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Abstract

Climate change increases the value of fine-scale risk information in household
insurance, but its competitive use may weaken pooling and reduce effective
availability in exposed areas. We study this mechanism in the French Cat-
Nat system, where natural-catastrophe coverage is formally pooled through a
regulated surcharge but accessed through the underlying household-insurance
contract. First, we use controlled online quote requests to compare otherwise
identical addresses with different flood or clay shrink—swell exposure. The evi-
dence shows heterogeneous insurer responses: coarse pooling, within-commune
premium differentiation, and non-quoting in some exposed micro-locations. Sec-
ond, we develop a stylized dynamic pricing game with insurers that differ in
pricing granularity. Numerical equilibria show that fine segmentation attracts
low-risk households, shifts high-risk households toward less granular insurers, and
erodes implicit cross-subsidies. Market-share constraints mainly slow this real-
location. The results highlight why climate-insurance governance must monitor
local availability, not only formal coverage or aggregate market presence.
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1 Introduction

Climate change is reshaping the economics of property insurance. By increasing
expected losses, thickening tail risk, and making past loss experience less reliable, it
challenges the conditions under which private insurance can remain widely available
and affordable (Berliner 1982; Dlugolecki 2008; Charpentier 2008; Holzheu and Turner
2018; Langreney et al. 2024). In many countries, this tension appears through explicit
exclusions, rapidly increasing premiums, or insurer withdrawal from catastrophe-
exposed regions. In France, the institutional form is more subtle. Natural-catastrophe
coverage in France is embedded in standard property-damage contracts through
the régime des catastrophes naturelles (Cat-Nat), financed by a regulated surcharge
and supported by public reinsurance. Yet households obtain Cat-Nat coverage only
because they hold an underlying household-insurance contract. If that base contract
is not offered, not renewed, or becomes difficult to obtain at a given address, then
access to Cat-Nat through the ordinary household-insurance market is weakened, even
though the legal guarantee and institutional backstops such as the Bureau Central de
Tarification (BCT) remain in place.

This paper studies this margin of effective availability. It also speaks to afford-
ability, but only through the quoted premiums observed conditional on receiving an
offer. We focus on the French multi-risk household-insurance market and on two
climate-sensitive hazards that have become central in recent Cat-Nat debates: riverine
flooding and clay shrink-swell (subsidence, or retrait-gonflement des argiles, RGA).
Both hazards display strong spatial heterogeneity. Exposure can vary within the
same municipality, sometimes across streets or even across parcels. At the same time,
geocoding, public hazard maps, and proprietary scoring tools make it increasingly fea-
sible for insurers to identify such micro-spatial variation. This creates a tension within
the Cat-Nat architecture: the regime pools natural-catastrophe risk through a common
surcharge and public reinsurance, while competitive underwriting and base-premium
pricing may reintroduce local differentiation in practice (Barry and Charpentier 2020;
Langreney et al. 2024).

The key mechanism is pricing granularity. Territorial rating has long been part of
non-life insurance: insurers partition space into rating zones in order to approximate
local expected costs (Boskov and Verrall 1994; Taylor 2001). Finer geographic clas-
sification can improve actuarial accuracy, especially when climate risk varies sharply
within broad administrative areas. But granularity is not merely a technical improve-
ment. It can also change the distribution of risks across insurers. A firm that prices
more finely can attract lower-risk households, raise premiums for higher-risk house-
holds, or decline to quote the most exposed micro-locations. Less granular competitors
may then inherit a riskier portfolio. In this way, improved risk measurement can
weaken pooling even when the legal architecture of catastrophe insurance remains
formally unchanged.

We ask what happens in a catastrophe-insurance regime built on broad pooling
when insurers coexist with heterogeneous pricing architectures: some continue to price
coarsely, thereby preserving part of the pooling logic of the regime, while others use
increasingly granular spatial risk information. The issue is not whether competition can
preserve pooling in the abstract. It is how asymmetric granularity reshapes premiums,



portfolios, cross-subsidies, and effective availability when only some insurers segment
finely. We address this question in two steps.

First, we provide exploratory evidence from controlled online household-insurance
quotes. We use a standardized applicant, a standardized dwelling, and fixed contract
choices, and we vary only the address. This design is not intended to estimate market-
wide effects or to rank insurers. It is a proof-of-concept audit of two margins that are
difficult to observe in aggregate data. The intensive margin is pricing granularity: con-
ditional on receiving an offer, does the premium vary with fine-scale exposure within a
municipality? The extensive margin is effective availability: does the insurer provide a
purchasable quote at all? The evidence suggests heterogeneous strategies. Some insur-
ers appear to pool at a coarse geographic level, some use finer geocoded pricing, and
some do not quote in the most exposed micro-locations. The relevant comparison is
therefore primarily within insurer, across otherwise comparable addresses, rather than
across insurers whose contract terms may differ.

Second, we formulate a dynamic pricing game to interpret these facts. The model
does not estimate a structural demand-and-cost system for the French market, and
we do not claim to solve a fully forward-looking Markov Perfect Equilibrium. Instead,
we compute numerical equilibrium configurations of a benchmark game through an
iterative best-response procedure. Three representative insurers differ in pricing archi-
tecture: one sets a national price, one prices by commune, and one prices by commune
and risk class. These three insurers should not be read as empirical counterparts of
the firms observed in the quote exercise. They represent three pricing architectures:
national pooling, territorial pooling, and fine risk-class segmentation. Households real-
locate gradually across insurers, reflecting renewal inertia. The numerical equilibrium
analysis shows how fine segmentation can attract low-risk households through com-
paratively favourable prices, push high-risk households toward less granular insurers,
and erode the implicit cross-subsidy embedded in pooled pricing.

We then compare equilibrium configurations under different policy constraints. In
the unconstrained benchmark, insurers update prices subject only to their pricing
architectures. In the local market-share stabilization scenario, an insurer’s presence
cannot fall too quickly within each commune. In the risk-class stabilization scenario,
an insurer’s presence cannot fall too quickly within each risk class. These constraints
are governed by a tolerance parameter €, which controls the maximum admissible
one-period loss of market share along the monitored margin. Comparing these sce-
narios separates territorial stabilization from risk-pool stabilization and highlights
why national market-share monitoring may miss localized withdrawal or selective
retreat from high-risk households. The constraints are not presented as financing rules.
They are used to isolate how the margin being monitored—national market share,
local presence, or risk-class presence—affects the speed and composition of portfolio
reallocation.

