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HEARING CHARTER

COMMITTEE ON SCIENCE
U.S. HOUSE OF REPRESENTATIVES
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Public and Private Efforts

MONDAY, FEBRUARY 9, 2004
1:30 P.M.—3:30 P.M.
MERKET ALUMNI CENTER,
TEXAS TECH UNIVERSITY,
LUBBOCK, TEXAS

1. Purpose

On Monday, February 9, 2004, at 1:30 p.m., the House Science Committee will
hold a field hearing to examine the status of windstorm hazard mitigation in the
United States, and to consider the role of federal research and development in wind-
storm hazard reduction.

2. Witnesses

Dr. Charles Meade is a senior physical scientist with the RAND Corporation’s
Science and Technology Policy Institute in Washington, DC. He is the primary au-
thor of “Assessing Federal Research Developments for Hazard Loss Reduction,” a
study prepared for the White House Office of Science and Technology Policy in 2003.

Dr. Ernst W. Kiesling is a Professor of Civil Engineering at Texas Tech Univer-
sity. Dr. Kiesling has 37 years of teaching, research, and administrative experience
at Texas Tech University, including serving as Chairman of the Civil Engineering
Department from 1969 to 1988. Dr. Kiesling was the first to develop an “in-resi-
dence” tornado shelter, providing occupant protection during tornadic events. The
research provided the basis for a Federal Emergency Management Agency (FEMA)
publication on in-residence shelter design.

Mr. Bryan Shofner is President of Shofner & Associates Insurance Agency in Lub-
bock, Texas. Mr. Shofner was named “Young Agent of the Year” in 2001 by the
Independent Insurance Agents of Texas. Mr. Shofner has been a longtime member
of his local, State, and national independent insurance agents associations, includ-
ing serving as President of the Lubbock Association of Insurance Agents.

Dr. Bogusz Bienkiewicz is a Professor of Civil Engineering at the Colorado State
University Wind Engineering and Fluids Laboratory. Dr. Bienkiewicz is also the
Vice President of the American Association for Wind Engineering, Secretary of the
American Society of Civil Engineers Committee on Wind Effects, and Co-chairman
of the International Wind Engineering Forum.

3. Overarching Questions
The hearing will address the following overarching questions:

1. How vulnerable is the built environment in the United States to windstorm
hazards? What are some of the top opportunities for, and primary barriers
to, reducing these vulnerabilities?

3. What is the size, structure, and focus of federal wind hazard mitigation ef-
forts, particularly with regard to research and development?

3. What gaps in data exist with regard to our knowledge and understanding of
windstorm hazards, and how could the overall wind hazard mitigation port-
folio be refocused or otherwise strengthened to improve mitigation in the
United States?

4. How can non-federal entities such as the insurance industry and State and
local governments contribute to, and benefit from, improved wind hazard
mitigation?



4. Brief Overview

¢ The United States currently sustains several billion dollars each year in prop-
erty and economic losses due to windstorms. While estimates of annualized
windstorm damages are highly variable and limited in scope, the National
Weather Service estimates that between 1995 and 2002, hurricanes, torna-
does, and thunderstorm winds caused on average $4.5 billion in damage per
year. The American Society of Civil Engineers has estimated windstorm dam-
ages to be in excess of $5 billion per year.

¢ The most powerful hurricane in the last century to hit the United States was
Hurricane Andrew, in August of 1992. It caused 58 deaths and approximately
$27 billion in damages. In addition, more than one million people were evacu-
ated from Southern Florida because of the storm.

¢ A variety of cost-effective windstorm hazard mitigation measures exist, and
many more are undergoing research and development. It is unclear to what
extent these mitigation technologies have been adopted, but it is generally
agreed that they have been under-utilized, and that significant improvements
in the wind resistance of buildings and other structures will not be achieved
without improved incentives at the local and individual level. This fact, com-
bined with growing populations in coastal areas particularly susceptible to
major windstorms, has led to substantial increases in the overall windstorm
vulnerabilities.

¢ Federal windstorm hazard mitigation efforts span several agencies, including
the Federal Emergency Management Agency (FEMA), National Institute of
Standards and Technology (NIST), National Oceanographic and Atmospheric
Administration (NOAA), National Science Foundation (NSF), and the Depart-
ment of Energy (DOE). Evaluations of the size, scope, and effectiveness of
these mitigation efforts have found significant room for improvement. For ex-
ample, a 1999 report by the National Academy of Sciences found that:
“. . .there is still a lack of leadership, focus, and coordination of wind-hazard
mitigation activities across all agencies, and funding for research and develop-
ment specifically targeting wind-hazard reduction issues is insufficient.”

5. Background

Hurricanes and Tornadoes

High winds can easily destroy poorly constructed buildings and mobile homes.
Hurricanes can reach constant wind speeds greater than 155 mph and extend out-
ward as far as 400 miles. While the National Weather Service is able to detect hur-
ricanes days before they make landfall, predicting when, where, and with what force
a hurricane will hit remains an inexact science.

Tornadoes generally occur near the trailing edge of a thunderstorm, though they
are also often produced by hurricanes. Tornado winds can reach up to 300 mph and
can be powerful enough to lift homes off foundations. Tornadoes are much more dif-
ficult to detect than hurricanes with an average lead-time for warnings of only 12
minutes. This makes evacuation nearly impossible, a factor that led to the develop-
ment and implementation of in-residence tornado shelters, developed from research
performed at Texas Tech University.

Since 1950, tornadoes have claimed over 4,400 lives. Texas has been particularly
vulnerable, averaging 124 tornadoes each year—more than double the average of
any other state. On May 11, 1970, a tornado ripped through downtown Lubbock,
Texas, killing 26 people, injuring at least 1,500 more, and causing more than $530
million in damage.

While the Federal Government does not maintain a comprehensive windstorm
loss database, the National Weather Service does compile damage estimates that
demonstrate the tremendous costs of windstorms (Table 1). Also, the insurance in-
dustry maintains separate loss databases that measure damage to insured property.
However, according to “Disasters by Design: A Reassessment of Natural Hazards in
the United States,” a 1999 report by the National Academy of Sciences, insurance
industry data may represent only a small percentage of total losses because many
property owners do not buy coverage against hurricanes and other natural hazards.



Table 1. National Weather Service Estimates of Windstorm Impacts (1995-2002)

Fatalities Injuries Total Damages (In millions of $}
Year [Tornadoes Hurricanes T-storm Winds [Tornadoes Hurricanes T-storm Winds [Tornadoes Hurricanes  T-Storm Winds
2002 55 51 17 968 346 287 802.1 1382.4 344.5
2001 40 24 17 743 7 341 637.5 51905 3788
2000 H 0 25 882 1 206 430.5 8.2 304
1999 94 19 29 1842 10 325 1998.2 5068.8 388.7
1998 130 9 4 1868 77 860 1736.2 4127.9 1697.3
1997 87 1 37 1033 32 425 736.5 875.4 242.1
1996 25 37 23 705 22 335 732.1 1787 452.8
1995 30 17 a8 650 112 473 410.8 5932.3 745.1

With more people than ever before living near coastlines, vulnerability to wind
hazards in the U.S. is steadily increasing. Already, more than one in six Americans
live in a county that lies next to the eastern Atlantic or Gulf of Mexico coast. In
addition, the coastal population is growing rapidly, particularly from Texas through
the Carolinas. In popular resort areas that are common along the coastline, num-
bers often swell even further when holiday, weekend, and vacation visitors arrive.
These large and increasing populations have resulted in substantial increases in
buildings and infrastructure in high-risk coastal areas that are also vulnerable to
windstorms.

Federal Windstorm Hazard Mitigation Efforts

The size and scope of federal investments in windstorm hazards research and de-
velopment (R&D) is generally agreed to be in the range of a few million dollars,
though specific numbers are hard to come by, in part because of the fragmented and
uncoordinated nature of these efforts. Agencies contributing to this effort include
FEMA, NOAA, NIST, NSF, and DOE.

The bulk of the windstorm hazard funding is directed toward fundamental re-
search and development into the atmospheric and meteorological aspects of wind-
storms, contributing to a greater understanding of weather-related phenomena, but
generally without specific mitigation applications in mind. A smaller portion of the
windstorm hazard research and development effort is directed toward structural and
engineering aspects of buildings and infrastructure impacted by windstorms. In a
1999 report, the National Academy of Sciences recommended that: “The Federal
Government should coordinate existing federal activities and develop, in conjunction
with state and local governments, private industry, the research community, and
other interested stakeholder groups, a national wind-hazard reduction program.
Congress should consider designating sufficient funds to establish and support a na-
tional program of this nature.”

Unfortunately, simply developing technical solutions will not reduce vulnerability
to wind hazards. FEMA and the insurance industry have both determined that im-
proving the wind resistance of buildings will only be achieved when there is a de-
mand for wind-resistant construction by homeowners. Solving the wind-vulnerability
problem will not only require coordinated work in scientific research and technology
development, but education, public policy, the behavioral sciences, and technology
transfer as well.

6. Questions for Witnesses
The witnesses were asked to address the following questions in their testimony:

Dr. Meade

¢ What regions of the country and characteristics of the built environment are
most vulnerable to windstorm hazards? Are these vulnerabilities increasing
or decreasing, and why? What are some of the opportunities for, and primary
barriers to, reducing these vulnerabilities?

* Approximately how much money does the Federal Government spend per
year on wind hazard mitigation research and development? Where is this ef-
fort currently focused (i.e., direct vs. indirect research, engineering, economic,
meteorological, etc.)? Where are the primary gaps with regard to our knowl-
edge and understanding of windstorm hazards? How could the federal wind
hazard research and development portfolio be refocused or otherwise
strengthened to improve mitigation in the United States?



Dr. Bienkiewicz and Dr. Kiesling

¢ What regions of the country and characteristics of the built environment are
most vulnerable to windstorm hazards? Are these vulnerabilities increasing
or decreasing, and why? What are some of the top opportunities for, and pri-
mary barriers to, reducing these vulnerabilities?

¢« What are some of the processes that are in place for transferring new tech-
nologies to government agencies and the private sector for implementation?
What role do the research activities at Texas Tech University and Colorado
State University play in implementation of new mitigation techniques?

« What steps could be taken to strengthen the federal wind hazard research
and development portfolio in the United States, particularly with regard to
planning, coordination, and focus within the research and development port-
folio?

Mr. Shofner

¢ How would you characterize the size and focus of ongoing wind hazard miti-
gation research and development being performed by the insurance industry?
To what extent do insurance industry research efforts build on research done
by universities or the government, and vice-versa? How does the insurance
industry work with Federal, State, and local governments to share data that
may help contribute to windstorm hazards reductions?

¢ Approximately how much damage do wind hazards cause in the United States
on an annual basis, and are these damages broken down by variables such
as building types, structural characteristics, and geography? What types of
damage are taken into account in compiling these damage estimates, and
what types are not included? What data gaps exist with regard to our knowl-
edge and understanding windstorm hazards?

¢ What role does the insurance industry play in encouraging implementation of
existing mitigation techniques in retrofitting and new home construction? To
what extent do insurance policies consider and incorporate incentives for im-
plementation of these mitigation techniques?
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Mr. NEUGEBAUER. We will call this hearing to order on Strength-
ening Windstorm Hazard Mitigation for purposes of the examina-
tion of public and private efforts.

I want to welcome everyone to this hearing where we will exam-
ine the status of windstorm hazard mitigation in the United States
and consider the role of federal research and development in wind-
storm hazard reduction.

On May 11th, 1970, tragedy struck Lubbock, Texas. An F-5 tor-
nado ripped through downtown Lubbock. Twenty-six people were
killed, and at least 500 were injured. The tornado had winds esti-
mated in excess of 200 miles per hour and damaged or destroyed
a large section of the city, mainly north and east of 19th and Uni-
versity, where we sit today.

And as a little postscript to that, I was at the corner of 22nd and
University in a friend of mine’s home, but I should have been over
on 5th and Avenue @ in my apartment, which was totally de-
stroyed by the tornado, and so I can testify that my person was
safe, but my property was not. We are going to be talking about
some issues that revolve around that today.

In just a few moments, between 9:35 p.m. and the time that the
funnel lifted into the clouds, the tornado devastated the community
along an eight and a half mile wide path. It wrought havoc along
a track that was one and a half miles wide in downtown Lubbock,
to one-fourth mile wide as it passed over the Weather Bureau Of-
fice located at the Lubbock Airport. The twister was responsible for
$125 million in damage and an estimated 15 square miles of the
city either damaged or destroyed.

The National Weather Service estimates that between 1995 and
2002 hurricanes, tornadoes, and thunderstorm winds caused an av-
erage of $4.5 billion in damage each year during that period. Texas
alone averages 124 tornadoes a year, which is more than double
the average of any other state.

Technology advancements in the second half of the century have
contributed to better, more accurate severe weather watches and
warnings from the National Weather Service, ultimately saving
countless lives.

The biggest advancement for severe weather forecasting was the
development of the Doppler radar. Scientists and other researchers
took the airborne radar development by the U.S. Military during
World War II and applied it to weather forecasting and severe
storm identification. The ultimate result was the next generation
of radar Doppler that we currently use today.

Advancements in computer technology also made some progress
in the area of weather prediction, allowing meteorologists to apply
physics in replicating motions of the atmosphere. This, combined
with diligent analysis to recognize weather patterns, helped ad-
vance severe weather prediction to its current level of an average
lead time of over 11 minutes.

Even as we build on our current weather prediction successes
and create new resources for predicting windstorms at a greater
rate, the United States continues to sustain several billion dollars
each year in property and economic losses due to windstorms and
human costs are—well, human costs are also very painful. West
Texas is particularly vulnerable to the high winds in tornadoes.
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A variety of windstorm hazard mitigation measures exist and
many more are undergoing research and development. For exam-
ple, in the past five years the Texas Tech Wind Engineering Re-
search Center has received funding under a cooperative grant with
the National Institute for Standards and Technology to research
the detrimental effects of windstorms on buildings and to reduce
losses from windstorm events. Their work has led to many accom-
plishments on the national scope. This year they have received an
additional $994,000 to carry on their research to improve the econ-
omy of shelters and wind resistant construction.

Improving the wind resistance of buildings will only be achieved
when there is demand for wind resistant construction by home-
owners. The tornado in Lubbock that was so destructive more than
30 years ago is a reminder of how vulnerable we are and how seri-
ous we should be about severe weather safety and preparedness.

For the next couple of hours we will hear from expert witnesses,
who I will probably introduce in a few minutes, on how current
windstorm hazard mitigation works and we will discuss how the
Federal Government can help facilitate further research. I look for-
ward to hearing everyone’s testimony and I am proud to bring this
hearing to the 19th District.

Now I would like to recognize my colleague on the House Science
Committee, Congressman Dennis Moore from Kansas, so that he
may make some opening remarks. Congressman Moore has been a
leader on this issue and currently serves as co-chair of the Wind
Hazard Reduction Caucus, an organization which focuses on in-
creasing the awareness of the Members of Congress about the pub-
lic safety and economic loss issues associated with wind. I would
like to thank him and welcome him to Lubbock for this hearing
and look forward to working with him on this very important issue.
Mr. Moore.

[The prepared statement of Mr. Neugebauer follows:]

PREPARED STATEMENT OF REPRESENTATIVE RANDY NEUGEBAUER

I want to welcome everyone to this hearing where we’ll examine the status of
windstorm hazard mitigation in the United States and consider the role of federal
research and development in windstorm hazard reduction.

On May 11, 1970 tragedy struck Lubbock, Texas. An F5 tornado ripped through
downtown Lubbock. Twenty-six people were killed and at least 500 more were in-
jured. The tornado had winds estimated in excess of 200 mph, and damaged or de-
stroyed a large section of the city, mainly north and east of 19th Street and Univer-
sity Avenue—where we sit today.

In the few moments between 9:35 p.m. and the time the funnel lifted into the
clouds, the tornado devastated the community along an 8 mile path. It wrought
havoc along a track that was 1% miles wide in downtown Lubbock to one-fourth mile
wide as it passed over the Weather Bureau Office located at the Lubbock Airport.
The twister was responsible for 125 million dollars in damage with an estimated
15 square miles of the city damaged or destroyed.

The National Weather Service estimates that between 1995 and 2002, hurricanes,
tornadoes, and thunderstorm winds caused an average of 4.5 billion dollars in dam-
age every year. Texas alone averages 124 tornadoes a year, which is more than dou-
ble the average of any other state.

Technological advancements in the second half of the century have contributed to
better, more accurate severe weather watches and warnings from the National
Weather Service, ultimately saving countless lives. The biggest advancement for se-
vere weather forecasting was the development of Doppler radar. Scientists and other
researchers took the airborne radar developed by the U.S. military during World
War II and applied it to weather forecasting and severe storm identification. The
ultimate result was the Next Generation Radar Doppler that we currently use.
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Advancements in computer technology also led to progress in numerical weather
prediction, allowing meteorologists to apply physics in replicating motions of the at-
mosphere. This, combined with diligent analysis to recognize weather patterns,
helped advance severe weather prediction to its current level of an average lead
time of over 11 minutes.

Even as we build on our current weather prediction successes and create new re-
sources to predict windstorms at a greater rate, the United States continues to sus-
tain several billion dollars each year in property and economic losses due to
windstonns—and the human costs are all too painful. West Texas is particularly
vulnerable to high winds and tornadoes.

A variety of cost-effective windstorm hazard mitigation measures exists, and
many more are undergoing research and development.

For example, in the past five years the Texas Tech Wind Engineering Research
Center has received funding under a cooperative agreement with the National Insti-
tute for Standards and Technology to research the detrimental effects of windstorms
on buildings and to reduce losses from windstorm events. Their work has led to
many accomplishments on the national scope. This year they have received an addi-
tional 994,100 dollars to carry on their research to improve the economy of shelters
and wind resistant construction.

Improving the wind resistance of buildings will only be achieved when there is
a demand for wind-resistant construction by homeowners. The tornado in Lubbock
that was so destructive more than 30 years ago is a reminder of how vulnerable
we are and how serious we should be about severe weather safety and preparedness.
For the next couple of hours we will hear from expert witnesses, who I will properly
introduce in a few minutes, on how the current windstorm hazard mitigation proc-
ess works and we will discuss how the Federal Government can help facilitate fur-
ther research. I look forward to hearing everyone’s testimony and I'm proud to bring
this hearing to the 19th District.

Now I'd like to recognize my colleague on the House Science Committee, Con-
gressman Dennis Moore from Kansas so that lie can make his opening remarks.
Congressman Moore has been a leader on this issue and currently serves as Co-
chair of the Wind Hazard Reduction Caucus, an organization which focuses on in-
creasing the awareness of Members of Congress about the public safety and eco-
nomic loss issues associated with wind. I'd like to thank him and welcome him to
Lubbock for this hearing. I look forward to working with him on this important
issue.

Mr. MooORE. Thank you very, very much, Congressman
Neugebauer, for inviting me here today. I really appreciate your
coming up with the idea for this hearing today here in Lubbock
and for hosting and basically chairing this committee. I am looking
forward to the testimony of our panel of experts here today.

I also want to thank Texas Tech for working with me for the past
three Congresses. I have been in Congress now, I'm starting my
sixth year. Texas Tech has worked closely with us and my staff in
the three Congresses on legislation on this topic. To keep this truly
bi-partisan I will also recognize and thank Representative Sten-
holm for helping to give an initial earmark that brought $3.8 mil-
lion to the Texas Tech Wind Disaster Research Program in 1998,
but I think we owe a special debt of gratitude again to the Con-
gressman here for bringing us here today for this very, very impor-
tant hearing.

Five months after I took office in 1999, my hometown of Wichita,
Kansas, was hit by an F—4 tornado which plowed through the sub-
urb of Hayesville, Kansas, killing six, injuring 150, and causing
over $140 million in property damage. The devastation of this at-
tack motivated me to do something about the old Mark Twain
adage, “Let’s do something about the weather.” I put together legis-
lation modeled after NEHRP [National Earthquake Hazards Re-
duction Program], the successful earthquake research program
begun over 30 years ago. My legislation’s goal is to mitigate loss
of life and property due to wind and related hazards and I am
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proud to say that the Congressman here is a co-sponsor of this leg-
islation, which I think is very important.

I utilized comments from the American Society of Civil Engi-
neers, the American Association of Homebuilders, the insurance in-
dustry, meteorologists, emergency managers, academia, industry,
and the Manufactured Housing Association to try to fine tune our
legislation and on May 4 of 2003, almost four years to the day after
the deadly 1999 Kansas and Oklahoma tornadoes, tornadoes again
touched down in metro Kansas City and the surrounding suburbs,
which is my district, as well as in many of Science Committee col-
leagues’ Districts, destroying property, killing and injuring our con-
stituents.

These tornadoes didn’t check before they hit to see whether they
were Republicans or Democrats. Frankly, partisan politics has no
place in the discussion here and I think it is very, very important
and encouraging, and I think hopeful people in this country are
waiting to see us find an issue where we can work truly together
on a bi-partisan, non-partisan basis and do the right thing for the
people in this country. It’s not a Republican issue. It’s not a Demo-
cratic issue. It’s a human issue and it’s a human tragedy when a
storm like this strikes and destroys property and takes peoples’
lives. I have seen it in my district.

I know you have seen it here. I know Lubbock, Texas, was hurt
very, very badly several years ago as the Congressman said.

I want to again thank you, Randy, for having this important
hearing. I'd also like to thank the witnesses for sharing their ex-
pertise here today and we look forward to your testimony and ask-
ing you some questions. Thank you very much.

[The prepared statement of Mr. Moore follows:]

PREPARED STATEMENT OF REPRESENTATIVE DENNIS MOORE

I would like to thank Representative Randy Neugebauer for inviting me here
today to Texas Tech and for working with me for the past three Congresses on legis-
lation on this topic and Representative Charlie Stenholm for getting the initial ear-
mark that brought $3.8 million to the Texas Tech’s wind disaster research program
in 1998.

