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SUMMARY

Our planet faces increasingly devastating extreme events. On a global scale,
twenty-five of the most expensive disasters for the insurance sector since 1970
all happened after 1987. More than half of those occurred since 2001. Twenty-
three of the 25 disasters have been linked to climatic conditions.

France has not been spared. The Lothar and Martin storms of December 1999
caused 88 deaths, cut off electricity to 3.5 million homes and cost over 9 billion
Euros in damages (7 billion Euros to insurers). The heat wave of August 2003
led to an additional 15,000 deaths between August 1st and 20th. The recent
hurricane Xynthia led to the death of 53 persons when sea walls collapsed. It
was the latest in a string of tragedies hitting these flood prone areas. It forces
us to examine this issue seriously: in the future, are we prepared to face a flood
like the one of 1910 in Paris?

These events lead to disastrous consequences that are aggravated by unwise
urban development, overpopulation of coastline areas and human impact on
natural environments. Such events constitute poverty traps for the world’s poorest
countries.

Faced with such destructive effects, preparedness is crucial. Is France pre-
pared to face such events? Does it contribute enough to international efforts
aimed at reducing the risk of disasters? Does it have the necessary scientific
data to make informed decisions? In the current context of climate change and
high concentrations of populations in risk zones, we must be prepared for more
dangerous, and even previously unknown, extreme climatic events.

Three key messages are highlighted in this report: 1) reaching absolute cer-
tainty about the risk of extreme climatic events is an illusion and it is not possible
to wait to have perfect knowledge of their mechanisms before acting; 2) we
cannot satisfy ourselves with sectoral approaches in the face of the interdepen-
dence of hazards associated with extreme climatic events; and 3) a significant
and sustained effort to educate the public, especially the younger generations,
is crucial to promoting a behavioral change.

These messages lead us to put forward the following seven recommendations:

1. the resilience of ecological and social systems must be increased to brace
for extreme climatic events. In order to do so, biodiversity and the diversity
of social systems must be strengthened through international partnerships;
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2. water management must be redefined at the various geographical and po-
litical levels to better adapt the resource to demand in regions threatened
by drought and better assess risk in flood areas;

3. coordination between administrative services must be improved to build
a more efficient prevention system that will activate “heat-wave”, “severe
cold” and “storm” plans sufficiently early while reducing the probability of
false warnings;

4. the respective roles and responsibilities of the private and public sectors
must be redefined, within the framework for instance of concrete European
initiatives, in order to develop solutions for financial coverage that are
specifically adapted to large scale disasters;

5. a coherent set of policies must be developed to decrease vulnerability and
risk exposure, facilitate emergency management and increase the recon-
struction capacity of the economy;

6. the vulnerability of populations to extreme climatic events in developing
countries must be reduced by increasing food security, reducing poverty
and preserving ecosystems in these countries;

7. unifying programs of research should be promoted to study the mech-
anisms responsible for climate extremes, their regulation, resilience and
recovery of social and ecological systems and land use in threatened ar-
eas.

In the introduction, we define extreme events as referring to hazards having
a low probability of occurring but significant effect on social and ecological
systems. In this report, the extreme events considered are essentially natural and
linked to the climate, such as storms, floods, heat and cold waves, hurricanes
and prolonged drought.

The first chapter highlights that ecosystems interact with extreme climatic
events and provide regulation and protection in the face of such events. These
interactions induce complex dynamics, including feedback phenomena and tip-
ping points. The viability of ecological systems in the face of extreme climatic
events cannot be dissociated from that of social systems. We cannot ignore
the complex trends already at work on our environment, from increasing world
population to disappearance of natural environments and global warming.

Chapter 2 reviews how biodiversity is key to the adaptive capacity of species
communities. It contributes to redundancy, a factor that attenuates the dam-
ages caused by extreme events, and to flexibility, which promotes rapid and
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appropriate responses to the unpredictable nature of these events. Various ob-
servations have confirmed the need for biologically diverse natural environments
as a prerequisite for protection against extreme climatic events, especially in ar-
eas in close proximity to coastlines. The role played by biodiversity can only be
studied by establishing international partnerships to develop a rigorous global
system of observation as well as reliable indicators to measure existing trends.

Chapter 3 concerns forests, agriculture and cities, three social and ecolog-
ical systems strongly affected by changes in the climate, demography and the
environment. To insure the sustainability of these systems, greater importance
must be given to: water conservation in managing forest systems; diversifica-
tion of agricultural systems; and the development of social approaches to urban
management.

