
Hurricane Andrew catalyzed the insurance industry in 1992, causing losses many 

believed impossible. As property development continues to concentrate along 

the coast, and with the uncertainties associated with a warm ocean climate, U.S. 

hurricanes are likely to remain a leading source of catastrophe losses worldwide. 

Whether large-loss seasons are driven by a single catastrophic storm like Katrina 

in 2005, by multiple smaller events as with Charley, Frances, Ivan, and Jeanne 

in 2004, or even by an unusual post-landfall reintensification like Ike in 2008, 

companies need a robust model that provides information about potential losses 

before they occur, along with the ability to differentiate risks at a granular level.

AIR HURRICANE MODEL FOR THE 
UNITED STATES
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AIR founded the catastrophe modeling industry in 

1987 with the creation of the first U.S. hurricane 

model for use by the insurance industry. With each 

update since, AIR has advanced the state of the art 

of hurricane modeling by incorporating the latest 

scientific research into the causes and effects of 

these complex meteorological phenomena. Armed, 

too, with an unparalleled body of knowledge about 

the vulnerability of structures to hurricane winds 

and storm surge—augmented by independent 

research, post-disaster surveys, external peer review, 

and a comprehensive model validation process—

the AIR model allows for risk assessment and risk 

differentiation at the most granular level. As the 

state of scientific knowledge and the landscape 

of insured properties continue to evolve, AIR’s 

commitment to innovation makes the AIR Hurricane 

Model for the United States the most reliable and 

trusted in the industry.
UNIFIED CATALOG ENABLES COMPREHENSIVE 
BASINWIDE RISK ASSESSMENT
The AIR hurricane model features a unified 

basinwide catalog of simulated events affecting the 

United States, the Caribbean Islands, Mexico, and 

offshore assets in the Gulf of Mexico. Because a 

significant percentage of storms in this region affect 

more than one model domain, this comprehensive 

event set allows companies to more accurately model 

losses to policies and portfolios that span multiple 

countries. 

 
INCORPORATING THE LATEST RESEARCH ON 
WIND FIELD MODELING TO PRODUCE THE MOST 
REALISTIC SIMULATED STORMS
Because capturing the location and intensity of 

the strongest surface-level winds in a hurricane 

is critical to producing reliable loss estimates, the 

AIR model incorporates the latest research in wind 

field modeling to achieve an unprecedented level 

In 2005, Hurricane Wilma, the most intense hurricane ever recorded in the 
Atlantic, caused damage in Mexico, the Caribbean Islands, Florida, and the 
Bahamas. AIR’s Atlantic basinwide catalog captures losses to portfolios 
that span multiple countries. (Source: AIR, SIO, NOAA, U.S. Navy, NGA, 
GEBCO; Image ©2010 DigitalGlobe, USDA Farm Service Agency, ©2010 
TerraMetrics, ©2009 Google)
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Modeled loss to property, contents, and business interruption and additional 
living expenses, including demand surge. Based on 2009 exposures.

TOP TEN HISTORICAL STORMS - WHAT WOULD 
THEY COST TODAY?

 “ I am impressed by the level of knowledge and 
understanding of the AIR research team. In my 
view, the AIR wind field model gives reasonable 
results, given a peak gradient wind and radius of 
maximum wind.”

–Dr. Kerry Emanuel (MIT)
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ACCOUNTING FOR DIRECTIONAL EFFECTS—IT  
MATTERS WHERE THE HURRICANE IS HEADING 
AND WHERE IT CAME FROM
Realistic modeling of surface-level wind fields 

requires properly accounting for the effects of the 

local environment on wind speeds. Along the coast 

of southern Florida, for example, where swampy 

surfaces, rough urban surfaces, and ocean surfaces 

are often located alongside each other, wind speeds 

can vary quite dramatically as a result of surface 

friction. Using the latest satellite-derived, high-

resolution land use land cover (LULC) data, the AIR 

model captures the accumulated surface friction 

effects of the land (or water) the wind has traveled 

over based on the direction of the wind at each 

location. 

