficit in water to satisfy current uses, without 
adaptation, at some 2 billion m3. 

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

-  In order to prepare adaptation, it is necessary to improve knowledge of impacts and 
environments, and the modelling of systems in interaction with water, and organise 
monitoring of water (surface and underground) and environments (humid and 
coastal zones). 
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Table 1 - Impacts identified and studied : Water 

 Quantified Non quantified 

Increase in demand (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, etc.  X 

Quantitative impacts: deficit in available resources 

The impacts of climate change on flows will be multiple. At horizon 2050, Boe (2007) highlights:  

¶ In winter, a moderated reduction, as an overall average, in flows, except for the south-east of 
the country and the Alps, where they will increase. In spring, slight changes in general; 

¶ In summer and autumn, a major reduction in flows; 

¶ A high increase in the number of low-water level days; 

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

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

¶ 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 water resources 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 that the deficit in water to satisfy the current requirements for drinking water, 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 concerned by structural deficits. The cost of the deficit will reach EUR 5 to 10 billion if the 
volumes of water must be fully compensated and additional treatments implemented. Other 
scenarios include adapting economic activities are foreseeable and may prove to be less costly. 

Limits of the exercise 

One of the main limits is due to the constant economy hypothesis, which does not allow changes in 
use to be taken into account when calculating the deficit. However, the role of socioeconomic 
developments is essential: depending on the population dynamics, for example, without 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 resources, with 48% of total consumption, will be 
particularly affected by the impact of climate change on resources. The initial results of the INRA 
Climator programme (Brisson & Itier, 2009) on wheat and maize show that the greatest part of the 
drop in rainfall will mainly lead to a hydrological drought and in part to a soil drought in both rainfed 
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(wheat) and irrigated (maize) crops. Hydrological comfort during the production period will fall in 
general, with an increased need for water support in order to keep current production conditions. 
However, the reduction in water availability will cause stricter drawing restrictions. Several crop 
alternatives with cereal-based one-crop 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 drawn. While 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 increased demand. The 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 costs. Some impacts of 
climate change on the water treatment networks will be positive (faster biological reactions), others 
negative (additional energy consumption, problems relating to odours, increased corrosion 
phenomena). Crisis management policies will have to be organised to tackle the increased risks ς 
particularly sanitary ones. 

Rainwater treatment restrictions 

Faced with an increased risk of urban run-off (violent rain, swollen evacuation networks), it will be 
necessary and without regret to review the rules on sizing spillways and rainwater recuperation.  

Industry and energy production restrictions 

While the quantitative impact of the energy production sector on water resources is currently 
relatively moderated, its qualitative impact is not insignificant (water temperature, contamination 
by biocides). The impacts of climate change on water will affect energy production in two ways:  

¶ Reduction in cooling yield in the case of a combined increase in air and water temperatures 
associated with a weak flow; 

¶ Repercussion from conflicts of use on managing hydroelectric plants. 

Civil engineering work management restrictions 

The modification of run-offs and external flows is likely to affect the management of major dams. 
This will require a specific outlook. 

Significant impacts on quality 

Water quality and quantity are interdependent. Ducharne et 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 activity. According to their results, in average for the free groundwater, the 
concentration of nitrates will increase at horizon 2100 by 0-33% in relation to the current 
concentration. In the water courses, the impact of climate change means an increase in nitrate 
concentration, but this is less 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 needs and the adaptation of the offer. The adaptation measures identified are set out 
in table 2. 

Table 2 ς Recommended adaptation measures 

Adaptation of demand 

By savings, modification of activities or substitution of another resource 
Reduce domestic consumption: 
- Active and passive savings (modification of technologies and 

manufacturing standards) 
Reduce agricultural consumption: 
- Reduce irrigation water requirements by accepting a loss in yield less 

than proportional to the reduction in volume produced 
- Reduction in irrigation volume  
- Diversification of watering calendars  
- Optimise efficiency of water supplied when watering is justified 
- Implement agricultural systems that are more robust and less 

demanding on water resources 
- Nitrogen input 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 or nuclear power stations in 

coastal areas 

Adaptation of offer 

By developing new infrastructures 
- Set up additional water supply infrastructures in order to relieve 

severe droughts 

By intervening on target flows 
- Review the flow targets in low-water level and crisis periods by 

respecting the DCE provisions 

Perspectives and recommendations 

The research perspectives for improving understanding of the impacts of climate change on water 
are numerous. They are set out in the following table:  

Table 3 ς Research, follow-up and observation requirements 

Research 
requirements 

Improve knowledge of the impacts observed and predicted for water quality, 
past hydrology, environmental operation, and water use  

Better characterise droughts 

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

Improve low-flow planning, and regionalisation of studies 

Characterise the territory in uniform hydro-eco-regions  

On a basin-wide scale, carry out cost-benefit analyses  

Carry out research into technologies for water saving, treating or recycling 

Follow-up and 
observation 
requirements 

Improve the monitoring network for surface and underground waters 

Map humid zones (inventory, characterisation and monitoring) 

Map resource pressures (drawing, river traffic, etc.) 
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Natural hazards and insurances  

 

 

 

 

 

 

 

 

 

 

Scope of study 

Four hazards have been studied in detail: the risk of flooding in 5 catchment basins, the coastal risk 
in Languedoc-Roussillon (submersion and erosion), the risk linked to the shrinkage and swelling of 
clay soils (SSCS) due to drought and gravitational hazards (torrential floods, avalanches, landslides, 
subsidence, rockfalls).  

