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Disclaimer  

Views and opinions expressed are however those of the author(s) only and do not necessarily 

reflect those of the European Union or the European Climate, Infrastructure and Environment 

Executive Agency (CINEA). Neither the European Union nor the granting authority can be held 

responsible for them.
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Summary  

The PIISA Clay Shrink Swell Building Damage Assessor will be an online website designed to 

educate homeowners about their financial risks associated with inadequate insurance cover for 

property damage caused by clay shrink swell events. The Clay Shrink Swell Building Damage 

Assessor is the new name for what is referred to as the climate adaptation dashboard in the 

Grant Agreement (Task 3.2.2). 

The Clay Shrink Swell Building Damage Assessor will be pilot tested in the City of Lyon and then 

taking account of lessons learned in this process will be replicated in other cities and regions in 

France. Concurrently with this replication in other cities and regions in France we will research 

the risk level and insurance framework for other EU countries to identify demand for replication 

of the Clay Soil Shrinkage Building Damage Assessor in other EU countries. 

The Clay Shrink Swell Building Damage Assessor contributes to the following PIISA Specific 

Objectives: 

¶ SO5: Localised piloting 

¶ SO6: Activating Climate Resilience Dialogue 

¶ SO8: Enabling insurance market growth 

This document is the preliminary specification for the Clay Shrink Swell Building Damage 

Assessor and articulates the methodology and data which will be used in the Clay Shrink Swell 

Building Damage Assessor. It also summarises the background research on the topic and 

various aspects of the user journey/interface which may be embedded in the Clay Shrink Swell 

Building Damage Assessor (although this user journey/interface will be under constant iteration 

during the software development phase). Finally it includes the contracting information which we 

will use to instruct a third-party web developer to develop the Clay Shrink Swell Building Damage 

Assessor. 

This document is an outcome from work in Task 3.2.2 which develops one of the five pilots of 

PIISA WP3. As stated in the workplan, ­T3.2.2 Climate adaptation dashboard for financial 

assessments® develops a guide to homeowners on financial risk assessments regarding cases of 

clay shrink swell damage. 
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1 Background for Clay Shrink Swell Building 

Damage Assessor  

This section describes the nature and extent of the problem of clay shrink swell in France and 

how insurance cover for homeowners is provided through the national Cat Nat scheme 

operating with typical multi-risk home insurance. It then articulates the areas where this 

insurance framework creates risks for homeowners from inadequate insurance cover for 

property damage caused by clay shrink swell events. 

1.1 Background on the causative factors of clay shrink 

swell  
A clay shrink swell (CSS) event can occur if the relevant local factors are present and are 

combined with the relevant climate factors: 

¶ Local factors: These include aspects such as the constitution of the soil (it needs to 

contain clay), the inclination of the area, the hydrological context of the area, 

surrounding vegetation etc. (British Geological Survey, Undated). As the name indicates, 

there must be clay in the soil composition. It is estimated that a CSS event can occur if 

the soil composition is of at least 10% clay (Boivin et al., 2006). 

¶ Climate factors: Triggering factors of evapotranspiration and precipitation from weather 

events such as droughts, heatwaves and rainfall can potentially trigger a CSS event in 

areas where the relevant local factors are present. 

Annex 1 Causative factors for a CSS event includes a detailed diagram of the relevant factors 

and processes which lead to a CSS event occurring. Clay soil consistency can easily change 

depending on the soil®s water content. When it rains, clay soils absorb water and dilate just like a 

sponge. The water contained in the clay evaporates and the clay soil shrinks. The drying out of 

the soil creates both horizontal cracks on the surface and vertical hydromechanical settlement 

under the weight of the structures (Assemblée Nationale, 2023). Simply put, CSS events occur 

when a drought is followed by heavy rain, causing soil to move and change shape significantly in 

a short period of time. 

For any given geographic location, the local factors can be assumed to remain relatively 

constant. Because the local factors for any geographic location can be assumed to remain 

relatively constant, increasing likelihood of a CSS event occurring is related to climate change 

and more specifically to the increasing likelihood of the relevant weather events such as 

droughts, heatwaves and rainfall that can potentially trigger a CSS event. 

