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Soil subsidence is the damage on buildings due to ground movement resulting from the shrinkage and swelling 

of expansive soils (mainly clay) after episodes of unusual drying and rehydration.

It is the second most costly hazard to be compensated after flooding in France. 

«Drought induced» soil subsidence

https://en.wikipedia.org/wiki/Subsidence

 Soil geology: Presence potentially expansive soils (inorganic clays of

high plasticity, such as montmorillonite).

 Structural vulnerability: Inappropriate foundation depth and / or

structure not designed to resist the shear stresses and moments

generated by the differential swelling.

 Land use: Presence of trees & vegetation in the vicinity of the

building, built density, rainwater collecting systems, manmade water table

variations.

Soil water content fluctuations: Caused by a sequence of abnormally

dry and wet periods.

 Climate change?
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Soil moisture deficit
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• Annual soil moisture deficit, 𝑑 (%), as the annual difference between the maximum and 

minimum soil moisture within a year.
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Annual soil moisture deficit trends

• Trend:

– Positive

– Negative

• Significant at the 0.05 level: ///

• Significant upward trends in soil moisture 

deficit, almost everywhere during the last 

40 years.

Linear trend (1981-2020)
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Model

• Generalized Additive Model (GAM):

– 1-inflated Beta regression model with year as covariate.

• μ(t) = μ0 + f(year)

• where f represents a cubic spline

• (in R using the gamlss package)

• The maximum soil moisture deficit experienced 

represents now a 25-year RP (instead of 1 in 40 

year event empirically).

Empirical data

Base fit (no covariates)

GAM Model 
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Future climate

 Use climate models to estimate the soil moisture deficit in the future climate.

 Different trends between models (although on average always positive).

% change between 1981-2019 vs. 2021-2059

Model #1 Model #2 Model #3
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Future climate

• The maximum soil moisture deficit 

experienced reduces to 10 year RP 

for the future climate (2040s with an 

RCP85 scenario).

• Different results between models.

Empirical data

Base fit (no covariates)

GAM Model 

Climate model 

future-climate adjusted
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Future climate

• The maximum soil moisture deficit 

experienced reduces to 10 year RP 

for the future climate (2040s with an 

RCP85 scenario).

• Different results between models.

• Thank you!

Empirical data

Base fit (no covariates)

GAM Model 

Climate model adjusted
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Disclaimer

GC Analytics®

The data and analysis provided by Guy Carpenter herein or in connection herewith are provided “as is”, without warranty of any kind whether 

express or implied.  The analysis is based upon data provided by the company or obtained from external sources, the accuracy of which has 

not been independently verified by Guy Carpenter.  Neither Guy Carpenter, its affiliates nor their officers, directors, agents, modelers, or 

subcontractors (collectively, “Providers”) guarantee or warrant the correctness, completeness, currentness, merchantability, or fitness for a 

particular purpose of such data and analysis.  The data and analysis is intended to be used solely for the purpose of the company internal 

evaluation and the company shall not disclose the analysis to any third party, except its reinsurers, auditors, rating agencies and regulators, 

without Guy Carpenter’s prior written consent.  In the event that the company discloses the data and analysis or any portion thereof, to any 

permissible third party, the company shall adopt the data and analysis as its own.  In no event will any Provider be liable for loss of profits or 

any other indirect, special, incidental and/or consequential damage of any kind howsoever incurred or designated, arising from any use of 

the data and analysis provided herein or in connection herewith. 

Statements or analysis concerning or incorporating tax, accounting or legal matters should be understood to be general observations or 

applications based solely on our experience as reinsurance brokers and risk consultants and may not be relied upon as tax, accounting or 

legal advice, which we are not authorized to provide. All such matters should be reviewed with the client's own qualified advisors in these 

areas. 