Only the damage to housing and buildings has been evaluated2: the direct impacts on infrastructures, 
in terms of health or even biodiversity have not been evaluated.  

                                                           
2
 The impacts of SSCS and submersions on transport infrastructures were studied by the Transport Infrastructure and 

Building Framework group. The impacts of floods on health were studied by the Health group. The Forest Fire theme 
was tackled by the Forest group. 

Key messages 

-  Climate change has a definite impact on natural hazards, and must affect specific 
territories (coastal, clay zones, etc) more than the mainland territory as a whole.  

-  The cost of damage to housing in relation to the risk of clay soil shrinkage and swelling 
could be multiplied by a factor of between 3 and 6 by 2100, depending on the scenario, 
without taking into account changes to urbanisation.  

-  With reference to floods caused by rivers bursting their banks, there are no clear strong 
signals of average annual damage in the examples adopted for illustration purposes, even 
if, for certain basins (Orb, Meuse), a significant increase can be predicted.  

-  An essential question is posed for coastal hazards, which without adaptation, for the 
Languedoc Roussillon region alone, could cost almost EUR 15 billion by 2100 in terms of 
housing destroyed.  

-  Lastly, with regard to gravitational hazards, the impacts of climate change remain 
uncertain. 
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Table 4 - 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 Languedoc-Roussillon 
and without taking erosion into account) 

 

Clay shrinkage and 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 account, in 
quantitative terms, with the exception of one comparative study of the impacts of climate change 
and the development of hazards on the risk of SSCS at horizon 2030. However, it should be pointed 
out that, in many cases, it is expected that this hazard development will have a greater impact on 
the development of risks than will climate change; this is what we have seen over the last few years. 

Clay soil shrinkage and swelling 

Summer droughts are responsible for the majority of claims linked to SSCS. Almost all departments 
are concerned to various degrees, and almost 400,000 single-family dwellings are located in high risk 
areas.  The increase in climate change-related drought frequency and intensity must increase the risk 
of SSCS.  In the absence of new urbanisation, the analysis carried out cites an annual damage cost 
going from approximately EUR 220 million (reference to the period 1989-2003) to EUR 700 million 
(scenario B2) or EUR 1,300 million (scenario A2) in 2100; it is therefore multiplied by a factor of 
between 3 and 6. 

If we take into account increased challenges by 2030 (urbanisation), despite adaptation efforts, the 
costs increase significantly. The cost increases by approximately 17% for the period 2010-2030 
when the number of individual houses increased by 0.925%.  

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

Floods 

The impact of climate change on extreme precipitation and thus on flooding is difficult to evaluate 
from climate model simulations. A quantified evaluation exercise has nevertheless been carried out 
on a selection of catchment basins for which there is data relating to damage observed: the Seine in 
Ile-de-France, the Meuse in the Ardennes, the mid-Loire between Nevers and Angers, the Rhône 
and the Orb. On the basis of expert opinions and in view of current knowledge, reasonable scenarios 
for the impacts of climate change on hydrology have been defined for these catchment basins. 
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Table 5 ς Peak flow variation: low, average and high hypotheses adopted for pilot catchments 

 Low hypothesis Average hypothesis High hypothesis 

Loire + 5% + 10% + 20% 

Seine - 10% (from Q100
3
) + 10% (from Q100) 

Rhône 5% (from Q100) 10% (from Q100) 20% (from Q100) 

Meuse 10% 

Orb 10% 25% 50% 

Under these hypotheses, we can conclude that damage development is not significant for the Seine, 
the Rhône and the mid-Loire; and is very severe for the Meuse and the Orb. These estimates must, 
however, by interpreted with caution. 

 
Graph 1 - average annual damage in five watershed (million euro 2007) 

Coastal hazard 

Based on the hypothesis of an increase in sea level of 1 metre, coastal hazards increase significantly, 
especially for sandy coasts and soft rock cliffs. Low coasts will suffer erosion or permanent 
submersion and new zones will be subject to temporary submersions. 140,000 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 by 2100 in the Languedoc-
Roussillon region. In the absence of a coastline management policy, the cost of damage linked to 
άǇŜǊƳŀƴŜƴǘ ǎǳōƳŜǊǎƛƻƴέ ŀƴŘ ŜǊƻǎƛƻƴ ƘŀȊŀǊŘǎ ƛǎ ŜǾŀƭǳŀǘŜŘ ōŜǘǿŜŜƴ EUR 15 and 35 billion for the 
Languedoc-Roussillon region alone. 