1.2 Clay shrink swell  in France  
CSS events mainly affect single-family homes and are widespread in France. It is estimated that 

48% of the national territory is at medium or high risk of this phenomenon and around 10.4 
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million single-family homes are at medium or high risk of CSS events, representing 54% of all 

single-family homes (Sénat, 2023). 

 

Information Box: Clay shrink swell in the City of Lyon 

The location of the pilot test for the Clay Shrink Swell Building Damage Assessor is the City of 

Lyon, which is situated in the Rhône department, where it is estimated that 26% of houses are 

potentially subject to CSS risk. Indeed, between 2009 and 2020, 47% of the cities in the 

department made official requests for the recognition of natural catastrophes due to CSS 

events. Of these official requests, 45% were not recognised as natural catastrophes (Cour 

des Comptes, 2022). 
 

 

1.3 Home insurance cover and natural catastrophes  
In France, a national mechanism called Cat Nat is a compensation scheme for homeowners, 

companies and local authorities for damage caused by natural disasters such as CSS events. 

The Cat Nat scheme is based on a dual-guaranteed system: 

¶ insurance companies offer insurance policies to cover properties, and they are reinsured 

by the Caisse Centrale de Réassurance (CCR) for payouts when a natural catastrophe 

has been declared; and 

¶ the CCR benefits from a full government guarantee and in return for this guarantee pays 

the State around  100 million per year (even if there is no payout). 

Natural catastrophe insurance is a mandatory contract clause in home insurance contracts. 

There is an additional premium which is identified individually in the contract and calculated 

based on a single rate defined by decree. This rate is therefore uniform throughout the country 

(whatever the degree of risk exposure) and reflects the principle of national solidarity in the face 

of natural disasters (Sénat, 2023). This rate is applied to the amount of the main premium or 

contribution, or the amount of capital insured, depending on the type of contract (Code des 

assurance, article L125-2). In general, this rate is 12% of the price paid by homeowners of home 

insurance policies. 

If a natural catastrophe occurs which is covered by the Cat Nat scheme, the Mayor and then the 

Prefect must submit an official request to the State to recognise the occurrence of a natural 

catastrophe through a decree. Once this decree is officially published, the insurer assesses the 

cost of damage and indemnifies the homeowner and is then reinsured by the CCR. 

Further detail on this broad framework is shown in the infographic and accompanying 

explanation below (and specific details on the process from the homeowner®s perspective is in 

Section 2 Objectives for the Clay Shrink Swell Building Damage Assessor). 
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Figure 1: Framework for declaring a natural catastrophe and state indemnification (CCR, Undated) 

When a natural disaster (such as subsidence, flooding or CSS) occurs, the Mayor has 24 

months from the date of the event to compile and submit a request to the Prefect requesting the 

Government to officially declare a natural disaster. Upon receiving the Mayor's request, the 

Prefect submits it to the Interministerial Commission for examination. The Interministerial 

Commission reviews the request and, if approved, the Official Journal publishes the list of 

municipalities recognised by the decree as affected by the natural disaster. This list is accessible 

on the CCR website. 

It is critical to note that homeowners are only covered for damage from a natural catastrophe 

which is officially recognised as such by the Cat Nat scheme (following the process articulated 

above). Where the Cat Nat scheme does not officially recognise the natural disaster, the 

homeowner is not insured for any property damage. 

Where there is official recognition of the natural disaster, a loss adjuster is appointed to assess 

the cost of the damages incurred by the natural disaster. Based on the loss adjuster's 

assessment, the insurer then indemnifies the insured. To support the insurer in covering these 

costs, the CCR provides reinsurance in accordance with the Natural Disaster compensation 

scheme. Finally, to ensure the financial stability of the CCR, the State offers an unlimited 

guarantee in the event of an extreme natural disaster. 
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1.4 Recognition of clay shrink swell under the Cat Nat 

scheme  
For a CSS event to be recognised as a natural catastrophe under the Cat Nat scheme, two 

conditions must be met: 

¶ the affected area has at least 3% of its surface mapped as shrinkable clay; and 

¶ the meteorological conditions that have occurred must be identified as being exceptional 

periods of drought. This label requires the 3-month average of Soil Wetness Index 

uniforme to be the lowest or second lowest of a 50-year reference associated with the 

same month (Bathélmy et al., 2024). 

