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Abstract
Worldwide property losses due to extreme wind events are escalating. While a large portion of the increases in loss can be attributed to population growth and concentration of property value in vulnerable
areas, global climate change could exacerbate losses in vulnerable areas and make buildings and infrastructure in relatively safe areas more vulnerable. Advances in forecasting and warning systems can provide residents with time to seek shelter from natural perils; in some cases (e.g., hurricanes), advanced warning can
enable property owners to take steps to reduce losses. However, last–minute property protection measures
are usually limited to activating pre-established systems. The best overall building protection system
remains passive strength and mitigation measures that are built into a structure.
This paper explores steps taken by the building and insurance industries that clearly indicate that losses
can be reduced and risks managed in ways that provides greater individual and community security and economic stability. It is also clear that efforts to reduce or reverse the rapid escalation of property losses as the
result of natural perils face significant technical, systemic and public policy challenges. This paper identifies
weaknesses in current extreme wind loss reduction efforts and offers suggestions for enhancing these efforts.
It also identifies steps that are being taken by the building and insurance industries that will mitigate future
damage to existing buildings and structures and help society adapt to existing risks and changes in risk due
global climate change.
Key words: adaptation, building codes, building performance, global climate change, hurricane damage,
mitigation,

1. Introduction
Loss summaries produced by the Munich Re
NatCatService (Munich Re, 2009) indicate that losses
caused by extreme wind-related disasters worldwide are
increasing dramatically (Fig. 1). While most of the
increases in losses can likely be attributed at this point
in time to increased population density and greater
concentrations of property value in vulnerable areas,
global climate change could exacerbate these increases
in losses. Perhaps the clearest example of global climate
change effects to date is the increase in so-called
“mega-fires” that occur under extreme fire conditions,
affect large areas, and exceed the ability of firefighters
to contain them using conventional fire control techniques. These fires usually continue uncontrolled until
there is a break in the weather, or a break in the available fuel. As average temperatures have increased and
droughts have become more severe, wind-driven wildfires are affecting larger areas and proving to be
uncontainable until the winds die down. Mega-fires
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have occurred on several continents, with the first one of
modern times being the Great Dragon Fire of 1987 in
China (Brookings Institution, 2005).
Regardless of whether the frequency and severity of
extreme wind events remains constant or increases due
to global climate change, there is a clear need to reduce
the rate of increase in losses and, hopefully, reverse this
trend. This will require a change in the design and construction of buildings in many parts of the world, and an
effort to reduce the vulnerability of the trillions of dollars worth of existing buildings located in vulnerable
areas around the globe. The approach to reducing future
losses can be expressed as a merging of mitigation and
adaptation strategies. Mitigation is needed because
actions must be taken if there is any hope for reducing
loss frequency and severity when it comes to damage of
existing buildings and structures, as well as new structures being built in the same manner. Adaptation is
needed because the constant increase in losses is not
sustainable. Furthermore, every building that is damaged or destroyed uses up valuable natural resources and
©2009 AIRIES
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Fig. 1 Trends in overall and insured weather catastrophe losses 1950-2008.

increases the global carbon footprint through both waste
output and the use of new materials. Adaptation also
involves improving current mitigation measures to make
them more cost effective, more attractive to building
owners who must be motivated to spend money to
reduce the vulnerability of their buildings, and better
suited to meet changes in risk that may occur as a result
of global climate change. Ultimately, in order for
development to be truly sustainable, it must not simply
focus on “first” costs – it must consider the full life
cycle of a building, with proper accounting for all risks
associated with its location.
Beyond these steps that are aimed at improving the
resiliency of families, businesses and communities in
the face of extreme wind events, it is clear that there is a
growing interest in mitigating the effects of global
climate change as well. There has been a significant
increase in interest in the “green” movement as it
applies to buildings through U.S Green Building
Council’s LEED program and other initiatives. There
has also been substantial growth in “green”-related
insurance products. The second annual Ceres study of
insurer response to climate change (Ceres, 2009) documents 643 specific activities from 246 different insurers
located in 29 countries during 2008, a 50% increase
from a similar survey conducted in 2007. The largest
increase in activities involved creation of innovative
insurance products, and the second largest increase was
in leadership activities where companies sought to
reduce their own carbon footprints.