Gravitational hazards 

The impact of climate change on gravitational hazards is difficult 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 factors. At this stage, it is not proposed that a calculated 
evaluation be carried out for this hazard. As an initial approximation, we could, however, consider 
the possible increase in superficial and/or frequent events that are most directly related to winter 
precipitation and the major financial consequences in the event of communication routes becoming 
blocked in the mountains and in winter. We 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 period of 100 years 

without CC 

CC, low hypothesis 

CC, medium hyp. 

CC, high hyp. 
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Limits of the exercise 

The proposed evaluation 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 sometimes rough timescales in relation to the phenomena 
involved. 

Adaptation 

Adaptation to climate change must enable preventative action to be continued, and even 
ǎǘǊŜƴƎǘƘŜƴŜŘ ōȅ ƛƳǇƭŜƳŜƴǘƛƴƎ άƴƻ ǊŜƎǊŜǘǎϦ ǎǘǊŀǘŜƎƛŜǎ. The following table presents the 
recommended lines of adaptation:  

Table 6 ς Recommended adaptation measures 

Adapting the current 
catastrophe risk management 
policy to a changed climatic 
situation 

Improve knowledge, measurement and monitoring networks, multirisk 
approaches, increasing detection and warning systems, reinforcing current 
ǇƻƭƛŎƛŜǎ ǿƛǘƘ άƴƻ ǊŜƎǊŜǘǎέ ƳŜŀǎǳǊŜǎΣ Ǝƭƻōŀƭ ŀƴŘ ŎƻƻǊŘƛƴŀǘŜŘ ƳŀƴŀƎŜƳŜƴǘ 
over the basins at risk 

Clay shrinkage and swelling 

Adapting the foundations of single-family dwellings 

Implementing more global provisions, such as those recommended in the 
PPRN regulations 

Coastal hazards 

Take into account climate change in planning and development documents;  

Development of detection and warning systems  

Analysis of the effects of strategic withdrawal/natural operation 
restoration/coastline maintenance-type measures 

Floods 

Formulate suitable responses in accordance with each catchment basin 
(within the framework of plans such as flood prevention action programmes 
and management plans for major rivers) 

Adaptation of actions to situations encountered (preparation of crisis 
management, prevision, awareness, protection devices, adaptation of the 
soil use regulations) 

Study responses to the risk of urban run-off 

Perspectives and 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: 

Table 7 ς Research, follow-up and observation requirements 

Research 
requirements  

Improve knowledge of climatic variability over the coming decades Improve knowledge 
about urban run-off, soil reactions and gravitational hazards 

Analyse the άƴŜǘǿƻǊƪέ aspect and intangible impacts 

Characterise the escalation of damage resulting from a άƎŜƴŜǊŀƭƛǎŜŘέ ŜǾŜƴǘ  

Carry out an exhaustive analysis of the impact on hydrological regimes  

Carry out an exhaustive analysis on coastline disappearance 

Lead studies into the role of insurance  

Follow-up and 
observation 
requirements 

Carry out an inventory/full mapping of the hazards 

Implement monitoring and national databases of the damage; map current damage  

Improve observation of the economic cost of run-off 

Improve the precision of altimetric data 
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Agriculture 

 

 

 

 

 

 

 

 

 

 

 

 

Scope of study 

For reasons 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 Massif-Central).  The analysis carried out was not exhaustive: 
the impacts studied remain partial.  

Key messages 

-  If only the gradual changes (temperatures, precipitation) are considered, the effects 
of climate change on maize and wheat crops remain moderated up to a certain 
threshold, above which they become clearly negative.  The reduction in water 
availability and the multiplication of heatwaves will themselves have a highly 
negative impact on yields.  

-  In viticulture, strong territorial differences will be observed: the analysis carried out 
cites, for example, an increase in Burgundy yield, but a sharp drop in Languedoc-
Roussillon.  The quality and typical features of wines could find themselves 
negatively affected; 

-  With regard to meadows, the southern half, and especially the peri-Mediterranean 
arc will see its vulnerability increase due to more frequent droughts in summer, with 
strong consequences on the profitability of livestock farming; 

-  The limits of the exercise carried out here are major and are due to both the 
hypotheses put forward and the uncertainties present throughout the chain of 
evaluation.  The analysis of these uncertainties and discussions with experts reveals a 
certain number of requirements to improve knowledge and encourage adaptation in 
the agriculture sector; 

-  The ADAGE Outlook Discussion Workshop aims to identify and mutually insure the needs 
for studies and research on this topic.  The results will be available in 2010. 
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Table 8 ς Impacts identified and studied: Agriculture 

 
Quantified 

Non-
quantified 

Increased yield linked to CO2 concentration X  

Changes to plant phenology  X 

Effects on production of the increase in temperature 
and the change to precipitation   

X  

Effects of the reduction in water availability on yield and 
production techniques 

 X 

Impacts of heatwaves on crops X  

Impacts on bioagressors  X 

Loss of yield linked to extreme events and the rise in sea 
levels 

 X 

* for maize and wheat only. 

