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EXECUTIVE SUMMARY

= Asthe frequency and severity of extreme weather
events increase, insurance companies are raising
premiums or abandoning high-risk markets,
leaving many communities-especially highly
vulnerable ones-without reliable coverage.

®  Catastrophe models simulate rare but very
costly disasters, such as floods and hurricanes, to
estimate how much damage would occur. While
commonly used by insurers, there is limited
public information on how catastrophe models
are created and validated, and loss estimates vary
widely across models.

®  Parametric insurance, unlike traditional
insurance, issues a payment based on a specific
trigger or metric, such as wind speed, rather than
assessed monetary damages. The parametric
framework offers a faster and more transparent
process but is best suited for balance sheet, rather
than asset, protection. For example, a hotel hit
by a hurricane could use a parametric policy to
transfer the risk of revenue loss to an insurer.

= Disadvantaged communities face a heightened
challenge: they are disproportionately located
in high-risk areas—often due to long-standing
structural barriers—and consequently suffer
from expensive premiums or a complete lack of
insurance coverage.

®  QOur recommendations aim to increase insurance
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literacy, the availability of parametric and
community-led insurance, and federal oversight

NAY 2025 of insurance premiums.
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@ Grow consumer insurance literacy through regulators enacting rules
to increase the transparency of rate making and develop educational
resources for consumers to fully understand their insurance policies.

@ Increase incentives for, and research into, the adoption of parametric
insurance, community insurance, and means-based insurance assistance by
Congress.

@ Establish an Optional Federal Charter for insurers to reduce regulatory
compliance costs, prevent non-actuarially sound cross-subsidization
between states, and allow for greater risk pooling.

@ Create a standard national catastrophe model, in partnership with states,
through federal legislation to be used for evaluating private catastrophe
models and insurers’ rates as well as hazard mitigation planning.

INSURANCE LITERACY IN A CLIMATE CONTEXT

When extreme weather strikes, insurance can be the difference between a resilient
recovery and financial ruin for a community. As extreme weather events become
more frequent and severe, insurance companies are raising rates to unsustainable
levels or abandoning high-risk areas entirely. In California, major insurers have
stopped providing home insurance policies in areas prone to wildfire risk." In
Florida, thousands of homeowners have seen their premiums double or triple in
recent years.? These developments aren’t just insurance problems—they’re signals
of how climate change—the driver of more extreme weather events—is reshaping
responses to and preparedness for disasters.

While federal disaster aid provides emergency relief after catastrophes, private
insurance remains a primary mechanism for long-term financial recovery and
resilience building. Yet, the tools insurers use to evaluate and price risk, like
catastrophe models, and new insurance products, like parametric insurance, remain
opaque to most people. To address the changing risk landscape in the insurance
industry, there needs to be a better shared knowledge of how climate impacts shape
the insurance market. This policy brief specifically addresses the gap in insurance
literacy among community leaders and policymakers working to navigate the
evolving challenges.

Woodwell Climate Research Center’s Risk Program scientists bring extensive
expertise in modeling and predicting climate hazards that directly impact insurance
markets, while our policy team has experience translating complex climate data
into actionable recommendations for policy action. This interdisciplinary approach
uniquely positions Woodwell to bridge the gap between climate science, risk
assessment, and insurance policy literacy and solutions.

This brief provides a comprehensive look at the evolving landscape of climate
risk and insurance. We begin by examining catastrophe models—the complex
tools insurers use to predict and price risk—and explore how they shape coverage
and premium decisions. We then investigate parametric insurance, an innovative
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but somewhat limited approach that could help fill coverage gaps. The brief also
tackles questions about equity, examining how changes in the insurance market
disproportionately affect vulnerable communities and ways to enhance their
community resilience. We conclude with policy recommendations to help ensure
insurance is accessible, understandable, and effective in an increasing era of
climate disasters.

CATASTROPHE MODELS: THEIR ROLE IN INSURANCE

August 24, 1992 was a defining moment in the insurance world. Hurricane Andrew
made landfall in southern Miami-Dade County, Florida and caused $27 billion in
damages.? Seven insurance companies became insolvent after the event, and several
others required fund transfers from parent companies to remain afloat.* The
downfall of these insurance providers was their failure to account for catastrophic
risk—the risk associated with events that are rare yet cause a huge amount of
damage. Ideally, insurers would have information on all possible events but
historical records are largely limited to the past 125 years and exposure levels have
changed dramatically over that timeframe. For example, the economic loss from

a Category 5 hurricane would be extremely different for Miami in 1925 compared

to Miami in 2025. There are simply more buildings and people in harm’s way. If an
insurer only used the economic loss data for the previous 100 years, it would not
account for the most damaging events in its computations, leading to an incorrect
pricing of risk. Hurricane Andrew demonstrated the consequences of making this
miscalculation—insurers incorrectly estimated the impact of a Category 5 hurricane
hitting Miami in 1992. Adding to the difficulty of calculating the true probability

of loss is climate change. Shifts in climate have led to greater uncertainty in near-
future events, and research has shown that there is less predictability in a warmer
climate as the present and near-future distributions of extreme events become
distinct from historical distributions.®

