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Purpose of the Primer and Background of Catastrophe Modeling 
The purpose of the Catastrophe Modeling Primer (Primer) is to provide information to state insurance 
regulators needing a basic understanding of catastrophe modeling. The Primer's intention is not to be all-
inclusive; instead, it suggests considering and exploring the areas and concepts that will help state insurance 
regulators better understand the basics of probabilistic catastrophe models. This type of model forecasts the 
statistical characteristics of possible results by considering the random variance in one or more parameters 
across time. The Primer does not take a position as to the ultimate soundness of probabilistic catastrophe 
models or the interpretation of the results derived from their use. 

The Primer introduces the fundamental concepts surrounding probabilistic catastrophe models and serves 
as a bridge to available training and materials offered by the Catastrophe Model Center of Excellence (COE). 
Since the COE provides training in the more technical aspects of catastrophe modeling, the Catastrophe 
Insurance Working Group of the Property and Casualty Insurance (C) Committee (Working Group) created 
the Primer to introduce state insurance 

https://web.cvent.com/event/eaae60df-3dd1-4f1b-a1e6-a4bcb6545351/summary
https://web.cvent.com/event/eaae60df-3dd1-4f1b-a1e6-a4bcb6545351/summary
https://www.rms.com/catastrophe-modeling?contact-us=cat-modeling


Following Andrew's landfall, catastrophe modelers projected the insured losses could cost insurers as much 





length of the wildfire season and causing more destructive fires.12 While wildfire is considered a “natural 
disaster,” 85-90% of wildfires occurring nationwidees







Figure 5 illustrates the billion-dollar flooding events, which are based on the adjustments in the Consumer 
Price Index (CPI).19 

Figure 5. 

 
Source: Time Series | Billion-Dollar Weather and Climate Disasters | National Centers for Environmental Information (NCEI) (noaa.gov)i 

According to AON's 2024 NatCat report



Figure 6 shows the top counties with the highest percentage of properties facing high-climate risk.23 

Figure 6 

 

A property is classified as having high climate risk when it faces a high, very high, or extreme climate risk 
score from ClimateCheck.24 

Three counties in Florida, Lee County, Brevard County, and Hillsborough County, had the highest High-Storm-
Risk County 



Figure 7

https://www.climatecentral.org/graphic/extreme-precipitation-in-a-warming-climate?graphicSet=Extreme+Precipitation+Change+1958+to+2021&location=US&lang=en


Figure 8. 

 

Figure 8 above visualizes the increased severity of yearly U.S. severe convective storm events. Between 2013 
and 2022, severe storm events accounted for 54% of disasters.30 

As of April 8, 2024, the U.S. has seen 378 disasters of $1 billion or greater with losses due to weather and 
climate-related disasters since 1980, averaging 20.4 yearly events for the most recent five years (2019 – 
2023). The numbers are CPI-adjusted, and yearly summaries can be found by visiting NOAA Summary Stats. 
Figure 9 represents the types of these disasters.31 

Figure 9. 

 

The National Centers for Environmental Information (NCEI) uses documented history to track historical 
severe weather and climate events

https://www.ncei.noaa.gov/access/billions/summary-stats


storms.32 Figure 11 below illustrates the number of events associated with each disaster event from 1980 to 
2024 (as of April 8, 2024). The summary data can be found on the NCEI’s state-summary page. 

Figure 10. 

 

The chart above includes the following caveats33: 

�x Deaths associated with drought are the result of heat waves. (Not all droughts are accompanied by 
extreme heat waves.) 

�x Flooding events (river basin or urban flooding from excessive rainfall) are separate from inland flood 
damage caused by tropical cyclone events. 

The National Hurricane Center, reinsurance industry, and catastrophe modelers all use the NCEI's data by 
integrating NCEI's findings into their assessments to consider the risk and loss possibilities throughout the 
country.34 

Catastrophic events are occurring more frequently and are becoming more severe, reminding property 
insurers that they are at significant risk of incurring losses from disasters. The increase in frequency and 
severity highlights the importance of using catastrophe models. Figure 11 illustrates the 2024 billion-dollar 
weather and climate disasters through June 2024. 

  

32 Billion-Dollar Disasters: Calculating the Costs | Did You Know? | National Centers for Environmental Information (NCEI) (noaa.gov). 
33 NOAA National Centers for Environmental Information (NCEI) U.S. Billion-Dollar Weather and Climate Disasters 
(2024). 