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

The analysis carried out for field crops4 recorded an increase in yield for wheat up to a certain 
temperature threshold, which, under scenario A2, will be reached between 2050 and 2100.  Above 
this threshold, yields would diminish, but the impact would remain moderated.  The results are 
more contrasted for maize: yields increase slightly until 2030, then begin to drop between 2030 and 
2050 regardless of the scenario considered, the impact of climate change tending largely towards the 
negative in 2100.  In terms of costs, this corresponds for maize in 2100 to a loss that could reach 
almost EUR 113 million per year. This development only 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 as 2003 heatwave could represent, in 2100, a 
cost reaching more than EUR 300 million per year for a crop such as wheat under scenario A2, if no 
adaptation is made, calling into question some of the optimistic results set out above.  
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Graph 2 : Effect of CO2 concentration on wheat yields Graph 3 : Effect of CO2 concentration on maize yields 

A strong territorial effect on viticulture 

Viticulture will also be impacted by climate change5. We may see an increased yield in Burgundy 
(+35.2% additional yield according to scenario A2 in 2080 and +41.7% according to B2, without 
adaptation).  These results must, however, be qualified: it will not be possible under these 
conditions to produce as many high quality wines as today.  Languedoc-Roussillon may in its turn 
suffer considerable reductions in yield without adaptation (up to -26%).  

                                                           

4  wƻǎŜƴȊǿŜƛƎ ϧ LƎƭŜǎƛŀǎΣ άtƻǘŜƴǘƛŀƭ LƳǇŀŎǘǎ ƻŦ /ƭƛƳŀǘŜ /ƘŀƴƎŜ ƻƴ ²ƻǊƭŘ CƻƻŘ {ǳǇǇƭȅέ όмфффύΦ 

5
 Inaki Garcia de Cortazar-Atauri (2006) http://www.inra.fr/ea/fichier_these/These_Inaki_GarciadeCortazar.pdf 

Data source: Rosenzweig & Iglesias 

Data compiled 
by Rosenzweig 
et al. 

Data compiled 
by Rosenzweig 
et al. 
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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 2070-2099 compared to the reference period, 
ŦƻǊ ǘƘŜ ǳǎŜŦǳƭ άƎǊŀƴŘŜ ǊŜǎŜǊǾŜέ ƭŀnd).  In this study, the main limit rests in the 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 the departments of the peri-Mediterranean arc, from 1980 to a date between 2050 and 2090, the 
changes underway will lead to a very steep drop (approximately -70%) in yield from meadows in the 
summer period ς droughts such as those in 2003, 2005 and 2006 having become the norm; and an 
increase in yield of 10 to 20% in the winter period because of more favourable temperatures and CO2 

concentration levels.  In total, a drop in annual fodder production of between -20 and -25% may be 
seen.  The cost of compensating for these drops in yield (by purchasing fodder) could reach some 
EUR 200 million per year in the second half of the 21st century. 

Limits of the exercise 

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

These are due to: 

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

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

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

¶ the very partial nature of the assessment. 

These uncertainties affect not only the values, but also the sense of variation of the results by 
interaction, especially with the regional variability of the impacts of climate change.  

Adaptation 

The following table sets out the planned adaptation lines suggested. 

Table 9 ς Recommended adaptation measures 

Field crops 

- 5ƛǾŜǊǎƛŦȅ ǘƘŜ ŎǊƻǇ ǎȅǎǘŜƳǎΣ ŜƴŀōƭƛƴƎ άŜǾŀǎƛƻƴέΣ άŀǾƻƛŘŀƴŎŜέ ŀƴŘ άǘƻƭŜǊŀƴŎŜέ ǘƻ ōŜ 
combined 

- Increase the duration of vegetation in order to enable the succession of summer-
winter crops  

- [ŜŀŘ ŀ ŘƛǎŎǳǎǎƛƻƴ ƻƴ ǘƘŜ ǊŜƭŜǾŀƴŎŜ ƻŦ ƛƳǇƭŀƴǘƛƴƎ ƴŜǿ ŎǊƻǇǎΣ ōȅ ŀŘƻǇǘƛƴƎ ŀ άŦƛŜƭŘέ 
approach 

Viticulture 
- Carry out genetic research for new grape varieties suited to the lands 
- Lead a discussion on the changes to AOCs  
- Perfect new irrigation technologies 

Meadows 

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

- Reanalyse the long-term water management policies in order to improve the irrigation 
of small areas 

- Help implement adaptation actions within the framework of collective contracts 
- Anticipate the consequences of climate change on livestock and adapt, in particular, 

farm buildings in order to limit the impacts of heatwave on animal performance. 
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Perspectives and recommendations 

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

Table 10 ς Research, follow-up and observation requirements 

Research 
requirements 

Lead/continue research to increase knowledge of: 