1.5 Concerns as to long term viability of the Cat Nat 

scheme regarding clay shrink swell  
The annual cost of CSS covered by the Cat Nat scheme (i.e. every euro spent on damage 

caused by a CSS event recognised as a natural catastrophe under the Cat Nat scheme) rose to 

an average of over  1 billion for years between 2017 and 2020 (compared with  445 million for 

years since 1982). Indeed, the cost of the 2022 drought alone in the Cat Nat scheme is 

estimated at between  2.4-2.9 billion (Sénat, 2023). 

 

 

Figure 2: Cost of CSS in the Cat Nat scheme over the years (France Assureur) 

It is estimated that the cumulative cost of drought claims between 2020 and 2050 would be  43 

billion which represents a threefold increase compared to the previous three decades. In the 

face of these significant increases in the cost related to CSS event, there are concerns, in the 
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insurance world and at the national level, that the Cat Nat scheme would no longer be able to 

generate sufficient reserves to cover claims by 2040 (Sénat, 2023). 

1.6 Potential insurance risks for homeowners  
Annex 3 Insurance claims for clay shrink swell sets out more detail on the requirements which 

must be satisfied in relation to insurance cover for CSS and the different steps in the process for 

an insurance claim when homeowners have suffered property damage resulting from a CSS 

event. The commentary below articulates the main risk for homeowners which is apparent with 

this process. 

Lack of certainty regarding State recognition of a Cat Nat for clay shrink swell events 

Over the last nine years, an average of 50% of requests for official recognition of a CSS event as 

a natural catastrophe under the Cat Nat scheme have been unsuccessful (Cour des Comptes, 

2022). 

Official recognition of a natural catastrophe for CSS events can be refused for three main 

reasons. First, when the case prepared by the Prefect is deferred due to incomplete 

documentation. Second, although rare, when there is evidence of failure in implementing 

necessary preventive measures. Third, when the exceptional intensity (see Section 1.4 

Recognition of clay shrink swell under the Cat Nat scheme) of the event is not proven. 

For CSS events, it is particularly challenging to prove the exceptional intensity of the event. This 

is because CSS can occur over prolonged periods and may not present immediate, dramatic 

impacts compared to other natural disasters like floods or earthquakes. Indeed, CSS events 

often have a gradual impact, making it harder to pinpoint a specific moment for the disaster, 

which complicates the process of demonstrating the exceptional nature of the event. 

Starting 1 January 2024, the definition of a natural catastrophe under the Cat Nat scheme has 

been expanded to include ­an abnormal succession of significant drought events® (Bruna, 2023). 

This modification is significant for CSS events, as it acknowledges that the cumulative effect of 

multiple droughts can cause substantial damage. By recognising the impact of successive 

droughts, the new definition better accommodates the nature of CSS, where damage often 

results from a series of events rather than a single occurrence. This change should improve the 

chances of CSS events being officially recognised as natural catastrophes, thereby facilitating 

better support and compensation for affected areas. 
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Timescale for payouts 

The timeline established for the administrative process with the Cat Nat scheme does not align 

well with homeowner needs. As set out in Section 1.3 Home insurance cover and natural 

catastrophes, the first step is for the Mayor to request state recognition of a natural catastrophe 

for the affected area, and this request needs to be made individually for each affected area. 

However, there is a significant delay in this process as each Mayor has up to two years from the 

occurrence of the disaster to make this request (Georisque, Undated). Once the Mayor submits 

the request, the Government has two months to analyse the situation and issue the decree 

recognising the natural catastrophe (Code des assurance, article L125-1). 

