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ABSTRACT
CCR (Caisse Centrale de Réassurance) is a French reinsurance company playing a major role in the 
natural catastrophe coverage in France. Since 2003, CCR has been developing tools for the estima-
tion of its exposure to climatic risks. These tools cover three main perils: flood, storm surge and 
drought. Models are used to estimate the insurance losses and are systematically used for all major 
climatic events. Both modelling calibration and validation are based on an important policy and 
claim database. It was created in 2003 and supplied every year with insurer’s data. In order to evalu-
ate the financial exposure for insurance of extreme events, a stochastic approach has been developed 
since 2011, for flood, storm surge and drought. The simulation of the stochastic event set allows us 
to estimate the mean annual losses and losses associated with different return periods. The objective 
of this approach is to connect the impact models for all perils with a large set of climate simula-
tions. ARPEGE-Climate (Météo-France) is a model that is used to generate two sets of 200 years of 
hourly atmospheric time series: at current conditions and at year 2050 conditions according to RCP 
(Representative Concentration Pathways) 4.5. The main climate data used are: hourly rainfall, wind 
speed and atmospheric pressure and the Soil Wetness Index that is issued from a complementary 
surface model. The  hazard and  vulnerability models developed are based on the climatic data to 
compute continuous loss estimations. The method proposed will take into consideration develop-
ment scenarios to evaluate the consequences of demographic growth and insured values evolution. 
The simulations show a global loss increase in 2050 which can be attributed to climatic factors such 
as extreme rainfall increase or sea level rise as well as, for a major part, the population and insured 
value growth in areas at risk.
Keywords: climate change, flood, insurance losses, storm surge, vulnerability.

1 INTRODUCTION
Even if the year 2015 has been relatively quiet in terms of economic losses due to natural 
catastrophes [1], the financial impact of natural disasters in the world continuously increases 
since 50 years [2]. The causes of this global increase in the last decades can be explained by 
the following factors: the world population continuous growth in the cities (concentration of 
vulnerability in small areas); economic growth in emerging countries and the possible rise of 
frequency and intensity of extreme events due to climate change.

If the International Panel on Climate Change report [3] gives a clear vision of the 
anthropogenic causes of climate change, the conclusions in terms of impacts over the 
water cycle are more balanced as climate change effects will not be uniform, but different 
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from a region to another. Several studies have shown that extreme rainfall could be more 
frequent at the mid latitude, inducing an increasing of the frequency and intensity of cat-
astrophic events [4,5]. Sea-level rise effect will also increase the exposure of coastal 
regions to storm surge [6].

In France, the insured losses due to climatic disasters are covered by the Natural Catastro-
phes (Nat Cat) scheme (for flood, droughts, cyclonic winds) or by traditional insurance (for 
windstorm, hail, snowfall). CCR (Caisse Centrale de Réassurance) is a public reinsurer 
 providing the unlimited state-guarantee to its clients for natural disaster coverage. In this 
purpose, CCR has developed models to evaluate insurance damages caused by climatic 
events such has flood [7], drought and storm surge [8].

In order to assess the financial impacts of climate change for natural disaster insured 
losses in France, these models have been combined with climatic projections generated by 
the ARPEGE-Climate model, developed by Météo-France [9]. The aim of this multi-peril 
approach, focusing on flood and storm surge in this paper, is to simulate 200 fictive years 
corresponding to the actual and the 2050 climatic conditions, and to estimate the insured 
losses resulting. As the insurance exposure is a key component of the damage estimation, 
a first evaluation of the possible evolution of the vulnerability has been made.

2 DATA AND METHODOLOGY

2.1 Climatic model

The modelling system developed for estimating the potential impacts of climate change by 
2050 is based on the use of Météo-France climate simulations for supplying hazard and dam-
age models developed by CCR.

As part of Intergovernmental Panel on Climate Change activities (IPCC), Météo-France 
has implemented its global ARPEGE-Climate model (Action de Recherche Petite Echelle 
Grande Echelle) for each of the trajectories of variation in greenhouse gas concentrations 
(RCP: Representative Concentration Pathways) to produce simulations up to 2100 for the 
whole world.

ARPEGE-Climate [9] is the atmospheric model used by Météo-France to perform the 
Coupled Model Intercomparison Project (CMIP) inter-comparison exercises [10]. This is a 
global spectral atmospheric model derived from the ARPEGE/IFS (Integrated Forecast Sys-
tem) numerical weather prediction model developed jointly by Météo-France and European 
Centre for Medium range Weather Forecast. ARPEGE-Climate, even if global, relies on a 
stretched grid that provides output at finer resolution over an area of interest.

For CCR’s needs, Météo-France configured ARPEGE-Climate (version 6) to refine calcu-
lations in the region of interest, continental France. Two simulations of 200 years, one at the 
current climate (2000) and the other at a future climate (2050), have been performed in a 
configuration with 31 vertical levels and a resolution of about 20 km over Europe and 250 km 
on the opposite ends of the earth. The model includes the soil-vegetation-atmosphere transfer 
scheme SURFEX (Surface Externalisée) [11]. Fields from the model are stored every hour.