The paper contributes to three discussions. First, it adds to the literature on cli-
mate insurability and protection gaps by focusing on effective availability rather than
only on formal coverage or average affordability (European Insurance and Occupa-
tional Pensions Authority (EIOPA) 2023; Kunreuther 2015; Kousky 2019). Second,
it connects actuarial work on geographic rating to market-structure questions: finer



rating territories do not only change prices, they also change portfolios and competi-
tive incentives. Third, it contributes to current policy debates on the sustainability of
the French Cat-Nat regime by showing why local monitoring of insurer presence mat-
ters. A market can remain competitive in the aggregate while becoming thin in the
micro-areas where climate exposure is highest, or while insurers gradually reduce their
exposure to high-risk classes. In that sense, the paper speaks to one component of the
monitoring agenda emphasized in recent French debates: the link between climate-risk
exposure and the effective local availability of household-insurance quotes.

Our interpretation is deliberately cautious. The quote evidence is small-scale and
exploratory; it cannot establish the prevalence of local withdrawal in the French mar-
ket. The dynamic game is stylized; it clarifies an equilibrium mechanism rather than
measuring its magnitude. The value of combining the two is not to claim that we
have estimated the full competitive equilibrium of household insurance. It is to show
that the observed coexistence of pooled pricing, fine geocoded segmentation, and non-
quoting is consistent with a coherent competitive mechanism, and that this mechanism
has direct implications for climate-insurance governance.

The remainder of the paper is organized as follows. Section 2 presents the French
Cat-Nat setting and the market mechanism linking pricing granularity to effective
availability. Section 3 reports the exploratory quote evidence. Section 4 introduces
the dynamic pricing game. Section 5 presents the numerical equilibrium results and
sensitivity checks. Section 6 discusses governance implications and concludes.

2 Institutional setting and market mechanism

The French natural-catastrophe insurance regime provides a useful setting for study-
ing how climate risk, pricing granularity, and effective insurance availability interact.
It combines a national pooling mechanism for natural-catastrophe losses with a
competitive market for the underlying household-insurance contract. The regime is
formally solidaristic: natural-catastrophe coverage is attached to qualifying property-
damage contracts and financed through a regulated surcharge. Yet the underlying
household-insurance contract remains competitively supplied. This institutional sep-
aration creates the central tension studied in this paper. Even when the catastrophe
surcharge is uniform, insurers may still differentiate the base premium, tighten
underwriting, or decline to quote in exposed micro-locations.

2.1 Cat-Nat: formal pooling through the insurance contract

The French régime des catastrophes naturelles (Cat-Nat), created by the 1982 law,
attaches natural-catastrophe coverage to contracts that insure property damage,
including household insurance (Code des Assurances 1982, 2024). Cat-Nat is therefore
not normally purchased as a stand-alone policy. A household obtains Cat-Nat pro-
tection because it holds a qualifying base contract; conversely, when no insurer offers
the base household contract at a given address, the ordinary market route to Cat-Nat
protection is impaired, even though the legal guarantee remains formally available.
The regime combines three elements. First, covered events require an official recog-
nition decree, which defines the event, the affected municipalities, and the period of



coverage (Code des Assurances 2024). Second, the regime is financed by a regulated
additional premium applied to the base contract. For property contracts other than
motor vehicles, the Cat-Nat surcharge was increased from 12% to 20% for contracts
concluded or renewed from January 1, 2025 (Ministéere de ’'Economie, des Finances
et de la Souveraineté industrielle et numérique 2023; Caisse Centrale de Réassurance
(CCR) 2025; Direction du Budget 2025). Third, public reinsurance through CCR,
backed by the State, supports national pooling and stabilizes the regime (Caisse
Centrale de Réassurance (CCR) 2025).

This architecture is solidaristic, but not equivalent to uniform household-insurance
pricing. The surcharge rate is common, but it is applied to a base premium chosen
by each insurer. The base premium can vary across insurers, contracts, and locations.
Moreover, insurers retain commercial and underwriting margins on the underlying
household contract. As a result, climate-risk differentiation can occur without any
formal change in the Cat-Nat surcharge itself.

A further institutional nuance is important. French law includes a backstop through
the Bureau central de tarification (BCT) for catastrophe-natural coverage. When a
refusal is linked to the importance of the natural-catastrophe risk, the BCT may set
the premium at which the designated insurer must provide the guarantee (Bureau
central de tarification 2026). This legal mechanism mitigates formal exclusion, but it
does not eliminate the market phenomenon studied here. A legal backstop is not the
same as frictionless access to an ordinary online household-insurance contract. Online
non-quoting, tightened acceptance rules, delays, and the need to activate an adminis-
trative procedure can still reduce effective access to ordinary household insurance in
high-exposure micro-areas. Furthermore, online quotation paths reflect the insurer’s
spontaneous underwriting strategy, which operates independently of marginal, ex-post
legal remedies like the BCT. We therefore use “insurer withdrawal” in an opera-
tional sense: a reduction in effective supply observed through non-quoting, restrictive
underwriting, or pricing that makes coverage difficult to obtain in practice.

2.2 Climate-related hazards and local risk information

We focus on two hazards that are central to current French debates on the sustainabil-
ity of Cat-Nat: floods and clay shrink—swell, known in French as retrait-gonflement des
argiles (RGA). Both are climate-sensitive, spatially heterogeneous, and increasingly
documented through public hazard layers.

Flood risk is managed through a combination of insurance, land-use regulation,
and risk information. Public instruments such as Plans de prévention des risques
d’inondation (PPRi), TRI-type layers, and GeoRisques maps provide information on
flood-prone zones (Géorisques 2025b). RGA has a different physical and temporal
profile. It reflects the shrinkage of clay soils during drought periods and their swelling
during rehydration, which can damage buildings, especially individual houses with
shallow foundations (Géorisques 2025a). RGA is explicitly relevant to Cat-Nat because
differential ground movement caused by drought and soil rehydration is covered when
the legal conditions of recognition are met (Code des Assurances 2024).

For insurers, these hazards matter not only because they increase expected losses,
but because they create sharp intra-communal gradients. Two houses in the same



municipality may face very different flood or RGA exposures. The diffusion of geocod-
ing, public hazard layers, proprietary scoring, and address-level information makes it
increasingly feasible to translate such micro-spatial heterogeneity into underwriting or
pricing decisions. Because public hazard layers are periodically revised, we record the
source and date or version of the exposure maps used in the empirical exercise, rather
than treating public classifications as timeless risk labels. This point is especially
relevant for RGA, for which the official exposure zoning has recently been updated
(République francaise 2026).

2.3 From risk classification to effective availability

The actuarial logic of geographic rating is well established. Territorial rating structures
partition space into zones that are intended to be internally homogeneous and exter-
nally distinct in expected cost. Classical work on spatial premium rating emphasizes
the trade-off between actuarial fit and statistical stability: finer zones may capture
local heterogeneity but can also be noisy when experience is sparse (Boskov and
Verrall 1994; Taylor 2001; Gschlofl and Czado 2007). More recent work studies data-
driven rating territories that balance risk homogeneity, interpretability, and regulatory
constraints (Xie 2019; Xie and Gan 2023).