To analyze and price risk from events that have yet to happen, insurers use
catastrophe models that simulate disasters, such as floods and hurricanes, to
estimate how much damage would occur.® By simulating thousands of years-worth
of storms or wildfires, including rare and destructive events, catastrophe models
theoretically capture the entire range of possible damages that could statistically
occur. This thousands of years-long event catalog is combined with property or
asset data to estimate average annual losses or exceedance probabilities for various
levels of loss.” Insurance premiums are derived from the outputs, such as average
annual loss, of catastrophe models.®

While catastrophe models are simulations of reality, the results from these models
need to be validated. Despite their limitations, historical records are the gold
standard as a benchmark® for verifying the accuracy of catastrophe models, known
as validation analysis. Such analysis is vital as these models have a significant
influence on society through the insurance, financial, and real estate systems."° Yet,
loss estimates can vary significantly across climate perils and modeling companies.
In 2023, Cotality (previously CoreLogic) estimated California’s average annual
building losses from wildfires at $1.21 billion, while First Street Foundation’s
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estimate is nearly triple this amount.""? Depending on which model insurers or
banks use, a property’s insurance premium could be significantly different, or an
investment may, or may not seem profitable. Validation analyses guard against risk
being over- or underpriced, aiming to ensure fair insurance rates and that these
financial signals motivate market behavior towards risk reduction.

However, catastrophe modelers generally do not account for the impact of climate
change on loss estimates. For example, only two modelers out of seven approved
by the Florida Commission on Hurricane Loss Projection Methodology (FCHLPM)
incorporate how climate change has shifted hurricane distributions over the past
125 years into their simulations.'® The other modelers rely solely on the historical
record, meaning, for example, climate impacts on hurricanes are not reflected,
such as intensified wind speeds, occurrence in higher latitudes, maximum intensity
closest to land, and rain rates of tropical cyclones.'516 These transformations in
tropical cyclone characteristics can have a profound impact on the loss estimates
that catastrophe models generate to inform premiums. Without adjusting the
historical event set to compensate for a change in overall climate, the distribution
of storms is only reflective of a mid-20th century climate, not our present climate.

Catastrophe modeling companies are not known for their transparency. To protect
their business in the current competitive marketplace, many companies provide
limited public information on how their models are built or about the outputs

from the models themselves.'”.'® First Street is an exception, publishing detailed
methodologies and establishing a public-facing website for property-level climate
risk scores, but still keeping geospatial and property-specific data behind a paywall.
Since catastrophe modelers provide so little data to the public, state regulatory
reviews are one of the few opportunities for the public to understand how these
complex models function and the validity of their outputs.

Still, the auditing of catastrophe models is extremely limited. The FCHLPM

reviews any catastrophe model that in-state insurers are allowed to use for pricing
premiums and has been certifying hurricane catastrophe models since 1996,

with seven models currently approved.'® The review process was expanded to

flood catastrophe models in 2014, and only three flood model submissions to the
FCHLPM have been approved. California began reviewing wildfire catastrophe
models for use in the insurance market in February 2025, but no information on the
data, methodology, or acceptability has been released publicly as of April 2025.20
Some states, such as South Carolina and Louisiana, have less intensive processes

for reviewing catastrophe models and rely on the FCHLPM or require completed
interrogatories (a set of formal written questions) during rate filings.?"?2 However,
South Carolina has placed limitations on the use of catastrophe models and requires
that they represent a historical climate, not the current one.?® Other states, such

as Colorado, are considering statutes to require some level of transparency from
insurers about the models they use to set premiums to policyholders, but there is
no technical review of those models.?*