-  integrating the water factor into the crop models  

-  bioagressors 

-  the nitrogen aspect and the use of mineral inputs  

-  CO2 provision  

-  the impact on product quality 

-  erosion of arable lands 

-  pollinators 

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

Take into account the degreŜ ƻŦ ŦŀǊƳŜǊǎΩ ŀǾŜǊǎƛƻƴ ǘƻ Ǌƛǎƪ 

Follow-up and 
observation 
requirements 

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

Collaborate with other countries facing the same adaptation problems  

Have network monitoring and alert systems developed for pathogenic agents 

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

Know and monitor the changes to known vector implantation areas  

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

The ADAGE (Agriculture Durable par l'Autonomie, la Gestion et l'Environnement = Sustainable 
Agriculture through Autonomy, Management and the Environment) Prospective Discussion 
Workshop (ARP), launched on the initiative of the national research agency and for which the results 
should be available by 2010, aims to identify and mutually insure the needs for studies and research 
on this topic.  Its conclusions will enable this initial list to be completed. 
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Introduction by Jean Dercourt 

Permanent Secretary of Academy of Sciences 

 

Climate change and related risks have been a key concern for the Academy of Sciences over the past 
decades. Already in 1990, the report Greenhouse effect and climate impacts was published, led by 
Robert Dautray (updated in 1994). 

For fifteen years, the Academy of Sciences has devoted several symposia and thematic issues of the 
journal The Proceedings of the Academy of Sciences ς Geoscience to this issue. 

In 2006, the Academy published the report Inland 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: 

- Demographics, Climate and Global Food Supply (edited by Henri Leridon and Ghislain de 
Marsily); 

- Soil Management and Ecosystem Services (coordinated by Patrick Lavelle and George 
Pédro); and 

- Reducing Ecological and Social Systems' Vulnerabilities to Extreme Weather Events: 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. 

Climate variability 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 Copenhagen provide 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 the Academy of sciences 
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Executive summary of the report6 

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

 

The importance of issues related to extreme climatic events has been astonishingly underestimated 
considering the figures that we have at our disposal. 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 
ǎǘƻǊƳǎ ƻŦ мффф ŎŀǳǎŜŘ ƻǾŜǊ мл ōƛƭƭƛƻƴ ϵ ƛƴ ŦƻǊŜǎǘǊȅ ŘŀƳŀƎŜ ǘƻ ƻǿƴers, insurers, society and the State.  

On a global scale, twenty-five 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. Twenty-three of the 25 
disasters have been linked to climatic conditions. Their effects can be long-lasting. 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 exceptional, 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 account the threat 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 decision-makers 
at the highest levels of government? Does it contribute enough to international efforts to reduce 
the risk of disasters? Does it have the necessary scientific data to make informed decisions? 

As a response to these questions, the first important message of this report by the French Academy 
of Sciences is that reaching 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. Prevention to climatic hazards must be made with a full awareness of the limits of 
scientific knowledge ς by taking into account what we know and most importantly what ǿŜ ŘƻƴΩǘ 
know7. Efforts to prepare for climatic hazards must be taken only after careful review of the lessons 
learned from mistakes made during other 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 concentration in risk 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 today than a few decades ago and that they 
ŀǊŜ Ƨǳǎǘ ƳƻǊŜ ǾƛǎƛōƭŜ ōŜŎŀǳǎŜ ƻŦ ǘƻŘŀȅΩǎ ƳƻǊŜ ƳƻŘŜǊƴ ƳŜŀƴǎ ƻŦ ƛƴŦƻǊƳŀǘƛƻƴ ŀƴŘ ŎƻƳƳǳƴƛŎŀǘƛƻƴǎΦ Lǎ 
this really true and doesn't the real issue lie somewhere else? The hurricanes that hit the Louisiana 
coastline in the 1800s, whatever 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 and Africa.  

                                                           
6
 Coordinated by Henri Décamps 

7
 Bracing for the unknown. (2009). Editorial, Nature, 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 lead us to 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 to 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 the 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 densities along 
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 true laboratories 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 of natural 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 
development 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 effectively 
respond to 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 public. Such an effort depends on a badly needed 
shared global vision of extreme climatic events as well as a real capacity to face the increasing 
situations of multiple hazards with solidarity.  

1. Ensuring the viability of socio-ecological systems 

To prepare ourselves to extreme climatic events, we must first ensure the viability of socio-ecological 
systems. This viability depends mainly on the role ecosystems have in regulating the climate and 
protecting against natural hazards. Fundamental to this role is biodiversity ς the number of and 
variability between individuals of the 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 irreversible changes of socio-
ecological systems. To ensure the viability of these systems in the face of extreme climatic events 
requires large-scale action to protect biodiversity ς an action undertaken at the international level 
ŦƻƭƭƻǿƛƴƎ CǊŀƴŎŜΩǎ ƛƴƛǘƛŀǘƛǾŜ ŀƴŘ ǿƘƛŎƘ ǎhould be urgently expanded. 