Both simulations are forcing experiments with stationary greenhouse gases concentration 
throughout the 200 years. The forcing sea surface temperatures are long monthly time-series 
from CMIP experiments. The astronomic parameters are from the year 2001 to 2200, so the 
chronologic series are dated but the simulated data are not prediction, but realistic fictitious 
atmospheric conditions.



 David Moncoulon, et al., Int. J. of Safety and Security Eng., Vol. 6, No. 2 (2016) 143

The hypothesis chosen for simulation of the 2050 future climate is RCP 4.5 (solar radiation 
forcing of +4.5 W/m2 in 2100) which follows a progression that stabilises without excess by 
2100, with a rate of 660 ppm CO2 equivalent, which corresponds to a mean increase of 1.8°C 
in 2100 in relation to the present mean temperature. This variation scenario is a bit over the 
objectives targeted during COP 21 in Paris.

2.2 Hazard and insurance-damage models

2.2.1 Flood model
The flood model developed by CCR [7] is made up of two complementary models. The first 
is the surface run-off model. On the basis of the rainfall measurements obtained from the 
ARPEGE-Climate simulations, it calculates the water volumes that flow on the surface and 
under the surface of the ground. This run-off model takes into account topography, but also 
land use to reproduce the behaviour of impervious areas.

The river overflow model is used to estimate the flow rate of the main water courses and 
their overflow during an extreme event. This overflow is based on the spread of water on a 
digital model of ground, describing the topography of the impacted area. These two models 
are complementary and each has their own importance, since the CCR’s loss experience data 
have shown that a large proportion of damage to property – up to 50% [7] – is not located in 
the overflow area of the main water courses, but perhaps caused by secondary water courses 
or by surface run-off.

2.2.2 Coastal flooding model
Severe weather events create meteorological conditions that drive up the sea water level, 
creating a storm surge. This storm surge could result in coastal flooding if it occurs during 
high tides.

The modelling system developed by CCR [8] is based on the combination of three mod-
els. The first is the TELEMAC-2D hydrodynamic model [12] which is used to simulate the 
tide and the rise in sea level caused by a weather event. It uses wind speed and atmospheric 
pressure data obtained from the ARPEGE-Climate model. Waves, which may contribute 
considerably to coastal flooding, are simulated with the TOMAWAC model [13], supplied 
by outputs from the TELEMAC-2D model. Lastly, the seawater levels resulting from the 
tide, the storm surge and the breaking of waves are propagated on land by a flooding model, 
similar to LISFLOOD-FP [14]. Wave overtopping phenomenon is not modelled in this 
approach.

In addition to the variation in climate, the warming and induced dilatation of seas and the 
melting of polar ice caps could have a direct effect on sea level. According to the IPCC 
simulations based on RCP 4.5; this could rise by as much as 20 cm by 2050 in relation to 
the mean sea level in 2015. In order to measure the impact of this rise, simulations of 
events with the 2050 climate were modified by increasing the sea level by 20 cm. In this 
study, the study of storm surge only concerns the Atlantic coastline which was considered 
as a priority due to a strongest exposure to the rise of water levels than Mediterranean 
coastline.

2.2.3 Damage simulation
Continental and coastal flood hazard maps modelled for individual events are crossed with a 
vulnerability database. This database describes insurance risks in terms of insured values and 



144 David Moncoulon, et al., Int. J. of Safety and Security Eng., Vol. 6, No. 2 (2016)

line of business and geolocalization. Damage functions, calibrated on the historical events are 
used to compute the damage probability and destruction rates for the insurance portfolios. 
The results of the damage model are available at tree levels: communal, regional (French 
département) and global.

2.3 Event detection

Figure 1 illustrates the multi-peril detection method for a given fictive year. The climatic data 
provided by Météo-France are continuous data in terms of temporal and geographic extent. 
Among these data, the detection of Nat Cat events has to be computed. Nat Cat events are 
defined for flood and storm surge when hazard parameters exceed a given threshold.

Figure 1: Representation of the event selections for the fictive year 2003.
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Flood was modelled at two different catchment scales: small watershed and large water-
shed, respectively, for 72 h rainfall events and 10-days rainfall events. Two independent flood 
events distributions have been built by comparing the 72-h or 10-d cumulative rainfall to the 
10-years return period threshold.

For coastal floods, to detect the events among the continuous climatic simulations, three 
thresholds have been chosen for each of the 20 tide gauge stations available. The first one 
corresponds to the 97th percentile over the tide predicted by the OTPS model (OSU Tidal 
Prediction Software [15]), the second to the 1st percentile over atmospheric pressure and the 
third is the 99.5th percentile over wind speed. These thresholds were calibrated with a data-
base of historical events that happened over France during the 20th Century.