Five months after I took office in 1999, my hometown of Wichita, Kansas, was
attacked by a F4 tornado, which plowed through the suburb of Haysville killing six,
injuring 150, and causing over 140 million dollars in damage. The devastation of
this attack motivated me to do something “about the weather” to paraphrase the
old Mark Twain adage.

I put together a piece of legislation modeled after NEHRP, the successful earth-
quake research program begun over 30 years ago. My legislation’s goal is to mitigate
loss of life and property due to wind and related hazards.

I utilized comments from the American Society of Civil Engineers, the American
Association of Home Builders, the insurance industry, meteorologists, emergency
managers, academia, industry, and the manufactured housing associations to fine-
tune the legislation.

On May 4, 2003, almost four years to the day after the deadly 1999 Kansas and
Oklahoma tornadoes, tornadoes touched down in metro Kansas City and the sur-
rounding suburbs as well as in many of my Science Committee colleagues’ districts,
destroying property, killing and injuring our constituents.

These tornadoes did not check with Congress to see if they were hitting Repub-
lican or Democratic districts, just hit both. This is not a Republican or a Democratic
issue, it is a human issue—it is a human tragedy. These windstorms destroy lives;
Ihhave seen it in my own district and know many of my colleagues have seen it in
theirs.

Thank you again, Rep. Neugebauer, for having this important hearing and I
would also like to thank the witnesses for sharing their expertise on this extremely
important issue.
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Mr. NEUGEBAUER. Thank you. I am going to just briefly introduce
the panel members to you today. From my left and going right, Dr.
Ernst Kiesling, who is Professor of Civil Engineering at Texas Tech
University. Dr. Kiesling has 37 years of teaching, research, and ad-
ministrative experience at Texas Tech University, including serving
as Chair of the Civil Engineering Department from 1969 to 1988.
Dr. Kiesling was the first to develop an in-residence tornado shel-
ter, providing occupant protection during tornadic events. The re-
search provided the basis for the Federal Emergency Management
Agency’s qualification on in-residence shelter design.

Next we have Dr. Charles Meade. He is a senior physical sci-
entist with the RAND Corporation of Science and Technology Pol-
icy Institute in Washington, D.C. He is the primary author of “As-
sessing Federal Research Development for Hazard Loss Reduction,”
a piece prepared for the White House Office of Science and Tech-
nology Policy in 2003.

And then Dr. Bo Bienkiewicz. He is a Professor of Civil Engi-
neering at Colorado State University Wind Engineering and Fluids
Laboratory. Dr. Bienkiewicz is also the Vice-President of the Amer-
ican Association of Wind Engineering, Secretary of the American
Society of Civil Engineering Committee on Wind Effects, and Co-
Chairman of the International Wind Engineering Forum.

And finally Dr., I mean Mr. Bryan Shofner. He is President of
Shofner & Associates Insurance Agency in Lubbock, Texas. Mr.
Shofner was named Young Agent of the Year in 2001 by the Inde-
pendent Insurance Agents of Texas.

Mr. Shofner is also a long-time member of his local, state, and
national independent insurance agent associations, including serv-
ing as President of the Lubbock Association of Insurance Agents.

As you know, the format is to give your opening testimony. We
are not going to be real strict on the five minutes, but we would
like to make those as brief as possible. Your full opening statement
will be entered into the record. And then we would then open up
for time for question and answer. Dr. Kiesling.

STATEMENT OF DR. ERNST W. KIESLING, PROFESSOR OF
CIVIL ENGINEERING, TEXAS TECH UNIVERSITY.

Mr. KiESLING. Thank you for being here today and for your pur-
pose in being here. I am privileged to be the spokesperson for the
Wind Science and Engineering Research Program at Texas Tech. I
am particularly honored to be standing in for Dr. Kishor Mehta,
the long-time Director of the Center, who at this moment is in Asia
delivering papers at an international wind conference. Otherwise,
he would have been here.

We have engaged in hazard mitigation activities since 1970 when
the tornado that Congressman Neugebauer mentioned came to
Lubbock, Texas. Improving buildings for wind resistance has been
a major focus of our program throughout its history. Damage to
buildings, especially houses, comprises a major segment of wind
damage so much of my testimony will relate to that segment of the
broad field of wind engineering, wind mitigation research.

Our research in hazard mitigation has two major objectives—sav-
ing lives and reducing economic losses. The reports and testimonies
of other presenters at the table will define the nature and mag-
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nitude of our growing vulnerability and discuss the status of re-
search and development efforts.

I will simply give a snapshot of the one productive hazard miti-
gation program I am familiar with and list some of the opportuni-
ties for further reducing our vulnerability.

The collaborative efforts of a number of universities, most nota-
bly Colorado State University with its NSF project, have made
progress in a number of areas important to curbing the spiraling
economic losses to windstorms. I think our major progress in haz-
ard mitigation has been in damage documentation. We have docu-
mented the damage in over 130 major storms now in this country
and in Australia.

Storm shelters, most commonly known as safe rooms, have gone
from an inspiration to a concept, to utilization, to the establish-
ment of an industry. We have come a long way in understanding
wind characteristics through laboratory, full-scale tests, and field
studies, as well as through observations. We have studied wind ef-
fects on buildings in the laboratory and simulations using, for ex-
ample, a C-130 aircraft. We have made observations in the field
on the effects of winds. This played heavily in standards and code
development, the ASCE 7, and we are currently involved with the
International Code Counsel in developing a national consensus
standard for storm shelters. We have been involved in technology
transfer through publications, short courses, outreach, and heavily
involved in education and inter-disciplinary education at the grad-
uate level to produce graduates who understand the hazards and
have potential solutions for meeting those challenges of the haz-
ards.

Yet some of these same areas represent the most fertile ones for
the future. We do not have a very good understanding of fluc-
tuating wind blows, particularly in tornadoes and perhaps not even
in hurricanes. And then we need to simulate those fluctuating wind
fields in the laboratory so that we can economically study the ef-
fects of those winds.

The knowledge of building resistance to wind loads is not well
known. Progressive failures in the buildings when subjected to
these fluctuating wind loads leave a lot of challenges for us. We
continue to document damage, but we need to develop a consistent
database to make those useful in calibrating wind loss damage
models, verifying benefit to cost ratio in theories for improvements,
developing uniform standards as a basis for building codes, and in-
fluencing the attitudes and behaviors of people.

I think the most effective mitigation actions will be taken when
building owners perceive that benefits will be derived from invest-
ments made in mitigation measures. They must be able to make
well-informed decisions by having credible information available to
them and the research community bears the responsibility for pro-
viding that information.

There are a number of barriers to progress. Obviously, the lim-
ited funding, the access to mitigation funding, mitigation activities,
is sometimes hindered by the, say, the strict limitations of funding
agencies. That needs to be overcome and I think in writing legisla-
tion, we can do that.
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There are a number of other limitations, but let me get to the
bottom line and say that I view our program here as having made
considerable progress in producing some important initial results.
A synergy has developed among researchers here and among col-
laborating institutions. With modest funding we have conducted an
applications-oriented research and development that has resulted
in some improvements in making buildings more resistant to ex-
treme winds. We believe the benefit to cost ratio is large for the
investments made, but the significance of this program is not in
the results obtained today, rather these results create a platform
from which to launch further research and the program serves as
an example of what can be accomplished through focused, sus-
tained research and development efforts.

The seemingly daunting challenges cannot be addressed effec-
tively by a single institution or agency. To be effective in curbing
spiraling wind damage losses we must have a coalition of diverse
agencies and disciplines pursuing comprehensive, coordinated, mul-
tidisciplinary research and development that is focused on the wind
hazard and coupled to the implementation strategies.

With such a focused effort, supported by adequate levels of sus-
tained funding, we can expand the synergy of this small program
to the national level and include multiple institutions and agencies
to effectively pursue the goal of curbing economic losses from ex-
treme winds. The American people will be the beneficiaries of in-
vestments we make now. We are confident that the payoff will be
significant with benefits to cost ratios uncommonly high for re-
search efforts and I would simply say in closing that we really ap-
preciate your support in the past and for considering the hazard
mitigation effort in the future. Thank you.

[The prepared statement of Mr. Kiesling follows:]

PREPARED STATEMENT OF ERNST W. KIESLING

The Potential of Research

The common interest that brings us together is curbing the spiraling losses in-
flicted upon our country by windstorms. My presentation and report focus largely
on one applied research program at Texas Tech University that has proven effective.
This program has produced results that are being used by facilities designers to pro-
vide occupant protection and to mitigate the effects of windstorms. The model’s im-
portance lies not in what has been accomplished—albeit significant as a pioneering
effort—but rather to reveal what might be achieved when this model is expanded
from a synergistic labor of a few researchers to a focused, coordinated effort among
many diverse teams working toward a common goal at several of our leading re-
search and implementation institutions.

Losses

The death, destruction, and disruptions associated with windstorms are felt by all.
And while consistent databases on damage and economic impacts are lacking, we
can draw conclusions about the increasing devastation and waste of the windstorm
hazard. For example, of the ten most costly catastrophes in the U.S., eight are
weather-related. In the past 25 years, the U.S. has experienced 57 weather-related
disasters in which damages exceeded $1 billion. The total normalized losses from
these events totals over $355 billion.
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Most Costly Catastrophes
(Adjusted to 2002 dollars)

Aug. 1992 Hurricane Andrew  $19.9 billion
Jan. 1994 Northridge Quake  $15.2 billion

Sep. 1989 Hurricane Hugo $6.1 billion
Sep. 1998 Hurricane Georges  $3.3 billion
Sep. 1965 Hurricane Betsy $2.9 billion
Jun. 2001 Tropical Storm Allison $2.5 billion
Oct. 1995 Hurricane Opal $2.5 billion
Mar. 1993 Winter Storms $2.2 billion
Oct. 1991 Oakland, Ca. Fire $2.2 billion
Apr. 2001 Tornado storm $2.2 billion

Windstorms are prominent among natural hazards, accounting for about two-
thirds of the total losses. The percent of insured losses shown in the pie chart are
for the ten year period of 1985-95. Figures in this form are not available beyond
1995.

Population growth, urbanization, and increased property values in harm’s way
will push future economic losses even higher. We can curb these losses through
large-scale, coordinated, multi-disciplinary research connected to effective implemen-
tation strategies. Such programs will, over time, have large benefit-to-cost ratios.

Dollar Losses by Type*
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Past investments in research and technology have produced improved prediction
and warning systems, reducing death and injuries resulting from windstorms. Bet-
ter warnings have facilitated evacuations from hurricanes, moving people out of
harm’s way. But population growth has made evacuation less viable in some re-
gions, forcing an alternative strategy—sheltering in place. This is a good strategy
for alleviating problems associated with evacuation, but will prove effective only if
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a sufficient number of shelter spaces are available. Shelter deficits are large in some
areas. Without protective shelters that can withstand extreme winds and windborne
debris, large-scale casualties are likely, reversing the decreasing death rate of recent
decades. Much research is needed toward economical and safe shelter design and
cost-effective mitigation of property losses.

National Research Needs

Recent reports by various agencies help define the research needed to abate the
windstorm hazard. Over the years, the National Research Council has published a
number of useful reports that define the wind hazard and point to needed research.
Most recently the RAND report, presented at this hearing by Charles Meade, clearly
illuminates needed research and some challenges in implementation. The report of
the American Association for Wind Engineering, prepared and presented by Dr.
Bogusz Bienkiewicz, yields data emphasizing the importance of mitigation efforts
and presents details of a proposed national program for mitigating the effects of
windstorms.

This report, presented by Texas Tech University, deals primarily with progress
made in some research areas along with challenges and future opportunities for fur-
ther research in those areas, and it shows some facilities that are available for con-
tinued use by the research community. Technology transfer and education is a sig-
nificant component of the ongoing effort at Texas Tech University.

Windstorm Hazard Mitigation at Texas Tech: An Overview

Windstorm hazard mitigation research and development started at Texas Tech
University on May 11, 1970 when a severe tornado affected half the constructed fa-
cilities of the city of Lubbock, killing 26 people and injuring more than 500. A team
of researchers from the Civil Engineering Department at Texas Tech joined forces
with a special committee of the National Research Council in documenting damage
and destruction of buildings by wind forces of the tornado. Since 1970, university
personnel have documented and archived damage photographs and other data in
more than 130 windstorm events.

The Institute for Disaster Research (IDR) organized and coordinated early pro-
grams in windstorm hazard mitigation at Texas Tech. In the 1970s, the Institute
pursued research in the destructive nature of tornado and hurricane winds on build-
ings, enabling them to provide information to:

¢ The National Weather Service—opening windows in tornadoes does not help
¢ The Nuclear Regulatory Commission—credible size of windborne debris
¢ The public—safest places in houses are in a small central room

¢ School officials—inside hallways are the best areas to seek refuge; avoid large
span gymnasiums.

Under the sponsorship of the National Science Foundation (NSF), Defense Civil
Preparedness Agency (currently FEMA), National Severe Storms Laboratory (NSSL)
and the State of Texas, the Institute published papers, reports, and guidelines for
occupant protection and engineering perspectives of tornadic storms.

In the 1980s, with the change of our name to the Wind Engineering Research
Center, personnel of the center continued research in wind effects on buildings and
the implications of damage. Significant items of technology transfer included the up-
grading of wind load standards (chaired the ANSI A 58.1 and ASCE 7 Wind Load
Committees), defining consequences of window glass breakage due to windborne de-
bris, and assessing high roof corner pressures obtained in field experiments.

The research program expanded in the 1990s to include meteorology and damage
economics; the Center changed its name to Wind Science and Engineering (WISE)
Research Center in order to reflect the multidisciplinary approach into which it had
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evolved. One of the significant research pursuits was the ten-year Cooperative Re-
search in Wind Engineering between Colorado State University and Texas Tech
University, which was funded by the National Science Foundation (NSF). This re-
search effort was multidisciplinary and involved fifteen faculty members from the
two institutions. The cooperative basic research permitted expansion of research in
ground-level wind characteristics, wind damage economics, and wind tunnel and
field studies for low-rise building loads. Technology transfer was accomplished for
shelter design, leading to prescriptive designs for residential shelters, published by
the Federal Emergency Management Agency (FEMA). Implementation of storm
shelter (Safe Room) research resulted in the birth of the storm shelter industry and
the formation of the National Storm Shelter Association (NSSA) who foster quality
in the shelter industry. The Cooperative program also produced building damage
prediction models through development of an expert system, established the Infor-
mation Outreach Center, and graduated students well-versed in windstorm damage
and mitigation.

Multidisciplinary research in the WISE Center continues under the sponsorship
of the National Institute of Standards and Technology (NIST) and other agencies
and private organizations. Currently, faculty members in engineering, atmospheric
science, economics, mathematics, and architecture are involved in wind-related re-
search. The facilities of debris impact testing, field site (with a 200-meter tower) at
Reese Technology Center, West Texas Mesonet, portable meteorological towers in-
cluding the SMART radar, and a wind tunnel, permit us to continue our pursuit
of research in wind effects on buildings and structures, windstorm damage econom-
ics, wind characteristics in hurricanes and tornadoes, the economical design of shel-
ters, soil erosion, and wind energy.

-

School Hallway
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Over the past three decades, WISE Center personnel have pursued collaborative
wind research projects with agencies, organizations, and universities, including
NIST, the National Science Foundation (NSF), the Federal Emergency Management
Administration (FEMA), the National Oceanic and Atmosphere Agency (NOAA),
Texas Department of Insurance, Colorado State University, University of Western
Ontario, Johns Hopkins University, Clemson University, University of Florida,
Texas A&M-Kingsville, and the University of Oklahoma. In the following, a syn-
opsis of research areas of damage documentation, storm shelters, wind effects,
standards and codes, wind characteristics, and technology transfer/education are
given. The synopsis gives a brief description of the research followed by bulleted
items of accomplishments and challenges.

Damage Documentation

Documentation of damage to buildings in Lubbock following the 1970 tornado and
the comprehensive report that was published was the first step in Texas Tech’s
gaining recognition and credibility in damage mitigation research. Damage docu-
mentation studies have continued in most of the extreme wind events that have oc-
curred since 1970. Over 130 documentations have been completed, and a large num-
ber of photographs and reports have been archived. Information from the archive
has been used extensively in seminars, publications, and outreach to the profes-
sional design community. The library of the late Dr. Ted Fujita, noted scientist and
researcher (originator of F-scale rating for tornadoes) at the University of Chicago,
was recently donated to Texas Tech, further enriching this valuable resource.

Lessons Learned

¢ Central portion of building is the safest
¢ Opening windows is counterproductive (impacted NWS instructions)
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¢ Low-rise buildings of wood, masonry, light metal fail structurally
¢ Cladding damage is common

¢ Debris is abundant in urban areas

¢ Costly business interruptions are common

¢ Content damage is extensive

Crade [ha iiage

Challenges | Opportunities

¢ Collection of statistical data

¢ Archiving cost data on consistent basis

¢ Aerial and satellite imagery documentation

* Developing accessible user-friendly data retrieval system

Storm Shelters (Safe Rooms)

Although the concept of the aboveground storm shelter emerged in the 1970s,
widespread utilization followed the 1998 publication and distribution of FEMA Pub-
lication 320, Taking Shelter from the Storm—Building a Safe Room Inside Your
House. Soon to follow was FEMA Publication 361, Design and Construction Guid-
ance for Community Shelters. Rapid growth of the shelter industry was stimulated
by the incentive grant program in Oklahoma following the Oklahoma City tornadoes
of 1999. Emerging quality issues in shelter construction led to formation of the Na-
tional Storm Shelter Association and development of an industry standard (avail-
able at www.NSSA.cc). The International Code Council is now developing a national
consensus standard for storm shelters. Completion is expected in 2005.
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Accomplishments

¢ Developed designs with conservative wind loads

* Bridged gap between research and implementation

¢ Designed and built state-of-the-art debris impact facility
¢ Provided design input to FEMA 320 and 361 publications

Challenges | Opportunities

¢ Optimize site-specific designs for economy

¢ Foster quality in shelter construction - standards and codes

¢ Reduce hurricane evacuation with in-home shelters

¢ Change mindset of public for shelters

¢ Define incentives to build shelters in existing and new buildings

« Establish programs to fund shelter construction for low income people

Wind Effects

The windy environment in the Lubbock area has permitted us to establish the
Wind Engineering Research Field Laboratory (WERFL). A full-size building and a
meteorological tower permit measurement of wind pressure data in natural winds.
The WERFL facility was an impetus to the pursuit of a cooperative program (funded
by NSF) with Colorado State University, which tested the same building in their
wind tunnel to improve testing technology.

Innovative testing in the field using a C—-130 Hercules aircraft permitted testing
of full-size buildings in controlled high winds (gust up to 100 mph). Testing of real
buildings to failure in fluctuating winds (not yet tested) will allow us to understand
component resistances and progressive failure modes. This understanding leads to
credible wind loss models.
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Accomplishments

¢ Developed unique WERFL for wind effects

¢ Measured pressures from natural wind on a building
¢ Pursued cooperative NSF-funded program with CSU
¢ Assisted in improving wind tunnel technology

¢ Tested full-scale building with C-130 prop wash
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Challenges | Opportunities

Make WERFL accessible to researchers worldwide

¢ Develop facility to test full-size buildings to failure

¢ Build testing facilities for frame and component resistances
¢ Improve wind tunnel technology for component testing
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Standards and Codes

Accredited standards provide a foundation for building codes that establish expec-
tations of quality in the constructed environment. Accurate data is fundamental to
establishing reliable standards, forming the basis for codes and ultimately the de-
sign of buildings. Consistency of codes, and hence the consolidation of model codes,
is important to the design of safe economical buildings. Guidelines based on re-
search permit professionals to design for situations that are beyond codes.
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Accomplishments

¢ ASCE 7 Standard is based on physics and scientific data

¢ One wind load standard is developed for the country

¢ Model codes are consolidated into one model code

« Statewide building codes are being developed

¢ ICC/NSSA Standard for storm shelters is being assembled
¢ Safe areas in school guidelines have been developed

Challenges [ Opportunities

¢ Calibrate prescriptive standards and codes

¢ Develop performance-based standards

* Develop risk management approach

¢ Develop cost-benefit models for mitigation measures

Wind Characteristics

Knowledge of near-ground wind field in severe winds (hurricanes, thunderstorms,
and tornadoes) and pressures and forces they impart on building components are
essential to the design of safe economical buildings. The purpose of this knowledge
is to simulate correct wind characteristics in wind tunnels. Current simulations of
wind in wind tunnels do not reflect rapidly changing wind speeds in thunderstorms,
downdrafts, or tornadoes or, to some extent, in hurricanes. Field measurements of
wind in these storms, using stationary and protable towers, provide the necessary
input to wind tunnels and, for the future, to computational fluid dynamics tech-
nology.
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Accomplishments

¢ Measured ground-level wind characteristics in land-falling hurricanes

¢ Measured time and space correlation of winds in thunderstorms outflow
« Developed (preliminary) laboratory tornado simulator

¢ Performed initial experiments for downdraft effects on building

Challenges | Opportunities

¢ Develop credible laboratory model of tornado

« Establish wind characteristic criteria for thunderstorm, tornado, and hurri-
cane storms

¢ Develop wind tunnel that can simulate rapidly changing winds

Technology Transfer/Education

Research results become useful and valuable when they are implemented to im-
prove the built environment or when they are used to influence human behavior and
policy decisions. Information and outreach programs help to transfer technology to
professionals and the public at large. We are only beginning to educate college and
K-12 students to understand the perils of the wind hazard. The windstorm poses
complex problems, and an interdisciplinary approach to approach to develop mitiga-
tion strategies and their implementation is needed.