Researchers have performed model validation and comparison, but with limited
scope. One study compared flood and wildfire risk data from risk modeling
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companies XDI and Jupiter Intelligence and found that regionally, the model
results are similar but can differ significantly at the address-level.?> Another set
of researchers analyzed the results of two flood models, First Street and PRIMo-
Drain, in Los Angeles, CA, and found the two models agreed on which properties
were at risk only about 25% of the time.26 Both of these studies demonstrate that
models can vary widely in their assessment of asset-level risk. Three catastrophe
models used in the National Flood Insurance Program (NFIP) estimate similar
average annual losses from coastal flooding, ranging between $2.3 million to $2.4
million for the year 2022, but the 1,000-year event annual loss spread is much
wider, $40.9 billion to $56.5 billion.?” While estimated average aggregate losses
of various catastrophe models can be quite similar, estimated property-level

and rare event damages can differ substantially. The question remains: are these
models appropriate in their level of transparency and accuracy for the public to
estimate and subsequently mitigate their property-level risk? At this moment,
we argue, they are not. These models are complex, imperfect, and provide wide-
ranging loss estimates with opaque methodologies. Greater transparency in terms
of methodologies and outputs from modeling firms is necessary to conduct proper
validation and inform the public on the limitations of catastrophe models.

PARAMETRIC MODELS: THE OPPORTUNITIES AND LIMITATIONS

Before delving into parametric insurance, it is worth establishing how traditional
insurance (also known as indemnity coverage) works. If a natural disaster strikes,
a policyholder with indemnity coverage will begin the claims process by notifying
their insurer, inventorying lost value, gathering evidence to support the claim,
and preparing for a visit from a loss adjuster. This process can lead to long wait
times before receiving a payout as the insurance company reviews the claim

and tries to minimize profit loss. In parametric insurance, if an index, variable,
metric, or parameter reaches a certain value, then a payout is triggered and sent
to the policyholder. There is a very limited claims process, and policies emphasize
expeditiousness. One example is the Extreme Heat Income Micro-Insurance,
which provides income protection to women in India who cannot work when
temperatures rise to unsafe levels.?8 In the United States, California municipalities
can now get coverage for flooding from atmospheric rivers that could reduce tax
revenue and pay for disaster recovery efforts, which are not covered in a traditional
insurance policy.?°

While parametric insurance has increased in uptake over the past five years,
indemnity coverage will still play an important role in mitigating climate risk

for residential and commercial property owners.3? This is because parametric
insurance is not a substitute for traditional insurance. Parametric insurance shares
a few characteristics with traditional insurance, as both have premiums and claims,
but the frameworks of each are fundamentally different. Essentially, indemnity
coverage is asset protection, and parametric insurance is balance sheet protection.
Asset protection refers to safeguarding the value of physical property, such as

an apartment building, while balance sheet protection is focused on shielding
against loss of revenue (usually generated by that asset, but not always). They
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serve different functions and should not be used interchangeably without careful
consideration. One important reason for their difference in application is basis risk.
Basis risk is the mismatch between the loss a policyholder experiences and the
final payout from an insurer. Basis risk exists in traditional insurance, but it plays a
larger role in parametric insurance. If a payout from a parametric policy is triggered
when daily rainfall exceeds two inches, any flood damage that occurs when it rains
less than two inches is not covered. This makes parametric policies ill-suited for
compensating asset losses, such as a homeowner for flood damage to their house,
and more appropriate for covering potential interruptions to revenue. For example,
a hotel in Florida would likely suffer a loss of revenue after a hurricane event—a
parametric policy can be used to transfer that risk to the financial sector.

At the same time, basis risk can also affect the insurer negatively. A policyholder
could not experience any damage or loss of revenue but still receive a payout if the
parametric policy is triggered. Such a net gain for a policyholder can enter a legal
gray zone in the U.S. because current insurance regulation requires documentation
that damage has occurred and is known as “proof-of-loss.”3' A 2024 ruling by the
Tenth Circuit Court of Appeals has upheld that standard and declared a net gain

for a policyholder in an insurance contract to be unlawful.3? This ruling creates a
fundamental incompatibility with the nature of parametric insurance products.
While parametric policies are not designed for a policyholder to experience a net
gain, the lack of statutory codification for parametric insurance is a barrier to the
wider adoption of parametric policies. Policymakers in many U.S. jurisdictions have
not addressed whether parametric policies even fall within the purview of insurance
commissioners, leaving insurers and policyholders to face the risk of costly
litigation on issues surrounding indemnification, insurable interest, and parametric
trigger mechanisms.