FULL SPATIAL COVERAGE ENSURES REALISTIC 
INLAND LOSSES
As demonstrated by Hurricane Ike in 2008, the 

remnants of hurricanes can sometimes reintensify 

as they combine with pre-existing storms. Although 

it only happens in a small percentage of storms, 

the model explicitly allows for the possibility of 

reintensification after landfall consistent with 

historical experience. 

of detail and accuracy. Unlike models that estimate 

wind fields based on the structure of a “typical” 

hurricane, the AIR model explicitly captures the wide 

variability in the vertical and horizontal structure 

of storms—and their temporal evolution over water 

and after landfall as they travel inland. For example, 

most hurricanes have a funnel-shaped eye, which 

means that the location of maximum winds at the 

surface is not located directly below the maximum 

winds aloft. Depending on the angle of the slant, 

the difference can be as much as 10 to 15 miles—

which can have a significant impact on losses. In the 

AIR model, the slope of the funnel is an explicitly 

modeled parameter.  

PROVIDING MULTIPLE VIEWS OF RISK IN A 
WARM OCEAN ENVIRONMENT
Whether the result of global warming brought 

about by human activities or a natural periodic 

oscillation, sea surface temperatures (SSTs) in the 

Atlantic have been anomalously warm since 1995. 

The AIR model offers—in addition to a standard 

catalog based on all available data—an alternative 

catalog conditioned on those years since 1900 with 

warmer-than-average SSTs. While there is no clear 

consensus yet in the scientific community of what 

the future holds—AIR’s ensemble approach provides 

multiple credible views of risk based on objective, 

scientifically defensible research.

AIR explicitly models the directional effects of surface friction on wind speeds. 
In south Florida, a northeast wind will be relatively unobstructed as it comes in 
off of the Atlantic Ocean, while a wind from the west will have to travel over the 
built-up urban environment of Miami. (Source: AIR, USGS) 
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AIR’s advanced wind profile modeling accurately captures the variations in 
hurricane cross sections (From H.E. Willoughby, R.W.R. Darling, & M.E. Rahn, 
2006).
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Even storms that don’t reintensify can travel 

hundreds of miles inland after landfall. For this 

reason, the AIR U.S. Hurricane Model extends far 

beyond the coastal states to reflect the full spatial 

extent of potential losses, covering a total of 29 

states and the District of Columbia. 

FULLY PROBABILISTIC STORM SURGE MODEL 
CAPTURES THIS SIGNIFICANT SOURCE OF LOSS
With nearly 3000 miles of U.S. coastline at risk 

on the Atlantic and the Gulf of Mexico—and 

property values totaling over $8 trillion in coastal 

counties—hurricane-induced storm surge can be a 

significant source of loss. AIR’s fully probabilistic 

storm surge model simulates the abnormal sea-level 

rise accompanying hurricane activity at each coastal 

location. And because the depth of standing water 

is not the only source of damage, the model’s storm 

surge damage functions also capture the momentum 

of moving water. 

DAMAGE FUNCTIONS REFLECT REGIONAL AND 
TEMPORAL VARIATIONS IN VULNERABILITY
The AIR Hurricane Model for the United States is 

informed by findings from AIR’s multi-year, peer-

reviewed study of the adoption and enforcement 

of building codes throughout the United States, 

changes in building materials and construction 

practices, structural aging and mitigation features, 

as well as other factors that affect vulnerability. 

AIR damage functions reflect a detailed and 

profound understanding of the evolution of building 

vulnerability in the United States and take into 

account the specific year of construction to allow for 

better differentiation of vulnerability across regions 

and time. 

AIR uses high-resolution terrain 
information, including slope and 
roughness, to model the change 
in water depth as storm surge is 
propagated inland. (Source: AIR)

AIR modeled hurricane risk extends well inland from the coast, even to 
interior states such as Illinois, Oklahoma, Kentucky, and Ohio. (Source: AIR)
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“ The AIR research team showed considerable 
understanding of the current state of the art, and 
made rapid adjustments to incorporate the latest 
scientific knowledge”

–Dr. Robb Contreras (Areté Associates)
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ACCOUNTING FOR BOTH DIRECT AND INDIRECT 
BUSINESS INTERRUPTION LOSSES
For commercial interests, business interruption (BI) 

can account for a significant proportion of total 

losses. Damage to company headquarters alone, 

however, cannot explain total BI losses. Using 

an event tree approach, the AIR model accounts 

for business resiliency, such as the capacity to 

relocate or for operations to continue while repairs 

are underway. Losses that result from supplier 

downtime, utility service interruption, and actions 

taken by civil authorities are also captured.