22

| Field Test Facilities

Accomplishments

¢ ASCE continuing education courses are presented

¢ Seminars for professionals are presented

¢ Preview model for HAZUS (FEMA) has been developed

¢ A limited number of university graduates are being produced

Challenges [ Opportunities

¢ Provide information for public, emergency personnel, and decision makers
¢ Produce graduates and professionals versed in windstorm disasters
¢ Complete FEMA/HAZUS model for the wind hazard
¢ Develop and Implement Interdisciplinary educational program
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BIOGRAPHY FOR ERNST W. KIESLING

Professor of Civil Engineering, Texas Tech University; Executive Director, National
Storm Shelter Association

Dr. Kiesling has 40 years of teaching, research, administration and public service
in his career at Texas Tech University. He served as Chairman of the Civil Engi-
neering Department for 20 years and as Associate Dean of Engineering for Research
for five years. He has been engaged in full-time teaching and research for the past
10 years. He leads the storm shelter research effort within the Wind Science and
Engineering Research Center at Texas Tech.

Dr. Kiesling and his colleagues developed the In-Residence storm shelter, an
above-ground shelter capable of providing a very high degree of protection from ex-
treme winds. Texas Tech provided shelter designs and other input to FEMA publica-
tions on storm shelters.

He was instrumental in founding the National Storm Shelter Association (NSSA),
a non-profit trade association dedicated to quality in the shelter industry. He cur-
rently serves as Executive Director of the Association.

February 5, 2004

The Honorable Sherwood Boehlert
Chairman, Science Committee
2320 Rayburn Office Building
Washington, DC 20515

Dear Congressman Boehlert:

Thank you for the invitation to testify before the U.S. House of Representatives Committee on
Science on February 9™ for the hearing entitled Strengthening Windstorm Hazard Mitigation:
An Examination of Public and Private Efforts. In accordance with the Rules Governing
Testimony, this letter serves as formal notice of the Federal funding I currently receive in
support of my research.

The project entitled Windstorm Mitigation Initiative funded by the National Institute for
Standards and Technology (Contract Number 70NAB3H5003 with Texas Tech University) has
current year funding of $2.6 million. This project is in its sixth year. I serve as Principal
Investigator for Task RT - A/D, Building Performance and Shelters, with a fiscal year budget
of $358,160.

During the period October - November 2003, I presented three seminars in Kansas for
personnel of the U.S. Department of Housing and Urban Development. The subject was
construction of storm shelters in low-cost housing. I worked under a contract with ICF
Consulting, Contract Number 021228.0.106.07 The total payment was $7,218.69.

Please contact me if additional information is needed. I look forward to the hearing.
Sincerely,

ﬁz,,w/ze/zm[é/

]\Evrnst W. Kiesling, P.E., Ph.D. !
Professor
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Mr. NEUGEBAUER. Thank you.
Dr. Meade.

STATEMENT OF DR. CHARLES MEADE, SENIOR PHYSICAL
SCIENTIST, RAND CORPORATION

Dr. MEADE. Thank you, Mr. Chairman. I am pleased to be here
today to discuss the research and findings from the recent RAND
report, “Assessing Federal Research and Development for Hazard
Loss Reduction.” This work, as you note, was carried out at the re-
quest of the White House Office of Science and Technology Policy
to help formulate a better understanding of the role of our govern-
ment-sponsored R&D in the Nation’s efforts to reduce hazard losses
and so it is topical to today’s hearing.

Quickly, the principal findings of our studies were considering
the entire R&D portfolio that contributes to hazard loss reduction.
Explicit hazard loss reduction programs, such as the one you are
considering today, are absolutely the smallest component of the
federal R&D portfolio. Secondly, the largest fraction of R&D spend-
ing supports work on weather hazards and broadly related research
on climatology, atmospheric science, and oceanography. And third-
ly, much of the R&D spending supports short-term prediction capa-
bilities, specifically largely in the area of weather forecasting.

With this background, my following remarks will address the
community’s questions for this hearing, starting with number one:
Is the United States growing more or less vulnerable to damage
from wind hazards and why? The U.S. is growing more vulnerable
to wind hazards because of two trends. First, increasing develop-
ment near the Atlantic and Gulf coast has created large popu-
lations and infrastructures that are increasingly vulnerable to hur-
ricane. Data on insured losses from the insurance industry provide
a stark measure of this increasing vulnerability. The average an-
nual loss from hurricanes from 1944 to 1988 was $1.1 billion per
year. That is insured losses. From 1988 to 1999 this value rose to
four times that level, to an average of roughly $4.2 billion per year.

The second component that is increasing the vulnerability is as-
sociated with the increasing prevalence of manufactured homes in
the central part of the United States, where we are today, which
is susceptible to tornadoes.

Because these structures have only minimal wind resistance and
no basements, the injury rate is estimated to be 20 times higher
than that for conventional homes during high winds.

The most important feature for both of these vulnerabilities is
that they could be reduced through appropriate R&D efforts such
as you’re considering today.

For example, a better understanding of hurricane wind fields
after landfall or improved design and engineering of manufactured
homes so they are also more resistant to wind hazards.

For the second question you ask: Approximately how much
money is the Federal Government going to spend per year on wind
hazard mitigation research and development? Answers to this
question depend on analysis of two subsidiary questions, both of
which were considered in detail in the RAND study. Specifically,
what is the definition of government research and development
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spending and what are the characteristics of R&D for wind hazard
mitigation.

On the first issue we utilized RAND’s RaDiUS database which
details R&D spending across the Federal Government as defined
and classified by the OMB. So we used the OMB definition for
R&D dollars.

In the second issue we examined all federally-funded R&D ap-
plied to natural hazards and they considered contributions explic-
itly to wind hazard loss reduction. Considering the purposes of this
hearing, they differentiated R&D expenditures that support im-
proved engineering designs of structures and those that are focused
largely on meteorological applications and weather forecasting.
With this framework, R&D expenditures addressed to infrastruc-
ture losses were approximately $11 million in FY 2001. By com-
parison, expenditures for meteorological R&D in weather fore-
casting were almost 70 times larger, at roughly $755 million.

Considering those loss mitigations, this allegation is problematic
because the short-term view of forecasts made only limited con-
tributions to loss reduction. Specifically, forecasts are surely very
valuable for evacuations and saving lives, but they do very little to
limit the destruction of property in the long-term and larger sense,
and losses that occurred during wind hazards.

To address this discrepancy, we restate here and now the policy
recommendations that were stated in our RAND report: Number
one, there was a need to increase focus. We weigh R&D activities
away from short-term prediction efforts and toward the long-term
loss reduction goals.

Number two, increase the focus on technologies and information
that will reduce infrastructure losses. And three, establish a com-
prehensive national loss database that can be used as a guidepost
for R&D strategies. And four, utilize loss modeling to identify es-
sential R&D topics.

In fact, you may ask, how much damage do wind hazards do in
the United States each year? To that we respond, even though
wind hazards are detailed in the media and they trigger large gov-
ernment relief efforts, we actually have only a limited under-
standing of the actual loss levels and how they vary from year to
year.

Lack of accurate loss data can be traced to a number of factors.
First, most of the data on wind and hazard losses are actually
never collected or analyzed. Two, wind losses are driven by the cli-
mate, which is extremely variable from year to year. Three, in
many cases it is difficult to identify unique wind losses as opposed
to say flood losses, which may occur at the same time. Our vulner-
ability to wind losses is increasing, as I discussed previously. And
finally, there are ambiguities in the way that wind and hazard
losses are characterized from an economic standpoint. We talked
about that at lunch, as I recall.

Considering the above factors, the current understanding of wind
losses has been derived from a range of sources with widely vary-
ing analytic techniques and they really can only be considered esti-
mates rather than any kind of measurements.

And so with that background and using the data in our own
study, we would estimate that the value for wind related losses
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currently in the United States is on the average of approximately
$7 billion per year. But I would emphasize that that’s a highly un-
certain number and a central recommendation of the RAND study
was to emphasize the need to improve the accuracy of these data
to provide better guideposts for federal R&D policy related to nat-
ural hazards.

With that I close and I appreciate the opportunity to be here
today.

[The prepared statement of Dr. Meade follows:]

PREPARED STATEMENT OF CHARLES MEADE

Mr. Chairman: I am pleased to be here to day to discuss the research and findings
from the recent RAND report “Assessing Federal Research and Development for
Hazard Loss Reduction.” This work was carried out at the request of the Office of
Science and Technology Policy to help formulate a better understanding of the role
of government-sponsored R&D in the Nation’s efforts to reduce hazard losses. For
this task, RAND conducted an analysis of the full range of federal R&D expendi-
tures guided by the following questions:

¢ What is the distribution of federal R&D funding across various types of haz-
ards?

« What types of research activities are supported by federal funding?
¢ What criteria determine the allocation of these funds?
¢ How do these R&D efforts contribute to hazard loss reduction?

With this approach we carried out an analysis to determine whether there are
holes or imbalances in the federal R&D portfolio and whether key areas are being
overlooked. We used the results of our analysis to develop a policy framework that
will help in future attempts to assess the “payoffs” of various kinds of R&D, includ-
ing which efforts offer the greatest potential for reducing hazard losses. Finally, we
considered the larger issues about the demands placed on R&D to “solve” the prob-
lem of hazard losses. Ultimately, we offered suggestions for new ways to frame ex-
pectations and demands for R&D in addressing the problem of hazard losses.

The RAND study was motivated by the problem of rapidly growing economic
losses from natural hazards. While the United States has experienced a decline in
the numbers of lives lost due to earthquakes, hurricanes, floods, tornadoes, and
droughts, over the past few decades, the associated costs of natural disasters esca-
lated dramatically over the same period. Between 1978 and 1989, the Federal Emer-
gency Management Agency (FEMA) paid out about $7 billion in disaster relief
funds. In the next dozen years, however, payouts increased almost fivefold, to over
$39 billion.

The primary cause for the rise appears to be growing population in vulnerable
areas. Demographic changes, most dramatically, the mass human migration to
coastal and other high-risk areas, have made disasters increasingly costly events.
At the same time, increasing concentrations of people and property have escalated
the complexity of the Nation’s infrastructure—public utilities, critical facilities,
transportation systems, communications networks, and the built environment. As
the density of the infrastructure increases, particularly in urban areas, the potential
losses from natural hazards become greater still.

Because of the heavy financial burden imposed by losses across all sectors of the
economy, pressure on the Federal Government to act quickly and effectively to
“solve” the problem has been growing. With this motivation, the federal strategy to
address the hazard loss problem takes many forms, from providing disaster relief
to assisting in the regulation of private insurance to encouraging mitigation efforts
through various incentives. A key weapon in the Federal Government’s arsenal is
its support of research and development (R&D). Specifically, it funds work carried
out by the research community to improve understanding of, preparation for, and
response to hazards and their impacts.

To answer the questions posed by OSTP, we needed a clear view of hazard loss
reduction efforts in the federal R&D portfolio. We therefore conducted an analysis
of the federal R&D portfolio for a particular year, FY 2001. Our objective was to
identify R&D expenditures that support the goals of reducing losses from natural
hazards such as floods, hurricanes, earthquakes, and wildfires. Because the federal
budget does not have a separate R&D budget, much less one focused solely on haz-
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ard loss, we had to develop a set of detailed criteria to identify hazard loss R&D
activities within larger research programs across the Federal Government.

Our data sources were RAND’s RaDiUS database and other sources of federal
budget information. (RaDiUS stands for research and development in the United
States and it includes all federally funded R&D expenditures.) The RaDiUS data-
base details all federal R&D funding as determined by computer records from the
Office of Management and Budget (OMB). We also looked at individual agency
budget requests, as well as annual R&D reports generated by the Office of the Fed-
eral Coordinator for Meteorology, which encompasses the broad range of weather-
related federal programs.

Using these sources, we were able to analyze funding from a number of perspec-
tives, quantifying expenditures by agency, hazard type, and program goals. Our key
findings were as follows:

e Explicit hazard loss reduction programs receive the least funding. Programs
dedicated solely to hazard loss reduction R&D receive the smallest share of
R&D funds. The largest fraction goes to basic and applied research programs
at the National Science Foundation (NSF), the National Oceanic and Atmos-
pheric Administration (NOAA), and the National Aeronautics and Space Ad-
ministration (NASA). The second largest category is operational support
R&D, focused almost exclusively on weather-related hazards.

e The largest fraction of R&D spending supports work on weather hazards and
broadly related research on climatology, atmospheric science, and oceanog-
raphy. The second largest category of R&D funding—a distant second—is re-
search on earthquakes. While losses from weather-related hazards are esti-
mated to be approximately twice as large as those from earthquakes, the allo-
c?tion of R&D funds between these categories differs by more than a factor
of 10.

¢ Much of the R&D spending supports short-term prediction capabilities. Closer
examination of the funding for weather-related hazard R&D shows that most
of the effort is focused on short-term prediction efforts, which have limited
loss reduction potential within the full range of losses from natural hazards.
Prediction can generally move individuals out of harm’s way, but R&D fo-
cused on long-term loss reduction strategies could improve the resilience of
communities and infrastructure, protecting lives and property in a far more
substantial way.

This emphasis on weather-related hazards and prediction means that other areas
of hazard R&D receive comparatively less attention. However, decisionmaking in
this policy environment is difficult. Despite its investments in hazard loss reduction
R&D, the government has yet to establish the essential framework that would en-
able these efforts to operate efficiently and show their own merit. Developing a more
thoughtful strategy for funding allocation depends on the ability to accurately deter-
mine the losses resulting from hazards and the losses prevented or reduced by R&D
efforts. In turn, it also depends on the willingness of individuals and communities
to implement measures designed to reduce hazard losses. In other words, decision-
makers face both quantitative and qualitative challenges in seeking to strengthen
the effectiveness of federal hazard loss R&D efforts.

First and foremost among these challenges is the lack of detailed data on losses
from natural hazards. (This quantitative gap has been identified and examined in
a number of previous policy studies.) Without such data, it is impossible to gauge
either the effectiveness of new R&D strategies or their ultimate payoff in terms of
losses prevented. Detailed loss data would go a long way toward enabling a more
cost-effective distribution of R&D funds.

From a qualitative standpoint, perhaps the most daunting obstacle policymakers
face is human nature. Human behavior ultimately controls the scale of disaster
losses and thus exerts a major force on R&D policy decisions for hazard loss reduc-
tion. While R&D provides useful technical information, its effectiveness is deter-
mined by human decisionmaking on issues such as whether to evacuate, where to
locate new construction, and whether to implement known mitigation measures in
existing communities.

With this background, my following remarks address the Committee’s questions
for this hearing.

1) Is the United States growing more or less vulnerable to damage from
wind hazards, and why? What are some of the top opportunities for, and
primary barriers to, reducing these vulnerabilities?

The U.S. has grown more vulnerable to wind hazards because of two trends.
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First, increasing development near the Atlantic and Gulf coast has created large
populations and infrastructures that are vulnerable to hurricanes. The impact of
this development is clearly indicated in the historical trend of insurance payouts for
U.S. hurricane losses (see Figure 1). Starting in the early 1980’s, the data show in-
creasing losses with time, with an extremely large peak in 1992, associated with
Hurricane Andrew. Today, almost all hurricane warnings require huge evacuations
with attendant logistical problems and economic losses. In 1999, warnings for Hurri-
cane Floyd resulted in the largest peacetime evacuation in the United States as
‘glreei ‘million residents along the Atlantic coast moved inland from Florida to North
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Figure 1 U.S. Hurricane Losses (1915-2000)

Data on insured hurricane losses, from the insurance industry, provide a stark
measure of the increasing vulnerability. From 1949 to 1999, catastrophic hurricanes
in the United States caused direct insured property losses totaling $37.9 billion—
or an average of $743 million per year. To allow comparisons over long time periods,
the insurance industry adjusts these values accounting for inflation, population
growth, and changes in real tangible wealth. On this basis, the average annual loss
from 1944 to 1988 was $1.1 billion. From 1988 to 1999, the values were almost 4
times larger ($4.2 billion). A portion of the increase was driven by the payouts from
Hurricane Andrew, which was the largest insured property loss from a natural dis-
aster in U.S. history. Even if one excludes the losses from Andrew, the payouts are
almost double the historical trends, suggesting that the increased payouts reflect in-
creasing vulnerability in addition to any fluctuations in hurricane frequency.

The second trend is associated with the prevalence of manufactured housing in
the central part of the United States, which is susceptible to tornadoes. Because
these structures have only minimal wind resistance, and no basements, the injury
rate is extremely high for occupants during high winds. Analyzing historical data,
researchers at the National Oceanographic and Atmospheric Administration esti-
mate that the tornado death rate is approximately 20 times higher for residents of
manufactured housing compared to conventional structures. In the Midwest, manu-
factured housing represents approximately 10 percent of current construction.

The most important feature of these vulnerabilities is that they could be reduced
through appropriate R&D efforts. For example, better understanding of hurricane
wind fields after landfall could be used for improved design and engineering of
coastal structures. And experiments and testing of manufactured housing could be
used to design more resilient homes.

2) Approximately how much money does the Federal Government spend
per year on wind hazard mitigation research and development? Where
is this effort currently focused (i.e., direct vs. indirect research, engi-
neering, economic, meteorological, etc.)? How could the federal wind
hazard research and development portfolio be refocused or otherwise
strengthened to improve mitigation in the United States?
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Answers to these questions are contingent on the analysis of two subsidiary
issues, both of which were considered in detail in the RAND study, Assessing Fed-
eral Research and Development for Hazard Loss Reduction.

1) What is the definition of government “research and development” spending?
2) What are the characteristics of R&D for “wind hazard mitigation”?

For the first issue, we utilized RAND’s RaDiUS database which details R&D
spending across the Federal Government, as defined and classified by the Office of
Management and Budget. The OMB definition for research and development is “cre-
ative work undertaken on a systematic basis in order to increase the stock of knowl-
edge, including knowledge of man, culture and society, and the use of this stock of
knowledge to devise new applications” (OMB Circular A-11). Excluded from this
category are product testing, quality control, mapping, the collection of general-pur-
pose statistics, experimental production, routine monitoring and evaluation of an
operational program, and the training of scientific and technical personnel. This def-
inition, however, is open to the interpretations of numerous individuals at a wide
range of government agencies. OMB permits individual agencies a degree of liberty
in determining which activities should be considered R&D, allowing each agency to
use its own long-standing definition of R&D when reporting such activities to OMB.
As a result, the activities that the Department of Interior considers R&D may not
be classified as such by the National Science Foundation, whose definition of R&D
appears more tightly tied to basic laboratory science.

For the second issue, we examined all federally funded R&D applied to natural
hazards, and we considered the contributions to hazard loss reduction. For FY 2001,
this analysis found that approximately 90 percent of all R&D funds address weath-
er-related hazards, which includes wind, flooding, extreme temperatures, drought,
and large storms. Within this category, most of the funding supports short-term
forecasting efforts (e.g., weather prediction, hurricane tracking, etc.).

Considering the goals of loss mitigation, this allocation is problematic because
short-term forecasts only make limited contributions to loss reduction. Specifically,
forecasts are most useful for evacuations (thereby saving lives), but they do very lit-
tle to limit the destruction of property. Reducing these losses requires longer-term
efforts, involving improved engineering, design, and planning for infrastructure con-
struction.

Considering the purposes of this hearing, we differentiate R&D expenditures that
support improved engineering and design of structures from those that are focused
largely on meteorological applications and weather forecasting (see table below). Ac-
tivities in the first category largely include wind engineering research, supported by
the National Science Foundation and the National Institute for Standards and Tech-
nology. By comparison, the meteorological category encompasses a huge range of
basic and applied research on the nature of the global climate system.

Agency R&D Funding for Wind Hazard Mitigation (FY 2001, thousands $)

Infrastructure Losses

NSF 2,647
NIST 8,387
Subtotal 11,034
Meteorological Applications

NOAA 272,297
NSF 254,594
NASA 198,650
DOT 30,341
Subtotal 755,882

With this framework, R&D expenditures addressed to infrastructure losses were
$11,034,000 in FY 2001. By comparison, expenditures for meteorological R&D were
almost 70 times larger ($755 million).

The difference in funding between infrastructure and meteorological R&D for
wind hazards is consistent with one of the principal findings from the RAND study
applied to all R&D on natural hazards. Specifically:
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¢ Much of the R&D spending supports short-term prediction capabilities. Closer
examination of the funding for weather-related hazard R&D shows that most
of the effort is focused on short-term prediction efforts, which have limited
loss reduction potential within the full range of losses from natural hazards.
Prediction can generally move individuals out of harm’s way, but R&D fo-
cused on long-term loss reduction strategies could improve the resilience of
communities and infrastructure, protecting lives and property in a far more
substantial way.

Because the policy recommendations from the RAND study were directed
to this problem, we restate them here as a strategic framework for consid-
ering new R&D initiatives for wind hazards. Specifically, the government
needs to address these issues to ensure that new R&D efforts make a mean-
ingful contribution to loss reduction for wind hazards.

¢ Establish a comprehensive national loss database. Data on hazard losses are
central for a host of concerns, including prioritizing R&D efforts, planning
budgets for states and localities, developing contingency operations, and con-
ducting cost-benefit analyses for specific measures that will allow policy-
makers to see the relative value of various R&D efforts and will help citizens
to understand the value of implementing long-term mitigation procedures.

s Utilize loss modeling to identify essential R&D. Loss modeling, which simu-
lates the impacts of potential disasters, can help determine which hazards
generate the greatest avoidable losses, the effects of mitigation steps on loss
totals, the time scale for losses, and the budget needs for vulnerable regions
to prepare for a prospective hazard. These models hold great promise for
prioritizing research needs by weighing the costs and benefits of various miti-
gation measures against the estimated losses from specific hazards.

¢ Re-orient R&D activities toward longer-term loss reduction efforts. A shift to
longer-term, less prediction-oriented efforts holds great potential for reducing
losses. The development of technologies to strengthen the built environment
can save lives, protect property, and dramatically reduce the costs of rebuild-
ing after a disaster.