In climate-exposed household insurance, however, geographic rating is not only a
technical actuarial problem. It is also a market-structure problem. Finer risk classifica-
tion can reduce cross-subsidies by differentiating premiums and acceptance decisions
across households that were previously pooled within broader territorial categories.
This connects the institutional debate on Cat-Nat to the economic literature on risk
classification and categorical discrimination in insurance (Crocker and Snow 1986). It
also connects to the broader literature on climate insurability, protection gaps, and
public—private arrangements for catastrophe risks (Charpentier 2008; Paudel et al.
2012; Kunreuther 2015; European Insurance and Occupational Pensions Authority
(EIOPA) 2023; Froot 2001; Kelly et al. 2026).

The French policy debate has recently moved in the same direction. The Langreney
report argues that the sustainability of the French insurance system requires not only
financing reform and prevention, but also closer monitoring of insurers’ presence in
high-exposure areas (Langreney et al. 2024). CCR’s Observatoire de l’assurabilité fol-
lows this logic by aiming to document both climate-risk exposure and insurance-market
presence across territories (Caisse Centrale de Réassurance 2024). The present paper
speaks to one component of this monitoring agenda: whether fine-scale climate-risk
information affects not only quoted prices, but also the local availability of purchasable
quotes in controlled online quotation paths.

2.4 Conceptual framework

We organize the analysis around two margins. The first is the intensive margin: condi-
tional on an offer being made, does the premium vary with fine-scale exposure within
a municipality? This captures pricing granularity. It is also the margin through which
affordability enters our empirical exercise, although we do not estimate household-
level affordability or willingness to pay. A flat premium across low- and high-exposure



addresses, holding non-climate attributes constant, is consistent with coarse pooling,
whereas a higher premium for the exposed address is consistent with address-level or
sub-municipal risk classification.

The second is the extensive margin: does the insurer offer a purchasable contract
at all? This captures effective availability. In the Cat-Nat setting, this margin matters
because the catastrophe guarantee is accessed through the underlying household-
insurance contract. A non-quote for the base contract therefore signals a restriction
in effective supply at that address, even though the legal regime remains formally
solidaristic.

Pricing granularity links the two margins. When insurers can measure risk more
finely, they can choose between at least three responses: maintain broad pooling,
differentiate premiums, or withdraw from the most exposed micro-locations. These
responses need not be uniform across firms. Some insurers may retain coarse territorial
rating, others may use municipal-level zoning, and others may rely on address-level
scoring. The empirical section documents these heterogeneous strategies through con-
trolled quote evidence. The simulation section then uses a stylized competitive model
to show how heterogeneous granularity can reshape portfolio composition and erode
cross-subsidies over time.

3 Exploratory quote evidence

This section provides exploratory evidence on how insurers’ pricing and acceptance
decisions respond to fine-scale climate-risk information. The empirical exercise is delib-
erately modest. It is not designed to estimate market-wide effects or to rank insurers.
Instead, it uses controlled online quote requests to document whether, holding the
applicant and the insured dwelling fixed, insurers adjust premiums or decline to quote
when only the address changes.

The evidence should therefore be read as a proof-of-concept audit of market mech-
anisms. It documents two margins that are difficult to observe in aggregate data: the
intensive margin of pricing granularity and the extensive margin of effective availabil-
ity. The exercise also records quoted premiums, but it should not be read as a full
affordability study because we observe prices only when a purchasable quote is issued.

3.1 Quote-collection design

We collected household-insurance quotes for a standardized applicant, a standard-
ized dwelling, and a fixed set of contract choices. The only input varied across quote
requests is the address. The approach is close in spirit to audit and mystery-shopping
designs, in which researchers hold observable characteristics fixed in order to detect
differential treatment across otherwise comparable cases (Ayres and Siegelman 1995;
Bertrand and Mullainathan 2004; Neumark 2018).

Each observation corresponds either to a quoted annual premium or to a non-
quote. We define a non-quote as a completed online quotation path that does not
return a purchasable offer for the standardized applicant at the selected address. This
may take the form of an explicit refusal, a redirection to offline handling without
a price, or an inability to complete the quote for that address. We interpret such



outcomes as extensive-margin restrictions in effective supply, while recognizing that
they may combine underwriting rules, internal risk filters, commercial procedures, and
operational constraints.

The design focuses on within-insurer comparisons. Household-insurance contracts
are not fully standardized across insurers: deductibles, assistance services, coverage
limits, and optional guarantees differ. For this reason, raw premium levels should
not be compared across insurers. The relevant empirical object is whether a given
insurer changes its premium or its willingness to quote when the address moves from a
low-exposure to a high-exposure micro-location within the same broad area. In other
words, the table below is informative about changes within each insurer’s quotation
path, not about which insurer is cheaper or more generous in absolute terms.

The insured profile was chosen to make climate-related property risk relevant to
the quotation process. We use a detached house rather than an apartment, and we
keep fixed the non-geographic characteristics of the applicant and dwelling: household
composition, occupation category, occupancy status, dwelling type, surface, number of
rooms, construction year, and selected coverage options. The exercise therefore isolates
the role of geographic information as much as possible within the constraints of online
quotation systems.

3.2 Hazard contrasts

We study two hazards central to the French Cat-Nat debate: clay shrink—swell
(retrait-gonflement des argiles, RGA) and riverine flooding. For each hazard, we
select addresses that differ in public hazard exposure while remaining close enough
geographically to make within-area comparisons informative.

For RGA, exposure is measured using public geological susceptibility layers from
BRGM/GeoRisques. The main clustered design uses addresses in Beaumont, a com-
mune with meaningful intra-communal RGA heterogeneity. We compare five addresses
in low or no RGA exposure with five addresses in medium or high RGA exposure
selecting them within immediate geographic proximity to ensure micro-territorial
homogeneity. For flooding, exposure is measured using public flood-risk information,
including PPRi/TRI-type layers and GeoRisques information. The main clustered
design uses Guipry-Messac, where we compare five addresses outside the mapped flood
zone with five addresses inside the mapped flood zone.

The small number of addresses is a limitation, but it is also part of the design. The
objective is not statistical representativeness; it is to test whether the quotation system
of the same insurer reacts to micro-spatial hazard variation under otherwise controlled
conditions. We therefore report simple cluster-level summaries rather than regression
estimates. With five tested addresses per cluster, the number of issued quotes can also
be read directly as a quote rate. For example, 5/5 corresponds to a 100% quote rate,
whereas 1/5 corresponds to a 20% quote rate.