2. Building Codes: Improvement, Adoption,
and Enforcement
While building codes can be traced (in one form or
another) back across many centuries, the treatment of
wind loads and wind effects on buildings has been a

very recent advance. Recognition of the important effect
atmospheric turbulence plays in defining wind loads on
buildings is a 19th century discovery that played a key
role in the emergence of boundary layer wind tunnels as
the tool of choice for determining wind loads on
high-rise buildings and long-span bridges. The modification of these tools and their application to the study of
wind loads on low-rise buildings is an even more recent
advance. In fact, most modern building codes that
provide reasonable estimates of localized wind loads for
the design of components and cladding elements of
low-rise buildings have been developed in the last quarter of the 19th century, and are still being improved as
modeling and instrumentation advances are made.
The definition of wind loads on components and
cladding elements in U.S. building codes and standards
that delineate areas of high localized negative pressures
near corners, edges and ridges of roofs have changed
significantly since the 1980s. The changes have been
greatest for low-rise buildings, including homes and
small businesses that frequently suffer the greatest damage in hurricanes and other extreme wind events. Along
with these improvements in codes and standards, there
has been a growing emphasis on engineering-based
design for homes and small businesses in areas subjected to the most common extreme wind events. In the
U.S., this is the coastal area subjected to hurricane risk
that includes the Gulf Coast and the Atlantic Coast from
the tip of Florida to Maine.
Unfortunately, adoption and enforcement of these
engineering-based requirements has been spotty at best,
and many areas have still not adopted them. An early
adopter of engineering-based requirements for design
and construction of residential buildings was the State of
Florida. Miami-Dade and Broward Counties quickly
moved to adopt the American Society of Civil Engineers
Standard 7 (ASCE 7-88) wind load requirements in the
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aftermath of Hurricane Andrew, which struck the area in
1992. The remaining coastal areas of Florida moved to
adopt the engineering based high-wind requirements of
the Standard Building Code (SBC) in 1995 (SSTD
10-93). The first real test of these improved building
codes came in 2004 when Hurricane Charley struck the
southwestern part of Florida, making landfall in the
Punta Gorda and Port Charlotte areas. The highest wind
speeds in Hurricane Charley were about 15% above the
design wind speeds for the area.
An analysis of claim frequencies as a function of
year built for 5,604 properties insured by one company
in the Punta Gorda and Port Charlotte area where the
age of the home was known is shown in Fig. 2. There
are at least two ways to interpret the trends in this data.
One way is indicated by the two red lines. In this
approach, the data suggests that there was a substantial
drop in the claims rate for houses built after 1996 and
that the claims rate for homes built in 1997 through
2002 remained relatively constant. A second way to
interpret the trends in the data is indicated by the yellow
dashed line. The trend shown by the yellow dashed line
suggests that the claims rate decreases almost linearly
with age. It is likely that the reductions in claims rate
results from a combination of code changes and age
effects.
If the trends shown by the red lines are used as the
basis for analyzing the losses, the following statistics are
produced. The claims rate for homes built prior to 1996
was 41 claims per 100 policies, and this dropped to 17
claims per 100 policies for homes built between 1996
and 2004. Similarly, the claim amount per square meter
of home area dipped from $258 per square meter for
homes with a claim that were built before 1996 to $150
per square meter for homes with a claim built between
1996 and 2004. Continuing this type of analysis and
logic, the data shown in Fig. 2 also suggests that it took
about a year after the new codes were adopted before
claim frequency was substantially impacted and settled
at the lower level. Some of this delay could be due to a
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rush to get permits before the new code went into effect;
but, it is more likely that it took a year or so before the
building officials and builders became comfortable with
the new requirements and contractors actually did a
good job of following the new code requirements.
Continuing to use building code changes as a basis
for interpreting reductions in losses, the data shown in
Fig. 2 suggests that adoption of the new statewide 2001
Florida Building Code in 2002 led to further reductions
in losses. Beyond the changes in the code that added
requirements for installing high-wind rated roof covers,
a significant emphasis was placed on education and
training of all builders in the State of Florida. However,
there were so few properties in the data set for these
years that there is less confidence in the statistical
validity of the numbers for the last year or two.
In contrast to the analysis based on the red lines, the
yellow dashed line suggests that age is a dominant factor in the vulnerability of the homes to hurricane damage. It is interesting to note that a similarly sloped line
(but shifted to higher claims frequency numbers) could
be applied to the claim frequency data between the mid
1970’s and the mid 1980’s. Those homes would have
been 20 to 30 years old at the time Hurricane Charley
struck and many of the homes with shingle roofs of that
age would have been reroofed within the past 10 years.
The loss data from Hurricane Charley suggests that
building codes, the improvements in products and the
ageing of products and systems all play a role in reducing losses. The relative importance of the different
factors in reducing claims rates and losses remains an
important research subject and one that can be extremely important for those assessing risks and modeling the performance of portfolios of buildings. Most
models predict substantial reductions in losses for
homes designed and built under modern engineering
based building codes that are properly enforced. If the
yellow line in Fig. 2 were to continue to slide to the
right as the building stock built under new codes ages,
the models will need to undergo substantial changes.