 
ESTIMATING LOSSES TO BUILDINGS UNDER 
CONSTRUCTION
The model supports the builder’s risk line of business 

for residential and commercial construction. With 

builder’s risk, both vulnerability and replacement 

cost vary significantly during construction. The AIR 

model features time-dependent cost functions, 

or ramp-up curves, as well as separate damage 

functions for wind and storm surge damage based 

on extensive, component-level analysis during each 

phase of construction. 

The model estimates average annualized project 

losses and losses for each phase of construction, 

and considers the seasonality of storms. For 

projects already underway, users can enter percent 

completed to estimate risk to just the remaining part 

of the project.

ACCURATELY ACCOUNTING FOR INDIVIDUAL 
BUILDING CHARACTERISTICS AND MITIGATION 
FEATURES IS ESSENTIAL
As part of a ground-breaking study for the 

Mississippi Department of Insurance, AIR engineers 

undertook an extensive analysis of the performance 

of various structural characteristics and mitigation 

features using detailed damage and claims data, 

as well as engineering data generated from full-

scale testing. AIR’s U.S. hurricane model leverages 

the results of this study to include an enhanced 

methodology that accurately captures the impact 

of a full range of individual building characteristics, 

both singly and in combination. 

 

Information about individual building characteristics, such as the percentage of 
glass in a building envelope, can have important implications for loss potential. 
(Source: AIR)

INNOVATIVE COMPONENT-LEVEL 
ENGINEERING APPROACH TO 
MODELING COMPLEX INDUSTRIAL 
FACILITIES
The traditional approach to estimating the 

vulnerability of industrial facilities is to treat them as 

a single entity or, at best, as a collection of industrial 

buildings. Real-world industrial facilities are far more 

complex, comprised of dozens, if not hundreds, of 

different but interconnected components—including 

pipe racks, flares, process towers and storage tanks—

each of which responds differently when subjected to 

hurricane winds and storm surge. 

AIR’s approach to modeling industrial facilities is based 

on assessing vulnerability at the component level. To 

that end, AIR has developed damage functions for 

approximately 550 distinct components and sub-

components based on findings from detailed, site-

specific, engineering-based risk assessments conducted 

through AIR’s Catastrophe Risk Engineering (CRE) 

service—assessments that encompass engineering 

studies, structural calculations, materials tests and 

post-disaster field surveys.
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AIR’s real-time loss estimates (including 
demand surge) provided via the ALERT online 
service, are the most reliable available. 
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AIR’s ALERT™ (AIR Loss Estimates in Real Time) is the 

industry standard online service providing up-to-date 

information and loss estimates for U.S. hurricanes. 

Timely access to reliable catastrophe loss information 

as an actual event unfolds has become increasingly 

important for insurers, reinsurers, and investors. 

AIR uses the actual storm parameters reported by 

the National Hurricane Center, as well as forecasted 

track, landfall location, and wind speeds to produce 

a realistic distribution of potential industry losses. 

Clients also have the ability to assess the impact of 

each storm on their own portfolios. 

THE INDUSTRY STANDARD FOR REAL-TIME LOSS ESTIMATION

UNPRECEDENTED AMOUNT OF DETAILED 
OBSERVATION AND LOSS DATA ENSURES 
COMPREHENSIVE MODEL VALIDATION
In addition to validating modeled losses against 

reported losses, AIR validates each component 

of the model to ensure the most robust results. 

For example, the wind field implemented in the 

AIR hurricane model has been validated against a 

comprehensive database of wind speed observations 

from storms from 1982 to 2008 collected by a team 

at Texas Tech University. AIR geocoded thousands 

of individual observations, which cover the entire 

life cycle of each storm with multiple observations 

each second, and checked them for quality and 

consistency. The resulting database of wind 

observations is likely the highest quality and the 

most comprehensive in the industry.  

As a final test, AIR validates modeled insured and 

insurable losses using industry estimates, as well 

as detailed company claims data. Validation is 

performed not only at the company level, but by 

geographic region, by event, by line of business, and 

by coverage. The figure to the right compares actual 

losses (as reported by ISO’s Property Claims Services®) 

with modeled losses for several events.

 

Modeled industry losses compare well to actual losses (as reported by PCS).
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“ The AIR hurricane vulnerability model is a major undertaking that 
characterizes the building stock in the U.S. and its response to hurricane 
winds. The engineering and loss analyses contained in the model are 
extensive and technically sound“

–Joseph E. Minor, P.E. (independent wind engineering consultant)
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HIGHLIGHTS
•	 Standard and warm sea surface temperature catalogs provide two robust and scientifically defensible views 

of the risk.