For homeowners, timing is crucial. They have only 30 days after this decree is issued to report 

their losses to their insurance company (although they may also do it beforehand). The 

insurance company has up to three months to compensate the homeowner after receiving the 

claim, but it must be remembered that if a natural catastrophe is not recognised there will be no 

insurance payout. 

The length of time to receive state recognition of a natural catastrophe (and the consequent 

length of time to receive compensation) is challenging for homeowners as it prolongs their 

recovery process and adds to their financial burden. And indeed during the period up to the 

point that state recognition the homeowner cannot be certain that there will be state recognition 

and that they will be compensated for property damage. This period of uncertainty is particularly 

acute for homeowners who cannot live in their property. While emergency rehousing costs are 

covered even in the absence of recognition of a natural catastrophe, this can leave homeowners 

in limbo. 

In worst case scenario, homeowners might wait up to 2 years and 5 months to start being 

compensated for their loss. 

Failure to adhere to preventive measures 

If the property was built without considering the requirements regarding its construction imposed 

by a natural risk prevention plan (PPRN) or if the preventive work required by a PPRN has not 

been carried out within five years of the PPRN's implementation, the insurer is not obliged to 

cover damage caused by a natural catastrophe (Georisque, Undated). 

Thus, it is necessary for homeowners to comply with the PPRN, which is a document issued by 

the State. This document is also attached to the local plan of urbanism issued by the city. For the 

City of Lyon, it appears particularly difficult to find and access this information. Even if the 

information exists, it makes it particularly difficult for the homeowner to comply with it, if it is not 

accessible. 
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Summary of the risks for homeowners associated with property damage caused by a CSS 

event 

¶ If a homeowner suffers property damage caused by a CSS event, insurance cover is 

provided by the typical multi-risk home insurance policy together with the Cat Nat 

scheme. 

¶ An insurance payout will only take place when the State officially recognises the 

occurrence of a natural catastrophe under the Cat Nat mechanism. 

¶ Where there has been damage caused by a CSS event but there is no State 

recognition of a natural catastrophe, there is no insurance payout. 

¶ Even if a natural catastrophe is recognised by the State, there will be no insurance 

payout if the homeowner has not complied with all preventative measures which are 

applicable for the property and articulated in the PPRN. 

¶ Even if a natural catastrophe is recognised by the State, the length of time to receive 

State recognition of a natural catastrophe (and the consequent length of time to 

receive compensation) is challenging for homeowners as it prolongs their recovery 

process and adds to their financial burden. 
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2 Objectives for Clay Shrink Swell Building Damage 

Assessor  

The PIISA Clay Shrink Swell Building Damage Assessor will be an online website designed to 

educate homeowners about their financial risks associated with inadequate insurance cover for 

property damage caused by CSS events. This section articulates the specific objectives for the 

Clay Shrink Swell Building Damage Assessor in the context of this principal objective. 

This section and the following ones from 3 to 5 result from Loop 1: Proof of concept of Task 

3.2.2 in PIISA workplan, where ­a methodology to transform the level of vulnerability and 

exposure to climate risks into financial assessment. The methodology will be based upon open 

access data sets that cover a variety of domains.® 

As demonstrated in Section 1 Background for Clay Shrink Swell Building Damage Assessor, 

there are potential risks for homeowners in relation to inadequate insurance cover for property 

damage caused by a CSS event. At the same time it is estimated that 48% of the national 

territory in France is at medium or high risk of CSS events occurring (Sénat, 2023). This means 

that a significant number of French homeowners are at risk. 

These risks in relation to inadequate insurance cover for property damage caused by a CSS 

event will be compounded as climate change is expected to increase the likelihood of CSS 

events occurring in the future (see Section 1.1). 

In this context, the principal objective for the Clay Shrink Swell Building Damage Assessor is to 

educate homeowners about their financial risks associated with inadequate insurance cover for 

property damage caused by CSS events. The Clay Shrink Swell Building Damage Assessor will 

be in online format and will communicate to homeowners various information about the financial 

(and other) risks they face from inadequate insurance cover. 