For each insurer and each hazard contrast, we summarize the extensive margin by
the number of issued quotes in the low- and high-exposure clusters, and the intensive
margin by the mean quoted premium conditional on a quote being issued. Formally,
if ¢;; indicates whether insurer ¢ provides a quote at address j, and p;; denotes the



quoted premium when a quote is issued, Table 1 reports cluster-level summaries of g;;
and of p;; | ¢i; = 1.

3.3 Results

Table 1 summarizes the main empirical findings. The results reveal substantial
heterogeneity across insurers, both in pricing responses and in quote availability.

For RGA in Beaumont, insurers A, B, and C quote in all low- and high-exposure
addresses. Insurer D, by contrast, quotes in all five low-exposure addresses but only
once among the five medium /high-exposure addresses. On the intensive margin, insur-
ers A and B charge the same mean premium in the two RGA clusters. Insurer C
increases the mean premium from 409 to 511 euros, approximately a 25% increase.
Insurer D’s high-exposure mean is based on a single accepted quote and should be read
together with the 1/5 quote rate; it may also reflect differences between the insurer’s
proprietary risk assessment and our open-data hazard proxy.

For flooding in Guipry-Messac, insurers A, B, and C again quote in all tested
addresses. Insurer D quotes in all five addresses outside the flood zone but in none of
the five addresses inside the flood zone. On the intensive margin, insurers A and B
do not differentiate between the two flood clusters in this exercise. Insurer C raises
the premium from 288 euros outside the flood zone to 444 euros inside the flood zone,
approximately a 54% increase. For insurer D, the relevant flood result is the extensive-
margin contrast between 5/5 quotes outside the mapped flood zone and 0/5 quotes
inside it; we therefore do not interpret a within-insurer flood premium contrast for
that insurer. The flood contrast therefore displays both fine pricing granularity by one
insurer and complete non-quoting by another.

These patterns are reinforced by a two-address proof-of-concept in Thorigny-sur-
Marne, where two addresses in the same commune differ sharply in mapped RGA
exposure. In that example, insurers A and B quote the same premium at both
addresses, insurer C increases the premium from 569 to 680 euros, and insurer D pro-
vides no quote at the high-exposure address. We report this example in the online
Appendix! because it is visually useful but less informative than the clustered contrasts
in Table 1.

3.4 Interpretation: heterogeneous quotation strategies

The quote evidence suggests heterogeneous quotation strategies. A first group of insur-
ers appears to use coarse pooling in the tested cases: premiums do not vary with
the fine-scale hazard contrast and quote availability remains unchanged. A second
possibility, not separately identified by this small within-commune design, is coarser
territorial zoning: an insurer may price at the commune or broader territorial level
without reacting to the address-level contrast used here. A third strategy uses fine
geocoded segmentation: premiums vary substantially within the same commune as
the address moves from low to high exposure. Finally, the evidence also points to an
extensive-margin response: localized non-quoting in the most exposed micro-areas.

1See https://anonymous.4open.science/r/granularity-7DF6/README.md.
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Table 1 Exploratory quote evidence: availability and mean quoted premiums by exposure cluster.
Premiums are annual premiums in euros and are computed conditional on a quote being issued.
Quote counts are reported as issued quotes out of five tested addresses in each exposure cluster.
Premium levels should be interpreted within insurer, not across insurers.

Hazard Insurer Quotes: low  Quotes: high  Premium: low  Premium: high
RGA, Beaumont A 5/5 5/5 115 115

B 5/5 5/5 400 400

C 5/5 5/5 409 511

D 5/5 1/5 202 187F
Flood, Guipry-Messac A 5/5 5/5 110 110

B 5/5 5/5 313 313

C 5/5 5/5 288 444

D 5/5 0/5 164 nr.}

Notes: “Low” denotes low/no RGA exposure for Beaumont and outside the mapped flood zone for
Guipry-Messac. “High” denotes medium/high RGA exposure for Beaumont and inside the mapped
flood zone for Guipry-Messac. Raw premium levels should not be compared across insurers because
coverage terms, deductibles, limits, assistance services, and optional guarantees may differ across
quotation systems. TThe high-exposure RGA premium for insurer D is based on a single accepted
quote and should be interpreted together with the 1/5 quote rate. fn.r. means not reported. For
insurer D in the flood contrast, low-exposure quotes were obtained, but the absence of any high-
exposure quote makes the within-insurer premium contrast undefined; the relevant empirical object
is the 5/5 versus 0/5 availability contrast.

In the Cat-Nat setting, such non-quoting matters because access to the catastro-
phe guarantee normally passes through the underlying household-insurance contract.
The empirical exercise is intentionally limited. It covers a small number of addresses, a
small number of insurers, and selected high-contrast locations. It cannot establish the
prevalence of these practices in the French market. Nor can it identify the exact inter-
nal risk models or underwriting rules used by insurers. Its contribution is narrower
but important: it shows that, in a controlled quote setting, fine-scale hazard informa-
tion can be associated with both premium differentiation and non-quoting. These two
empirical facts motivate the stylized dynamic simulation developed in the next section.

4 A dynamic game of pricing granularity

The empirical evidence above suggests that insurers may differ in the geographic gran-
ularity of their pricing and in their willingness to quote high-exposure micro-locations.
We formalize this mechanism as a dynamic pricing game. Insurers choose prices under
different pricing architectures, households gradually reallocate across insurers, and
today’s portfolio composition affects tomorrow’s competitive environment.

The purpose of the model is not to estimate a fully structural demand-and-
cost system for the French household-insurance market. Nor do we claim to solve
a fully forward-looking Markov Perfect Equilibrium with continuous state variables.
Instead, we compute numerical equilibrium configurations of a constrained dynamic
game through an iterative best-response procedure. When the procedure converges,
the resulting stationary configuration is interpreted as a numerical equilibrium of the
benchmark game under the corresponding policy constraints.

10



This formulation separates three mechanisms. First, pricing granularity determines
the feasible set of premiums available to each insurer. Second, portfolio inertia makes
the game dynamic: market shares do not adjust instantly, so current pricing decisions
shape future portfolio composition. Third, policy constraints restrict the speed at
which insurers can lose market share along a monitored margin, such as a commune
or a risk class. The model is dynamic in market shares and prices, not in the physical
hazard process: expected technical costs are fixed within each simulation exercise,
so the dynamics capture competitive adjustment rather than the time evolution of
climate risk itself.

4.1 Market environment

The benchmark market contains M communes, indexed by m = 1,..., M, and R risk
classes within each commune, indexed by r = 1,..., R. A segment is therefore a pair
(m, 7). The mass of households in segment (m, r) is denoted by N,, ., and the expected
technical cost of insuring one household in that segment is denoted by ¢y, ..