•	 Realistic wind modeling in four dimensions captures the variability in storm structure; modeled wind speeds 

validated against an unprecedented database of historical observations.

•	 Wind speeds at a particular location are affected by the land or water that the wind has traveled over. The 

AIR model uses the latest United States Geological Survey (USGS) land use/land cover data to captures the 

directional effects of surface friction.

•	 Fully probabilistic storm surge model estimates peak surge height based on the meteorological parameters 

of each simulated hurricane, the bathymetry of bays and estuaries, and high resolution digital elevation 

data. Separate storm surge damage functions vary by construction and building height.

•	 Damage functions developed based on published engineering research, findings from post-disaster surveys, 

and rigorously validated by external experts as well as through extensive analysis of detailed insurance 

claims data.

•	 Peak wind speed is not the sole determinant of damage. The AIR model explicitly accounts for the effect of 

wind duration, which has been shown to be a significant driver of loss.

•	 Explicitly models temporal and spatial variations in vulnerability, allowing for the most precise risk 

differentiation.

•	 Supports more than 20 individual building characteristics that were developed based on structural 

engineering analyses and building damage observations made in the aftermath of historical hurricanes.

•	 Damage to industrial facilities modeled using an objective, engineering-based, component-level approach, 

which is superior to traditional approaches that treat a facility as a single entity.

•	 Supports the builder’s risk line of business with damage functions that vary according to the phase of 

construction, as well as time-variable replacement cost curves. Average project loss and loss during each 

phase can be calculated in CLASIC/2TM.

•	 Estimates damage to pleasure boats and yachts based on boat type, age, length, and depreciated value, 

among other inputs. When the exact boat location is unknown, CLASIC/2’s geocoding option places boat 

along the coast to provide better estimates of storm surge losses.

•	 Direct and indirect business interruption (BI)—often a significant source of loss—estimated using an event 

tree approach, based on published research and detailed loss data.

•	 Because annual landfall frequency is modeled explicitly in AIR’s stochastic catalogs, CATRADER® and CLASIC/2 

systems enable users to easily analyze multiple event seasons, as well as a wide range of insurance and 

reinsurance options.

For more information regarding the AIR Hurricane Model for the United States, please contact your AIR representative.
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ABOUT AIR WORLDWIDE 
AIR Worldwide (AIR) is the scientific leader and most respected provider of 

risk modeling software and consulting services. AIR founded the catastrophe 

modeling industry in 1987 and today models the risk from natural catastrophes 

and terrorism in more than 90 countries. More than 400 insurance, reinsurance, 

financial, corporate, and government clients rely on AIR software and services for 

catastrophe risk management, insurance-linked securities, detailed site-specific 

wind and seismic engineering analyses, and agricultural risk management. AIR is a 

member of the Verisk Insurance Solutions group at Verisk Analytics (Nasdaq:VRSK) 

and is headquartered in Boston with additional offices in North America, Europe, 

and Asia. For more information, please visit 

www.air-worldwide.com.

MODEL AT A GLANCE
Modeled Perils Hurricane-induced wind and storm surge .

Model Domain Alabama, Arkansas, Connecticut, Delaware, Washington DC, Florida, Georgia, Illinois, Indiana, 
Kentucky, Louisiana, Maine, Maryland, Massachusetts, Mississippi, Missouri, New Hampshire, 
New Jersey, New York, North Carolina, Ohio, Oklahoma, Pennsylvania, Rhode Island, South 
Carolina, Tennessee, Texas, Vermont, Virginia, and West Virginia.

Software Systems CATRADER®, CLASIC/2™, CATStation®

Supported Geographic 
Resolution

•	  CLASIC/2 and CATStation users may input exposures at the following levels: county, ZIP Code, 
street address, or latitude and longitude.

•	  CATRADER users may input exposures at the county or state level; losses are reported at the 
county level.

Supported Construction 
Classes and Occupancies

CLASIC/2 supports 65 construction classes and 110 occupancy classes, including general 
residential, temporary lodging, apartment/condo, and retail.

Supported Policy Conditions CLASIC/2 allows a wide variety of location, policy, and reinsurance conditions, including limits 
and deductibles by site or by coverage, blanket and excess layers, minimum and maximum 
deductibles, and sublimits. Reinsurance terms include facultative certificates and various types 
of risk-specific and aggregate treaties with occurrence and aggregate limits.

 

AIR is a member of the Verisk Insurance Solutions group at Verisk Analytics.