The Clay Shrink Swell Building Damage Assessor therefore has a different mechanism for 

change compared to other work activities (in relation to the pilots or otherwise) under the PIISA 

project. Whereas the mechanism for change for these other work activities can be generally 

understood to focus on assisting the insurance industry, the Clay Shrink Swell Building Damage 

Assessor is focussed on raising homeowner awareness about a particular insurance issue, with 

the hope that increased homeowner awareness will leverage pressure on the insurance industry 

to address the issue. 

This focus on homeowners as the target audience/constituency means that the parameters 

which shape the development process for the Clay Shrink Swell Building Damage Assessor are 

different. Homeowners must be assumed to be non-experts in relation to the technical aspects 

of climate change, CSS, insurance cover etc. Therefore communicating to this audience 

requires transparency, simplicity and clarity. Above all else, the Clay Shrink Swell Building 

Damage Assessor must be compelling and easy to use so that homeowners will use it. We 

consider that adhering to these principles will be most effective for getting the PIISA project®s 
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key message across that there is urgent need to reduce the insurance/adaptation gap against 

CSS risks. 

In addition, the focus on homeowners as the target audience/constituency means that the Clay 

Shrink Swell Building Damage Assessor will not seek to project beyond the base of evidence. 

For example, the Clay Shrink Swell Building Damage Assessor is not seeking to develop a 

complex actuarial model of the financial risks for homeowners (as might be appropriate for 

technical users). Rather, the Clay Shrink Swell Building Damage Assessor will seek to effectively 

communicate credible and easily understandable information about the financial risks associated 

with inadequate insurance cover for property damage caused by CSS events in a way which 

activates homeowners to address the issue with their insurance providers. This means that the 

methodology seeks to keep modelling assumptions to a minimum, and the methodology which 

sits behind the financial risk metrics draws from existing empirical data (rather than a modelling 

approach). 
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3 User journey for Clay Shrink Swell Building 

Damage Assessor  

This section articulates a high-level skeleton of the user journey we are planning to create for 

navigating the Clay Shrink Swell Building Damage Assessor. It articulates how users will hear 

about and be directed to the Clay Shrink Swell Building Damage Assessor, the broad flow of 

information they will be presented with, and information they must provide. 

Attracting/redirecting potential users to the Clay Shrink Swell Building Damage Assessor 

2DII is working with Lyon Place Financiere to publicise the Clay Shrink Swell Building Damage 

Assessor to homeowners in the City of Lyon to visit the Clay Shrink Swell Building Damage 

Assessor and estimate their potential financial risk. The community of Lyon Place Financiere is 

targeted at corporates rather than homeowners, however certain members could potentially be 

interested in the Clay Shrink Swell Building Damage Assessor and could help with publicising it. 

They are as follows: 

¶ Insurance: Alexis Assurance, Allianz Trade, Apirl, Bibby, CFDP Assurance, Filhet Allard 

& Cie, Groupama, APICIL, MARSH, Metropolam 

¶ Residential: CAPELLI, Habitat et Humanisme 

¶ Real estate: JUNE REIM, JLL, Sogelym, Advenio 

¶ Research institute: ISFA (cross-disciplinary training and research institute in actuarial 

and financial sciences, dedicated to the management of risks) 

¶ Institutions: Métropole de Lyon, Bpifrance (Immobilier) 

In addition, Lyon Place Financiere are in contact with local press organisations: 

¶ Bref Eco 

¶ Tribune de Lyon 

¶ Journal des Enterprises 

¶ La Tribune 

¶ LE Progres 

¶ Lyon Enterprises 

¶ Lyon Decideurs 

¶ Le Tout Lyon 

¶ Les Echos 
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1: Landing page 

Broad presentation Specific details 

Welcome page which presents information 

about what the Clay Shrink Swell Building 

Damage Assessor is intended to do and 

how it can help homeowners. Text needs 

to be visually stimulating and captivating 

to entice users to use the tool. 

Explanation of CSS event, what causes them, 

how the phenomenon is connected to climate 

change and how it affects people. 

Alert that typical home insurance may not cover 

damage caused by CSS events. 