2. Adapting socio-ecological 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 population to 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 reservoirs. 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 increase the economic 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 engineering 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 systems will 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 recorded. Many academic 
disciplines must be called upon, for example to anticipate the appearance of the H5N1 virus and the 
urgency associated with it (virology, epidemiology, ornithology, climatology, zootechnics, 
simulations). We should also avoid making simple correlations 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 local ς and 
often micro-local- 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 financial responses to large-scale disasters. A complete 
transformation of the financial response system is required. This transformation is already under 
way8, and an increasing number of countries are becoming aware of the importance of bringing it to 
the highest decision level. France has a risk-sharing scheme based on national solidarity that 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 that 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 Comité Français pour 
la Défense Civile), a developed country cannot remain unprepared to exceptional events whether 
they are economic, social or political9. Much work has been undertaken at the ministerial and inter-
ƳƛƴƛǎǘŜǊƛŀƭ ƭŜǾŜƭ ǘƻ ǎǘǊŜƴƎǘƘŜƴ CǊŀƴŎŜΩǎ ǇǊŜǇŀǊŜŘƴŜss for crisis situations. French monitoring systems 
have shown their merit, whether it is the meteorological warning systems of Météo-France or the 
health monitoring systems. The basic problem is that of a global approach to security. Much more 
must be done 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 France, any development of a global 

                                                           
8
 The White House (2007). Economic Report of the President. Council of Economic Advisors, Washington, DC. 

9
 HCFDC (2008). Constats et propositions pour une vision globale de la sécurité. Rapport Défense Civile, Paris.  
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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  

Preparing 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) Research on the role of ecological and social systems in regulating extreme climatic events; 

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

3) Creating new approaches to planning land-use, urbanization and construction; 

4) Identifying the physical, behavioral and organizational mechanisms involved in alertness, warning, 
disaster emergency measures, real-time monitoring tools and financing required to cover the 
damage from future extreme events. 

From a methodological point of view, the humanities and social sciences must take a full part in such 
programs. From a theoretical viewpoint, the reliance on modeling methods to help decision-making 
in situations of great uncertainty and multiple choices should become the rule.  
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Presentation by Claude Millier 

Chairman of the Scientific Council of the GICC Program 

 

Climate research requires a multidisciplinary approach. In France, several national programs 
contribute, managed 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: CNRS-INSU, CEA, IFREMER, METEO-FRANCE, 
CERFACS, 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 develop 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 Sustainable 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. During a first phase (1999-2003), 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 Météo-France. A second 
phase was 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, 2010) are mainly focused on 
climate change adaptation. The 2008 appeal focuses on the issues of scale, extreme, socio-economic 
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, adaptation-related 
themes have been classified into five groups:  

¶ transportation, housing, tourism, planning 

¶ hydrology  

¶ biodiversity  

¶ health  

¶ social and human sciences 

These five groups have also been selected as topics of interest for the inter-ministerial 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 areas of biodiversity, health, regional approach, hydrology and 
transportation. In addition, a list of eight projects selected in 2008 is presented.  

In addition, the DRIAS Initiative targeting the setting up of climatic service and a brief 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 ERA-NET CIRCLE.  
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Selected tǊƻƧŜŎǘǎΩ ǎummaries and results 

 

Background 

¢ƘŜ ŦŜŘŜǊŀǘƛƴƎ ǊŜǎŜŀǊŎƘ ǇǊƻƎǊŀƳƳŜ ΨaŀƴŀƎŜƳŜƴǘ ŀƴŘ LƳǇŀŎǘǎ ƻŦ /ƭƛƳŀǘŜ /ƘŀƴƎŜΩ όDL// - Gestion et 
Impacts du Changement Climatique) is one of the research programmes supported by the French 
Board for Economic Studies and Environmental 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 
Environment 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 back public 
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 academic fields: 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 progressing 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 orientations of each 
oncoming Calls for Research Proposals (CRPs). Research 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 ERA-NET CIRCLE10 that 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 call11 ŦƻŎǳǎŜŘ ƻƴ ǘƘŜ άǿŀǘŜǊ ƳŀƴŀƎŜƳŜƴǘ ŀƴŘ 
Ŏƻŀǎǘŀƭ ȊƻƴŜǎέ ƻƴ ǘƘŜ aŜŘƛǘŜǊǊŀƴean area. 

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) 
ƻƴ ǘƘŜ ǘƘŜƳŜ ƻŦ ΨōƛƻŘƛǾŜǊǎƛǘȅ ŀƴŘ Ǝƭƻōŀƭ ŎƘŀƴƎŜΩΦ  

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/ 

11
 http://www.circle-med.net/ 

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, many projects 
deal with adaptation issues.  

CRP Biodiversity 

¶ Evolutionary and Mechanistic Approach to the Adaptation of Lepidoptera to Environmental 
Change. Coordinator: Jean-François Martin (INRA)  

Lǘ ƛǎ ƛƴŎǊŜŀǎƛƴƎƭȅ ŎƭŜŀǊ ǘƘŀǘ ǘƻŘŀȅΩǎ Ǝƭƻōŀƭ ǿŀǊƳƛƴƎ Ƙŀǎ ŀƴ ƛnfluence on ecosystems and, in particular, 
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 and North 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 stress and the 
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 (Jean-François Martin) have made 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 of 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 Lepidoptera species in the broadest 
sense. 

The multi-disciplinary and mechanistic approach to Lepidoptera adaptation to environmental 
changes and, in particular, to stochasticity and warming, will make it possible to understand the 
parallel global mechanisms that influence ǘƘŜ ƎǊƻǳǇΩǎ ŎǳǊǊŜƴǘ ŘƛǎǘǊƛōǳǘƛƻƴ ŀƴŘ ŜǾƻƭǳǘƛƻƴΣ ǿƘƛŎƘ ƛǎ 
also a classic bioindicator in many fields.  