While proof-of-loss can be as simple as a text message confirming a loss has
occurred, this method breaks down when parametric insurance is used for forecast-
based financing. A payout before an event has occurred can be highly beneficial

to a policyholder as the funds can be used for immediate risk-reducing measures,
but this framework conflicts with current insurance regulations since no damage
has occurred. This issue of legality becomes even more salient when considering
that litigation of claims has become a persistent source of social inflation33 in the
insurance sector.34 Litigation costs raise premiums for all and prevent insurers
from offering policies that might be vulnerable to lawsuits. The lack of regulation
around parametric insurance is visible with just a few U.S. jurisdictions explicitly
mentioning parametric insurance in statutes, one being Puerto Rico.3> The state of
New York has codified parametric insurance into state law, but the requirement for
proof-of-loss under parametric policies in the state has not been fully addressed.3¢

While parametric policies cannot replace standard indemnity coverage and face
their own limitations, they provide a few key advantages in recovery efforts.
Previous research has cited 1) speed, 2) flexibility, and 3) transparency as benefits
of parametric tools to build financial resilience, particularly in marginalized
communities.3” Payments based on predetermined triggers rather than assessed
damages allow for rapid disbursement of funds when they are most needed. Low-
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income households experienced disproportionate losses to incomes after Hurricane
Katrina.3® Payment speed can be crucial for vulnerable households without
significant savings to fall back on during disaster recovery as a sort of first line of
defense. Parametric products also offer flexible coverage that might not be included
in traditional property indemnity policies and provide the opportunity for risk
transfer in many spaces where traditional insurance is not willing or equipped to
participate. Non-conventional policies can be issued, such as coverage for coral
reefs, which are relied upon by the tourism and fisheries industries.3? Finally, the
payout method is based on a metric—such as publicly available weather data like
wind speed or temperature—that is fully transparent and independent, eliminating
room for biases that often follow underserved groups and reducing opportunities
for fraud.

INEQUITY AND STATE FRAGMENTATION IN INSURANCE

Vulnerable communities face a double burden: disproportionate exposure to
climate-induced disasters and limited access to affordable, comprehensive
insurance coverage. This pattern follows historical patterns of racial and
socioeconomic inequality, with underresourced communities often concentrated

in high-risk geographies, such as certain areas of the U.S. South. The fragmented
state-by-state nature of insurance regulation exacerbates these disparities, resulting
in deeply inequitable disaster recovery outcomes. Historically marginalized
communities experience greater financial hardship due to insurance coverage gaps
stemming from two key factors.

@ Premiums continue to escalate in high-risk areas, forcing many low to middle-
income households to go without adequate protection.

@ Many historically underserved communities that are highly exposed to risk
face a complete lack of coverage options as insurers withdraw from markets
they no longer view as profitable. For example, future increased flood risk will
“disproportionately impact Black communities, while remaining concentrated
on the Atlantic and Gulf coasts,”#° which will make it more difficult for
insurance markets to offer policies that are not at a loss. This coverage gap
leaves precisely those communities with the fewest resources available to self-
insure and face the greatest hardships from climate risk.

As previously outlined, the development of catastrophe models has allowed for
high-resolution projection of future weather risk.#! However, the increasing
sophistication of catastrophe models presents both opportunities and risks for
equity concerns. As these models incorporate more granular data, there is a real
danger that more communities could be deemed uninsurable, as a result of the
ever-increasing scale and frequency of extreme weather events causing damage.

The fragmented nature of insurance markets is another concern from an equity
standpoint. In the United States, insurance rates are regulated on a state-by-
state basis. Each state has its own laws, rules, and methods for approving rate
filings. This can lead to varying levels of regulation across state lines for the same
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insurance product. Empirical data shows that insurers are cross-subsidizing lower
premiums in states with strong insurance rate regulation by charging higher rates
in states with lower levels of regulation.#? This redistribution of insurance costs
has been documented previously as an inefficiency of the insurance market.*3 As
climate change increases the probability of extreme weather events, risk will be
inequitably distributed even more as states with higher climate risk seek to limit
premium hikes for their residents.

As a result of premiums becoming unaffordable due to increasing extreme weather
events and risk exposure inequities, innovative approaches have emerged that offer
more flexible solutions. Community-level insurance models present promising
alternatives to conventional individual indemnity coverage. The reality of climate
risk is that individual property safety is inherently connected to community-

level safety, meaning that one’s property is only as safe as their neighbors’. Unlike
traditional frameworks that focus on individual properties, a community-level
policy recognizes that climate resilience is collective. The community-centered
approach has led to growing interest in aggregate insurance models, where an
institution, such as a community group, non-profit, or government agency, secures
insurance on behalf of a group. Aggregate insurance structures can take the undue
affordability burden off of individuals. Even if catastrophe models were appropriate
for analyzing property-level risk, the emphasis on individual risk reduction should
not overshadow community-level risk mitigation action. Rather than raising
individual homes to reduce flood risk, watershed-level adaptation involving both
grey and green infrastructure can be more cost-effective and sustainable in the long
term. A community-level coverage option could provide an alternative to individual
indemnity coverage in areas that are particularly at risk.