Explanation that the Clay Shrink Swell Building 

Damage Assessor is to educate homeowners on 

their risk and provide practical advice on what 

homeowners can do to protect themselves. 

At the bottom of the page will be a question as to 

whether the homeowner wants to find out more. 

 

 

2: Broad articulation of the problem associated with CSS 

Broad presentation Specific details 

Introduction to CSS and the issues at 

stake for homeowners. This information 

will synthesise information from this 

document and repackage this information 

in clear and transparent communication 

designed for a non-technical audience. 

Explanation of the extent of property damage 

from CSS events. 

Illustration that the likelihood of CSS events 

occurring is projected to increase with climate 

change. 

Explanation of the weaknesses in the insurance 

framework (cat nat and multi-risk home 

insurance). 

 

 

3: Users provide information for the Clay Shrink Swell Building Damage Assessor to calculate 

financial risk 

Broad presentation Specific details 

Webpage where users insert information 

about their homes. Needs to be GDPR 

compliant and have appropriate limitations 

on use of data. 

Users input information in relation to their 

property such as the address (to verify that the 

property is in a geographic area subject to CSS 

risk). 

Will have notice to ensure compliance with 

GDPR. 
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4: Presentation of financial (and other) risk metrics 

Broad presentation Specific details 

Webpage where users are presented with 

information about their level of financial 

(and other) risks. 

 

Presentation of various financial risk metrics in a 

way which is easily understandable for 

homeowners. 

 

5: Suggested next steps for homeowners to protect themselves 

Broad presentation Specific details 

Summary of next steps which 

homeowners can do to protect 

themselves. 

PDF download of information in relation to 

various financial risk metrics and information for 

homeowners on steps they can take to reduce 

their risk. 

 

 

  



  D3.5 Preliminary dashboard specification 

 

 

 

20 

 

 

 

4 Methodological and data aspects for Clay Shrink 

Swell Building Damage Assessor  

This section articulates the methodological and data aspects which will be adopted by the Clay 

Shrink Swell Building Damage Assessor to support the user journey articulated in the previous 

section. 

To support the user journey articulated in the previous section, the Clay Shrink Swell Building 

Damage Assessor will draw from the following data sources: 

¶ Research note on clay soil shrinkage and home insurance cover in France: This will be 

synthesised to provide information in clear and transparent communication designed for 

a non-technical audience on the overall framework for home insurance in France and the 

gaps in this framework which cause risks for homeowners. Most of this research note is 

replicated in this document. (Relevant for: 1: Landing page and 2: Broad articulation of 

the problem associated with CSS). 

¶ Amigo: PIISA consortium member Amigo will provide climate metrics which will be used 

to illustrate the likelihood of CSS events occurring is projected to increase with climate 

change. (Relevant for: 2: Broad articulation of the problem associated with CSS). 

¶ ERRIAL database: This is an open-data website which will be used to verify that the 

property is in a geographic location which is susceptible to CSS risk. (Relevant for: 2: 

Broad articulation of the problem associated with CSS). 

¶ Explorateur de données foncières: This is a public database that lists property sales and 

estimates a median price for properties in the cadastre sector (Relevant for: 4: 

Presentation of financial (and other) risk metrics). 

¶ Third party research on cost of property damage as referenced later in this section. 

(Relevant for: 4: Presentation of financial (and other) risk metrics) 

The following commentary describes the methodological approach and data sources for the key 

calculations in the user journey for the Clay Shrink Swell Building Damage Assessor. 

At this stage we are not showing the specific text which will appear on each webpage ² we are 

focussed solely on demonstrating how each verification or calculation step which appears in the 

Clay Shrink Swell Building Damage Assessor will be achieved. Please note further that Annex 2 

Specification for contracting includes the contracting information which we will use to instruct a 

third party web developer to develop the Clay Shrink Swell Building Damage Assessor. Aspects 

such as the specific text which will appear on each web page will be under constant iteration 

alongside the user journey and interface design. 
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4.1 Climate factors: Illustrating that the likelihood of CSS 

events occurring is likely to increase with climate 

change  
There is scientific consensus that climate change will cause an increase in longer and more 

severe heatwaves across the world as well as more intense and sporadic rainfall patterns (Slater 

et al., 2021). Studies have demonstrated the dependence of CSS events on climate and have 

confirmed the ability of drought to trigger subsidence (Harrison et al., 2012). These analyses 

were based on precipitation and air temperature data and recommended the use of land surface 

models (LSMs) as they provide more detailed information on droughts (Barthélémy et al., 2024). 