The cost ¢, should be interpreted as the insurer’s expected net technical cost
after the institutional features of Cat-Nat and reinsurance are taken into account.
In particular, the game does not model CCR reinsurance, the State guarantee, or
the Cat-Nat surcharge as separate balance-sheet objects. Those institutional features
are part of the environment summarized by ¢, ,. This keeps the analysis focused
on the retail-market mechanism: how insurers price and retain risks when expected
costs differ across micro-locations. Within a given run of the game, c,, , is fixed over
time. Changes in premiums, market shares, loss ratios, and balances therefore come
from competitive reallocation and price adjustment, not from a changing sequence of
realized or expected losses.

We consider three representative insurers,

T=1{A,B,C.

They differ only in their pricing architecture. Insurer A uses a single national price,
insurer B uses one price per commune, and insurer C' uses one price per commune—
risk-class segment:

pba, {pB,m}%:la {pC,m,r}m:l,...,M; r=1,....R-

These architectures are not meant to identify actual firms. They summarize the three
pricing profiles suggested by the quote evidence: coarse pooling, territorial pricing, and
fine geocoded segmentation. Insurer B is included to distinguish national pooling from
commune-level pooling. Although A and B may look similar in aggregate diagnostics
when commune-level averages are close, they have different feasible pricing sets: A
pools across all communes, whereas B can adjust to between-commune cost differences
while still pooling low-, medium-, and high-risk households within each commune.

11



4.2 Benchmark game and parameterization

The benchmark game is a normalized artificial market, not a calibration of the
aggregate French household-insurance market. Its role is to isolate the equilibrium
mechanism linking pricing granularity, portfolio reallocation, and the erosion of
implicit cross-subsidies. The parameters therefore have an economic interpretation,
but the numerical magnitudes should not be read as market estimates.

We use M = 20 communes and R = 3 risk classes within each commune, inter-
preted as low, medium, and high climate exposure. Commune-level heterogeneity is
generated by allowing the shares of the three risk classes to vary across communes.
Within-commune heterogeneity is generated by assigning higher expected technical
costs to higher-risk classes. This structure reproduces the key feature of the empirical
setting: risk is not only higher in some territories; it can also vary sharply within the
same territory.

Let &, denote the benchmark expected technical cost in segment (m, r). We write
the cost used in the benchmark game as

Cm,r(na v) =1 (Cm + 'Y(Em,r —Cm)),

where ¢,, = ZT Wi, rCm,r 1 the commune-level average cost and wy,, =
Nor/ Zr, N, is the population weight of risk class r in commune m. This decom-
position separates two effects. The parameter 7 shifts the overall catastrophe-cost
environment. A higher 7 corresponds to a deterioration of the technical-cost environ-
ment, for example because expected climate-related losses increase. The parameter ~y
changes the within-commune risk gradient. A higher v means that low-, medium-, and
high-risk households differ more sharply in expected cost, while the commune-level
average is kept fixed before applying the aggregate stress 7. In the sensitivity analysis,
varying n should therefore be read as comparing alternative cost environments, not as
introducing a time trend in losses within a single equilibrium path.
All insurers start from the same loaded pooled premium,

o=t Yot NonrCmr
M R
Zm:l ZT‘:l Nm,T

)

PO =1+

where ¢ is a small loading factor. At date zero, the market therefore embeds an implicit
transfer from lower-risk to higher-risk households. The dynamic game studies how this
transfer changes when insurers with different pricing architectures update prices over
time.

Table 2 summarizes the main parameters. The roles of the three insurers are fixed
throughout the benchmark: A is the national-pricing insurer, B is the commune-pricing
insurer, and C' is the commune-risk-class-pricing insurer. The comparison therefore
isolates the competitive effect of pricing granularity.

The demand parameters have standard interpretations. The parameter 8 governs
price sensitivity in the logit demand system. Higher § makes households more respon-
sive to premium differences and intensifies price competition. The parameter A governs
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Table 2 Main parameters in the benchmark dynamic game. Insurer A uses one national
price, insurer B uses one price per commune, and insurer C' uses one price per

commune-risk-class segment.

Parameter Interpretation Economic role

M Number of communes Between-commune heterogeneity

R Number of risk classes Within-commune heterogeneity

N r Segment size Portfolio weights

Crm,r Expected technical cost Cost of serving segment (m,r)

¢ Initial loading Common pooled starting premium

n Catastrophe-cost stress Overall deterioration in expected costs
ol Risk-gradient parameter Dispersion of costs within communes
B Price sensitivity Household response to premium differences
A Portfolio reallocation speed  Renewal inertia / switching friction

5 Market-share loss cap Strength of stabilization constraint

v Insurer mean utility Brand or non-price attractiveness

portfolio inertia: when A is small, only a small fraction of households effectively real-
locates each period; when A is close to one, portfolios respond quickly to current
prices. Finally, € governs the market-share stabilization constraints. Smaller values of €
impose stronger stabilization by limiting how quickly an insurer can lose market share
along the monitored margin. The insurer-specific terms v; are reduced-form brand or
service-quality shifters. They are not estimated from data; they are included to avoid
interpreting all demand differences as price effects. In the benchmark, they are fixed
across segments and over time.

This benchmark keeps pricing architectures fixed. It therefore does not model the
insurer’s investment decision in geocoding or scoring technology. This is deliberate.
The objective is not to explain why some insurers become more granular than others,
but to study what happens once heterogeneous pricing capabilities coexist in the same
market.

4.3 Demand, portfolio inertia, and state dynamics

Households choose among available insurers according to a reduced-form discrete-
choice model. In segment (m, ), the deterministic utility of insurer 4 at time ¢ is

Ui,m,r,t =V — 5pi,m,7",t7

where v; captures insurer-specific mean utility and g > 0 measures price sensitivity.
Utility is decreasing in the premium because, holding non-price attractiveness fixed, a
higher price makes an otherwise comparable household-insurance offer less attractive.
With logit choice probabilities, the target market share of insurer ¢ in segment (m,r) is

exp(vi - Bpi,m,r,t)di,m,r,t
ZEEI eXp(UZ - ﬁpl,m,r,t)d&m,r,t ’

Oim,rit =
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where d; -t € {0,1} indicates whether insurer ¢ is active in segment (m,r). When
dim,rt = 0, the insurer does not quote that segment.

Actual portfolios do not adjust instantly. Let s; ,, »+ be insurer i’s actual share in
segment (m,r) at time ¢. We use a simple inertia rule:

Si,m,rt+1 = (1 - )\)Si,m,r,t + )\Ui,m,r,tJrly A€ (07 1]

The parameter \ measures the speed of reallocation. When A is small, renewal inertia
is strong and portfolios adjust slowly. When A\ = 1, all households immediately re-
shop according to current prices. This reduced-form specification follows the standard
role of switching frictions and inertia in insurance-market dynamics (Klemperer 1995;
Handel et al. 2015; Train 2009).