¢ Increase the focus on technologies and information that will reduce infrastruc-
ture losses. Damage to infrastructure—e.g., buildings, public roads and high-
ways, bridges, water and sewer treatment plants, and emergency services—
results in casualties as well as extensive economic losses. The development
of improved technologies and information systems can help limit such losses.
For instance, greater R&D focus on funding for communications and remote
sensing capabilities, geographic information and global positioning systems
(GPSs), and modeling and simulation techniques should lead to considerable
damage reduction.

3) According to National Weather Service estimates, how much damage do
wind hazards cause in the United States each year? How are these num-
bers compiled?

Each year, the United States suffers significant losses from wind hazards. In the
spring, tornadoes wreak havoc in the Midwest. In the summer and fall, hurricanes
come ashore, damaging coastal and inland communities. In the case of Isabel in
September 2003, this included massive blackouts in cities hundreds of miles from
the point of landfall.

Even though these events are detailed in the media, and they trigger large gov-
ernment relief efforts, we have only a limited understanding of the actual loss levels
and how they vary with time. In this respect the problem of quantifying wind losses
is a component of the larger challenge of quantifying losses from all natural hazards

The lack of accurate loss data and the implications for public policy have been
noted in a number of recent studies from the National Academy of Sciences, the
Heinz Center for Environment and Public Policy, and RAND. The origin of the prob-
lem can be traced to a number of factors:

¢« Most of the data on wind and hazard losses are never collected or
analyzed.

The largest collection of data on wind losses is maintained by the Property
Claims Service (PCS), which tracks insurance industry payouts to policy-
holders following a disaster. While this is a valuable resource for under-
standing insurance industry losses, it is certainly not a complete picture of
wind losses in the United States. Moreover, the database is only available to
professionals in the insurance industry. Additional unmeasured components
of wind losses occur in the following categories:
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Federal: A number of agencies provide disaster relief, but there is no cen-
tralized recording of these expenditures.

Private charities: Organizations such as the Red Cross provide vital relief
services, using donated and internal resources.

State and municipal governments: These governments incur disaster losses
in a number of forms, including relief payouts, overtime for emergency
workers, and damage to municipal facilities.

Individuals and private companies: These entities suffer losses which are
unmeasured and uncompensated by the above sources.

¢« Wind losses are driven by the climate, which is extremely variable
from year to year.

As a result, the level of wind losses can vary tremendously from year to year.
However, the origins of the variability are complex. Part of the problem is
driven by inter-annual climate fluctuations, which produce large variations in
the number of windstorms. For example, over the past 90 years, the annual
number of hurricanes making landfall on the United States has ranged from
8 to 0. By comparison, the annual number of reported tornadoes has ranged
from approximately 500 to 1500 over the past 50 years. However, these
changes only explain part of the loss variations, because the loss levels are
also driven by event magnitudes and locations, which are uncorrelated with
the number of storms in a given year. Hurricane Andrew emphasized this
problem in 1992. The hurricane resulted in the largest insurance payments
for any natural disaster in the United States ($15.5 billion), yet it occurred
in a year with only an average number of storms.

« In many cases, it is difficult to identify unique “wind” losses.

Except for tornadoes, most wind hazards are accompanied by large amounts
of precipitation (rain, snow, hail), which complicates the process of deter-
mining causes of the resulting damage. For example, wind may blow a tree
over, but only because rain has softened the ground. Hurricanes are usually
accompanied by large amounts of flooding and water damage. And hail may
be especially damaging because it hits objects with high wind velocities. Even
the detailed Property Claims Service loss database does not distinguish the
different origins for these wind-related losses.

¢ Our vulnerability to wind hazards is increasing.

As a result, trends in wind losses are strongly influenced by societal decisions
regarding the design and location for new infrastructure. These issues are
discussed in greater in response to Question 1.

¢ There are ambiguities in the way that wind and hazard losses are
characterized.

While losses are usually reported as an aggregate number, it is important to
distinguish the types of losses in an economic context. At the top level, the
most important distinctions are between “direct” and “indirect” losses. The
first category refers to losses that are directly associated with the damage
(e.g., a house that is destroyed by a tornado), while the second involves the
secondary effects of a disaster (e.g., someone looses his job because the dis-
aster impacted his employer). From a measurement standpoint, the direct
losses are much easier to quantify, and they only occur around the time of
disaster. In contrast, indirect losses are somewhat subjective, and they are
spread out in time, as the impacts of a disaster ripples through the economy.
Although they are rarely discussed, benefits offset some of these losses (e.g.,
economic benefits of rebuilding damaged infrastructure). Considering all of
these loss categories, the clearly are challenges to making an accurate and
complete measurement of the losses for a particular hazard.

Considering the above factors, the current understanding of wind losses has been
derived from a range of sources, with widely varying analytic techniques. As such,
the results of this work are presented as estimates, rather than measurements of
hazard losses. At this level of detail, the estimates cannot be used to assess the ef-
fectiveness of different R&D strategies. However, they do provide a top-level descrip-
tion of the loss magnitudes and the variation among different types of hazards. With
this background, the estimated annualized losses for wind related hazards, from a
variety of sources, are presented in the following table.
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Estimated Annualized Losses For Wind-Related Hazards
Hazard Estimated Annualized Loss ($ Billions)
Hurricanes 5.0
Winter storms 0.3
Tornadoes 1.0
Hail 0.7
Total 7.0

A central recommendation of the RAND study emphasized the need to improve
the accuracy of these data to provide better guideposts for federal R&D policy re-
lated to natural hazards.

I appreciate the opportunity to be here today.

This product is part of the RAND Corporation testimony series. RAND testi-
monies record testimony presented by RAND associates to federal, State, or local
legislative committees; government-appointed commissions and panels; and private
review and oversight bodies. The RAND Corporation is a nonprofit research organi-
zation providing objective analysis and effective solutions that address the chal-
lenges facing the public and private sectors around the world. RAND’s publications
do not necessarily reflect the opinions of its research clients and sponsors.

BIOGRAPHY FOR CHARLES MEADE

Charles Meade, Ph.D., is a Senior Scientist with the RAND Corporation. His re-
search focuses on risk management for catastrophic threats such as, natural disas-
ters, terrorism and nuclear proliferation. For the White House Office of Science and
Technology Policy, Dr. Meade carried out a comprehensive analysis of R&D focused
on natural disasters, and he recently led a terrorism risk reduction study for the
largest worldwide banking consortium. In the past 18 months, Dr. Meade’s research
contributed to the work of the high-level Gilmore Commission, the National Re-
sponse Plan promulgated by the Secretary of Homeland Security, and the White
House review of critical infrastructure protection strategies. Previously, he led a
large study for General Shalikashvili on U.S. efforts to reduce threats from nuclear
proliferation. He also performed a comprehensive analysis of seismic mitigation
strategies for all California hospitals, as mandated by state seismic safety laws.
From 1995 to 1997, Dr. Meade served at the National Research Council of the U.S.
National Academy of Sciences where he directed policy studies in the Earth
Sciences. From 1990-1995, he was a scientist at the Carnegie Institution of Wash-
ington where he led a research program in experimental geophysics. Dr. Meade is
the author of 42 peer-reviewed research publications, nine policy studies published
by the National Academy of Sciences, an edited book on the Comprehensive Nuclear
Test Ban Treaty, and a syndicated op-ed on warnings for terrorist threats. He re-
ceived a Ph.D. in Geology (1990) and a B.S. in Political Economy (1983) from the
University of California, Berkeley.

Mr. NEUGEBAUER. Thank you, Dr. Meade.
Dr. Bienkiewicz.

STATEMENT OF DR. BOGUSZ BIENKIEWICZ, PROFESSOR, DE-
PARTMENT OF CIVIL ENGINEERING, COLORADO STATE UNI-
VERSITY

Dr. BIENKIEWICZ. Thank you, Mr. Chairman. I very much appre-
ciate the opportunity to be in front of this committee. My testimony
covers the following topics: First, a brief overview of research car-
ried out at Colorado State University. Second, a brief discussion of
windstorm damage in the United States. And third, discussion of
a proposal for the establishment of a National Wind Hazards Re-
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duction Program. These topics are addressed in some detail in my
written testimony and more details I have provided with the report
I have attached with the testimony. I present brief highlights of
some of the topics.

First, I will present a brief overview of wind engineering re-
search at Wind Engineering and Fluids Laboratory at Colorado
State University. For over 40 years this laboratory has been the
center of excellence for fundamental and applied research in wind
engineering and fluid dynamics. The core of this laboratory is three
large boundary-layer wind tunnels that allow for realistic modeling
of atmospheric boundary layer flows. One of the early long-term re-
search programs carried out in our laboratories in the 60’s was
modeling and assessment of dispersion of chemical agents released
from various sources under various atmospheric conditions. Post-9/
11 concerns regarding potential intentional release of chemical, bio-
logical, or radiological agents in urban, suburban, and rural set-
tings led to renewed interest in any capabilities existing in our lab-
oratory.

A significant number of investigations carried out at our labora-
tory addressed wind effects on buildings and structures and mitiga-
tion measures to minimize these effects. Wind engineering studies
included landmark buildings such as World Trade Center, Sears
Tower, and support facilities for Space Shuttle Operation Center at
Cape Canaveral. Also we looked at other structures, including long-
span bridges, roofs, slender towers, stacks and others. In addition,
research included environmental assessment of sitings of fossil and
nuclear power plants and renewable energy installations. Deter-
mination and mitigation of wind effects on low-rise buildings and
building components has been the main thrust of R&D carried out
at our laboratory in recent years. In 1990 a majority of these activi-
ties were carried out within the framework of the Cooperative Pro-
gram in Wind Engineering involving faculty and students from
Texas Tech and from Colorado State University.

Now we turn our attention to the issue of the impact of wind-
storm hazards in the United States. Hurricanes, tornadoes, thun-
derstorms, and associated phenomena cause an excessive level of
property losses and human suffering in the United States. The av-
erage annual financial loss due to this, however, is difficult to state
with precision, but it exceeds $6 billion. A single large hurricane
could cause losses far in excess of the $25 billion attributed to Hur-
ricane Andrew in 1992.

As the result of public and private efforts a number of wind haz-
ard mitigation measures have been developed over the years and
put into practice in coastal areas and in other regions. These meas-
ures led to significant reduction in fatalities attributed to wind haz-
ards; however, they did not result in reversing a lot of material and
business losses and ultimately, therefore, it is needed to address
this issue.

These issues are discussed in more detail in my testimony and
in the attached report. Arguments presented by the documents
show that a coordinated, comprehensive, and long-term -effort
would be necessary to achieve significant reduction in property
damage due to wind hazards in the U.S. within the next 10 to 20
years. It is proposed that such an effort be undertaken within the
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framework of a federal program, the Wind Hazards Reduction Pro-
gram.

The proposed concept of the National Wind Hazards Reduction
Program builds on lessons learned from the 25-year experience
with the National Earthquake Hazards Reduction Program. The re-
search and outreach plan proposed for this program is an adapta-
tion of the recently revised plan developed for NEHRP.

This program consists of four components. The first component
is focused on improved understanding of wind hazards. The second
component addresses issues of assessment of impact of wind haz-
ards. The focus of the third component is reduction of impact of
wind hazards. The fourth and final component addresses issues of
enhanced community resilience, education, and outreach. Efforts
specified for each component consist of research and outreach
tasks. A detailed list of these tasks is provided in the testimony
and more details can be found in the report.

Recent revolutionary developments in information technology
have the potential to reach to unprecedented breakthroughs in our
effort to reduce property losses and human suffering due to wind
hazards.

In closing I would like to offer the following remarks: First, re-
duction of wind-induced property losses and human suffering will
require a well-planned and coordinated comprehensive action. The
existing wind engineering and wind hazard mitigation infrastruc-
ture and human resources provide a critical must for starter activi-
ties of such undertaking. The proposed wind hazards reduction pro-
gram provides a frame of implementation for wind hazard reduc-
tion needed within the United States. Establishment of such a pro-
gram would require long-term commitment by the Federal Govern-
ment. And finally, delaying implementation of such a program, and
a delay in adjustment in federal support for wind engineering and
disciplines related to wind hazard mitigation, will further impair
this nation’s ability to defuse the devastating impacts of wind haz-
ards. Thank you.

[The prepared statement of Dr. Bienkiewicz follows:]

PREPARED STATEMENT OF BOGUSZ (BO) BIENKIEWICZ

Introduction

I very much appreciate the opportunity to appear before this committee and to
testify in this hearing. In this testimony I will first present a brief overview of re-
search activities carried out at the Wind Engineering and Fluids Laboratory at Colo-
rado State University. Next, I will address issues associated with wind damage and
damage mitigation in the United States, including a brief assessment of vulner-
ability to wind hazards and opportunities to reduce these vulnerabilities. Finally I
will discuss a potential for strengthening the federal wind hazards research and de-
velopment in the United States through establishment of the National Wind Haz-
ards Reduction Program. These topics are discussed in more detail in a report enti-
tled “Wind Engineering Research and Outreach Plan to Reduce Losses due to Wind
Hazards” ! prepared by American Association for Wind Engineering in collaboration
with American Society of Civil Engineers. (This report appears in Appendix 1: Addi-
tional Material for the Record.)

1“Wind Engineering Research and Outreach Plan to Reduce Losses Due to Wind Hazards,”
Report by American Association for Wind Engineering, in collaboration with American Society
of Civil Engineers, February 2004, 37 pp.
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Wind Engineering Research at Wind Engineering and Fluids Laboratory

For over 40 years, the Wind Engineering and Fluids Laboratory (WEFL), formerly
the Fluid Dynamics and Diffusion Laboratory (www.windlab.colostate.edu) has been
the center of excellence for fundamental and applied research in wind engineering
and fluid dynamics. It is one of the international laboratories where the foundations
of wind engineering were established. The core of WEFL are three large boundary-
layer wind tunnels that allow for realistic modeling of the atmospheric boundary
layer. This laboratory was originally established to perform fundamental research
on the structure of turbulent boundary layer flows and to develop experimental
techniques for modeling atmospheric boundary layers under various flow conditions
and thermal stratifications. One of the early long-term research programs carried
out at WEFL (in 1960-ties) was modeling and assessment of dispersion of chemical
agents released from various sources, under varied atmospheric conditions. Post 9/
11 concerns regarding potential intentional release of chemical/biological/radiological
agent(s) in urban/suburban/rural settings, as addressed in a report recently released
by the National Research Council,2 led to renewed interest by various federal/state
and other public entities in the unique physical modeling capabilities existing at
WEFL.

Over the years a great variety of studies of flows and their interaction with nat-
ural and built environment have been carried out at WEFL. A significant number
of investigations addressed wind effects on buildings and structures and mitigation
measures to minimize these effects. Wind engineering studies of a number of land-
mark buildings designed and subsequently built in the United States were carried
out at WEFL. They included the New York’s World Trade Center Towers, Chicago’s
Sears Tower and other tall buildings built in the United States. In addition, wind
engineering studies were carried out to determine wind loading on and aerodynamic
response of other structures (including long-span bridges and roofs, slender towers
and stacks) and environmental assessments for sitting of fossil fuel and nuclear
power plants as well as evaluation of sitting and performance of renewable energy
(solar and wind power) installations. Determination and mitigation of wind effects
on low-rise buildings and building components and systems (including innovative
roofing systems) have been the main thrust of R&D carried out at WEFL in recent
years.

A representative example of an involvement of WEFL in a coordinated effort fo-
cused on reducing vulnerability of built environment to wind hazards is participa-
tion of WEFL in a Cooperative Program in Wind Engineering (CPWE) involving re-
searchers and students from Colorado State University (CSU) and Texas Tech Uni-
versity (TTU). This 10-year program supported by the National Science Foundation
consisted of a number of research tasks that were addressed by collaborative teams
comprising of researchers and students (graduate and undergraduate) from the two
institutions. The CPWE teams made significant research, education and outreach
contributions in the area of better understanding of wind hazards, their impact on
low-rise buildings and structures, and mitigation of these hazards. It should be
noted that one of the outcomes of the CPWE research is the design wind speed map
incorporated in the ASCE 7 Standard.? Other major accomplishments of this pro-
gram included: development of refined physical modeling techniques for wind engi-
neering studies of low-rise buildings and structures, formulation of hybrid (incor-
porating analytical, numerical and experimental components) models for innovative
(permeable, loose-laid) roofing systems, development of numerical simulation and
visualization tools, and others. The outcomes of the CPWE effort have been subse-
quently utilized in applied research and in wind engineering service carried out at
WEFL, TTU and at other institutions and private industry. A representative exam-
ple of transfer of technology advanced through the CPWE at WEFL is application
of the developed tools to predict and mitigate undesired wind effects on innovative
roofing systems (including systems incorporating photovoltaic solar panels) and
other roofing products developed by U.S. roofing manufacturers and solar energy
providers. At TTU, various initiatives were undertaken to expand wind hazards re-
search and enhance technology transfer through effective outreach activities.

2“Tracking and Predicting the Atmospheric Dispersion of Hazardous Materials. Implications
for Homeland Security,” National Research Council Report, ISBN 0-309-08926-3, National
Academy Press, Washington, D.C., 2003, 93 pp.

3ASCE 7 Standard, “Minimum Design Loads for Buildings and Other Structures,” American
Society of Civil Engineers, 2002, 330 pp.
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Impact of Windstorm Hazards in the United States

Wind-related events inflict major loss of life and material losses in the United
States. According to a report published by RAND#4 (RAND Report), the annualized
material losses attributed to wind hazards (inclusive of hurricanes, tornadoes and
winter storms) are estimated to be $6.3 billion. They exceed by over 40 percent and
60 percent losses attributed respectively to earthquakes and floods. As the authors
of the RAND report point out, attempts to provide the hazard loss data (and this
applies to any natural hazard) face a number of challenges. They include the varia-
bility in occurrence times and magnitude of events resulting in measurable losses,
the length of the averaging period used in calculating the annualized losses, and
other factors. Calculation of the annualized losses is further complicated by lack of
national database of the losses and changing society’s vulnerability to wind and
other hazards.

The above wind damage statistics are dominated by hurricane events of large
magnitude. For example, in 1992 Hurricane Andrew resulted in $26.5 billion—the
highest level of direct and indirect economic losses ever sustained in the United
States as the result of a natural hazard event. Analysis of material damage due to
landfall of hurricanes in the south-eastern United States over the period 1925-1995
showed that the overall damage due to the reported 244 hurricanes and significant
tropical storms exceeded $340 billion, with most of the damage attributed to a rel-
atively small number of strong hurricanes—of category 3 and higher on the Saffir-
Simpson Scale.?

The highest level of property damage and loss of life has been attributed in the
United States to hurricanes, tropical storms, tornadoes and thunderstorms. While
devastating effects of landfall of hurricanes have been primarily limited to the At-
lantic and Gulf coast regions and the United States territories, hazards due to tor-
nadoes and thunderstorms are of concern to inhabitants of most of the Nation. The
highest numbers of fatalities and injuries are attributed to tornadoes. Although
most of the largest tornadoes occur in the central United States—the tornado
alley—tornadoes have been reported both west and east of the alley. Tornado touch-
downs in Maryland, Utah and other states are good illustration of a wide territorial
reach of destructive tornadoes. Thousands of thunderstorms occur every year all
over the United States. Strong winds associated with passage of thunderstorms (at
times accompanied by tornadoes, gust fronts and downbursts) result in a significant
physical damage and human suffering. Local topographic features may lead to am-
plification of such winds, thus compounding adverse wind effects. Mountain ranges
may lead to generation of local strong winds, such as down slope Chinook wind in
Rocky Mountains, Santa Anna wind in California and strong winds in the north-
western U.S. and in Alaska.

Overall (approximate) measure of the potential wind hazard is represented by
wind speed maps. Wind provisions of design codes and standards, such as the Amer-
ican Society of Civil Engineers Standard ASCE 7,3 provide the recommended design
wind speed maps. They typically include disclaimers /restrictions to account for un-
certainties/lack of reliable wind speed data.

Storm surge and heavy precipitation accompanying hurricanes both contribute to
overall damage and have a potential for causing loss of life and various long-term
undesired consequences. Precipitation associated with thunderstorms and tornadoes
may lead to severe flash flooding. Other undesired effects associated with high-wind
events include disruptions in transportation during winter storms (due to whiteouts
andf{or snowdrifts), summer dust storms and hail storms, and adverse wind effects
on fires.

As a result of ongoing public and private efforts a number of wind hazards mitiga-
tion measures have been developed and put in practice in coastal and other regions
of the United States. These measures have led to significant reduction in fatalities
attributed to wind hazards, mainly due to improved warning times and life protec-
tion systems (shelters) in tornado prone regions, and improved forecasting of hurri-
cane landfall and more effective evacuation measures in the Atlantic and Gulf coast
areas of the United States.

While the available statistics on human losses due to wind hazards show an en-
couraging trend of reduction of loss of life, the data on the property losses due to
wind hazards exhibit an opposite trend—increasing annualized losses—with alarm-

4Meade, C. and Abbott, M., “Assessing Federal Research and Development for Hazard Loss
Reduction,” RAND Report, 2003, 65 pp.

5Willoughby, H.E., “A Century of Progress in Tracking and Warning—Improvements in Ob-
servations, Models, and Forecasts,” in Hurricane! Coping with Disaster, Simpson, R. (Editor),
American Geophysical Union, 2003, pp. 205-216.
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ingly increasing rate of change in the losses, especially over the past decade. An in-
tensified coordinated effort to reduce these losses is desirable.

Barriers to Reducing Vulnerability to Wind Hazards

In discussion of the material costs of natural disasters, the authors of the RAND
Report noted a significant increase (reported by GAO, in 2002) in the disaster relief
funds allocated by FEMA: from $7 billion over the period of 1978-89 to $39 billion
over the next twelve-year period.