Both triggering factors for a CSS event (evapotranspiration and precipitation) are closely 

impacted by climate change and climate change projections imply an increased likelihood of 

CSS events in the future (Assadollahi, 2019). 

Therefore the increased likelihood of a CSS event occurring can be illustrated using a proxy 

which relates to the increased likelihood of triggering factors such as drought, precipitation, 

heatwaves etc. occurring. 

Barthélémy et al. (2024) analyse the metrics used to measure drought-linked CSS events. The 

paper focuses on the use of the Soil Wetness Index (SWI). It states that ­several works focusing 

on subsidence in France have used the soil wetness index (SWI) outputs of the interactions 

between soil²biosphere²atmosphere (ISBA) land surface model (LSM; Noilhan and Planton, 

1989; Noilhan and Mahfouf, 1996) developed by Météo-France, in a simplified configuration 

(monthly averages, homogeneous vegetation and soil). This product, called SWI uniforme, is 

also used for drought monitoring in the Cat Nat regime® (BarthĄlémy et al., 2024). The Cat Nat 

regime recognises a CSS event if the affected area has at least 3% of its surface mapped as 

shrinkable clay and then looks at the meteorological conditions and identifies ­exceptional 

periods of drought. Its current version requires the 3-month average of SWI uniforme to be the 

lowest or second lowest of a 50-year reference associated with the same month (Barthélémy et 

al., 2024). 

The SWI uniforme, while useful, does not offer future projections, thereby limiting its predictive 

utility for future CSS events. Moreover, calculating SWI uniforme based on climate projections of 

soil water content could be time-consuming and complex, especially if the necessary data is not 

readily available or if the calculation involves complex processes that could require reliance on 

specific assumptions and/or parameterisations. 

Given these considerations, 2DII decided to use climate data from the consortium partner Amigo 

for developing the Clay Shrink Swell Building Damage Assessor. Amigo proposes the use of a 

compound index that accounts for both temperature and precipitation data that is readily 

applicable to climate projections (further detailed below). The spatial resolution of this index is 

comparable to that of SWI uniforme (9 km vs. 8 km), potentially enabling comparisons between 

this compound index and SWI uniforme, if openly available. Moreover, the data required for 
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calculating the compound index (see Climate Dryness Index below) is more readily available 

compared to that for SWI uniforme. This has several advantages, especially data availability and 

therefore easier replicability in other cities and regions following the pilot in the City of Lyon. 

The Climate Dryness Index 

To assess the CSS phenomenon, Amigo proposes the development of a compound index called 

the Climate Dryness Index (CDI), which is designed to analyse the combined effect of drought 

and heatwaves on soil stability risk. The CDI incorporates two crucial aspects of extreme climate 

events: (1) the intensity of the event, which indicates whether an event is extreme or not; and (2) 

the type of event, through the contribution of each hazard indicator to the overall intensity of the 

index. 

The CDI is composed of two standardised single-hazard indices: the Standardised Precipitation 

Index (SPI) and the Standardised Heatwave Index (SHI), describing precipitation (and lack of 

precipitation) and high temperatures respectively. SPI is a widely used precipitation-based index 

(McKee et al., 1993). to describe drought events and their time scale, probability and intensity. 

SPI can be aggregated at different month scales, enabling flexibility in assessing precipitation 

patterns over different periods: for instance, a 3-month SPI (SPI3) assesses precipitation 

anomalies over 3-month accumulation periods. 