Chapter 4 discusses issues linked to preparation against health problems
linked to severe heat and cold waves, heavy rains and tropical cyclones. Be-
havioral and technical adaptation is required, as well as, better social risk man-
agement to reduce the vulnerability associated with extreme events. Organizing
efficient warning and prevention systems as well as emergency responses is cru-
cial. The appearance of communicable diseases depends on a whole set of
conditions; some of these may be highly local and must be taken into account
by the prediction and early warning systems.

Chapter 5 recommends a complete transformation of the financial coverage
system in our era of large-scale disasters both in OECD countries where the in-
surance system plays an important role and in poor countries where extreme cli-
matic events become human tragedies that interrupt budding economic growth.
Models of the macroeconomic impact of natural disasters involve the analysis of
short-term effects, of indirect impacts and of the social consequences of catas-
trophes. Preexisting economic imbalances must be taken into account as well as
the length of the reconstruction period, which is linked to the productive capacity
of the economies affected. A weak reconstruction capacity will keep some poor
countries in poverty traps that are likely to worsen with climate change.

Chapter 6 stresses that justice and equity require that the vulnerability of the
poorest countries to all types of climate hazards, whether extreme or not, be
reduced. To reach such an objective, two principles need to be followed: pre-
venting dangerous climate change and giving priority to the most vulnerable.
Initiatives involving local populations are also necessary. The example of Sa-
helian pastoral communities illustrates the complexity of this issue. The chapter
describes several current actions in the Sahel and in Bangladesh.

Chapter 7 demonstrates the necessity for comprehensive training and infor-
mation policies in matters of public safety against extreme climatic events. Such
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policies presuppose cooperation among field personnel, risk specialists, scien-
tific and technical experts and managers of public services and community net-
works. It also implies that research and development programs are coordinated
at an international level and most importantly that there is a shared global ap-
proach to security that gives the greatest importance to education and human-
itarian action. The objective is to acquire a real capacity to face collectively
multi-risk situations. The boxed texts highlight the new challenges and responsi-
bilities in this area and the expansion of risk-related fields.

France is just as vulnerable to extreme climatic events as any other country.
It must increase its capacity for prevention, response and resilience to threats
through integrated policies for disaster risk management as well as adaptation
to climate change. This requires the development of monitoring systems covering
more risks, on wider spatial and temporal scales that benefit from advances in
meteorology and health sciences, among others. It also requires land manage-
ment policies that promote the sustainability of ecological and social systems and
that will stop the current erosion of biodiversity. Such increase scaling requires
better-adapted financial solutions in order to manage the economic aspects of
the aftermaths of disaster and to promote prevention. It also requires a perma-
nent effort to educate the younger generations and the public.

Our vulnerability to extreme climatic events draws attention to the necessity
for gaining better understanding of the mechanisms underlying the sustainability
of ecological and social systems. Unifying research programs based on high-
quality data, validated climatic and hydrological models, integration into these
models of knowledge from the biological sciences, humanities, social and be-
havioral sciences are needed. Mobilizing for such programs is necessary for all
in the face of the extreme climatic events to come.
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The importance of issues related to extreme climatic events has been astonish-
ingly underestimated considering the figures that we have at our disposal. In
France, the heat wave of August 2003 led to an extra 15 000 deaths between
August 1st and 20th, 55% more than would otherwise be expected. The storms
of 1999 caused over 9 billion e in forestry damage to owners, 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 these 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.

Some might say that the number of disasters is no higher today than a few
decades ago and that they are just more visible because of today’s more modern
means of information and communications. Does the real issue lie somewhere
else? The hurricanes that hit the Louisiana coastline in the 1800s, whatever their
number, hit sparsely populated areas. Today, they would hit a major metropoli-
tan area. 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.

The fundamental question is what the consequences of extreme climatic events
will be and whether they will be catastrophic or not. The increase in human
population, industrial activities 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 re-
vealed 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. How-
ever, we are in a position of great vulnerability due to our parceled territorial
organization, unwise urban development, high population densities along some
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of our coastlines, human impacts on the environment and difficulties in engag-
ing in public debate and consultation. Our overseas departments and 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 phe-
nomena, in particular climate change, increasing population, disappearance
of natural environments and access to water. In such a context, many extreme
climatic events become catastrophes with countless economic and political con-
sequences: famine, epidemics, wars, dictatorships and migration. Extreme cli-
matic events 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 three key messages and seven recommen-
dations that will help our country effectively respond to the next big disasters.