The hazard of one fictive event that occurred in 2003 (at climate 2050) for flood and storm 
surge is illustrated in Fig. 2. This event affects all the west part of France and caused very 
important losses: more than one billion for continental flooding and 100 million for coastal 
flooding.

2.4 Vulnerability assessment for 2050

The evolution of vulnerability could widely influence the damages of meteorological events 
in 2050. Indeed, the number of exposed properties that may be affected by a natural event will 
increase, according to the population growth and territorial dynamics.

On the basis of INSEE (Institut National de la Statistique et des Etudes Economiques) 
projections for France, the number of insured properties by 2050 has been estimated at the 
commune level. The result is an increase in the number of risks from nearly 51 million in 
2015 to almost 57 million in 2050 (+11.7%). A projection of insured property values was also 

Figure 2: Storm surge and flooding hazard simulated for the 2003 fictive event in the sector 
of Carnac.
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produced on the basis of CCR historical insurance database over the past 10 years. According 
to these estimations, insured values would grow by 72% between 2015 and 2050. The map of 
these variations shows major regional disparities (Fig. 3) which correspond to an extrapola-
tion of the dynamics observed today.

3 RESULTS

3.1 Hazard

By compiling the hazard maps for each event in the event sets, a probabilistic hazard map was 
build-up where each pixel indicates the return period of flooding. Figure 4a shows an exten-
sion of areas exposed to runoff between current and future climate conditions and for a same 
return period. For storm surge, with no significant trend on climatic effect, the most visible 
effect is due to the predicted rise in sea level. In areas of low relief (Fig. 4b) a 20 cm increase 
in the level of water leads to a significant extension of flooded areas for a same return period.

Several important factors have not been taken into account. Whereas the vulnerability rise 
was taken into account for damage calculation, its consequences such as soil sealing and 
diminution of natural areas that play a role of water storage are not taken into account in 
hazard modelling. On the other hand, all prevention and protection measures that will proba-
bly take place between now and 2050, in response to changes in the climate situation, such as 
dike or dam constructions are also ignored in the model. Furthermore, erosion and accretion 
could also significantly change the morphology of coastline in 35 years. All these aspects are 
very difficult to be estimated and are not considered in this study.

Figure 3: Map of the variation in insured values by municipality between 2015 and 2050.
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Figure 4: Variation in distribution of areas exposed to runoff (left) and storm surge (right) for 
a return period of 50 years between 2015 and 2050.

Figure 5:  Variation of mean annual insurance losses according to meteorological and 
vulnerability conditions.
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3.2 Losses

The distribution of event losses computed for flood and storm surge is presented in Fig. 5. For 
floods, these results show an increase of damages (+20%) between current and 2050  climates. 
This increase is linked to the global increase of precipitations that are forecasted for 2050 
climate in France by the Météo-France simulations. The insurance portfolio projections for 
2050 also induce a very significant increase in the mean cost of events, for all perils. This 
tendency is directly correlated with the demographic evolution.

In terms of climatic variation alone, the results presented in Fig. 5 do not show clear trends 
towards an increase in the intensity and frequency of coastal flooding by 2050. Indeed, the 
mean annual loss with unchanged vulnerability is stable between 2015 and 2050. At the same 
time, the most extreme years (with a return period greater than 30 years) would generate 
significant higher losses.

The impact of a 20 cm sea level rise on damages is significant for storm surge. However, 
the greatest trend in terms of estimated costs in 2050 is due to the variation of vulnerability. 
In effect, according to the INSEE projections, the regions where the population increase pro-
jections are the most important are the southern and coastal regions of France, as shown in 
Fig. 3. These trends have a direct impact on the coastal flood losses simulated for 2050. But 
here again, one can suppose that the vulnerability will have to adapt to changes in sea level. 
Multi-hazard results show that the weight of coastal flood damages could rise from 7% to 
14% of total damages from now to 2050.

4 CONCLUSIONS
The aim of this work was to simulate at current and future conditions the insured losses due 
to climatic disasters. The choice of the RCP 4.5 was a bit above the objectives targeted during 
COP 21 in Paris, which was to limit the temperature rise to 2°C in 2100.

Continental and coastal flood hazard and damages were simulated at an infra-communal 
scale. The annual amount of damages generated by both flood and storm surge will rise from 
855 to 1325 M€ (~+55%), following the rise of insured good values (population growth and 
insured value rise). The increase of precipitations (for flood) or the rise of sea level (for storm 
surge) will play a smaller part (~20%) in the global increase.

These conclusions are strongly impacted by the choice of the RCP 4.5 scenario, driven by 
the COP 21 perspectives. In order to assess the impact of a more pessimistic projection for 
the future, the RCP 6.0 will be simulated in the next phase of the project. Furthermore, 400 
years of climatic simulations will be used to enforce the estimations of the annual mean 
losses.
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