Fig. 2 Claims rate for properties impacted by Hurricane Charlie (2004) from one insurance
carrier in the Punta Gorda and Port Charlotte area.
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3. Well-Connected Wind Resistant
Components and Products
One benefit of having strong building codes and
enforcement is that manufacturers and distributors are
forced to provide products that at least meet these code
requirements. Figure 3 shows the trend in garage door
replacements in Hurricane Charley as a function of year
of home construction. The change in building codes that
occurred in 1995, when the high wind provisions of the
SBC were adopted, was accompanied by a greater scrutiny of design pressures for garage doors. It is clear that
the replacement rate of garage doors plummeted for
homes built in 1995 and later years. It is likely that
much of this drop was due to the fact that rated products
were available and were being installed on homes.
Figure 4 shows results of an analysis of re-roofing
permits for shingle roofs in the Punta Gorda and Port
Charlotte area following Hurricane Charley. The age of
the home is used as a proxy for the age of the roof, so
data is only shown for homes that are new enough to
still have their original roof. This chart shows that in
areas where the 3-second gust wind speeds were estimated to be less than about 100 miles per hour (45 m/s),
re-roofing was relatively infrequent if the home was less
than 10 years old, but jumped to about a 20% re-roofing
rate if the shingles were more than 10 years old. However, as the wind speeds increased towards 140 mph
(63 m/s) 3-second gusts, the frequency of re-roofing
became much higher and the effect of age became much
less pronounced, except for roofs that were less than few
years old.
A detailed analysis of damage to shingles on about
1,000 hip roof houses that experienced Hurricane Ike

suggests that age and product ratings can have a significant effect on roof cover performance. These homes
were subjected to 3-second gust winds between 80 mph
(36 m/s) and 90 mph (40 m/s). These wind speeds are
about 20% below the design wind speeds for the area.
Figure 5 shows the results of the roof damage analysis.
Very little damage was observed for homes with roofs
that were less than about five years old. However, there
was a sharp increase in roof cover damage rates for
roofs older than five years, and the damage rate
increases significantly with age beyond that point.
The building code for this area was changed to the
International Residential Code in 2004. The IRC includes requirements for wind-rated roof covers. While
the reduction in damage to the newer roofs is significant,
it is not clear how much of the reduction may be due to
age of the roof cover, since shingles are definitely subject to aging effects, and how much is due to the use of
better products. Also, it is important to note that the
winds at this location were well below the design wind
speeds for the area. On the Bolivar Peninsula, where the
3-second gust wind speeds were on the order of
115 mph, high-rated shingles that were less than two
years old were heavily damaged. Consequently,
concerns persist that current standard test methods are
not a good predictor of actual roofing performance in
extreme wind events.
It is clear that good, durable products are needed,
and that their assessment must be based on test standards that adequately reflect real world conditions in
extreme wind storms. In order to prevent building
components and materials from ending up in landfills
when extreme wind events occur, they must be both
strong and durable.

Fig. 3 Garage door replacement permit totals as a percent of properties in Charlotte County by year of construction.
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Occurrence Rate of Roof Cover Damage

Fig. 4 Frequency of roof cover replacements for 3-Tab shingle roofs as a function of age and 3-second gust wind
speed in miles per hour – Hurricane Charlie in Punta Gorda and Port Charlotte area.

Age - Year of Construction
Fig. 5 Roof cover damage rates (Bayton TX Community, Hurricane IKE).