Three key messages

We can no longer hesitate. Scientific data show that a significant number of
events that were once considered exceptional, that is classified as intense but
with low probability, are now occurring with increasing frequency and consid-
erable 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, from the ordinary citizen to decision-makers at the
highest levels of government, prepared to face such events? 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 French Academy of Sciences highlights
three key messages.

1. Urgent action is required – Reaching absolute certainty about the risk
of extreme climatic events is an illusion and it is not possible to wait to have
perfect knowledge of their mechanisms before acting. Preparations to combat
climatic hazards must be made with a full awareness of the limits of scientific
knowledge – by taking into account what we know and most importantly what
we don’t know1. Efforts to prepare us for climatic hazards must be taken only

1Bracing for the unknown. (2009). Editorial, Nature, 459 (7244).
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after careful review of the lessons learned from mistakes made during other
extreme events, regardless of their nature and location.

2. Global action is required – 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 ways. 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 the services provided by ecosystems, high concentrations of
humans 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.

3. We must act together – The recommendations in this report will be in
vain without a continuous effort to educate the public, especially the younger
generations. Certain behaviors must change and only a long-term education
effort will lead to substantial progress in this respect. Such an effort is absolutely
needed to reach 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.

Seven recommendations

Recommendation 1 – Ensuring the viability of social and ecological systems
in the face of extreme climatic events by reinforcing their biodiversity through
international partnerships.

To prepare ourselves for extreme climatic events, we must first ensure the via-
bility of socio-ecological systems. Viability requires large-scale action to protect
biodiversity, from the species level up to that of landscapes and land manage-
ment. Biodiversity taken in its widest sense has a crucial impact on the capacity
ecosystems have in regulating the climate and protecting against natural haz-
ards. Protecting biodiversity requires international partnerships such as those
set up by the GEO BON network (Group on Earth Observations Biodiversity
Observation Network)2 to monitor global scale changes in biodiversity from
scattered data. To protect biodiversity requires the development of reliable in-
dicators to measure progress towards a reduction in biodiversity losses, a task
already underway within the framework of the Convention on Biological Biodi-
versity (CDB)3. Biodiversity is a crucial factor for the resilience of ecological and
social systems in the face of extreme climatic events.

2http://www.earthobservations.org/
3http://www.cbd.int/
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Recommendation 2 – Redefining water management at different geographical
and political levels to better adapt the resource to the demands in regions
threatened by drought and assess risks in flood areas.

The adaptation of social and ecological systems to the threat of extreme cli-
matic events cannot ignore the connection between the trends that are already
transforming our local and global environment: an increasing population, a
widening of inequalities, the disappearance of natural environments and global
warming. Thus, water use conflicts between several economic sectors, which will
only get worse with future droughts, will not be solved solely through manag-
ing the resource, such as building reservoirs. Limiting demand and a precise
evaluation of risks are also necessary. More generally, to reduce exposure and
vulnerability of ecological systems to the impact of floods, it will be necessary
to improve continuously the management of emergency response and increase
the economic capacity for reconstruction afterwards through adequate insur-
ance policies, risk sharing and support for the affected individuals and sectors.
The prospect of worsening extreme climatic events calls for a commitment at the
highest level of government to develop engineering projects, warning systems
and preparedness strategies at the local, national and international scales.

Recommendation 3 – Improving coordination between administrative services
to build an efficient prevention system capable of early mobilization in the
face of heat waves, severe cold, storms and other climatic events with lower
probability of false warning.

Anticipation must be associated with monitoring and intervention. Effective
meteorological forecasting and medical preparedness systems will permit an
early mobilization of response plans (to, for example, heat waves, severe colds
or storms). The aim is to reach efficient prevention as well as management of
the risks, in particular through the organization of emergency services. 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 num-
bers that might have been lost considering the temperatures that were recorded.
Many academic disciplines, including virology, epidemiology, ornithology, cli-
matology, zootechnics, mathematical modeling and human sciences, must be
called upon, for example to anticipate and manage in a rapid and coordinated
fashion the propagation of a virus (such as the H5N1 and H1N1 viruses). Edu-
cation and awareness of the most basic hygiene principles must be a permanent
concern.