The authors identified a growing (indeed “exploding”) population in areas vulner-
able to natural hazards (such as coastal areas) as one of primary reasons for such
a dramatic increase in damage and the associated relief funds. A significant portion
of these funds has been used to offset material losses due to wind hazards. It has
been postulated that the above demographic trend will continue and that significant
measures need to be urgently undertaken in order to address the issue of the in-
creasing material losses (and associated relief funds) due to wind hazards.

A number of factors impeding mitigation of damage due to wind and other natural
hazards have been identified by natural hazards mitigation community comprising
of researchers and practitioners of broad background, decision and policy makers,
and others. The domain of their evaluation included research and development,
technology transfer and implementation, as well as outreach and education. Some
of the impediments to effective mitigation of losses due to natural (including wind)
hazards were postulated to be coupled with federal funding policies. The authors of
the RAND Report concluded that in a number of programs explicit hazard loss re-
duction activities received the least R&D funding, while much of the spending sup-
ported short-term prediction capabilities of limited potential to long-term loss reduc-
tion that could improve the resilience of communities and infrastructure, and ulti-
mately result in substantial reduction of losses. A large disparity between federal
R&D funding allocated for different natural hazards also was noted.

As was reported before the Committee of Science of the U.S. House of Representa-
tives (testimony by Dr. McCabe,® during hearing on October 11, 2001), the average
annual overall federal investment in research to mitigate impacts of wind hazards
is estimated to be $ 5-10 million. It is instructive to compare this amount with FY
2001 funding allocations for fundamental research by National Science Foundation:
Civil & Mechanical Systems—Wind—$2.6 million, Earthquakes—$20.8 million; At-
mospheric Sciences: Wind+Flood+Drought—$183.8 million, RAND Report, p. 23. It
should be noted that the federal funding in excess of $100 million per annum has
been invested over the past two decades to support activities geared towards reduc-
tion in earthquake losses, through the National Earthquake Hazards Reduction Pro-
gram. A comparison of these funding levels with the quoted earlier estimate for the
annualized wind hazards losses suggests that a significant increase in federal in-
vestment in activities geared towards reduction of losses due to wind hazards is ur-
gantly needed, justified, and has considerable potential for short- and long-term pay-
off.

Wind Engineering/Wind Hazards Research Needs

A list of wind engineering research areas identified as critical for reduction of
wind-induced loses is provided in the report published by American Association for
Wind Engineering.? It included: Collection of wind speed data using robust instru-
mentation and state-of-the art technology to map detailed structure of the wind,
topographic effects, and long-term climate effects; Simulation of hurricanes and
their wind fields and other extreme wind effects for statistical analysis of wind,
wind loads, and wind-induced response of structures and their components; Mod-
eling of wind-structure interaction, including effects of integral wind loads on struc-
tural systems, components and cladding, effectiveness of retrofitting schemes, effects
of structural fatigue and impact by wind-generated missiles, design of cost effective
tornado shelters and shelters for hurricane zones to minimize evacuation; Study of
internal load paths, performance of structural systems, and effectiveness of connec-
tions between structural components; Field monitoring of structures in natural envi-
ronment and large-scale tests in simulated loading environment; Research in debris
impact potential in windstorm and development of impact resistant building compo-
nents; Mapping of wind climate in urban areas; Health monitoring and structural
control studies for mitigation of wind effects; Application of effective numerical

6 McCabe, S.L., Testimony on behalf of American Society of Civil Engineers before the Sub-
committee on Environment, Technology and Standards, of the Science Committee, U.S. House
of Representatives, October 11, 2001.

7“Wind Engineering: New Opportunities to Reduce Wind Hazard Losses and Improve Quality
of Life in the USA,” American Association for Wind Engineering Report, August 1997, 74 pp.
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schemes using computational fluid dynamics to determine the wind environment
and wind loading on and response of buildings, structures, transportation systems
and other critical components of civil engineering infrastructure, and to mitigate
these effects; Development of effective techniques for collection and rapid archiving
and dissemination of data acquired during post-disaster investigations; Development
of cost-effective retrofit techniques to enhance wind resistance of existing structures;
and Development and application of reliable techniques for cost-benefit analysis of
wind hazards mitigation measures and other socio-economic evaluations.

Opportunities to Reduce Vulnerability to Wind Hazards

The existing R&D infrastructure and expertise in wind engineering and other dis-
ciplines pertinent to mitigation of wind hazards, recent advances in information
technology as well as lessons learned from programs focused on mitigation of other
natural hazards, especially earthquakes, form the basis that provides unique oppor-
tunities to enhance our efforts to reduce vulnerabilities to wind hazards.

The existing research infrastructure includes laboratory and field facilities used
to investigate wind characteristics and wind effects on buildings and structures and
their components. The main components of the laboratory infrastructure are long-
test-section wind tunnels that allow for realistic modeling of boundary-layer winds
and other flow modeling facilities that have been employed in exploratory modeling
of other wind phenomena, including tornadoes, hurricanes and downburst outflows.
Academic institutions in the United States involved in laboratory modeling of wind
effects include: Colorado State University, Texas Tech University, Clemson Univer-
sity, Jowa State University, Louisiana State University and University of Notre
Dame.

Over the years, extensive wind engineering field studies of wind effects on low-
rise buildings and wind hazards mitigation have been carried out by researchers at
Texas Tech University, at two sites in Lubbock, TX. A field site to carry out wind
engineering investigations primarily focused on manufactured homes was estab-
lished (and jointly operated by the DOE’s Idaho Environmental Engineering Labora-
tory and University of Wyoming) 30 miles west of Laramie, WY.

Several universities have established programs to collect high fidelity hurricane
wind field information near ground, and wind loading on building envelope and
building performance during strong wind events. A number of houses at various lo-
cations along Atlantic and Gulf coasts have been instrumented or outfitted with wir-
ing and brackets for easy installation of instrumentation. These efforts have been
carried out by researchers from Clemson University, University of Florida at
Gainesville and University of Illinois at Urbana-Champagn. Several wind engineer-
ing research groups (Texas Tech University, Clemson University and University of
Florida at Gainesville) use mobile towers (typically 30 feet in height) strategically
positioned on an expected path of hurricanes or other high-wind events. These in-
strumented towers are equipped with back-up power supply and they are capable
of withstanding wind speeds up to 200 mph. Recent upgrades of the towers included
use of wireless phone communication (successfully deployed for the first time during
landfall of Hurricane Isabel in 2003) to transmit the acquired data to a central data-
base in near-real time.

Another example of an innovative application of the emerging sensors, data acqui-
sition and transmission technology is a recent study coordinated by researchers from
University of Notre Dame who have been supplementing traditional monitoring de-
vices in measurement of wind-induced response of tall buildings using the Global
Positioning System (GPS).

The above cases are only a representative sample of applications of new tech-
nologies incoroporated in current R&D focused on mitigation of wind hazards. The
revolutionary role of information technology (IT) and unmatched opportunities re-
sulting from its application in efforts geared to reduce vulnerability to natural disas-
ters were discussed in RAND Report. Specific applications of IT in monitoring and
simulating seismic hazards and structural response due to earthquakes, as well as
in remote data acquisition and interpretation coupled with rapid communication
and visualization to aid broad range of stakeholders (ranging from R&D through de-
cision-making and emergency personnel) were discussed in EERI Report.8 The de-
scribed applications (of IT) appear to have a tremendous potential to aid tasks to
reduce vulnerability to wind hazards and to coordinate local and regional planning
to prevent/minimize wind-induced losses.

8“Securing Society Against Catastrophic Earthquake Losses—A Research and Outreach Plan
in Earthquake Engineering,” Earthquake Engineering Research Institute Report, April 2003, 62
pp-
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Benefits of Coordinated Wind Hazards Mitigation Research

Reducing wind hazards risk is a long-term commitment that builds on past expe-
rience and advances in our understanding of wind, wind-induced loading on and re-
sponse of structures, impact of wind-generated debris, and effects of other natural
phenomena associated with strong winds (for example surge, hail). Advances in
quantifying the physical nature of strong winds, coupled with continuing improve-
ments in engineering methods, will result in significantly increased wind hazard
safety, as structures existing in critical wind zones are retrofitted, and new and re-
placement structures and infrastructure systems are constructed. Research on wind
hazards can significantly reduce economic losses resulting from future strong-wind
events. Whereas several success stories can be cited, there is a pressing need to con-
tinue such research in the future, and at an increased rate.

Because our nation’s livelihood is highly dependent on business activity, a future
wind event, even one with only a moderate damage potential, can result in signifi-
cant economic loss. In an extreme case, the recurrence of a hurricane with the mag-
nitude of hurricane Andrew, with landfall passage over a metropolitan area (such
as Miami, Florida) would be devastating. Total loss associated with such event is
estimated to exceed $30 billion, with a significant portion of this loss attributable
to interruptions in business operations. The tragic events of 9/11 in New York City
underscore the severity of economic impact of a major disruption in urban infra-
structure and interruptions in business activities.

If relevant and timely research coupled with effective technology transfer can re-
duce the economic loss from a single future strong wind event by even a very con-
servative 10 percent, the payoff on the investment will be in the billions of dollars.

Proposal for Establishment of National Wind Hazards Reduction Program
(NWHRP)

In context of arguments put forth in this presentation and findings advanced else-
where (AAWE Reports,»7 RAND Report, NRC Report,® NIST Reportl?), and in
view of the current and anticipated future unacceptably high level of wind damage
it should be apparent that effective countermeasures are urgently needed and can
be developed to stem and reverse these undesirable trends. Evidence has been also
presented to support a proposition that an integrated and coordinated long-term ef-
fort with well defined, achievable and measurable goals in R&D, education and out-
reach will be necessary to significantly reduce societal vulnerability to wind hazards
with 10-20 year time horizon. Such a goal could be accomplished through establish-
ment of the National Wind Hazards Reduction Program (NWHRP). The establish-
ment of such a program was proposed in the past by Jones et al.11 and others (NRC
Report,® NIST Report10).

The concept and implementation of NWHRP program could be built on lessons
learned from the 25-year experience with the National Earthquake Hazards Reduc-
tion Program (NEHRP). The starting point in this process could be the revised con-
cept of the NEHRP described in the EERI Report.8 Adaptation of this model for the
NWHRP is presented in the AAWE Report.! The main components of the program
are summarized in Table 1, while the research and outreach tasks are listed in
Table 2.

9“Wind and the Built Environment—U.S. Needs in Wind Engineering and Hazard Mitiga-
tion,” National Research Council Report, ISBN 0-309-04449-9, National Academy Press, Wash-
ington, D.C., 1993, 130 pp.

10 Marshall, R.D., Editor, “Proceedings of Workshop on Research Needs in Wind Engineering,”
Technical Report NISTIR 5597, Building and Fire Research Laboratory, National Institute of
Standards and Technology, Gaithersburg, MD, 1995, 69 pp.

11 Jones, N.P., Reed, D.A., and Cermak, J.E., “Wind Hazard Reduction Program,” Journal of
Professional Issues in Engineering, ASCE, 121 (1), 1995, pp. 41-46.
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Table 1. Main Components and Major Areas of Activities of the Proposed NWHRP

Understanding Assessment Reduction of Impact Community
of Wind Hazards | of Impact of Wind | Of Wind Hazards Resilience,
Hazards Education,
& Outreach
More Knowledge | Performance of Retrofit Cost Community
and Data on Buildings, Measures for Effectiveness of | Resilience to
Severe Winds Structures and Existing Loss Mitigation | Wind
Critical Buildings, Hazards
Infrastructure Using | Structures &
Data Collection, Infrastructure
Experimentation &
Synthesis
Better Tools for Innovative Financial Cross-Arca
Understanding & | Component and Technologies for | Instruments for | Outreach &
Quantification of | Structure-Level New Buildings, | Risk Transfer Education
Wind Loading on | Simulation & Structures &
Buildings and Computational Infrastructure
Structures Modeling
Mapping of Tools for System- | Land-Use Emergency Education &
Wind Hazards Level/Loss Measures Response & Public
Assessment Recovery Qutreach

Implementation of the above concept is based on a sequential progression from
Component A through Component D. Significant number of outreach tasks are
planned to be activated at appropriate phases of progress in research tasks of all
the components of the program, as is illustrated in Table 2.
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Table 2. Breakdown of NWHRP by Research (R) and Outreach (O) Tasks

A UNDERSTANDING OF WIND HAZARDS

R1  Enhanced Knowledge on Severe Winds.

R2  Understanding and Quantification of Wind Loading.
R3  Mapping of Wind Hazards.

Ol  Enhanced Knowledge on Severe Winds.

02  Mapping of Wind Hazards.

B ASSESSMENT OF IMPACT OF WIND HAZARDS
R1 Structural Resistance Using Data Collection.

R2  Tools for Simulation and Modeling.

R3 Tools for System-Level/Wind Loss Assessment.

01  Structural Resistance Using Data Collection.

02 Tools for Simulation and Modeling.

03 Tools for System-Level/Wind Loss Assessment.

C REDUCTION OF IMPACT OF WIND HAZARDS
R1 Retrofit of Existing Buildings and Structures.

R2  Innovative Strategies for New Buildings and Structures.
R3 Land Use Measures and Construction Practices.

R4 Cost Effectiveness of Wind Loss Mitigation.

R5  Financial Instruments to Transfer Risks.

R6  Technologies for Emergency Response and Recovery.
01 Codes, Guidelines and Demonstration Projects.

02  Financial Instruments to Transfer Risks.

03  Technologies for Emergency Response and Recovery.

D ENHANCE COMMUNITY RESILIENCE, EDUCATION
AND PUBLIC OUTREACH
COMMUNITY RESILIENCE TO WIND HAZARDS

R Research Addressing Community Resilience.

(@) Outreach Addressing Community Resilience.
EDUCATION AND PUBLIC OUTREACH

O1  Pre-College (K-12).

02  College — Undergraduate Program.

03  College - Graduate Program.

04  Continuing Education.

O5  Public Awareness & Outreach.

In formulation of the NWHRP plan attempts were made to develop a dynamic
program that would allow for timely use of outcomes of ongoing (in the United
States and elsewhere) related research and outreach efforts addressing mitigation
of losses due to wind and other natural hazards. A particular attention was given
to activities in the area of earthquake engineering, carried out within and beyond
the framework of NEHRP.

Potential Impact of Information Technology

Recent developments in information technology (sensors; data collection, transfer,
processing and visualization; experimental and computational simulation; high-end
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computing; and adaptive networking) have a potential to lead to unprecedented
breakthroughs in our efforts to reduce property losses and human suffering due to
wind hazards. These advances in information technology (IT) have already signifi-
cantly influenced activities addressing impacts of natural hazards. Two representa-
tive examples of relevance to the NWHRP are discussed below.

The first example is the Network for Earthquake Engineering Simulation (NEES).
Significant federal investment has been authorized by Congress for the development
of NEES—$82 million over the 2002-2004 period. This funding was allocated for
construction/enhancement of engineering laboratories at fifteen universities and de-
velopment of an advanced networked and grid-enabled experimental, data, and com-
putational infrastructure. This resource makes possible implementation of a concept
of “colaboratory” which enables researchers to remotely interact with each other and
with their simulation and computational work via “telepresence” tools. Application
of these concepts and infrastructure appears to have a great potential for break-
throughs in wind hazards research and outreach. Modest investment to upgrade
wind engineering experimental (laboratory/field) and computational infrastructure,
coupled with shared use of the NEES networking capabilities would allow for an ef-
ficient exploratory application of these technologies in the NWHRP activities.

The second example is utilization of low-cost, small-size (3 ft x 3 ft) networked
radars that can be placed on existing cellular towers. These short-range sensors can
provide information on low-level winds and other properties of the atmospheric sur-
face layer. They are currently being developed by one of the Engineering Research
Centers (supported by NSF) and they are scheduled to be tested in mid 2005, in
a networked configuration covering approximately 20 percent of the State of Okla-
homa. This technology appears to have potential for application in mapping of wind
hazards and in other activities of the NWHRP.

Concluding Remarks

As discussed in this presentation, significant coordinated federal effort will be re-
quired to reverse trend of increasing property losses and human suffering due to
wind hazards. The proposed research and outreach plan represents a comprehensive
approach to this problem. Implementation of this plan through activities of the pro-
posed NWHRP promises to have a very high level of success in achieving significant
reduction in wind hazards impacts within the next decade.

Recent revolutionary developments in information technology (including sensors,
data collection, transfer, processing and visualization, experimental and computa-
tional simulation, high-end computing and networking infrastructure) have a poten-
tial to lead to unprecedented breakthroughs in our efforts to reduce property losses
and human suffering due to wind hazards. Sizing the above opportunities will re-
quire federal investment to upgrade the existing and develop new research and out-
reach infrastructure and human resources.

Reduction in material losses and human suffering within the next decade will not
be possible without a significant and long-term federal commitment. Moreover,
delay in adjustment in federal support in these areas will undoubtedly lead to fur-
ther (and probably accelerated) deterioration in currently existing national research
and outreach infrastructure and in human resources in wind engineering, wind haz-
ards mitigation and in related disciplines.
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The Honorable Sherwood Boehlert
Chairman, Science Committee
2320 Rayburn Office Building
Washington, DC 20515

Dear Congressman Boehlert:
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Science on February 9™ for the hearing entitled Strengthening Windstorm Hazard Mitigation: An
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this letter serves as formal notice of the Federal funding I currently receive in support of my
research.

¢ Amount: $25,000; Contract number: NA1341-02-W-1525; Sponsoring agency: DOC-
National Institute of Standards and Technology; Contract title: Wind Tunnel Study of
Wind Loading on Low-Rise Buildings, Contract start date: 9/26/2002; Contract end date:
7/31/2004.

Sincerely,

by

Dr. Bogusz (Bo) Bienkiewicz, Professor
Department of Civil Engineering
Colorado State University

Fort Collins, CO 80523

E-mail: bogusz@engr.colostate.edu
Ph: 970-491-8232 (Voice)
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Mr. NEUGEBAUER. Thank you. Mr. Shofner.

STATEMENT OF BRYAN L. SHOFNER, PRESIDENT, SHOFNER &
ASSOCIATES INSURANCE AGENCY, INC.

Mr. SHOFNER. Thank you, Mr. Chairman, Congressman Moore,
for allowing me to be here today. It is truly an honor to visit with
you on this matter. Again, as you said, my name is Bryan Shofner.
I am the President of Shofner & Associates Insurance Agency, In-
corporated. I am an independent insurance agent selling primarily
property and casualty insurance for both residential and commer-
cial clients. As an independent insurance agent I represent several
insurance companies and place my customers’ business with the
company that best satisfies their needs.

I have been asked to testify on the status of wind damage mitiga-
tion research as well as what steps the industry has undertaken
to reduce damage from wind. Insurance companies have significant
information on risk factors as well as loss severity and loss fre-
quency by a given area of the country, state, county, or city. Com-
panies can determine the likelihood of the given loss, which is used
in the calculation of the insurance premium that is charged to a
specific policyholder or applicant for insurance. This statistical in-
formation is proprietary and intended for the sole use of that par-
ticular company to aid in the rate making process. On the other
hand, insurance companies have very little information on wind
damage mitigation techniques and do very little research on wind
damage reduction. Insurance companies do not have the engineer-
ing staff to accomplish this research. The offshore reinsurance in-
dustry does some minor research, but this information is also pro-
prietary.

There are other organizations that provide statistical and actu-
arial information, such as the Insurance Services Office. They pro-
vide this information to those companies who do not have their
own data. ISO publishes information about loss costs for different
types of construction, which insurance companies can use to deter-
mine appropriate rates. This organization also recommends specific
credits be given for compliance with certain building codes or the
use of materials such as window shutters.

There are also other organizations such as the Institute for High-
way Safety and the Institute for Business and Home Safety that
provide research for the insurance industry; however, these organi-
zations have no budget for research for wind hazard mitigation to
the best of my knowledge.

I do believe there are several universities that conduct research
on wind damage and the ability of certain products to withstand
damage from wind; however, I am not aware of any efforts by indi-
indual insurance companies or the industry to build on these ef-
orts.

While I do not have access to specific loss amounts for wind dam-
age, I can provide some insight into the amount of damage caused
by hurricanes. Average annual losses from hurricanes in the
United States are between $5 and $20 billion, using current prop-
erty valuations and 2000 census data. This spread is due to the
variance in modeling projections and building performance. In the
last half century, Florida and Texas suffered the largest hurricane
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losses in the United States. Based on adjusted losses, 38 percent
of the direct insured property losses caused by catastrophic hurri-
canes occurred in Florida, with another 11 percent in Texas. The
most expensive windstorm in history, Hurricane Andrew, produced
insured losses of $15.5 billion or approximately $20 billion in cur-
rent dollars.

One aspect not often considered is the economic impact of wind-
storms on the community. A report commissioned by the Office of
Florida Governor Lawton Chiles summed up the damage from Hur-
ricane Andrew as follows: 28,066 homes destroyed, 107,380 homes
damaged, 82,000 businesses destroyed or damaged, 7,800 busi-
nesses closed as of September, 1992, and 86,000 people out of work
as of September, 1992.

The immediate financial and market consequences of a major ca-
tastrophe are swift, severe, and long lasting. Small insurers may
become insolvent and the remaining insurers will most likely have
limited resources to write additional risks or the market for resi-
dential and commercial properties may be non-existent. Catas-
trophe reinsurance process will increase and availability will be
limited for some time. Business owners are often forced out of busi-
ness with the additional loss of jobs to their employees and the loss
of revenue on the economy.

Due to a lack of real data demonstrating that mitigation is truly
effective, insurance companies have been reluctant to provide in-
surance incentives for mitigation; however, changes are beginning
to occur with Florida and Texas mandating incentives for certain
mitigation techniques and/or compliance with stringent building
codes found in catastrophe-prone areas. The Texas Wind Storm In-
surance Association provides discounts for specific features in
homes in designated catastrophe-prone areas.