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

The CLIM POP working group is made up of several French teams with access to long-term data 
series and skills in biometrics, studying the ecological 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 
standardise their 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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Lƴ ǊŜǎǇƻƴǎŜ ǘƻ ǘƘŜ LC.Ωǎ Ŏŀƭƭ ŦƻǊ ǊŜǎŜŀǊŎƘ ǇǊƻǇƻǎŀƭǎΣ ǿŜ ǿƛǎƘ ǘƻ ŀŘŘǊŜǎǎ ǘǿo questions in particular:  

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 cross-cutting analysis on all of their 
databases, using the most recent methods 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 

¶ Measuring and Preventing the Effects of Extreme Hot Weather: Improving Heat Regulation 
Ability in High-Risk Subjects. Coordinator: Jean Louis SAUMET (University of Angers) 

Meteorological studies are anticipating climate change that will bring further periods of extreme hot 
weather combined with air pollution. At the same time, epidemiological studies of the effects of 
extreme hot weather are helping to identify the most at-risk 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 a prevention 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 in at-risk individuals, and how this deficiency 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 and perspiration. 
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 a method 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 on the 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 attempt to look 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 healthy mice will be exposed to a very hot environment. The 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 human subjects 
(aspirin, paracetamol & placebo) will then be carried out in this environment. 
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3. Other diabetic and healthy mice will be exposed to prolonged heat stress. Tiny blood vessels 
responsible for active vasodilation will be sampled as isolated organs and their vasomotor 
properties analysed. The cell cascades responsible for vasomotricity will be analysed. 

4. Setting up a think-tank on the subject, which will organise a conference calling on the expertise 
of scholarly associations, the physiological society in particular. 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 disciplines 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 methodology 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 can diminish or slow down the effects of 
extreme hot weather in healthy subjects. A study of this nature could be repeated with at-risk 
subjects in the context of another project. 

3. Understanding whether these drugs could be used in diabetics to combat the effects of 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 research avenues 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 concerned with 
hot weather. 

¶ Management of the Greenhouse Effect at the Local and Regional Authority Level. An 
Analysis Based on Climate Policy. Coordinators: Corinne Larrue (University of Tours), François 
Bertrand (CNRS) 

The aim of the research project entitled "Management 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 
incorporated 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 and understand 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 authority policy? 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 

¶ Impact of Climate Change on Water Resources and Hydrological Extremes in the Seine and 
Somme River Basins (RExHySS). Coordinator: Agnès Ducharne (CNRS ς UPMC, UMR Sysiphe) 

¢Ƙƛǎ ǇǊƻƧŜŎǘΩǎ ŀƛƳ ƛǎ ǘƻ ŀǎǎŜǎǎ ǘƘŜ ƛƳǇŀŎǘ ƻŦ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ŘǳŜ ǘƻ ŀƴǘƘǊƻǇƛŎ ŀŎǘƛǾƛǘȅ ƻƴ ƘȅŘǊƻƭƻƎƛŎŀƭ 
extremes in the Seine and Somme River drainage basins. We will take advantage 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 and inter-annual 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 predetermination). These 
analyses will be supplemented by flow rates, soil humidity and piezometric levels simulated by 
various hydrological models. We will then turn to certain manifestations of these extremes with a 
particular impact on society. With regard to flooding, we will determine how their extension into key 
areas of the basins is changing (Somme River Valley upstream from Abbeville, a river corridor of the 
Seine, including Paris and the Bassée alluvial plain), for certain return periods. We will also look at 
connections between agriculture and continental hydrosystems, as regards irrigation 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/MODCOU model. We will go on to 
assess how these processes and interactions 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 
hydrosystem 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 with them. 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 production. Such analysis, even qualitative is important to 
substantiate climate change adaptation strategies, though these will not be broached in this project. 

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

Epidemiological studies of the effects of heat wave have made it possible to identify at-risk 
populations: the elderly or those with cardiovascular disease, diabetes, or a neuropsychiatric 
affliction treated by neuroleptic. All 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 excessively-high 
environmental heat, this ability is impaired in at-risk populations. One of the ways in which the body 
fights is to vary blood circulation in the skin (in conjunction with sudation), which makes it possible to 
regulate the heat lost by the body. This study of how ageing and medicines frequently used on the 
elderly affect cutaneous blood circulation should enable better drug 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 thermoregulation. For this purpose, we propose: 

1. A clinical approach:  

Vasodilatation of cutaneous blood vessels facilitates heat exchanges between the internal 
environment and the external environment and contributes to regulating body temperature. A test 
has been designed in our laboratory on cutaneous vasomotricity in response to stimulation by a low-
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intensity Galvanic current. Moreover, we know how to measure dependent endothelium 
vasodilatation, using a Doppler laser flow-meter and iontophoresis. We propose to study the effects 
of platelet anti-aggregants, both antipyretic and non-antipyretic, on cutaneous vasodilatation in 
healthy and elderly subjects. This study will make it possible to modify prescriptions for this 
treatment.  