Another alternative option to traditional coverage is microinsurance, which

adjusts premiums based on a household’s financial capacity rather than solely on
risk factors. Microinsurance is a type of insurance product specifically developed
for financial resource limitations. These frameworks feature affordable premium
payments while offering lower coverage amounts, making them accessible to
resource-constrained populations. Thus far, case studies have only been presented
in emerging economies; however, Puerto Rico’s insurance commissioner is expected
to launch a trial program.# This approach would directly address equity concerns
by providing greater protection to those with fewer resources and ensuring that
insurance does not become a luxury accessible only to the wealthy.

POLICY RECOMMENDATIONS

There is no silver bullet to solving the insurance problem. A combination of tools,
frameworks, and forms of insurance, in addition to reducing risk exposure, will be
required to prepare the industry and consumers for the changing climate future.
The following recommendations are by no means exhaustive, but rather a few
targeted ways to address the problems outlined in this brief by improving insurance
literacy across stakeholders, moving beyond traditional indemnity approaches, and
enhancing oversight of insurers.
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Insurance Literacy: Framing, Education, and Capacity Building
@ Congress should mandate clear explanations for premium increases from
insurers upon request from policyholders.

o Washington state provides a model that could be implemented on a larger
scale4®

o Increases transparency and helps policyholders understand complex factors
driving costs

o Builds trust in the system and prevents inequitable premium distribution
@ The House Committee on Financial Services should host whole-of-society

Congressional hearings and public forums at the federal level focused on
solutions.

o Follow Alabama’s successful example with the Alabama Affordable
Homeowners Insurance Commission*®

o Bring together policyholders, community leaders, industry representatives,
risk scientists, builders, and policymakers

o Alabama’s approach led to the creation of FORTIFIED#’ construction
standards that improved resilience
@ The Federal Insurance Office (FIO) should develop accessible resources
demystifying insurance mechanisms.

o Create multilingual, user-friendly materials explaining catastrophe models
and policy nuances

o Help communities advocate for equitable solutions to fill protection gaps
o Support transparency, education, and community engagement

Beyond Traditional Frameworks: Microinsurance, Community, and
Parametric Options

@ The FIO should conduct research on alternative insurance options to
demonstrate successful cases and identify gaps.
o Focus on aggregate insurance, microinsurance, and parametric approaches

o Aligns with FIO’s mandate to monitor access to affordable insurance for
underserved communities*®

o Document how these approaches can complement and improve traditional
coverage
@ The FIO should publish parametric insurance guidelines to ensure consumer
protection.
o Create clear legal guidelines for parametric insurance providers

o Establish rules at the policy level rather than leaving interpretation of
parametric insurance law to courts to support the growth of the parametric
market while protecting consumers
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The Role of Policymakers: Oversight

@ Congress should establish an Optional Federal Charter (OFC) for insurance
to provide a national regulatory framework.*°

o Create a dual system similar to banking, where insurers can choose state or
federal regulation

o Streamline regulatory processes to reduce premiums and prevent cross-
subsidization of rates

o Standardize coverage while ensuring flexible regulation for innovative
products

@ The federal government should fund and convene a consortium of states to
develop a national public catastrophe model.

o Build on existing state efforts like Florida’s hurricane/flood model and
California’s wildfire model>°>'

o Use the national catastrophe model to ensure insurance premiums are
adequate and not excessive

o Enable use across government agencies for infrastructure planning and
financial stress testing

Federal regulators should review catastrophe models at the national level to
ensure all states are accurately represented in these models and insurance
rates are priced appropriately.

o Require catastrophe models to represent current climate conditions, as
opposed to the historical climate

o Address the consistent issue of insurers lacking sufficient capital after severe
weather events and reduce premium spikes post-disasters

CONCLUSION

As the changing climate continues to reshape risk, reforming insurance systems
requires coordinated action at multiple levels. By improving insurance literacy
among all stakeholders, trialing innovative models that go beyond traditional
coverage options, and strengthening regulatory oversight, policymakers can create
a more resilient and equitable insurance landscape. Such efforts should prioritize
community-level protections to ensure that insurance is an accessible tool for
adaptation and recovery in an intensified climate future.
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