New homes will fare better in windstorms, although much more
still needs to be done. The new International Residential Building
Code has better loads and a wind-borne debris region, but lacks
many basics. Cost effective measures for new homes should include
secondary water resistance, improved roof coverings, improved de-
sign loads for two and three-story buildings, treatment of soffits in
design and wind borne debris. Failure of states to adopt stringent
building codes, such as the IRC, as mandatory for all areas of the
state will continue to result in wind damage that could have been
less severe or possibly avoided all together.

Retrofitting is rare except in those cases where a loss has already
occurred and the home is being repaired and new building codes
have been adopted. Insurance incentives, public education, and
statewide stringent building codes can help remedy this situation.

Barriers to widespread implementation of existing mitigation
techniques include lack of education, failure of insurance compa-
nies to provide sufficient financial incentives, knowledgeable con-
struction personnel, cost to the homeowner, and again, lack of man-
datory building codes. Changes through zoning restrictions or
building codes are often opposed by developers, homeowners, real
estate, and even local government who are concerned with the in-
creased cost of construction.

Most coastline states are still susceptible to significant devasta-
tion, including both property and non-property losses from a major
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windstorm. Unless state-wide risk reduction strategies, including
stringent building codes and building moratoriums in those areas
most vulnerable to wind damage occur, wind damage mitigation
will not succeed in protecting from loss of life and property.

Again, thank you for the opportunity to be here. I do appreciate
this.

[The prepared statement of Mr. Shofner follows:]

PREPARED STATEMENT OF BRYAN SHOFNER

Mr. Chairman, Members, my name is Bryan Shofner and I am the President of
Shofner A& Associates Insurance Agency, Inc. I am an independent insurance agent
selling primarily property and casualty insurance for both residential and commer-
cial clients. As an independent insurance agent I represent several insurance com-
panies and place my customer’s business with the company that best satisfies their
needs. I have been asked to testify on the status of wind damage mitigation re-
search as well as what steps the insurance industry has undertaken to reduce dam-
age from wind.

Insurance companies have significant information on risk factors as well as loss
severity and loss frequency by a given area of the country, state, county or city.
Companies can determine the likelihood of a given loss which is used in the calcula-
tion of the insurance premium that is charged to a specific policyholder or applicant
for insurance. This statistical information is proprietary and intended for the sole
use of that particular company to aid in the rate-making process.

On the other hand, insurance companies have very little information on wind
damage mitigation techniques and do very little research on wind damage reduction.
Insurance companies do not have the engineering staff to accomplish this research.
The offshore re-insurance industry does some minor research but this information
is also proprietary.

There are other organizations that provide statistical and actuarial information
such as the Insurance Services Office. They provide this information to those compa-
nies who do not have their own data. ISO publishes information about loss costs
for different types of construction which insurance companies can use to determine
appropriate rates. This organization also recommends specific credits be given for
compliance with certain building codes or the use of materials such as window shut-
ters.

There are also organizations such as the Institute for Highway Safety and the In-
stitute for Business and Home Safety that provide research for the insurance indus-
try. However, these organizations have no budget for research for wind hazard miti-
gation; to the best of my knowledge.

I do believe there are several Universities that conduct research on wind damage
the ability of certain products to withstand damage from wind. However, I am not
aware of any efforts by individual insurance companies or the industry to build on
these efforts.

While I do no have access to specific loss amounts for wind damage; I can provide
some insight into the amount of damage caused by hurricanes. Average annual
losses from hurricanes in the US are between $5-$20 billion dollars using current
property valuations and 2000 census data. The spread is due to the variance in
modeling projections and building performance. In the last half century, Florida and
Texas suffered the largest hurricane losses in the United States. Based on adjusted
losses, 38 percent of the direct insured property losses caused by catastrophic hurri-
canes occurred in Florida with another 11 percent in Texas. The most expensive
windstorm in history, Hurricane Andrew, produced insured losses of $15.5 billion or
approximately $20 billion in current dollars.

One aspect not often considered is the economic impact of windstorms on the com-
munity. A report commissions by the office of Florida Governor Lawton Chiles
summed up the damage from hurricane Andrew as follows:

* 28,066 homes destroyed;

¢ 107,380 homes damaged;

¢ 82,000 businesses destroyed or damaged;

¢ 7,800 business closed as of September 1992; and
¢ 86,000 people out of work as of September 1992.

The immediate financial and market consequences of a major catastrophe is swift,
severe and long lasting. Small insurers may become insolvent and the remaining in-
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surers will most likely have limited resources to write additional risks or the market
for residential and commercial properties may be non-existent. Catastrophe re-in-
surance prices will increase and availability will be limited for some time. Business
owners are often forced out of business with the additional loss of jobs to their em-
ployees and the loss of revenue on the local economy.

Due to a lack of real data demonstrating that mitigation is truly effective, insur-
ance companies have been reluctant to provide insurance incentives for mitigation.
However, changes are beginning to occur with Florida and Texas mandating incen-
tives for certain mitigation techniques and or compliance with stringent building
codes found in catastrophe-prone areas. The Texas Windstorm Insurance Associa-
tion provides discounts for specific features in homes in designated catastrophe-
prone areas.

New homes will fare better in windstorms although much more still needs to be
done. The new International Residential Building Code has better loads and a wind-
borne debris region but lacks many basics. Cost effective measures for new homes
should include secondary water resistance, improved roof coverings, improved design
loads for two and three-story buildings, treatment of soffits in design and wind
borne debris. Failure of states to adopt stringent building codes (such as the IRC)
as mandatory for all areas of the state will continue to result in wind damage that
could have been less severe or possibly avoided altogether.

Retrofitting is rare, except in those cases where a loss has already occurred and
the home is being repaired and new building codes have been adopted. Insurance
incentives, public education and state-wide stringent building codes can help remedy
this situation.

Barriers to widespread implementation of existing mitigation techniques include
lack of education, failure of insurance companies to provide sufficient financial in-
centives, knowledgeable construction personnel, cost to the homeowner and again,
lack of mandatory building codes. Changes through zoning restrictions or building
codes are often opposed by developers, homeowners, real estate and even local gov-
ernment who are concerned with the increased cost of construction.

Most coast-line states are still susceptible to significant devastation including
both property and non-property losses from a major windstorm. Unless state-wide
risk-reduction strategies including stringent building codes and building morato-
riums in those areas most vulnerable to wind damage occur, wind damage mitiga-
tion will not succeed in protecting from loss of life and property.

This concludes my remarks and I would be happy to answer any questions that
you may have.
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DiscussioN

Mr. NEUGEBAUER. Thank you, Mr. Shofner. We will now have a
question and answer period and I will start off with Dr. Kiesling.

Texas Tech is obviously a leader in windstorm hazard mitigation
research and development, from providing information to the public
on how to stay safe during a tornado to developing an in-house res-
idence, safe houses. Texas Tech’s contribution in this field has been
invaluable. What processes are in place at Texas Tech to transfer
the technology knowledge developed at the Wind Science and Engi-
neering Research Center to other research institutions, government
industries, and the public?

Mr. KIESLING. A multitude of things would be in line with that.
First of all, we produce a significant number of publications, as you
would expect. Those are available on our web site and distributed.
A lot of them are presented at meetings. We have an information,
an outreach program. We answer an enormous number of tele-
phone inquiries from all segments of the industries—the builders,
the producers, the public. We regularly teach short courses to, for
example, the American Society of Civil Engineers. We had a three-
day short course in this building last week with design profes-
sionals. There are various outreach programs, a lot of educational
programs with K through 12, though our ability to do that depends
a lot upon the personnel we have available to do that. So there are
a number of mechanisms in place.

Mr. NEUGEBAUER. Okay. Thank you. This is kind of a question
for all of you. In reading your testimony, you know, one thing that
became evident was that a lot of the research, or research dollars
that you perceive being allocated by the Federal Government is
going more to the weather, study of weather patterns, and cer-
tainly that is an important part of that, but the mitigation area
probably is getting some of the least amount of funding. And so
your feelings as to how, if you are allocating from the study of the
atmosphere, the mitigation, and then the implementation, what is
your feeling on how that pie should be divided?

Dr. Meade.

Dr. MEADE. You are correct that most of the money is going to-
ward weather forecasting, and studies are a part of that. It’s not
clear so much that it is a pie to be divided in the sense that you
could take the same amounts of money that you're ordinarily giving
to hazard mitigation simply because it may cost more money to do
that sort of research than it does—for example, it requires sat-
ellites and all kinds of expensive instrumentation. So, it’s not clear
that you can make a dollar for dollar comparison. The point being,
if loss reduction is your goal, loss reduction being measured in
terms of dollars, the only way you are really going to do that is if
you focus on research that sort of feeds into programs such as those
here at Texas Tech or other engineering programs. And weather
forecasting programs are largely focused on helping people make
very short decisions, like whether to evacuate before a tornado or
before a hurricane. The data that is collected in weather fore-
casting programs is generally not used in an engineering context.
At least, that is not why it is being collected in the first place. So
a lot, I think, you could certainly increase the amount of money
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that is going toward the engineering side and largely because the
ratios are so imbalanced right now it would be awfully hard to
make a contribution error. I think it would make a very large con-
tribution to loss reduction.

Mr. NEUGEBAUER. Dr. Bienkiewicz.

Dr. BIENKIEWICZ. Well, the level of support of engineering activi-
ties, as stated by witnesses here, is low as compared to the level
of funding of phenomenon itself. I would like to say that tech-
nologies which could be incorporated in such a way that the costs
of providing more information on phenomenon for direct application
of engineers would not be prohibited. And in my testimony I am
quoting an example of the project which states that being devel-
oped by Engineering Research Center founded by National Science
Foundation and people are thinking about placing a small-site
radar system, and the place specified for this project will be in
Oklahoma. So there are opportunities, and that is what I tried to
state in my testimony, of high technology dropping costs of doing
science and providing information for engineering complications. So
that might be one of the options which we should actively pursue.

Mr. NEUGEBAUER. My time has expired. The gentleman from
Kansas.

Mr. MoOORE. Thank you, Mr. Chairman. First question to Dr.
Kiesling. You talked about safe rooms and I guess my question to
you, sir, is can you give us an estimate, percentage-wise or dollar
amount, what it might cost to build a safe room into a home to pro-
tect the occupants from death.

Dr. KIESLING. Yes. I would say that the low end of a quality shel-
ter, one that is really dependable, would be approximately $3,000.
They go up from there and it depends a lot on whether you are
talking about new construction or retrofit because in a retrofit costs
vary because of accessibility problems and so forth, but I would say
from $3,000 to $6,000 is a reasonable estimate of the range.

Mr. MOORE. And in terms of retrofit or new construction, what
kind of techniques or technologies would be incorporated to protect
people in a safe room.

Dr. KiESLING. In the case of new construction, of course, the ideal
situation is to simply choose a small room such as a bathroom, a
closet, a pantry, and harden and stiffen that to provide the level
of protection desired.

Those are designed so that they would provide protection even if
the house is totally destroyed.

In a retrofit situation there are concepts where you could im-
prove the same room. The critical thing is to have a foundation to
which to anchor, or a slab. But an economical way in a retrofit situ-
ation is simply to put a shelter, build a shelter down in the garage,
a steel box if you will, and there are many products on the market
now available for that. And so that is probably the low end of the
cost range as well because you can buy a manufactured shelter and
simply anchor it and it will provide good protection.

I would also distinguish between the in-residence shelter. That
is one that is accessible without going outdoors. Many shelters are
being built as say cellars or dugouts in the back yard. Certainly
they offer good protection if you are in them, but you need to use
them in a different way. In other words, you need to access those
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when there is a weather warning because if you wait until the
storm is in progress, then you would probably take greater risk to
get to it than just staying indoors.

Mr. MOORE. So early alert makes a big difference.

Dr. KIESLING. It does in that type of shelter, yes. Of course, in
the case of community shelters, that is particularly true because
one has to have sufficient notice to get to the shelter.

Mr. MOORE. Dr. Kiesling, thank you, sir. Dr. Meade, you indi-
cated—and I wrote this down and this is not an exact quote, but
correct me if I am wrong, but I think it is close to what you said—
injury rate for manufactured housing buildings is 20 times higher.

Dr. MEADE. These are data from scientists at NOAA, the Na-
tional Oceanographic and Atmospheric Administration, and in look-
ing at injury and death rates from tornadoes specifically and look-
ing at the history of the death rates from tornadoes over the past
century or so, in recent years they estimate that the death rate for
manufactured homes is 20 times higher than that from conven-
tional homes, yes. I can send you a detailed reference of that, if you
would like, sir.

Mr. MOORE. Thank you. Mr. Shofner, in your testimony you
talked about hurricanes and not as much about tornadoes and I
thin‘}i you indicated that you didn’t have as much data; is that cor-
rect?

Mr. SHOFNER. Yes.

Mr. MOORE. Does your industry generally view these two types
of storms differently? If I am in Lubbock, Texas, or Kansas City
can I purchase coverage for tornado damage without purchasing
coverage for hurricanes?

Mr. SHOFNER. Well, the hurricanes, normally that coverage is
normally directed toward property that is located in tier one and
tier two counties. That is what we refer to as coastline and just in-
side the coastline.

Mr. MOORE. Okay. So I guess the answer is yes.

Mr. SHOFNER. Yes.

Mr. MoOORE. All right. If the Federal Government were to fund
a serious program for wind hazard research and reduction or miti-
gation of damages, do you believe insurance companies would real-
ly use that information

Mr. SHOFNER. I believe they would.

Mr. MOORE [continuing]. In setting rates?

Mr. SHOFNER. Yes, I believe they would. One of the things that
you would have to keep in mind is obviously—and I have discussed
this, touched on this—is that the cost of construction to meet these
qualifications, obviously from an insurance standpoint, we have to
insure reconstruction costs. So naturally as that cost of construc-
tion increases, the premiums increase. But your overall incentive,
I think, is underlying in that it makes the risk actually more mar-
ketable to the insurance companies for their most aggressive rates
that they have.

Mr. MoOORE. Thank you. Mr. Chairman, I have one more ques-
tion. My time is up, but can I ask one more question.

Mr. NEUGEBAUER. Sure.

Mr. MOORE. I think one of you mentioned—I don’t know who it
was and please, whoever knows this information, if you do, jump
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in—that there was a lot more research money devoted toward hur-
ricanes than tornadoes—I'm sorry, earthquakes than tornadoes.
Did somebody talk about that or did I read that in some of your
materials?

Dr. MEADE. Actually, in the RAND study we pointed out that
roughly 85 percent of all the funding went toward weather-related
hazards and the second part was kind of gray. It was educational,
and that’s an order of magnitude less than the weather-related
hazards and so the difference, of course, between earthquakes and
weather is that there is no earthquake prediction going on, but
there is a lot of weather forecasting work going on.

Mr. MOORE. Okay. Thank you, Mr. Chairman.

Mr. NEUGEBAUER. Prior to lunch today we had the opportunity
to go out and tour a reinforced home under construction and then
we visited one that was completed and during that process the
builder of that home was at the site and it is about an 1,100 square
foot home and the perimeter walls are foam forms with concrete
poured in the center of those foam blocks. In this facility it also
had an in-home closet for a tornado shelter. The approximate cost
of that was about $9,000 over conventional construction and one of
the questions that we began to talk about during that process was,
you know, what kind of recognition is there in the insurance indus-
try for the fact that this house is much more fortified, wind resist-
ant, and storm resistant than the house sitting next to it? And one
of the ladies there that administers the program at the City Com-
munity Development said that they had to shop around and could
not really get a quote that would give any recognition for that until
after they had made some calls to another part of the country
where they had been doing some homes like that and were able to
identify a company that would write that. Because the important
part of that, when you take that $9,000 and amortize it in today’s
rates, that is probably a four or five—a $50 or $60 increase in the
payment. Maybe not that much at these rates, but one of the
things that she said when they finally did get an insurance quote,
that it was about 50 percent of a conventional quote for the homes,
conventional construction.

I think one of the things that is the secret to us really getting
some meaningful research and development is getting the recogni-
tion in the market place that this kind of mitigation should be tak-
ing place and that there is a reward for the homeowner that says,
you know, I am going to buy the more fortified home and the way
I am going to pay for part of that—maybe it doesn’t amortize all
of it, but possibly it could, depending on the interest rates and so
forth. Mr. Shofner, what do you see as far as recognition of, for ex-
ample, some of the coastal areas and bringing into some mitigation
efforts in the insurance industry rewarding that?

Mr. SHOFNER. Well, I think one of the things that would have to
be done initially is that there would have to be some education put
in place to, obviously, consumers, but also the companies. Just re-
cently most everyone in the State of Texas is aware of the fact that
they gave—they have allowed for a credit for different types of hail
resistant roofs.

They classify a specific roof based on what you would place and
they will give a credit based on that roof if they have filed with the
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state to offer that credit. That’s the other thing why a tie to edu-
cating the companies, is that the more information that they have
that is being done to mitigate these types of losses, then they can
go in and make an effort to make a filing with the Department of
Insurance in the state that they are located in to offer an appro-
priate credit for what they are doing.

Mr. NEUGEBAUER. And one of the other things, I think in testi-
mony, and maybe it was yours or somebody else’s, we were talking
about who’s doing research in this and it looks like most of the re-
search is falling upon the Federal Government right now. The in-
surance industry within itself is really not doing much research
and yet we also hear that they’re reluctant to share some of their
loss data with researchers that are actually doing that. What kinds
of things do you think we can do to bring together—I am a great
believer in public/private partnerships because my experience is
when things are just in the private sector, I mean just in the public
sector without private sector participation, they are slower to get
off the ground because ultimately the goal here is some commer-
c}ilaligation of the research that is going on here. How can we foster
that?

Mr. SHOFNER. That is a tough question. I think when we have
the answer to that, then we will have achieved a lot in overcoming
the issues that we are talking about here today.

I could probably—Do you mind if I defer to a gentlemen to ask
a quick question.

Mr. NEUGEBAUER. Sure.

Mr. SHOFNER. I apologize.

Thank you very much for allowing me to do that. One thing we
could do is determine, show the company, and like I said this goes
back to the education of the companies. If we can show them how
they can save in a specific area by giving these credits over the
long haul, I feel like that they would become more aggressive in
their approach to offering these credits, if they see what other com-
panies are able to do and how much money they are actually able
to save as these storms occur.

Mr. MOORE. Okay. Thank you, Mr. Chairman.

Maybe it was you, Dr. Bienkiewicz—if it was somebody else, for-
give me—but you testified or I read in the materials that a signifi-
cant portion of the loss, the economic loss, will come from interrup-
tions in business operations. Did you touch on that in some of your
materials?

Dr. BIENKIEWICZ. Yes.

Mr. MOORE. What can we do, if anything, to guard against that,
protect against that economic loss from interruption to business?

Dr. BIENKIEWICZ. There are several elements which one should
refer to. First of all, mitigation measures before it even happens so
that there are no interruptions in business. One of the examples
which we are facing, that was approached by the state agencies in
one of the western states, is that frequently transportation is af-
fected by high wind effects and then the transfer of goods from
West to East Coast is really suffering because of costs. So there are
regional issues which state agencies and businesses are facing and
I suppose if the region beyond hurricane and tornado alleys and
hurricane zones would be identified if we want true, true mitiga-



55

tion of a lot of our problems, that would significantly minimize pro-
fessional exceptions to business and examples of application.

Mr. MoOORE. Thank you, sir. Dr. Kiesling and anybody else who
wants to join, if you have something to offer here, I would like to
hear your thoughts as well. We talked, one of my earlier questions
you answered about safe homes for private homes. What about peo-
ple, low income folks who live in our communities? What do we do
to protect low income people who can’t afford the $3,000 to $6,000
goi‘kei?ther new construction or retrofitting? How do we protect those
olks?

Dr. KIESLING. This is a real challenge and unfortunately some of
them live in the most vulnerable homes so that the community
shelter offers one solution. And we are seeing, particularly in your
state, more and more community shelters being built in schools
and in manufactured housing parks. I think Wichita probably has
one of the only ordinances that requires the construction of commu-
nity shelters in manufactured housing parks and many of those low
income people live there. There is no simple solution I know of to
that. Though I would also remark that the incentive grants have
a tremendous stimulus to shelter construction and certainly anyone
can offer, can get the protection fairly economically. It may not be
the most aesthetic thing, but after the Oklahoma City tornadoes,
for example, and the incentive grants there, many people just
bought concrete boxes to sit in the back yard. They are not opti-
mum, theyre not ideal, but many people were in there when the
next tornado came through and they performed okay. So there are
more economical shelters available and furthermore the small in-
centive grants can make a great deal of difference in making them
available.

Mr. MOORE. Incentive grants from the government?

Dr. KIESLING. Well, of course, most of the stimulus has come to
date under the Stafford Act after a disaster when a percentage of
the relief and recovery funds go into mitigation and the states have
chosen to make incentive grants available. In some states, Arkan-
sas for example, the state annually appropriates money for shelter
incentive grants and they make small grants, a thousand dollars,
but they always have more takers than—so they might come from
anywhere, but certainly I think that is an area in which the states
could be more active.

Mr. MOORE. You mentioned construction of these safe homes or
some sort of community shelter in some of the manufactured home
places. You mentioned the Wichita thing.

Is that happening in other places around the country?

Dr. KiESLING. Not to the same extent that I know of. I would also
mention there that I understand that a bill was just signed into
law in December.

Mr. MOORE. Okay.

Dr. KiEsLING. That HUD will provide monies for shelter incen-
tive grants. It’s not a large amount of money, but it is a beginning
and that can be very significant and I think they are aiming at the
low income families.

Mr. MOORE. Thank you, Dr. Kiesling. May I have one more ques-
tion, Mr. Chairman.

Mr. NEUGEBAUER. Yes, sir. Go ahead.
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Mr. MOORE. Obviously the last two years we thought a whole lot
in this country about homeland security. How does that tie in or
can that tie in with some of these safe homes and other things? Is
there a way to make dual use of that? Anybody?