Historical loss experience is difficult to adjust to reflect current conditions, such as portfolio changes or 
societal changes. For example, building codes, construction practices, and materials change over time, so 
the damage from a previous catastrophic event that occurred many years ago may not provide accurate 
details for a current loss.37 

Since the inception of catastrophe models in the late 1980s, these models are now being used across the 
insurance industry for ratemaking, buying reinsurance, managing catastrophe exposures, and meeting 
regulatory and rating agency standards. Other stakeholders increasingly use catastrophe models for new 
purposes, including loss mitigation studies and quantification, forward-looking climate scenario modeling, 
and addressing other climate-related impacts. However, as their use becomes more widespread, it is 
important to understand how a catastrophe model can be used and to help decision-makers learn how to 
evaluate them effectively.38 

Catastrophe Models Versus Historical Approaches  
Extreme weather events occur less frequently, so past information does not include all possible and plausible 
events.39 As discovered following Hurricane Andrew, loss estimates using traditional actuarial techniques 
based on historical loss experience were much lower than the actual losses.40 However, this does not mean 
historical experience consistently understates the expected losses. Following a large hurricane, the use of 
historical losses may overstate the future expected losses.  

A study by Milliman found infrequent wildfires before 2017 and the use of historical losses, likely understated 
rate indications. However, historical losses after the extreme wildfire seasons that followed may have 
overstated rate indications.



detailed) depending upon the use case, such as county, state, or postal code level or at the individual location 
level.43  

Catastrophe model results can vary significantly, even with the same exposure data input, due to differences 



The basic framework for modeling the impacts of natural hazards on a portfolio of exposures can be 
broken down into the following modules (Note: The exact terminology used by each model vendor may 
vary slightly from what is described below): 

�x Hazard Module (also known as the local intensity calculation module or event footprint generation);
�x Vulnerability Module;
�x Exposure Module; and
�x Financial Module

The Hazard Module 
Hazard is defined as the danger caused by a peril to a community within the impacted area; for example, 
damaging winds from a hurricane might be a peril. The main function of the hazard module is to generate 
various event scenarios, determine the path associated with each scenario, and assess the local impact as 
the event progresses in both time and space for specific perils such as hurricanes or earthquakes. 

The hazard module consists of two sub-components, as listed below. 

1. Event Catalog
2. Event Footprint

An event catalog consists of a probabilistic event set, which is a database of simulated scenario events.48 
Each event sets events draw upon data from meteorological history, geology, and geography.49. The 
simulation uses logical and scientific data principles to replicate several types of events. Each event is defined 
by its probability of happening and the area it affects. It generates numerous potential event scenarios based 



amount of damage or a collapse from a given hazard intensity.52 This module also calculates Additional Living 
Expenses (ALE) or Business Interruption losses (indirect loss). 

Figure 12 – Types of Losses Modeled 

The vulnerability matrix generally varies depending upon the building’s risk characteristics, such as 
occupancy (residential, commercial, or industrial), building construction (wood, masonry, or steel), age of 



exposure data, most catastrophe models can reflect the impact of these elements through vulnerability 
curves. 

The Exposure Module 
While the hazard module estimates the hazard intensity footprint for a specific event, the exposure module 
houses the portfolio data, such as location-specific information, the building’s complete physical address or 
latitude/ longitude, risk characteristics, and insured values.  

The exposure module also includes information about insurance policy terms and conditions, such as 
deductibles, limits, and any applicable reinsurance.  

Catastrophe models are sensitive to the data input by the insurer, or the entity designated by the insurer for 
data input for running through the model to produce the modeled results. Catastrophe models include a 
framework to use default assumptions to fill in some of the missing information, such as the use of a default 
year band based on the occupancy in a certain geographical area using the model vendor’s proprietary 
building inventory database. However, the uncertainty of the modeled output increases when the input data 
is not accurate or has material gaps and relies on assumptions.54 





It is important to note that the catastrophe model is sensitive to the data input into it. The data quality of 
the information on the risk, such as address and building characteristic data, is important. However, better 
data quality does not guarantee a lower modeled loss, but it does ensure a more accurate representation of 
the risk. The better the data, the less there is a need to rely on assumptions, which reduces uncertainty. 57 

Outputs 
Catastrophe models produce outputs that can be used by insurance industry professionals in numerous ways 
when it comes to catastrophe exposure management. The output derived from catastrophe models is widely 
used for ratemaking, premium mitigation credit quantification, reinsurance purchase, capital, and solvency 
assessment. In July 2018, the American Academy of Actuaries developed a paper, “Uses of Catastrophe 
Model Output.” It is important to note that 



The AAL represents a long-term average, the expected value occurring in any given year. The calculation 
used to obtain the aggregate AAL is: 

�O�Q�I �K�B �P�D�A �H�K�O�O�A�O �B�N�K�I �A�=�?�D �U�A�=�N �E�J �P�D�A �?�=�P�=�H�K�C
�P�D�A 



Probable Maximum Loss (PML) 