4. Education, Training and Motivation
While strong building codes, good enforcement and
appropriate products are all important to producing
buildings that will withstand extreme wind events, the
understanding and commitment of the builders, contractors and sub-contractors is also critical. Products must
be installed and connected properly in order to perform
as expected. In the United States, several states that have
adopted new building codes have taken that opportunity
to require training and education for designers, building

officials, builders and contractors. Some states are
requiring continuing education as one of the requirements for license renewal.
The “green” building movement is gaining momentum and attracting a great deal of attention worldwide.
Significant debates rage over the definitions of “building green” and the a-la-carte methods for obtaining
green designations used by both LEED and the U.S.
National Association of Home Builders/International
Code Council to designate buildings. These methods can
produce designated buildings that are not as energy effi-
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cient as owners might expect, nor as durable as they
should be. Yet, with many estimates indicating that
buildings consume about 40% of energy and resources
worldwide (Straube, 2006; 2009), there are many reasons
to promote energy efficient strong durable buildings that
maximize the intelligent use of renewable resources.
Other efforts have been aimed at creating demand for
stronger buildings that are more likely to resist extreme
wind events. In the early 2000s, the Institute for Business and Home Safety (IBHS) created a code plus program for residential construction called Fortified . . . for
safer living®. The code-plus elements for high wind
areas mean that design loads are increased, and a number of loss mitigation measures that had proven to be
beneficial have been added to the design and construction requirements. The designation process requires
additional building inspections to assure that the key
mitigation measures are properly installed. Both stateadministered and privately run insurers in several states
now offer premium discounts for buildings receiving the
Fortified . . . for safer living® designation. There is
increasing awareness and recognition of the fact that the
building code should be treated as a minimum and that
there can be cost effective measures that go beyond the
code requirements and produce even more resilient
buildings.
Efforts to educate the public about the benefits of
hazard resistant buildings and to motivate them to ask
for hazard reduction features are taking a number of
forms. First, there are messages being disseminated describing and warnings pegged to disruptions of lives and
businesses due to damage from extreme wind-related
events can be substantial, regardless of financial support
that may be available for repair and rebuilding. Second,
there are a variety of efforts to create incentives for
building hazard-resistant homes and businesses. Beyond
incentives provided by insurers noted above, there have
been efforts to get incentives from realtors, bankers and
government agencies. The intent is to get each group to
recognize the benefits of disaster resistant buildings and,
to the extent possible, monetize that value so there are
greater incentives for owners to build stronger and more
resilient structures.
Greater demand for buildings that are resistant to extreme winds should make it easier for realtors to sell
homes quickly and at a higher price. At a minimum,
realtors should recognize that if the buildings survive
and are habitable/functional after a storm, they will have
more properties available to sell, and it is more likely
that a community will remain an attractive place to live.
Bankers should recognize that with less damage and
disruption after an event, building owners are more
likely to keep up mortgage or lease payments. This
lower risk could then translate into slightly lower interest rates or fees. In addition, when buildings suffer less
damage, the demands on government agencies to help
communities recover after an event are reduced. Communities could eliminate or reduce taxes related to the
cost of strengthening or retrofitting buildings, and could

give priority to applications that include hazard resistant
elements.

5. Pricing Risk: The Role of the Insurance
Industry
It is a primary role of the insurance industry is to
assess risks and spread the risk of loss, so that companies will be in a position to provide policyholders with
funds to recover when an extreme wind event occurs
that damages the property. The large dollar losses from
Hurricane Hugo in 1989 provided a warning that the
concentration of high-value at-risk properties along the
coast could result in an unacceptable, extreme level of
loss when a hurricane struck. At that point, there had
been significant work on catastrophe models for assessing seismic risks, but relatively little work on developing catastrophe models for assessing risks associated
with hurricanes or other types of extreme wind events.
The huge losses from Hurricane Andrew that pushed a
few insurance carriers into insolvency and the realization that the losses could have been much greater if the
storm had struck 30 km to 50 km further north created
greater demand for better catastrophe modeling of hurricane risks and for insurance companies to use them in
their planning and underwriting.
The fact that the insurance industry was able to
weather the 2004 and 2005 hurricane seasons, where
losses dwarfed those of Hurricane Andrew and one in
five Florida homeowners submitted a claim, testifies to
the success of changes initiated during the intervening
12 years. Risk models moved from deterministic/
empirical models, where total losses were estimated
based on the maximum wind speed and the property
value in a 100,000 square mile area centered on the
storm’s landfall, to probabilistic models where Monte
Carlo simulation techniques are used to subject portfolios of properties to thousands of years of storms. The
models are continually being improved by including
such things as more realistic descriptions of wind fields,
more finely tuned, complex building characteristics for
vulnerability analysis, multiple strike probabilities, and
more data about increases in rebuilding costs (e.g., to
represent demand surge) that occur when a major event
hits a heavily populated area. Nevertheless, models have
to rely on test data for building components and connections coupled with damage data collected from postevent studies and closed claim files to develop
vulnerability curves for various failure modes. Systems
effects and the correlations between vulnerabilities that
are represented by similar damage levels being created
by failures of different components remains a critical
need. As modeling has become more sophisticated, there
are now opportunities for the insurance industry to capture additional information about buildings, which can
provide a better overall picture of their risks.
Nevertheless, risk continues to evolve, and some
variance in both frequency and severity of events no
doubt will be tied to climate change. With this will come
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the need to bring analytical capabilities to the point
where regional changes in climate related risk can be
understood. Other transformation of risk will come from
steps being taken to reduce the carbon footprints of
homes and businesses. As more and more “green” features are incorporated into buildings, the insurance
industry must be able to properly quantify specific risks
associated with new materials and systems – some of
which add significant costs to buildings, and/or complex
control systems that can malfunction. Clearly the Ceres
report indicates that the insurance industry is stepping
up to the challenge and responding with many new
products and services.