Dr. KIESLING. Well, we think so; that is, the safe room, for exam-
ple, can readily be retrofitted to protect against chemical and bio-
logical hazards, relatively inexpensively, I think. I see some poten-
tial for that. They are also, of course, much more resistant to blast,
but I don’t see that as much of an advantage in our residence. I'm
not likely to have a warning when a blast will come. So I think
there is some cross-advantages there that can be taken advantage
of.

Mr. MOORE. Thank you, Mr. Chairman.

Mr. NEUGEBAUER. Yes, sir. One of the things that was, I think,
a common thread in your recommendations as each one of you
talked about where we go from here and I think one of those was,
you know, a more organized structure for the research and develop-
ment that is going on right now. We had a little bit of discussion
back at our lunch table today and that really kind of maybe goes
to the point of, if we move forward from here with some meaningful
research dollars, you know, what is the best oversight agency for
this type of research? Dr. Meade.

Dr. MEADE. Well, that is a difficult question because you have—
you generally have agencies that are doing research right now and
that would primarily be the National Science Foundation and
NIST, the National Institute of Standards and Technology. Does
that translate into the best agency for the oversight? I'm not sure.
And so, you know, going to the NEHRP problem, you have FEMA
as the oversight agency, but of course there are no R&D dollars
whatsoever within FEMA. Maybe a similar structure would be ap-
propriate, but a lot of this gets into goals that you hope to accom-
plish in this research program. In other words—and you talked
yourself about what do you want the outcomes to be in five to 10
years. So sometimes gaining the outcomes might require a different
agency to carry out the oversight function as opposed to those who
are executing them, the actual R&D mission. A safe bet is that
there will probably be more than one agency involved and so the
question is how do you coordinate it.

Mr. NEUGEBAUER. Dr. Bienkiewicz.

Dr. BIENKIEWICZ. It is my understanding that there is already
discussion on the authorization for NEHRP, recent discussion in
the House, but the need to put out with the NEHRP was moved
from FEMA to NIST and as far as I can understand from discus-
sion, a different region of FEMA now being under Homeland Secu-
rity Department, but also from my perspective, NIST probably is
on the side of implementation and codes and standardization so, of
course, it seems to be an appropriate place, but it is tough for me
to make.

Mr. NEUGEBAUER. One of the things I think—and I think you
mentioned two agencies. One of the things that, and this is a per-
sonal opinion, is that when we get multiple agencies overseeing,
sometimes when we just have one agency overseeing things it is
onerous, but if you really want something to get real onerous, you
assign multiple agencies.
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hMr. MOORE. Just your personal opinion? A lot of people share
that.

Mr. NEUGEBAUER. And the other thing is too, if we start getting
two or three different, you know, groups in and they may have dif-
ferent committee oversight and then first thing you know, we can’t
trace where the money is going, there is no accountability, and so
it is my personal opinion that we identify an agency and task them
with a broad task of, you know, talking about, you know, from kind
of A to Z, from the research to the implementation and actually the
commercialization of that. And I would task that agency that we
have to have the private sector at different levels. And I know that
some of the research that Texas Tech has done, I think the Na-
tional Building Institute, the homebuilders at the national level,
getting some money to or toward some granting opportunities, are
working in connection with that.

I think you have to bring all of those people to the table if you
are going to get an outcome that will be accepted in the market
place. Ernie, you want to reflect on that?

Dr. KIESLING. I was simply going to suggest, in answer to your
earlier question, that to me a critical element is the language of the
bill creating this thing so that the agency administering it has the
ability to respond to the broad spectrum of research that needs to
be done and is not limited by their mission. My sense would be
that you can take care of a lot of that in drafting the language of
the bill itself. I've read the House Bill 2020 and I think it does
cover a lot of areas and would enable whatever agency to put it,
to sponsor the kind of research that needs to be done.

Mr. NEUGEBAUER. Anybody else.

Dr. BiENKIEWICZ. I think that some of these issues were ad-
dressed in Bill 2020 and cross-integration of the activities and the
agencies.

Mr. MoOORE. Kind of getting down to nuts and bolts for just a
minute. We've talked covering a number of different areas here,
but I guess I wanted to ask, just in terms of what people, indi-
vidual homeowners might do, either in retrofitting or home build-
ers of new construction, what techniques are available to build
stronger homes that will withstand wind damage and is it cost ef-
fective? Are people just spending unnecessarily if they try to put
a few extra dollars into strengthening roof systems, for example, or
walls? Can somebody talk about that? Is it going to keep claims
from being made, is it going to be recognized by the insurance in-
dustry as we might not have to pay as much money out in a situa-
tion like this and therefore rates are going to go down? Dr.
Kiesling.

Dr. KieSLING. I think that is an appropriate challenge for the re-
search community and then we can say that there are some meas-
ures, more if you've got connections, stronger connections of roof to
wall, wall to floor.

M?r. MOORE. Connections in what respect? How would that hap-
pen?

Dr. KieSLING. Well, there are so-called hurricane clips that you
can use and they would work well in any kind of wind and those
are so economical and so easily done that there is little question,
I think, about the long-term economic benefit of that.



58

Mr. MOORE. If they are so economical, why wouldn’t people in
wind territories now be using them?

Dr. KiESLING. They do use them pretty extensively in hurricanes
because there the public is convinced of the high probability of oc-
currence during the lifetime of the house.

In the tornado regions, again they are not that convinced of that,
but I think it is the research community’s challenge and obligation
to provide reliable data and it takes a long time to accumulate that
because you have to have an event before you can assess the effec-
tiveness of it, basically, or verify the effectiveness of it. But I think
we need to get reliable information to the homeowner and to the
insurance companies as to what is the benefit and that is a big
challenge. And it depends obviously upon the locale as well, the
probability of the occurrence of a wind event. So if we go on a scale,
we can readily say that some things we know are now effective, but
other measures we would have to do some research to be able to
say what is the effectiveness.

Mr. MOORE. Anybody else have a comment on this?

Mr. SHOFNER. I would agree with Dr. Kiesling. I mean, I think
it would just take a lot of research efforts to be able to provide in-
formation to the insurance companies and put that information in
front of their actuarials where they can properly look at it and see
what the actual claims dollars that are going out to those loss site
areas for homes that maybe aren’t retrofitted or constructed to that
quality as compared to the ones that are. And then over the time
period, hopefully they would be able to see a necessity and see the
advantages of being able to offer those credits.

Mr. MOORE. Dr. Bienkiewicz.

Dr. BIENKIEWICZ. Yes, I would like to extend this discussion to
beyond single-home dwellings and into engineered buildings. If we
need to begin in hurricane regions, they have none of the systems
which allow you to reduce net load impacting components of build-
ings. When you make a single-family move, you have reduction and
you can design a retrofit roof which will perform well and will meet
current specifications for a region. So the need is urgent and I
think we need to invest more money to improving them.

Mr. MOORE. Dr. Meade, anything?

Dr. MEADE. I don’t think I have anything.

Mr. MOORE. I guess not to push, but to push a little bit, we have
been having hurricanes and tornadoes for a few years around this
world and we have been, people have suffered a lot of losses, in-
cluding loss of property and loss of life. Is there any way to expe-
dite this process? How do we hurry this up so we can save more
dollars and lives in the future. Anybody? Yes, sir, Dr. Meade.

Dr. MEADE. I offer the opinion that if you can make it so that
people can benefit more, even though the hurricanes and tornadoes
do not occur every year, as Dr. Kiesling pointed out that the work-
ing probability is that a hurricane will hit a house once in its life-
time, but even so, that is a difficult catalyst for most homeowners
and so you really need to see it reflected in a month to month or
year to year basis in their insurance premiums so that it is in their
economic interest to——

Mr. MOORE. So it comes down to money, doesn’t it?

Dr. MEADE. It totally comes down to money.
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11}/11". MOORE. Well, we don’t have that problem in Congress, I'll
tell you.

Mr. NEUGEBAUER. I think to continue the dialogue we have been
having, I think where I am personally, coming from the private sec-
tor for a number of years before getting to Congress is, you know,
you have got to have an entrance strategy and then what we call
an exit strategy. I think what the Congressman was talking about,
what is our exit strategy here, when do we get to the point where
we have some stuff that is cost effective that we can implement
and we can get that information out to the private sector so they
can start building and implementing this on a broader basis? I
know we are building homes today in Lubbock with the in-house
shelter that Dr. Kiesling has been working on, but I don’t know
how much retrofitting we are actually doing and probably the ret-
rofit is probably the bigger piece of the pie. Certainly from this
point forward, the new construction, it is easy to do that, but what
kind of research are you doing on mitigation structures that, I don’t
want to oversimplify it, but you are almost going to have to, to me,
to get it where you can go down to Lowe’s or one of the building
supply places and get a kit that that homeowner can take home
and install in their home or get installed on a relatively inexpen-
sive and quick basis without this major, you know, reorganization
of their home.

Dr. MEADE. Your comment is correct that it would be a lot easier
if you could go down to Lowe’s and buy something off the shelf,
ideally something that would come, for example, from the recent
program that you are talking about. But it does come down to dol-
lars and cents. For example, you can go down to Lowe’s right now
and you can buy insulation, which you will put in your house and
which will decrease your energy bill. People will do that because
they can see that it does decrease their energy bill. They don’t go
and buy insulation as part of being a good citizen. So the idea is
there needs to be some mechanism in place for them to go down
and make this investment in wind mitigation technology that it
will have some sort of payback to them and payback has to hope-
fully occur before the next tornado or before the next hurricane be-
cause if you are waiting for them, if they are making a bet, so to
speak, that a hurricane is going to occur, a tornado is going to
occur next year, that’'s—not too many people are going to purchase
it, no.

Mr. NEUGEBAUER. Go ahead and then, Ernie, we will to go you.

Dr. KiESLING. I think another difficulty there is that how can
that benefit come without say a reduction in insurance premiums
and how can the insurance company assess the value of that in-
vestment or improvement made? So that is a difficult thing to do
and I guess education is the answer we would give to nearly all
questions. But as you mentioned, it comes down to economics in
the end and it may be unrealistic to expect the scenario that you
just presented.

Mr. NEUGEBAUER. Mr. Shofner.

Mr. SHOFNER. I also believe if there were stricter building codes
that were mandated, I think that insurance companies would see
that information as a positive step and I think they would move
quicker from that standpoint to react to what people are doing
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proactively to try to limit their losses and I think in return they
would go out and try to see what they could do from an incentive
on the other side. I think it would just be a quicker step.

Mr. NEUGEBAUER. Well, I know that the insurance company is
recognizing, for example, I think if you have a certain kind of lock,
dead bolt locks, and if you've got an alarm system in your home,
now we've gone to roof structures, I mean, so it is not, we are not
setting any precedent here.

But what I heard you saying earlier is that there is really not
tangible evidence, or the perception in the industry is that there
is not tangible evidence, that insuring house 541888 and 542088
and one of them has, you know, a different structural, a more rigid
structure, that it is less of an insurance risk than the one next door
that is conventional, that there is just not recognition in the mar-
ketplace.

Mr. SHOFNER. Currently right now there is not, unless it is a
large difference in risk. When you are talking about two homes
that are right next to each other, in my opinion, no, there’s not, but
if you have a home that is inside the city limits from versus one
that is just outside the city limits, that could create a difference
there because

Dr. MEADE. Well, maybe known to several parts of the insurance
industry. It is certainly not known to homeowners, but it is known,
for example, that if you go out and buy a red sports car, you are
going to pay more insurance than you are if you are going to go
out and just buy a standard sedan of some sort. Or you know that
if you have young children who are driving in your household, your
insurance rates go up.

Mr. NEUGEBAUER. I have experienced that, both the red sports
car and the children.

Dr. Bienkiewicz, did you want to add anything to that?

Dr. BIENKIEWICZ. I would like to make a comment about a na-
tional program which I developed which would help out industry as
well as practicing engineers. And I brought with me, it is an older
version of the NEHRP provisions. This is one volume. There is an-
other volume coming and it has been revised several times. It is
a tangible product coming from that program. It provides bolts and
nuts related to design and details and so on and so forth. Now
when we talk to practicing engineers, there are some codes, and
there are some others, so we can provide the toolboxes. This is one
of the examples.

Mr. NEUGEBAUER. Would you like to enter that as part of your
testimony?

Dr. BIENKIEWICZ. Yes.

[Note: Information referred to is “NEHRP Recommended Provi-
sions for Seismic Regulations for New Buildings and Other Struc-
tures,” 1997 ed., Part 1: Provisions (FEMA 302), http:/
www.bssconline.org/pdfs/fema302a.pdf]

Mr. NEUGEBAUER. Okay. That would be fine. My time is up.

Mr. MOORE. Thank you, Mr. Chairman. Some have alleged and
I think we have made reference to this without—I guess we have
mentioned the number, but HR 2020, Hurricane and Tornado Re-
lated Hazards Research Act Summary, and the Congressman here
is one of the co-sponsors, as are many of the Members of Congress
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here in Texas, in Kansas, and other places where you would expect
to have wind damage. And I guess I would ask all of you, if you
have national associations—I know some of you certainly do—to
contact your national association and ask some of the Members of
Congress to sign on to this because if this gets passed, what it
does, obviously—there is a handout back there somewhere as to the
bill and shows the current bill sponsors on there—but it requires
the Director of the Office of Science and Technology Policy to estab-
lish an interagency group to be responsible for the development
and implementation of a coordinated hazard reduction and re-
search development and technology transfer program to achieve
major measurable reductions in losses within 10 years. And it is in-
teresting to me to hear representative Shofner from the insurance
industry here talk about the need for stricter code standards. And
sometimes people get upset when Congress or other governmental
agencies mandate additional regulations or requirements, but, I
mean, there is, maybe we have to balance it out and work it out
here. By the same token, I guess, we would, I think, really like to
see—this is certainly not a shot at Mr. Shofner—we would like to
see the insurance industry moving in this area and doing their own
research as well, coming up with answers to some of this. And if
the information is available and it does warrant a reduction in pre-
miums for insurance, then if the insurance industry recognizes and
conveys the information to the homeowner, or other people, that
you are going to get a reduced premium if you do these things in
construction or retrofitting, then it might well be worth it and we
all save money and more importantly, lives, because we can replace
property, but we can’t replace lives. Any other comments on that?
I'm not trying to lecture here. I'm just—we are having a discussion,
I guess.

Dr. KIESLING. I would simply repeat my earlier point that any
incentive is highly significant in terms of improvements. And we've
seen where over and over, shelters and other things, where any
time we can offer an incentive of any type, be it in financing, be
it in cost reduction of operation, participating in the initial cost,
whatever it is—another tax abatement is working pretty well in
some areas, where say the cost of improvement is not taxed and
so forth—and so I think whatever can be used—I think maybe
what may be more significant than the dollar value of that is the
educational value of letting the customer and the homeowner know
that there is a benefit to their making that investment.

Mr. MOORE. Mr. Chairman? Any questions.

Mr. NEUGEBAUER. You know, we are having this dialogue, and
as I was reading the testimony, a couple of things kind of started
crystallizing for me. As we look at the mitigation aspects of it, we
have life and we have property and in Ernie’s, Dr. Kiesling’s safe
house or safe room, you know, the primary emphasis there is life.
And because in a major tornado, I don’t know what, and maybe you
have done some testing on these reinforced concrete houses, how
much that structure survives in a tornado. In a hurricane, though,
the structural aspects of it seem to be easier to mitigate, are more
mitigatable than, you know a category 4-5 in a tornado. So you
begin to put that research together.
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Do you see different goals and objectives in the hurricane side as
you are doing the tornado side? Obviously, up to a certain level of
winds, on the perimeter of the tornado, you are dealing, you know,
viflith j):he same wind issue. Are there different goals in some ways
there?

Dr. KiEsSLING. Well, certainly there are differences and I would
suggest that in tornado regions, perhaps more important than loss
of life is the reduction in anxiety. Because when you look at the
statistics, the number of deaths from tornadoes is significant cer-
tainly, and we want to save those lives, but I think a much greater
cost might be the anxiety and the loss of productivity, the health
problems and so forth created by the anxiety. And so I think that
is a strong justification for the safe room. Whereas in a hurricane
region, it is much more of a reality that it is going to occur. And
I think there are differences in requirements and design criteria
and we have a long ways to go in optimizing the designs of build-
ings and shelters for the particular application. Shelters have not
been popular until recently in hurricane regions and so I think we
will see a lot of evolution there in the next few years. I am walking
all around your question, but I—certainly there are many similar-
ities and differences, but I think the objectives are somewhat dif-
ferent in the economics of it because of the higher probability of oc-
currence in hurricanes.

Mr. NEUGEBAUER. Dr. Meade.

Dr. MEADE. Well, you simply have much more time to con-
template the hurricane than you do the tornado and so people
know about advancing hurricanes usually 48 hours, 72 hours be-
forehand and so all kinds of actions are taken to prepare them-
selves. As Dr. Kiesling was pointing out, the really frantic, last-
minute preparations that are taking place for a tornado and you
are basically trying to save lives if it is bearing down hard enough.

Mr. NEUGEBAUER. Yeah, I was just thinking that, and this is in
very simple terms, so if I live on the coast, what I am thinking is
I am working at my house and I'm nailing up the shutters and I'm
putting the plywood up there and really what I am worried about
is—I'm going to evacuate—what I am worried about is when I come
back, you know, how much of my personal belongings or my home
is going to be intact?

Dr. MEADE. But you can do that because of the nature of the
events, right.

Mr. NEUGEBAUER. But with a tornado, I only really have one
thing on my mind and that is my personal safety, you know, be-
cause, as Ernie says, it is a quick event, it is going to be intense,
most likely, and then it is going to be over and I would think that
most people, when they go to a tornado shelter, are not worried
about whether their house is going to be—I mean it’s certainly a
thought, but they are more concerned at that moment of their per-
sonal safety.

Dr. MEADE. Right. The economic losses from tornadoes is still
quiet significant. Again, whatever differences between mine and
Mr. Shofner’s testimony can only be indicative of the difficult state
of the data on this problem, but the estimated annualized losses of
hurricanes are more than $5 billion a year and those for tornadoes
only were at $1 billion a year so it is still a big number.
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Mr. NEUGEBAUER. Still a big number.

Dr. BIENKIEWICZ. I would like to make a comment that the ma-
jority of tornadoes are not extremely strong so if you look from a
statistical point of view, we could reduce the amount of damage of
tornadoes. I took part in a field trip last year in Kansas. Saw sev-
eral tornadoes, hundreds of tornadoes, and some of them seemed
to be not very strong, but nevertheless damage was quite signifi-
cant. We look to develop new construction as well as old construc-
tion. Old construction, a lack of connecting structure to foundation
or connecting roofs to walls—well, I won’t get off on that. But then
there is new construction, new developments and the issue of soft
floor, the issue of additions and maybe last-minute modifications of
construction and then we can build a room that can stand internal
pressure like that in the process. Then we notice some problems
with buildings that seem to be engineered, they seem to have flaws
in design. So I think that we need more data resulting, documented
data resulting from event investigations. We can learn a lot. There
are some designs which are used in the whole country and you can
see that under this one extreme condition, you can see the weak
spots. So I see similarity in our efforts to reduce damage as we con-
sider hurricanes or tornadoes, but not extreme, but those which
occur most quickly.

Mr. MOORE. I don’t know that I have as many questions as an-
other comment and if it provokes anything we’re going to stop for
a minute, but we talk in Congress a lot about values and how we
value education, we value our troops, and we value all this and
that. What I usually find is we really spend our money where we
really believe our values are, not just what we talk about. And cer-
tainly life is important. I think all of us acknowledge that, pro-
tecting human life from unnecessary loss of life in situations like
this. And early warning can certainly aid in reducing the loss of
human life in situations where there is a tornado and these weath-
er radios that have come out recently, those—I mean, they cost $20
or something. If people have those and can get the information im-
mediately, they can take shelter if they have shelter in their homes
or wherever they are living. And obviously there is an education
component to all this and many people in the population now un-
derstand what they need to do to protect themselves and that is
really cost effective that measures can be taken to protect life.

Beyond that, I think we have discussed here today that there are
some things in construction, new construction and retrofitting, that
we can do that will fortify and strengthen homes or building struc-
tures. That again is going to protect life and property.

And it is sort of frustrating here because we know what needs
to be done and I think we just kind of need to make this happen,
legislation or something similar to this in Congress that will get
the study done to gather the data that needs to be provided to the
insurance industry to give some incentives back to people and
maybe, you know, the Congress can hear and our colleagues, we
can talk about other things that we can do as far as incentives. But
it does come down to, as one of you said, to money in a lot of situa-
tions. We just need to say that we value the things we’re talking
about here today and we’re willing to make a commitment, a rea-
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sonable commitment, to spend some funds to make sure that these
things are protected, life and property, and most of all life.

That is my closing statement. I am not trying to shut this down.
I am inviting comments, if other people have comments, or the
Congressman as well.

Dr. MEADE. I would re-emphasize need and now different haz-
ards—we deal with a lot of floods and people know that it is more
predictable that you are going to get flooded if you live in a flood
plain. Nevertheless people continue to live there and we continue
to have a lot of development there

Mr. MOORE. Because you can buy homes cheaper there.

Dr. MEADE. Exactly. There are different opinions and I mean
there are lots of other discussion going on in Congress about why
those incentives are all messed up, but even still, in a situation
where people know about the hazard, even still they don’t take
steps and there is plenty of technology to solve the problem, but
again, they need to be incentivized.

So there is an analogy here certainly that living in certain parts
of the country, you know that you are subjected to wind hazards
and that you have a reasonable probability of suffering under that,
but you need to be incentivized still to take action to solve that
problem for yourself.

Mr. SHOFNER. I just would like to add that that is one of the hur-
dles that insurance companies face in that Texas is unique because
it’s what I call a triple-threat state.