The PML, or probability of exceeding a specified loss, shows how likely it is to exceed a certain amount of 
loss. This is the loss level at a certain probability threshold level or, in other words, at a specific return period. 
The PML represents the estimated maximum amount of loss a company could face from a single catastrophic 



challenge. These models rely on the expertise of scientists in relevant fields such as geology, seismology, and 
structural engineering and draw on information from the United States Geological Survey (USGS) National 
Seismic Hazard Model. EUSGS regularly updates hazard model to account for the frequency and severity of 
earthquakes (i.e., hazard). Two types of scientific models are used to assess earthquake losses: the 
Earthquake Rupture Forecast, which shows where and when the Earth might slip along a state's faults, and 
the Ground Motion Prediction model, which estimates the subsequent shaking given one of the fault 
ruptures. The USGS has been publishing hazard models for the United States and its territories since 1996, 
and a hazard toolbox is also available for querying and computing hazards from the USGS national seismic 
hazard models.64 

Hurricane 



suddenly releases water or by excessive snowmelt





The term "cyber" encompasses a range of effects, including business disruption, hardware or software 
malfunctions, regulatory penalties, and data theft resulting from security breaches. 

While cyber catastrophe models have evolved, they differ from traditional catastrophe models. The output 
from cyber catastrophe models continues 





Regulatory Concerns 
Model Variability



California 
California Code of Regulations, 10 CCR § 2644.4 (e) specifies allowance of models for Earthquake and Fire 
Following Earthquake (FFEQ) for ratemaking in California. California also allows models for other perils in 
developing rating relativities, such as territorial and wildfire relativities. 

California Code of Regulations 10 CCR § 2644.9 requires that insurers develop or update their homeowner’s 
insurance rating plans and consider and apply mitigation credits, discounts, or other rate differentials for 
properties that employ recognized wildfire mitigation measures. 

California also requests that the insurer complete its model review checklist, which has recently been revised 
to improve support for both catastrophe and non-catastrophe models. 

Florida 
The Florida Commission on Hurricane Loss Projection Methodology (FCHLPM) was established to evaluate 
models per Florida statute. For the residential property line of business, only the use of accepted models is 
required to support hurricane rates in rate filings submitted to the Florida Office of Insurance Regulation 
(FLOIR). The FCHLPM also evaluates flood models, though rate filings are informational.93 

The FCHLPM is independent of FLOIR. However, Florida statute requires that FCHLPM membership includes 
a FLOIR actuary responsible for property insurance rate filings, who is appointed by the Commissioner of 
FLOIR. 

The FCHLPM consists of technical experts specializing in meteorology, engineering, actuarial, and computer 
science.  

In Florida, a public hurricane loss projection model incorporating detailed loss data is utilized to review rate 
filings. This model is subject to FCHLPM review. When companies select an accepted model to use in rate 





Rates are already increasing due to the increasing frequency and severity of catastrophic events. Consumer 
advocates believe the increases related to computer models and their effect on insurance bills should be 
disclosed. Additionally, there are still many areas where availability and affordability remain problematic. 
 

Summary 
 

Despite the challenges and complexities that come with catastrophe models, their usefulness and value in 
risk management cannot be overstated. These models are the cornerstone of informed decision-making in 
the insurance and reinsurance industries. They provide a structured framework to quantify risk, which is 
essential for developing sound strategies in underwriting, pricing, and portfolio management. While 
uncertainties do exist, catastrophe models are constantly evolving to incorporate new data, science, and 
technology. Today, catastrophe modeling serves the insurance market in a profound way. For the past 30 
years, catastrophe models have played a major role in shaping the insurance industry for insurers and 
reinsurers. Their use extends beyond predicting insured losses. Insurers and reinsurers depend on 
catastrophe models for ratemaking, financial solvency, reinsurance placement, and more. The intricate 
nature of catastrophe modeling considers changing global climate conditions and insured exposure, 
creating the need for catastrophe models to implement updates to their data sets consistently. The 
insurance industry’s reliance on catastrophe models continues to grow and underscores the critical 
importance of catastrophe models. 

For technical training needs surrounding catastrophe modeling, visit the COE’s website. 
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Appendix 1 – California Regulations – Links 
�x Cal. Code Regs. Tit. 10, § 2644.4 - Projected Losses 
�x Cal. Code Regs. Tit. 10, § 2644.9 - Consideration of Mitigation Factors; Wildfire Risk Models 
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September 23, 2022 
 

2022–9R 

To: All  Licensed Insurers Offering Property Insurance 

in Hawaii From:Colin M. Hayashida, Insurance Commissioner 

 

Subject: Catastrophe Models for Hurricane Exposure in Hawaii (“Hurricane Models”) 
 
 

The purpose of this memorandum is to provide guidance on supplemental rate filing 
requirements for property insurance and to supersede memorandum 2003-3R dated July 30, 
2003. 