4.4 Insurer payoffs and best responses

Given prices and market shares, insurer 7’s one-period technical profit at time ¢ is

M R
Hi,t = § § Nm,rsi,m,r,t (pi,m,r,t - Cm,r)'

m=1r=1

The equality restrictions implied by each pricing architecture determine the feasible
set of prices. Insurer A must charge the same price in all segments, insurer B must
charge the same price within a commune, and insurer C' can vary prices by both
commune and risk class.

At each date, insurers update prices by solving a constrained best-response

problem:
(

pitH) € arg max ﬁi,t+1(Pz‘7p(f3; 5t),
pi€P;

where P; is the feasible set induced by insurer i’s pricing architecture and by the
market-share constraint imposed in the scenario. Here p(_tz denotes the vector of com-
petitors’ prices held fixed at date t. The candidate price p; affects next-period profit in
two ways: directly through the underwriting margin p; — ¢y, -, and indirectly through
the target logit shares O'Z"m’r’t+1(pi,p(_tz) that enter the inertia update from s; to
S¢+1. Thus ﬁi)t+1 denotes the one-period technical profit induced by the candidate
price, competitors’ current prices, and the next-period market shares generated by the
logit-inertia update.

The timing in each period is as follows. First, insurers update prices subject to
their pricing architecture and to the scenario-specific constraints. Second, households
reallocate according to the logit shares and the inertia rule. Third, profits, loss ratios,
market shares, and portfolio composition are recorded. The procedure is repeated until
convergence or until the fixed horizon is reached.

4.5 Policy constraints

We compare four scenarios. They differ in the margin along which portfolio reallocation
is constrained.
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The first is an unconstrained equilibrium. Insurers start from a common pooled
price and equal market shares. They then update prices subject only to their pricing
architecture. This scenario isolates the competitive effect of heterogeneous granularity.

The second is a national market-share constraint. For every insurer ¢, aggregate
market share cannot fall below a fraction of its previous value:

Sit+1 > (1 —¢€)S;q, e€[0,1],

where

Zn]\le 25:1 Nm,rsi,m,r,t

M R
Zm:l Zr:l Nmﬂ"

This constraint stabilizes aggregate presence but does not prevent an insurer from
changing where, or among which risk classes, that presence is maintained.

The third is a commune-level market-share constraint. For every insurer ¢ and
commune m, the insurer’s next-period commune-level market share cannot fall below
a fraction of its previous market share:

Sit =

Simt+1 > (1 —€)Sim.t,

where
R

Nm T
Sz’,m,t = —5——Sim,rt-
; Zf’:l Non v
This constraint targets localized withdrawal by limiting how quickly an insurer can
lose presence within a commune.

The fourth is a risk-class market-share constraint. For every insurer ¢ and risk
class r, the insurer’s presence within that risk class cannot fall below a fraction of its
previous value:

Siptr1 > (1 —€)S; e,

where o
2 me1 Nm,rSiym,rt

St Non,r

This constraint targets selective withdrawal from a risk class, for example the high-risk
class, even when aggregate or commune-level presence is maintained.

The distinction between these constraints is central. A national constraint can
preserve aggregate market presence while allowing local retreat or risk-class sorting.
A commune-level constraint is better aligned with territorial availability, but it can
still allow insurers to change the risk composition of their local portfolios. A risk-
class constraint is better aligned with preserving diversified risk pools, but it does not
prevent geographic reshuffling within a risk class.

When e = 0, the relevant market shares are exactly stable from one period to the
next. For € > 0, the constraint allows gradual adjustment while ruling out abrupt
portfolio loss along the monitored margin. In the computations below, the same value
of € is used across constraint scenarios so that differences in outcomes can be attributed
to the monitored margin rather than to the overall strength of the constraint.

Si,r,t =
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4.6 Equilibrium concept and numerical solution

For a given policy constraint, the numerical object is a stationary configuration of the
dynamic pricing game. Let z; = (p, s¢) denote the vector of prices and segment-level
market shares at date ¢, where p; collects all active price components under the three
pricing architectures and s; collects all segment-level market shares s; ., ;. Given
zt, each insurer computes a constrained best response within its pricing architecture,
taking competitors’ current prices and the relevant market-share constraint as given.
The resulting price vector, combined with the household reallocation rule, defines an
update operator

Zer1 =T (21).

A stationary numerical equilibrium is a fixed point

or, in computation, a configuration for which the residual

lzt41 — 2]

falls below a pre-specified tolerance.

The algorithm used below is an iterative best-response method. Starting from the
common pooled price and equal market shares, insurers update prices sequentially
under their respective pricing architectures. Household market shares are then updated
using the portfolio-inertia equation. The procedure is repeated until convergence or
until the fixed horizon is reached.

This equilibrium notion is deliberately modest. Throughout the paper, “equilib-
rium” refers to the fixed point of the numerical best-response operator associated with
the benchmark game, not to a closed-form analytical characterization of all equilibria
of the general dynamic game. Its role is to discipline the comparative statics: the same
game is solved under different policy constraints, and differences across outcomes are
attributed to the monitored margin of stabilization.

4.7 Equilibrium diagnostics

The numerical equilibrium analysis focuses on four outputs. First, we report relative
premium paths by insurer and risk class, using the initial pooled premium as the
normalization benchmark. These paths show how each pricing architecture translates
cost heterogeneity into premiums: insurer A can only adjust a national price, insurer
B can adjust commune-level prices, and insurer C' can adjust prices by commune and
risk class.

Second, we report market shares within each risk class. For insurer 7 and risk class
r, the aggregate market share is

M
Zm:l Nm,r si,m,r,t

Si,’r‘,t = M
Zm:l Nmﬂ’
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This diagnostic shows which insurers serve low-, moderate-, and high-risk households
along the adjustment path.

Third, we report each insurer’s portfolio composition. For insurer i, the share of
its portfolio made of risk class r is

M
2om=1 Nom,rSi,m.rt

R M :
2 =1 2om=t N Sim,

This object complements the market-share diagnostic: market shares describe sorting
within risk classes, whereas portfolio composition describes the resulting risk mix of
each insurer.

Fourth, we report expected technical loss ratios by insurer and risk class:

Qi,r,t =

M
Zm:l Nm,r5i7m,r7tcm7r

i .
Zm:l Nm,rsi,m,r,tpi,m,r,t

LRi,r,t =

These are expected loss ratios computed from segment costs, premiums, and market
shares, not simulated realized-claims ratios.

The computed paths should be interpreted as mechanism evidence. They do not
measure the magnitude of the effect in the French market. They show how hetero-
geneous pricing granularity can change prices, reallocate risks across insurers, alter
portfolio composition, and make local or risk-class monitoring more informative than
aggregate market-share monitoring.