Recommendation 4 – Redefining the respective roles and responsibilities of the
private and public sectors, including those based on concrete European initia-
tives, to develop solutions for financial coverage that are specifically adapted
to large scale disasters.
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Future years will likely see an increasing number of highly destructive climatic
events occurring in rapid succession (as was the case in the last 10 years), with
possibilities of more severe crises and disasters. Every country, and the inter-
national community as a whole, must redefine the role and responsibility of the
public and private sectors in order to develop appropriate financial responses
to large-scale disasters. A transformation of the financial response system is al-
ready under way in several countries and an increasing number of countries are
becoming aware of the importance of bringing it to the highest decision level4.
France has a risk-sharing scheme based on national solidarity where the insur-
ance premium does not depend on risk exposure. Such a system, which does
not promote prevention, protects against small risks but is not adapted to the
new dimensions of the disasters requiring the state to pay in the end. The French
system should be modified to strengthen personal liability. It should also be re-
defined within an international framework to develop, for example, alternative
solutions for risk transfer, an undertaking that requires better quantification of
hazard exposure.

Recommendation 5 – Developing a coherent set of policies to 1) decrease vul-
nerability and risk exposure, 2) facilitate emergency management and 3) in-
crease rebuilding capacity.

According to the 2008 Report of the French Committee for Civil Defense (Haut
Comité Français pour la Défense Civile), a developed country cannot remain un-
prepared to exceptional events whether they are economic, social or political5.
Much work has been undertaken at the ministerial and inter-ministerial level to
strengthen France’s preparedness for crisis situations. French monitoring sys-
tems 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 prepared-
ness to threats better understood, to end piecemeal efforts and the multiplication
of institutions, and to acquire a true ability to face multiple hazard situations.
Taking into account the monitoring systems that already exist in France, any de-
velopment of a global 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.

Recommendation 6 – Decreasing population vulnerability to extreme climatic
events in developing countries by increasing food security, reducing poverty
and preserving ecosystems in these countries.

4The White House (2007). Economic Report of the President. Council of Economic Advisors,
Washington, DC.

5HCFDC (2008). Constats et propositions pour une vision globale de la sécurité. Rapport Défense
Civile, Paris.
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Extreme climatic events increase the variability of agricultural production and
its impact on the populations of the poorest countries. All projects on global
agreements regarding climatic issues must give the priority to the development
in these countries, through increased aptitude to brace for disaster, prevent
crises and conflicts, deciding on mitigation and adaptation measures to climate
change. Especially in Africa, it is crucial to improve policies, institutions and
agricultural technology as well as allocate sufficient means for local actions,
educate and familiarize people with risk management. Coordinating regional
initiatives on food security, access to energy sources, decreasing deforestation
and water and soil management is also a priority. This is why it is increas-
ingly urgent to make contributions to global funds to help the least developed
countries elaborate and implement new models of development6.

Recommendation 7 – Promoting unifying programs of research on 1) the
mechanisms responsible for climate extremes, 2) regulation, resilience and
recovery of social and ecological systems and 3) threats and land manage-
ment.

Strong support for fundamental research on the physical mechanisms respon-
sible for climate extremes is necessary. Today, our understanding of mechanisms
that might be involved remains sketchy. Research efforts should be pursued to
increase our capacity for advance warning and preparedness. Preparing for
severe climatic events cannot be done without further pursuing research on the
impact of extreme climatic events on ecological and social systems and research
on the mechanisms of regulation, resilience and recovery of such systems after
the occurrence of an extreme event. New approaches to planning land-use,
urbanization and construction must be developed. We must also gain knowl-
edge about 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. Clearly,
the humanities and social sciences must take a full part in such programs.

Recently, the flooding caused by the storm Xynthia led, as often happens when
tragedies occur, to an admirable surge in solidarity and mutual aid. It demon-
strated the efficiency of meteorologists and the dedication and generosity of civil
defence workers. It has however also revealed how much we need to: improve
our capacity to prepare for the full complexity of such events; apply existing laws
and regulations; and, invent new regulatory and land-use models. To lower our
vulnerability to extreme climatic events requires consistency, perseverance and
tenacity. Regarding these events, forgetting is our worst enemy!

6Voir Patt A.G. et al. (2010). Estimating least developed countries’vulnerability to climate-
related extreme over the next 50 years. Proceedings of the National Academy of Sciences
www.pnas.org/cgi/doi/10.1073/pnas.0910253107