6. Mitigation and Adaptation
Many existing buildings will suffer significant damage if they are exposed to extreme wind events that
approach or exceed typical design values for their location. Furthermore, trillions of dollars worth of property
is directly at risk in areas subjected to extreme wind
related events across the globe. If the current trend of
increasing losses is to be halted, much less reversed, the
existing building stock needs to be strengthened and
made less vulnerable to both wind loads and wind effects, such as wind-driven water and wind-driven
embers.
The starting point is an inspection of the building to
assess its vulnerabilities. Once that has been accomplished, a mitigation plan can be developed that allows
the owner to begin selected retrofits, usually accompanying routine maintenance or re-modeling efforts as a
way to make the retrofits more cost effective. A key element in the assessment process is a systems-based
approach to mitigation efforts. In other words, an
a-la-cart method to mitigation modeled after the popular
“green” building approaches probably makes little sense
when the goal is mitigation against damage from an
extreme wind-related event. In the development of a
green building, each element or choice that lessens the
carbon footprint adds to the overall reduction – i.e., the
elements are additive. Wind hazard reduction, by contrast, follows more of a synergistic “chain” analogy,
where the weakest link is the first to go, and can undermine the entire protection system. Other links in the
chain may be almost as weak as the worst one, so there
is no real substantial reduction in risk of loss unless and
until all relatively weak links in the building system are
addressed.
FM Global has been successful in its approach to
risk management for large commercial properties in
large part because it conducts detailed inspections of
every property and requires property owners to undertake prescribed mitigation activities to reduce risks as a
pre-condition of insurance.
In 2010, IBHS is launching an inspection–driven,
system-based approach to hurricane mitigation for existing residential buildings. This tiered designation program focuses on mitigation against the types of damage
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(weakest links) that show up most frequently, and then
leads the homeowner to address the next-weakest links
as the designation levels increase. The first level
concentrates on strengthening the roof and minimizing
the chances that wind and water can enter the building
through that surface or the roof ventilation system. The
next level addresses the rest of the building envelope
and includes a few key structural retrofits that can be
accomplished at a reasonable cost but target the most
vulnerable elements, e.g., gable ends and porch anchorage.
The insurance industry is also making a large investment in a new wind, water, fire and hail research facility
being built by IBHS. This research facility will be capable of engulfing a full-scale two-story building in simulated wind fields with a variety of flow and gust
characteristics with maximum gust speeds of 60 m/s.
The first few years of research primarily will focus on
roof and roof cover issues. The facility will be useful for
developing vulnerability curves, correlations between
failure modes and damage, and the development of
effective remedial measures and mitigation strategies.

7. Conclusions and Recommendations
Some industry experts see the rapid growth of interest in “green” building as a sign that society is ready for
and, in fact, looking for a change in the way that buildings are built. As such, it represents an opportunity to
create energy efficient, strong, durable buildings that
optimize the use of resources. Unfortunately, durability
is frequently treated as an afterthought, and many areas
that would benefit from engineering-based design of
buildings have not adopted the building codes that
would help ensure strong safe construction. This is
particularly troubling, given the level of population and
property value concentration in vulnerable areas. The
solution lies in active mitigation against risks posed by
extreme wind-related hazards, and identifying and
promoting best practices for adaptation, so that existing
risks, as well as any new risks arising from global climate change, can be reduced.
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