5 Numerical equilibrium results

5.1 Pricing response

Figure 1 reports relative premium paths by insurer, risk class, and scenario. Premiums
are normalized to one at the initial pooled premium. The figure makes the role of
pricing architecture explicit. Insurer A uses a national premium, so the three risk-class
curves coincide: in the graph only one line is visible because low-, moderate-, and high-
risk households face the same price index. Insurer B prices by commune. Its premiums
can therefore differ across risk classes only indirectly, through the distribution of risk
classes across communes. This produces some separation between risk classes, but less
than under insurer C. Insurer C, which prices by commune and risk class, displays
the sharpest premium differentiation: high-risk households face the highest relative
premium, moderate-risk households lie in between, and low-risk households face the
lowest relative premium.

The comparison across columns shows that the market-share constraints mainly
affect the speed of adjustment. In the unconstrained scenario, the separation occurs
quickly. Under the national, commune-level, and risk-class constraints, the transition
is more gradual, especially for the risk-class constraint. The terminal ordering of pre-
miums, however, is essentially unchanged. The constraints therefore do not remove
the incentive to price risk finely; they slow the path through which the market reaches
the same differentiated configuration.
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Relative premium paths by insurer and scenario

Unconstrained National constraint Commune-level constraint Risk-class constraint
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Fig. 1 Relative premium paths by insurer and scenario. Premiums are normalized to one at
the initial pooled premium. Columns correspond to the four scenarios and rows to insurers. Insurer A
charges one national premium, so the risk-class curves coincide. Insurer B differentiates only through
commune-level pricing. Insurer C' separates risks most sharply because it prices by commune and risk
class. The constraints mainly slow convergence toward the differentiated pricing configuration.

5.2 Market shares and portfolio reallocation

Figure 2 reports market shares within each risk class. Each panel asks, for a given risk
class and scenario, which insurers serve that segment over time. The unconstrained sce-
nario displays rapid sorting. Insurer C' gains market share among low-risk households,
while its share among high-risk households falls. The high-risk segment is increasingly
served by the less granular insurers, especially insurer A and, to a lesser extent, insurer
B.

This pattern is not simply a change in prices; it is a change in who carries which
risks. The granular insurer can make itself attractive to low-risk households and less
attractive to high-risk households. The less granular insurers retain more of the pooled
portfolio. National stabilization slows aggregate movements but does not prevent
risk-class sorting. Commune-level stabilization slows local reallocation. The risk-class
constraint is the most directly aligned with the sorting margin, because it limits the
speed at which an insurer can reduce its presence within a given risk class.

Figure 3 presents the same mechanism from the insurer side. Instead of asking
which insurer serves a given risk class, it asks how each insurer’s own portfolio is
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Market shares by risk class and scenario
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Fig. 2 Market shares by risk class and scenario. The figure reports insurer market shares
within each risk class over the first periods of the adjustment. Columns correspond to scenarios and
rows to risk classes. In the unconstrained scenario, insurer C' gains low-risk households and loses high-
risk households. The constraints slow this reallocation, with the risk-class constraint most directly
limiting selective withdrawal from high-risk households.

composed. This distinction is important. Market-share figures reveal sorting within
risk classes; portfolio-composition figures reveal the resulting risk mix of each insurer.

The unconstrained scenario shows a rapid divergence in portfolio composition.
Insurer C’s portfolio becomes increasingly concentrated in low-risk households, while
its high-risk share falls sharply. Insurers A and B retain a larger share of moderate- and
high-risk households. Under the commune-level and risk-class constraints, this change
in portfolio composition is smoother. Again, the constraint does not fundamentally
change the direction of the equilibrium adjustment; it delays the speed at which the
portfolio mix changes.

5.3 Technical profitability and residual adverse selection

Figure 4 reports expected technical loss ratios by insurer, risk class, and scenario.
The horizontal line at one is the break-even benchmark. Values above one indicate
that expected technical costs exceed premiums; values below one indicate technical
profitability. These are expected loss ratios computed from segment costs, premiums,
and market shares, not realized claims.

The loss-ratio patterns are consistent with the portfolio-sorting mechanism. Low-
risk households are highly profitable for all insurers once prices adjust. Moderate-
risk households converge toward profitable or near break-even positions. The main
tension is concentrated in the high-risk class. In the unconstrained scenario, insurer C'
rapidly lowers its high-risk loss ratio by increasing high-risk premiums and reducing
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Portfolio composition by insurer and scenario
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Fig. 3 Portfolio composition by insurer and scenario. Each bar decomposes an insurer’s
portfolio into low-, moderate-, and high-risk households. Columns correspond to scenarios and rows to
insurers. The unconstrained scenario produces the fastest change in portfolio mix: insurer C' becomes
more concentrated in low-risk households, while less granular insurers retain more of the higher-risk
pool. Stabilization constraints smooth this transition.

its exposure to that segment. Insurers A and B remain more exposed to the pooled
risk structure and therefore have higher high-risk loss ratios, especially during the
transition.

The constrained scenarios smooth these trajectories. The national constraint does
not prevent risk-class reallocation, so the high-risk imbalance remains visible. The
commune-level constraint slows the adjustment. The risk-class constraint produces the
smoothest transition because it directly limits the speed of withdrawal from each risk
class. The key point is that these constraints govern the timing of risk transfer across
insurers. They do not reduce the underlying expected cost of high-risk households and
therefore do not substitute for financing, prevention, or adaptation.

5.4 Interpretation

The four figures describe one mechanism from complementary angles. Premiums show
how pricing architectures translate cost heterogeneity into prices. Market shares show
how households reallocate within each risk class. Portfolio composition shows how this
reallocation changes each insurer’s risk mix. Loss ratios show the technical consequence
of the resulting sorting.

The central result is that asymmetric pricing granularity creates a private incen-
tive to separate risks. Insurer C' can price finely and therefore improves its portfolio
by attracting low-risk households and reducing its exposure to high-risk households.
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Loss ratios by risk class and scenario
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Fig. 4 Loss ratios by risk class and scenario. The horizontal line marks the technical break-
even level LR = 1. Columns correspond to scenarios and rows to risk classes. The granular insurer
C rapidly improves its high-risk loss ratio by raising high-risk premiums and reducing high-risk
exposure. Less granular insurers remain more exposed to residual adverse selection. The constraints
mainly smooth the transition and do not remove the underlying cost differential between risk classes.

Insurer B occupies an intermediate position: commune-level pricing gives it more flex-
ibility than insurer A, but less than insurer C'. Insurer A remains closest to the pooled
logic because it uses a single national premium.

The policy comparison clarifies the role of market-share constraints. They are sta-
bilization devices, not financing devices. In the benchmark computations, they do
not materially change the equilibrium configuration; they mainly slow the transition
toward it. A national constraint can preserve aggregate market presence while allow-
ing risk-class sorting. A commune-level constraint is better aligned with territorial
availability. A risk-class constraint is better aligned with the preservation of diversi-
fied risk pools. None of them eliminates the economic value of granular pricing or the
need to finance explicitly the cost of continued coverage for high-risk households.