 
The Insurance Division has reviewed and approved for use, effective November 1, 

2022, the following hurricane models in Hawaii: 

�x AIR Tropical Cyclone Model, Version 3.10 1 
�x Core Logic Hawaii Hurricane Model 2 
�x RMS NA Hurricane Model, Version 18.1.1 3 

 
Insurers with previously approved property rating programs which use formerly 

approved hurricane models are not required to refile. 
 

Insurers who wish to use these newly approved models may do so, 



 

1 Released June 14, 2013, implemented in AIR Touchstone through 8.10 

2 Released July 31, 2019, implemented in RQE v 19 

3 North Atlantic Hurricane Model  145)9 



Appendix 3 – Maryland Regulations 
 

Maryland 



data combines the three types of shutters and codes them as one. 

11. How does the company determine these inaccuracies and how are they corrected and/or 
adjusted prior to a model run? 

C. 



F. PROPERTY CODING AND ACCURACY



Appendix 4 – Questions for Regulators Following a Preliminary Assessment 
of Catastrophe Models 

Please note that this section primarily relates to hurricane and earthquake property loss. The suggested 
questions could be adapted for other catastrophic events (tornado, hail, freeze, etc) and for other types of loss 



6.



For the homeowners policy form, please provide the number of policies, the average amount of 
insurance, the current average premiums and average rate changes for each of the categories below. 
Please calculate the premiums and rate changes. 

By county and deductible 



Assumptions: (



Validation 

1. What validation and testing has been performed with the model?

2. How long has the model been in production? Who has reviewed the model? Have any enhancements
been made to the model?

3. Are there any significant differences of opinion among experts concerning material aspects of the
model?

4. Describe sensitivity tests of the models. What was the most sensitive aspect of each model and the
basis for making this determination? What is the degree to which these sensitivities affect expected
loss costs results?

5. Has the model been certified or acknowledged to comply with a specified set of standards. If so,
who certified it and what are the standards with which the model was required to comply?

6. Is the model based on generally accepted practices within the applicable field of expertise? [Note:
This is more than just an actuarial question…structural engineering, etc.]

OUTPUT 
What are the Outputs? 

1. What are the outputs of the model? (Are the model outputs reasonable and what analysis or
evaluation was performed to evaluate the reasonableness of the output? How were the model’s
calculations verified? Have the model and its outputs been peer-reviewed? Has the model output
been validated? To what extent has other data been used in verifying the reasonableness of the
output data?)

2. Were any other models evaluated? Are the results being relied upon consistent with similar output
provided by different vendors? If not, please explain the differences. Please explain the differences
between the historical indications and the model results? Please provide a summary of the modeled
homeowners loss estimates produced by each of the simulation models by policy form, territory, and
deductible. Please explain if one model was used or if more than one model was used and if so
please provide a comparison of those models.

Adjustments to Outputs 

1. Please describe the adjustments made for changes in risk, such as the coverage provided or the
insurer’s geographic distribution, to reflect the anticipated exposure for the period being priced?
How was the model recalibrated to account for changes in the coverage provided?

2. Does the model produce loss costs for all classes or is a base loss cost produced and then adjusted
for various risk characteristics? If adjustments are made, are they made by the model or afterward?
Please provide support for any classification adjustments?
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3. Is the level of detail in the filing the same as the model output? If not, what adjustments were made?

4. Have there been changes to the output data provided? What are the reasons for and effects of these
m



4. In modeling earthquake risk, how are the parameters for the seismic activity and
attenuation determined?

5. What are the seismic attenuation relationships used? Do they differ throughout the state
(perhaps by earthquake source depths)?

6. What are the impacts on the parameters from other seismology and geology influences (other than
the summary of historic earthquakes)?

7. What is the model’s “track record?” (How has the model performed in predicting the recurrence and
magnitude of earthquakes, both in the mid-continent U.S. and elsewhere? Has well has the model
predicted the insured damage caused by these earthquakes?)

8. How sensitive are the model estimates to assumptions about tectonic plate movement? Please state
the tectonic plate movements that were incorporated and their affect on the modeled estimates.

9. Did the model take into account or apply only one type of earthquake? For instance, strike slip or
dip slip.

10. How were the following factors taken into consideration in the earthquake model?



Use of Output 

1. How were the epicenter locations, selected for iterations?

2. How has the model output been used in the filing? Are results used for statewide
indications, territorial indications, etc.?

3. What data adjustments have been made for earthquakes from other regions that are
incorporated in the model?

SECTION 



geocoding? If the location is less detailed, such as census block or zip code, how can it be 
accurate? 

9. How is surface roughness, buildings, trees, etc. reflected and what data is used? Is the data
current?

10. Provide a comparison of actual to modeled storms adjusting for change in exposure and explain
the differences

Historical Validation 

1. Provide a list of past hurricanes that were capable of causing property damage in your state.
Identify the date, location and intensity, and appropriate parameters. Identify the data source.
Identify hurricanes whose parameters are uncertain, in dispute or based on 