2. A multi-disciplinary think-tank network: 

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

Outcomes:  

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

¶ To determine whether, in elderly subjects, such medicines, which are prescribed chronically, 
could modify the deleterious effects of the heat wave. This study will thus help issue guidelines 
so as to adapt treatment when a risk of heat wave is announced. Drug treatment, often 
prescribed to prevent atherosclerosis or thrombosis risk, could often be discontinued 
temporarily, until such time as the weather becomes more favourable.  

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

¶ Energy Transport Housing Environment Locations - ETHEL II. Coordinators: 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 sectors. With their growing greenhouse gas 
(GHG) emissions, both these sectors tend to wipe out the progress achieved between 1990 and 2001 
in Industry (-17.1%), Energy Production (-16%) and Waste Treatment (-5.7%) sectors. Meanwhile, the 
Transport (+21.6%) and Construction (+18%) sectors display worrying trends, despite technological 
advances on both new automobiles and buildings. The 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 transport, with the growing preponderance of road 
transport, have contributed to the unchecked rise of fossil energy consumption. Reducing 
ŎƻƴǎǳƳǇǘƛƻƴ ƛƴ ǘƘŜ ƘƻǳǎƛƴƎ ŀƴŘ ǘǊŀƴǎǇƻǊǘ ǎŜŎǘƻǊǎ ǿƻǳƭŘ ŀƭǎƻ ŎƻƴǘǊƛōǳǘŜ ǘƻ ǘƘŜ ŎƻǳƴǘǊȅΩǎ ŜƴŜǊƎȅ 
independency.  

The ETHEL research project 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 help decision-makers 
άŎƘƻƻǎŜ ǘƘŜ ōŜǎǘ ǎǘǊŀǘŜƎƛŜǎ ŦƻǊ ǇǊŜǾŜƴǘƛƴƎ ǘƘŜ ƛƴŎǊŜŀǎŜ ƛƴ ǘƘŜ ƎǊŜŜƴƘƻǳǎŜ ŜŦŦŜŎǘέΦ  

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

The issues addressed in ETHEL-I, namely, 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 transport, in particular 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, as well as room for manoeuvre in terms of public policy. 
From the scientific standpoint, the main expected outcome is methodological progress in medium- 
and long-term modelling of the impact of economic, societal and technological factors on the 
behaviours studied.  

The main innovation here lies in the fact that the project brings together, in a joint forward-looking 
effort, different  proven forecasting models (in particular, the merchandise transport models 
intended for use) that are not merely forecasts based on previous trends, and sector-specific 
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 on fine-
tuning energy models 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.  

¶ SAOPOLO: Adaptation strategies for marine protection works and costlines tenure face to sea 
levels rise. Coordinator: Philippe SERGENT (CEMTEF) 

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

¶ Alpine lands adaptation to frequent droughts in the context of global change. Coordinator: 
Sandra Lavorel (CNRS) 

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

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

¶ Adaptation of climate change: Integrated approach challenge in French Regions. Coordinator: 
François Bertrand (UMR CITERES/Université François Rabelais) 

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

¶ Adaptation of climate change in the French Alpine Region « Rhône-Alpes »: partnership 
between scientists and local authorities. Coordinator: Claire MORAND, Rhônalpénergieς
Environnement (RAEE). 
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The DRIAS initiative 

 

(DRIAS : Donner accès aux scénarios climatiques RŞƎƛƻƴŀƭƛǎŞǎ ŦǊŀƴœŀƛǎ ǇƻǳǊ ƭΩIƳǇŀŎǘ Ŝǘ ƭΩAdaptation 
de nos Sociétés et environnements : Provide access to French Regional climate scenarios for Impact 
studies and Adaptation). 

DRIAS objective: Provide an easy access to French regional climate data and products & the 
associated expertise to facilitate impact and adaptation studies: 
Å Several Greenhouse gas emission scenarios, using different regional climate models and 

downscaling methods, 
Å Standard formats, easy access, quick looks and simple products, for a wide range of users, 
Å Expertise and guidance, especially addressing the various uncertainty sources, and 

promoting best practices and know-how. 

DRIAS is a facility. It will be based on Météo-France Climathèque http://climatheque.meteo.fr/: 
Å Generic system with internet up to date technologies, 
Å Providing access to different climate data and products, 
Å A familiar framework, easy to enrich and host new services. 

Co-Funding: French Ministry of Environment and Sustainable Development (GICC program) 

Coordination: Météo-France (Direction de la Climatologie) 

Partners: 
Å Météo-France ς CNRS GAME 
Å IPSL (Institut Pierre-Simon Laplace) 
Å CERFACS (Centre Européen de Recherche et de Formation Avancée en Calcul Scientifique) 

Duration: 2009-2012 

Contact: drias@meteo.fr 

 

http://climatheque.meteo.fr/
mailto:drias@meteo.fr
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Networking project CIRCLE MED 
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4. 

French Association for Natural Disaster 
Risk Reduction (AFPCN) 

 

 

 

 

 

 

 

 

 

 

 






























































