5.5 Sensitivity analysis

We use the sensitivity analysis to check that the equilibrium mechanism is not a
knife-edge consequence of the benchmark parameterization. We vary four parame-
ters: the price-sensitivity parameter [, the catastrophe-cost stress parameter 7, the
market-share loss cap €, and the numerical adjustment parameter v. These param-
eters respectively capture demand responsiveness, the level of expected catastrophe
costs, the strength of stabilization constraints, and the speed of convergence of the
best-response procedure. The stress parameter 7 should be interpreted as comparing
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alternative cost environments, whereas ¢ changes the admissible speed of market-share
loss along the monitored margin.

Figure 5 reports the sensitivity of insurer C’s terminal high-minus-low premium
gap. The premium gap remains positive across the parameter range: the granu-
lar insurer continues to charge high-risk households more than low-risk households.
The magnitude of the gap changes with the parameters, but the qualitative pricing
mechanism is stable.

Terminal high-minus-low premium gap, insurer C Terminal high-minus-low premium gap, insurer C
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Fig. 5 Sensitivity of insurer C’s terminal premium gap. The panels report how the terminal
high-minus-low premium gap varies with 8, n, €, and v. In each panel, the horizontal axis is a
multiplier relative to the benchmark value of the corresponding parameter. The red point marks the
benchmark parameterization.

Figure 6 shows that the portfolio-sorting mechanism is also robust. Higher price
sensitivity strengthens reallocation toward the granular insurer. Higher catastrophe-
cost stress increases the value of selecting a more favorable portfolio. A tighter
market-share loss cap dampens reallocation, while v mainly affects the speed at which
the numerical path approaches its terminal allocation. Thus, the comparative statics
affect the intensity and speed of sorting, but they do not remove the basic mechanism
generated by asymmetric pricing granularity.

Figure 7 reports the corresponding sensitivity of terminal profits. The granular
insurer benefits from finer pricing and from a more favorable portfolio composition.
Less granular insurers remain more exposed to residual adverse selection, especially
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Fig. 6 Sensitivity of terminal market shares. The panels report how terminal market shares
vary with 8, n, €, and v. In each panel, the horizontal axis is a multiplier relative to the benchmark
value of the corresponding parameter.

when demand is price-sensitive or catastrophe-cost stress is high. Stabilization con-
straints smooth these effects but do not remove the profitability advantage of finer
risk classification.

Overall, the mechanism appears whenever three ingredients coexist: households
respond at least partly to price differences, expected costs vary across risk classes, and
at least one insurer can price more finely than its competitors. The parameters affect
the intensity of the transition, but not its direction. Climate change therefore matters
not only because it raises expected losses, but also because it increases the value of
measuring, pricing, and governing local heterogeneity.

6 Discussion and conclusion

This paper has studied how climate-risk measurement can affect the effective avail-
ability of household insurance in a solidarity-oriented catastrophe-insurance regime.
The French Cat-Nat system pools natural-catastrophe risk through a regulated sur-
charge and public reinsurance, but access to the guarantee normally depends on the
underlying household-insurance contract. This creates a practical margin through
which climate-risk differentiation may re-enter the market: the base premium, the
underwriting rule, and the decision to quote.

The quote evidence documents this margin in a controlled setting. Holding the
applicant, dwelling, and contract choices fixed, some insurers quote the same premium
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Fig. 7 Sensitivity of insurer profits. The panels report how terminal profits vary with 3, n,
e, and v. In each panel, the horizontal axis is a multiplier relative to the benchmark value of the
corresponding parameter.

across low- and high-exposure addresses, one insurer differentiates premiums within
the same commune, and another does not quote in some high-exposure micro-locations.
The exercise is small and exploratory, and cannot establish market prevalence. Its value
is to show that fine-scale hazard information can be associated with both intensive-
margin differentiation and extensive-margin restrictions.

The numerical game clarifies why this matters competitively. Pricing granularity is
not only an actuarial refinement; it is a competitive technology. When insurers differ
in pricing architecture, the granular insurer can attract low-risk households, reduce
its exposure to high-risk segments, and improve its technical balance. Less granular
insurers remain closer to the pooled structure and may inherit more of the residual
high-risk pool. The mechanism is therefore not simply that competition replaces pool-
ing. It is that asymmetric granularity allows some insurers to preserve or improve their
risk mix while others continue to carry more of the pooled exposure.

The policy experiments show that market-share constraints are stabilization
devices, not financing devices. National monitoring can preserve aggregate market
presence while missing local retreat or risk-class sorting. Commune-level monitor-
ing is better aligned with territorial availability, because it targets the margin at
which effective withdrawal may occur. Risk-class monitoring is better aligned with the
preservation of diversified risk pools, because it limits selective retreat from high-risk
households. In the benchmark simulations, these constraints mainly slow convergence
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toward the differentiated equilibrium; they do not remove the economic value of
granular pricing or the underlying cost differential between risk classes.

Two governance implications follow. First, monitoring must be local and exposure-
sensitive. A market can remain competitive in the aggregate while becoming thin in
the micro-areas where climate exposure is highest. Quote availability, market shares,
and concentration should therefore be tracked by territory and by exposure class, as
emphasized in recent French debates on climate-risk insurability (Langreney et al.
2024; Caisse Centrale de Réassurance 2024). Second, stabilization must be paired with
financing and prevention. If insurers are expected to remain active in exposed areas,
the additional expected cost must be financed explicitly or reduced through land-
use planning, retrofitting, soil-related adaptation, flood protection, and household-
level risk reduction (Kunreuther 2015; Surminski and Hudson 2017; Kousky 2019).
Otherwise, market-presence rules can slow withdrawal without solving the underlying
sustainability problem.

The analysis remains limited. The quote exercise uses selected high-contrast loca-
tions and a small set of insurers; it cannot recover internal underwriting rules or
measure the prevalence of non-quoting in the French market. The game is also stylized:
pricing architectures are fixed, demand is reduced-form, contract menus are absent,
and expected technical costs are fixed within each simulation run. These simplifica-
tions are deliberate. The objective is not to estimate the French household-insurance
market, but to isolate a mechanism linking asymmetric granularity, portfolio sorting,
and effective withdrawal.

The central conclusion is that solidarity cannot be inferred from the uniform Cat-
Nat surcharge alone. It must be assessed where withdrawal can occur: in the local
market for the underlying household-insurance contract. As climate-risk information
becomes more precise, the governance problem is not whether insurers should mea-
sure risk. It is how granular differentiation, local availability, prevention, and explicit
solidarity financing should be combined so that rising climate risk does not translate
into de facto exclusion from ordinary household insurance.
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