SHI is a novel index developed by Amigo and derived as a modification of an existing heatwave 

index developed by Russo et al. (2014), widely adopted for monitoring heatwaves. Given that 

drought is the primary trigger for CSS events, and this can be exacerbated by the simultaneous 

occurrence of heatwaves, calculating using climate projections based on both SPI and SHI on 

climate projections will provide a comprehensive view of the future climatic conditions that can 

lead to CSS events, which are essential to give the user of the dashboard some insight into how 

the risk may evolve in the future. 

The CDI is designed to include the two different components (climatological variables) into a 

single index and is based on the procedure for obtaining multi-hazard indices developed for the 

Extreme Climate Facility (XCF) proposed by the African Risk Capacity (ARC) (African Risk 

Capacity, 2017). Assuming each single-hazard index has a standard normal distribution (as in 

the case of SPI and SHI), it is thus intuitive to mathematically define CDI as the sum of squares 

of these indices, which yields in turn, a standardised index. To reduce the effect of inter-

correlation between the single-hazard indexes, correlation coefficients will be used as weighting 

parameters of such indices. 

The CDI approach is flexible and can be easily adapted to different regions and time scales. It 

also enables the inclusion of additional hazard indicators if needed, ensuring scalability and 

adaptability to various contexts. 

By using the CDI, we can separately analyse the impacts of precipitation deficits (drought) and 

extreme temperatures (heatwaves). This enables to clearly identify and understand the individual 

contributions of these two primary factors influencing CSS events, as well as their combined 
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effect. While Standardized Precipitation Evapotranspiration Index (SPEI) combines both 

precipitation and potential evapotranspiration, it may obscure the distinct effects of drought and 

heatwaves. However, we do not exclude using it in a subsequent study for comparison. 

Data 

SPI and SHI will be computed using long-term climate projections of total precipitation and 

maximum temperature from the Coupled Model Intercomparison Project Phase 6 (CMIP6) 

(Eyring et al., 2016). Before using this data to compute the indices, a processing step to 

enhance the reliability of climate projections is performed. This involves applying an innovative 

bias correction and downscaling technique to correct systematic distributional biases and refine 

the spatial resolution of climate model outputs. This enables to increase the resolution of the raw 

data from the original grid (100-250 km) to 0.1° (about 9 km). The employed bias correction 

algorithm extends the methodology for seasonal forecasts outlined in Trentini et al. (2023) 

making it applicable to climate projections. 

A preliminary literature review to select the best CMIP6 model for describing future CSS trends 

revealed that MPI-ESM1-2 and EC-Earth3 are mentioned among the best-performing models for 

temperature and precipitation prediction (Xu et al., 2023, Nguyen-Duy et al., 2023, Patel et al., 

2023). For this reason, an initial version of the CDI will be developed using one of these two 

models. Further work will consider multiple climate models with varying resolutions to obtain a 

comprehensive understanding of the trends in extreme events and a more complete 

representation of the uncertainty. A multi-model ensemble approach helps to account for the 

strengths and weaknesses of each model and provides a more robust analysis of the changes in 

extreme weather phenomena. This approach will enable us to better assess the risk of CSS 

events under different climate scenarios and improve the reliability of our predictions. 

Methodology 

To illustrate the increased likelihood of a CSS event in the future, we will look for the likelihood of 

an increase in droughts where CDI is the lowest or second lowest in a 50-year reference. The 

French Cat Nat scheme uses a 3-month average, but with such a threshold, some cases are 

omitted. Since we are creating an informational dashboard, we have chosen a 2-month average 

to include as many cases as possible to inform users of the potential risk increase in the future. 

The increased likelihood will be calculated for different yearly time windows comprising the next 

5, 10, 15, 20, and 25 years. 

The choice of a 50-year reference is consistent with the Cat Nat definition of a CSS event, which 

requires the 3-month average of SWI uniforme to be the lowest or second lowest of a 50-year 

reference associated with the same month. However, we might consider different reference 

periods and include a study of the likelihood of CSS events over a historical baseline for 

comparison. 

The presentation of the data on the Clay Shrink Swell Building Damage Assessor will be both 

textual and graphical to ensure clarity and ease of understanding. For instance, the likelihood of 
































