There’s a handful of other states that have the same deals, but
in Texas we’re exposed to hurricanes, tornadoes, and hail, which a
lot of states are not. And so with hurricanes there is a lot of re-
search done as far as being able to determine possibly when our
coastline may be hit from a hurricane and what size and what have
you, but it is very difficult for insurance companies and actuaries
to determine if a tornado were to pop up, where it might be and
when the next hailstorm is going to come up so those are the
things that I know they are trying to work on.

Mr. Moore. Well, we’ve got quite a coastline in Kansas, but for-
tunately we don’t have too many hurricanes.

M)r. NEUGEBAUER. Any other final comments by any of the panel-
ists?

Dr. KiesLING. We'd simply plead for patience because it is a very,
very complex problem and certainly building the research infra-
structure to address that problem is not a short-term process. For
example, we are graduating very few people who are capable of as-
sessing the hazards and the risks in their areas and then come up
with the solutions for it. And then it takes a long time to build an
academic program to do effective research. I think again the action
that you are contemplating can be very, very significant there be-
cause an important element in developing programs and in attract-
ing faculty to them and so forth, an important consideration is the
prospect of long-term funding. I don’t know a person that can go
into the research business without some hope that there is going
to be a future in that area. So it is going to take a long time and
we can best probably address the quality issues in housing through
building codes, but that too is a slow process and, as you pointed
out, I think we’re replacing only about one percent of our housing
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inventory per year. So the results are not going to be coming quick-
ly, but we must take the first steps and begin to turn it around.
I think in terms of curbing the damages, rather than reversing
them, because it is a long-term process that is not going to be easy
to solve.

Mr. MOORE. Randy, may I have one more minute.

Mr. NEUGEBAUER. Sure.

Mr. MoOORE. Mr. Chairman said was that your final statement
and I said well, maybe it was, but I would like to just kind of sum
up here for myself. 'm certainly not trying to shut this down again.
I just want to thank the Congressman here for convening this very,
very important hearing. I want to thank our witnesses. All of you
have been very good, to my knowledge, about what happens here
and what needs to happen in the future. I really mean that sin-
cerely and I appreciate your expertise that you shared with us here
today and I appreciate the audience being here. Frankly, it’s help-
ful to have the news media out because the extent that this kind
of hearing is covered and the people in this area and around the
country understand and know that there are things they can do to
protect themselves is going to assist what we are trying to accom-
plish here. So again, thank you, Mr. Chairman.

Mr. NEUGEBAUER. Well, thank the Congressman from Kansas for
coming and his interest in this issue. I would just close by saying
that I appreciate all of the witnesses that came and took time out
of your business schedules. I feel like we had the “A” panel today
to discuss this issue. Obviously, many of you are recognized as
being on the forefront of this very important research. I thank the
folks in the audience that came and I hope that you found this dis-
cussion as interesting as I did. I think from my perspective, and
I think I've stated this, is I think we need to move forward with
a program and I think Dr. Kiesling summed up one of the impor-
tant aspects, that it is a sustainable program so that we know how
many dollars are going to be available for this kind of research and
so if there is not an infrastructure in place, that that infrastructure
can be put in place to sustain long-term research in that respect.

I also believe very strongly that we are going to have to bring
more private sector involvement into this process because in the
final analysis, they are going to have to be the ones that build it
and market it to people that are going to utilize it. I think we have
to bring our friends in the insurance industry into this because
they are—they have a risk, they have a financial interest in this,
and I think that they can probably share some insight and help
with some of the modeling.

I heard at lunch today, talking about how do we model these
events and to determine and to develop an economic model deter-
mining whether certain things are really economic or not. One of
the things that I think makes this a difficult subject for commer-
cialization is that people are insuring a risk or are spending money
to mitigate a risk that may never actually materialize and people
are more, in our country, are more into, I am interested in the
problem that I have today. When you tell them what the odds are
that they are going to experience a tornado or odds are that they
are going to experience a hurricane, you know, those odds are pret-
ty low.
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And so there are a lot of dynamics here that I think have to be
worked out, but I think certainly bringing the private sector to the
table and bringing the insurance industry adds some additional in-
formation that is needed at this table. I look forward to working
on some long-term solutions that make sense for our country and
for our region. And so thank you and if there are not any other
questions we are adjourned.

[Whereupon, the Committee was adjourned.]
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EXECUTIVE SUMMARY

Wind hazords - humicanes, tompdoes, thanderstorms and associsied phenomenn -
ciuse an urgscepinble kevel of propery losses amd human saffering in the Linded
Stagzs, The svernge annual finarcinl loss due 1o these hazards i= 56,3 killion, A
single large burricane could cause |osses far i exeess of 526,53 hillion mrribaed
o Hurrieane Andrew in 19492,

As g result of ongoing public and privaic efforts a number of wind hazards
mitlgation measurcs have been developsd amd put m practice in eoastal areas and
oilier reglons of the United Staes.  These measures have led w algnificant
reductbon in fatalivies andbubed 1o wind hasinds, However, it s nol nesalted in
reversing the alarming trend of increasing material losses. These damages have
beem i part atiribubed G a growing population in coastal arcas and other regions
wvulmerable tr wind hazards. 1t has been postulated that tbe abeve demographse
tremdl will comtinue and thal significant cosrdinated efTorts meed o be undiertaken
Lo reduce property hosses and buman suffering caused by wind hacands.

The research and autreach plan described in this repoet represents a clear vision
for oction designed 1o address the increasing economic losses doe to wind
hazards. N s proposed that the delmeated efforts be corried out within a
framewnrk of a federal program - the Maticnal Wind Hazards Beduction Program
(MWHRP) = that woald provide coordinstion ond suppon of octivities necessary
for effective reduction in the nffecs of wind hazards in the United Sintes, It is
pastulated that sisch o program will lead o significant reduction in valnembility 1o
wind hazards in the Linsied Siaies within the nexi decade

The concept of MWHRP builds on kessons leamned from the 25-vear experience
with the Maticral Esmhquake Harands Reduction Progrm (MEHRFR  The
presented research and surcach plan is an adaptason of the recently revised
actien plan developed for MEHRP by earbsquake engmeering comimunity, It
comprises of the following four companents:

A, Understpnding of Wind Harards: Develogiment of keowbodpe on severs
winls; gquantification of the aiemdant wingl  loading  on buildings,
strsctures and mfrastruciune; and mappang of wind hieands.

B. Assessment of Inpact of Wind Hearards: Assessnwent of performance of
butldings, stoctures and mirastrociure; development of Frameworks and
tools for simulation and computatsnal modeling: and development of
tools far system level modeling and loss assessmeni.
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. Beduction of Impact of Wind Hazaods: Development of retrofit measures
fior exnsting buildings, structures and infrastructure: development of
innovative  wind=resistant  fechnologies  fir buildings,  structures  and
infrastraciure; and development of land memsures and cost effective
conslrscion practices consistel with site-specific wind |lsaeands.

[*. Enhancemeni of Community Hesilience, Educotion snd Cutreach:
Enbmncement of community resilience 1o wind hazards: effective transfer
by profssionals of ressinch Tmdings and echnobogy via oulreach efforts
developad for each componemt of the WWHEP: and development of
effective educationnl progrmms and public owtreach activities,

Efforts specified for each of these components consisl of research amd awtreach
tnsks. The research tnsks address the science ard engineering ns well as societnl
approaches necessary for befter risk management practices desirable to prevent
losses cansed by wind hazands. The oubresch lasks are focused on transler af the
research findings omd the developed technology 1o practice.

In forivulason of the NWHRF plan stempls were made 10 develop a dynaimic
program that would allow for timely usee of outoomes of ongoeang (in the United
Septes and elsewhenz) related research and outreach effons nddressing mitigation
of loases due o wind amd other natural haeards. Particular stiention was given 1o
activities m e area of earthguake engineening, camied oul witlin amd beyond the
framewsrk of MEHEP. These activities were corefully examined toe avoid
duplication of effors delineated inthe scope of work proposed for NWHRP.

Recent revalutionary developments m information lechnology (mcluding sensors,
datn  collection, trunsfer, processing o  visunlization, experimentol  and
computational simulation, high-end compiting and nerwarking mfrasineciune)
have & polential o lead 1o unprecedentsd breskihroughs in our eflorts o peduos
property lnsses aned buman suffering doe 10 wind harards.  Seizing the nbove
appartunities will require federal investment to upgrade the existing and develop
niw feacarch and suircach nfrastrietuse sond huivsn neseurees.

Reduction in materinl losses and human suffering within the next decods will
peuirg a coordinmed, well planned urdertaking. The propesed NWHREP provides
a framwwork lor implementatsen of such an imitative, shile b presented
research and ouireach plan outlices the projected scope of work.  Establishment of
the program will not be possible without significant suppont and  kong-term
comimitment by federal govermment.  Moreover, a debay 0 upward adjustisent in
lederal support of wind engineering amd disciplines related o wind  hacards
mitigntion will undoubtedly lend e funher (and  probably  nceelerated)
deterieration in the existing national ressarch and outreach infrastmucoare arad in
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Fuman resources inthese areas, This would funher impair this Mation s ability 1o
reduce devastating lmpacts of wind hazands,
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engimecring: amd (21 The solation of nasomsl wind engineering problems through
eransfier of mew knowledge mbo pracice.

Founded in 1852, the American Society of Civil Engineers {ASCE) represenis
mre than | 33,000 members of the civil enginesring profession worldwide, and is
Anwrich"s olklest natbonal engineering society,  ASCE's vision is 1o positeon
eripimecrs &8 global leaders building a betner qualiny of life.  The Seciety
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value 1o ils members, their careers, its partners and the public by developing
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FREFACE

This repart was prepared 1o provide background information and 1o stimulate a
comstructive dehate on the issue of growing vulnerahility to wind hazords in the
United Semies and ihe need for esiablishment of a coordimnied, federlly supporied
pragram addressing this problem,

Fecdbeck on the presented wind engineering research and cutreach plan and on
the proposad patbonal program will be sought from members of AAWE and from
it engineering commumity it gerseral, Professionals mvalved in wisd-resistant
design alf I:ruil.din,gs and sirsctures, researchers, pracisoners, as well a8 decssn
ardd pedicy makers concemed with wind hasards and their impacts will be invited
ty provide lheir inpul.  Commumication channels for this exchange will be
estnblished and announced on the AAWE wehgile (www aoweorgh
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LCHALLENGE OF GROWING VULMERABILITY TO WIND

HAZARDS

L1, bmpact of Wil Hazards in the United Siagis

W inal-related events inflict major boss af life and materisl kosses in the Linjiead
Smbtex. Figure 1.1 shows breakdown of costs due to damage by tomadoes and
hurricanes compared with cosis iflicied by Bomds and canhquakes,

E:“”"EJT
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IS HATAL (EZE BT BORTE

LB LI R L
o= i

Fignee 11 Breataiows aof Dowopes Coste, EERT R‘rplm'r

Thee abirve gosts s preseiited (i msone detail !_h Table 1.1, which 15 hasad on the
dars presented in & report published by RARND® {RAND Reporth

Tardile 17, Envissareg Areesalized Lovees, by Hazsaed, RAND? .H'-a-;l:h:h"r'

Hazard Estimated Annualized Loss
(% billions)

Hurmcanes L]
Wanier Starms (1R
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| Tatal Wind 6d
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Exirems Heal [N
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Wildfires ]
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It can be seen that the annualized maleral losses afinbuled 1o wirkd basards
[inclusive of huarricanes, (omadoes amkd winfer storms) are estimaled 1o be 56.3
ballion.  They eaceed by over 0% and 60%, respectively, losses amribaled 1o
carllguikes amd foods.

Ax the nuthors of the RAND report paimt out, aftenspis to provide the heeard loss
data {and this applies to any naterl hazard) face o number of challenges. They
include the varizhility in occurrence imes and magnibsde of evenls resulting in
measurnble losses, the lemglh of the averaging penod osed mocalculsting the
annualized losses, and other lactors,  Calculation of the annualooed losses is
further complicsted by lack of natiosal database of the losses and changing
oty s vulnerabilicy v wind and other hazards,

kY
o
3] —
A=
11
E__

0 i |
105 vEdE 1S 145 1958 TDAE 0TS 18R 10es OO0
BOURCE. Javil i aL 2001,

Losses [Hions of FY 2000 dolars)

Figure 1.2, U5, Losses (1905 - 2000, RAND Repoer’

The above wirkd danssge statistics are stroagly influeneed by buamicane events of
large magninde as depicied in Flgare 1.2, For example, In 1992 Hurdcane
Apdrew resubted n $26.5 billion - the hiphest bevel of direct mnd indinect
ceonomic lesses ever sustnined in the United Siates as the result of o natural
hazard event, Analysis of moterial damage due 1o landfll of hemcanes in the
soithi-zastern Lindted States aver the perod 1925 - 1995 shivoeed that the avernll
domage due 1o the reponed 244 horicanes and significang tropical storms
exceeded 2340 hillion, with mest of the damage atiributed o a relatively small
number of strong humecanes = of category 3 amd higher on the SaffirSimpson
Suale, \'r'i]lnl.l,g_hll_'.']. A breakdown of the number of hamicanes (and tropacal
st andd damage 2= a function of the hemcane calegony B presented (aller
Willoughhy) in Figure 1.3
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Figere 1.3, Hisrogram of U8, Tropicel Cyelone@firricane Lamdfall, Willoughin”'

The highest level of material damage snd loss of life bas been atimhuted in the
Unsted Sewles s hurmcames, opical storms, tomadoes and  thundersiomms,
Devastating effects of landfall of hurricsnes have been primarily limited o the
Atlantic and Gulf Coast regions and the United Sties temiloriss.  Figure |4
provides & representative compesite of hurricane tracks,

Flgare |4, Ropresentartve Cosiposite of Hurricane Tracks, Razardliaps. gov
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Hagmrds due to tomadoes and thurderstorms are of concern in inhabitanis of most
of the Lniled Stotes.  Temriierial reach of tomadees is illustrated in Figare 1.5,
where a distrihution of tormadoes (by states) over the Slevear perind is depicted.

Figrere 15 NMuseher of Tornmdaes By Stare (19502000, HazoradWaps. gov

The highest numbers of [alities and injumies are atimbuted e lomadoes.
Althinsgh maosl of the largest lomadoes occur in the cenirml Unsted Stales - the
tmada alley - tomadoes have been reporied both west and st of the alles,
Frgure 1.5, Tomado wuchdowns bading 1o fatalises and damsge in Maryland,
LUah ard sther states sne goosd indications of a wide wermiosial reach of destructive
Loimadans,

Thowsands of thindersiorms ooor every vear all over the Unined States, Serong
winds associsted with passage of thunderstorme, 6t times secomgumied by
romadoes, pust frones and dewenbirsts resalt noa significant physical damage and
buman saffering.  Local iopographic feamires may bead o amgplification of such
winds, thue compoanding adverse wind effecis.  Mountpin rnges may lead 10
generadion of local strong winds, such as deansbope Chinook wind in Raocky
Moauntaing, Sanin Anna wind in California and stremg weinds in nonfwestem LS.
ared im A laskn,

Owverall (opproximate) measure of the potentinl wind haard is represenaed by
wind spesd map. Figure 1.6 depicts an example of such a2 map. Wind provisions
af design codes and slandards, such as the American Saciety of Civil Engineers
Smlard ASCE 7 emiitled “Minimum Design Loads for  Buildimgs  and
Structmes™ (ASCE 7) provide the recommended desipn wird speed maps, wilh
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disclximersrestricions  imroduced fo account for unceriaimieslack of reliable
wind speed dala.

Fuomere 1A Windsiormy — Wand Speed 100 Vear Exposare fmphd,
Mezardbaps gov

Starm surge and bavy precipilation accompanying hurmcanes both contribule 1o
cverall damage and have a poventsal for causang loss of life and & multitode off
bong-term unhesinnd consequerscm,  Precipltation assoclacsd with (bundensiomms
aml tormmdocs may bad e sevene flash Aoeodimg amd s contemmant dangers.
Crther undesired effects sssociated with high-wind events nclede disropiions in
cransporiabion during wintes storms (due t whiteoists andior snowdrifis), sumemer
duet stormmes and hail sorms, a5 well ps adverse wind effects on fires,

As o result of ongoing public and privale effors a number of wind hazards
miligation measures have been developed amd put m practice in coastal and other
regins of the United Stales. Thess measures have led o significant reduction in
faralivies antribubed 1o wind haeards, maily doe W improved waming Limes and
life protection svatems (sholbers) i omado prose regions, and dmproved
femevasting of humsne landfgll @d mone elfective cvacustion measumes in the
Anlambe and Gull' coas angas of the Unised States, as 45 diusraced in Flguee 1.7,
The shaded nectanphe i the figure corresponds 1o the mverage mortality ar mid
century 1%H0- 1960, which s sabad by the 3014% incresse in coastal popalation
durimg the last half of the centary 1o yield an estimae of 210 deaths anmually if
society”s response 1o huricanes had not improved since 19340, Wilkoughby.
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Hurricane Mortality
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Figare LT, Histogram af U8 Merricanee Mortalite end Tevaes: Firginke
Population, Willoughhy'

Although a marked progress has heen achieved in the aren of protection of life
ugainst wind hazards and the overall trend = continued reduction in fotalities - is
wery enooumaging, an intersified effort s desired o achieve reduction in wind
imidupeed properiy kosses,

The data on these losses exhibit the alarming trend - increasing annualized bosses
- with incressing rate of change in the losses, especially over the past decade,

1.2, Barrlers to Reducing Yulnerability to Wind Hazards

In discussion ol the matenal costs ol nstural disasters, the authors ol the BAND
Fieport noeted & significant inerease (reported by GACHY, o 2002} in the disaster
reliel funds alkocaled by FEMA: fram 37 billion over the pervod of 1978 - B9t
30 billion pver the next twelvesyear perind.  This iremsd is shown in mone detal
in Figure 1.8
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Figure 1.8, Federal Disaster Retief Payments (1978-2000), RAND Reporr’

The aubsors identified o growing (indeed “exploding™) popalation i aneas
vilnerable o naaral hazards (a relevant case of coastal population is depiead in
Frgure 1.71 as ene of primsary reasons for such a dramatic inerease in damage and
the associated reliel fumds. A significanl portson of these funds ks been used 1o
allsel materzal losoes dus to wind bhasrds, 1L has been postulated thal the above
demagraphic trend wall continue and that significant measures need o be urgently
undertaken m order 1o address the issue of the increasing material ksses (and
assnciated relief funds) due to wind hozands,

A nasber of factors impading mitigatson of damage dog v wind and other ratural
hazards have boon fdeitified by patiral laeards mnlgaton comitumity comprisng
of researchers and practitioners. of broad backgrourd (ranging Trom matural and
social scwmoes, engingconing, and econemics), decision and podicy makers, and
olbers.  The domam of ther evaluation included research and development,
technology iransfer and implementation, as well as outreach and education. Some
af the impediments o effective mitigation of losses due o natural {including
windj hozards were postulated 1o be coupled with federal furding policies. The
mnhars of the RAND Report concluded that im 2 number of programs explicit
hazard loss reduction activities received the lenss R&D funding, while much of
the sperling supporied shar-term prediciion capabilities of limited potentinl 1o
lomg-term loss reduction that could improve the resilience of communities and
infrastructure, and ohimacely resali in substantial reduction of losses. A& large
disparity between federal R&ED funding allocated for different nameral hazards
alsn was noded.
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As was reported before the Science Committee of the U.8. House of
Ropresentatives (testimony by Dr. McCabe, during hearing on October 11,
2001%), the average annual overall federal investment in research to mitigate
impacts of wind hazards is estimated to be $5-10 million. It is instructive to
compare this amount with FY2001 funding allocations for fundamental research
by National Science Foundation: Civil & Mechanical Systems; Wind - $2.6
million, Earthquakes - $20.8 million; Atmospheric Sciences: Wind + Flood
+Drought - $183.8 million, RAND Report, p. 23. It should be noted that the
federal funding in excess of $100 million per annum has been invested over the
past two decades to support activities geared towards reduction in earthquake
losses, through the National Earthquake Hazards Reduction Program. A
comparison of these funding levels with the quoted earlier estimate for the
annualized wind hazards losses suggest that a significant increase in federal
imvestment in activities geared towards reduction of losses due to wind hazards is
urgently needed, justified, and has considerable potential for short- and long-term
payoif.

1.3. Accomplishments to -Date to Reduce Losses Due to Wind Hazards

Despite limited federal funding and the lack of a national program focused on
reduction of wind-induced losses, research and development efforts to-date have
helped to advance our understanding of wind hazards and their effects on the built
environment. One of outcomes of this effort are improved provisions for wind-
resistant design. Examples include the ASCE Standard®, which serves as a key
resource document for model building codes. Other accomplishments include:

® [mproved characterization of winds;

® Statistical analysis and modeling ol historical wind records to develop
a design wind speed map;

@ Improved descriptions of wind pressures and associated loads on
structures,

# lmproved evaluations of the performance ol building envelopes and
load-carrying members;

# Development of devices for low-rise structures to improve the wind
resistance:

#® Improved knowledge regarding wind-generated debris impacts
and mitigation techniques;

@ [nnovations to improve wind-resistant design of buildings and
struetures.

Wind Engineering Research and Qutreach Plan 8
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However, even with the above developments, our understanding and ability to
quantify load and resistance characteristics for use in cost effective wind-resistant
design and construction practices is far from complete.

1.4. Wind Engineering/Wind Hazards Research Needs

A list of wind engineering research areas identified as critical for reduction of
wind-induced loses, provided in the report published by American Association for
Wind Engineerings (AAWE Report), included:

+ Collection of wind speed data using robust instrumentation and state-of the
art technology to map detailed structure of the wind, topographic
effects, and long-term climate effects;

« Simulation of hurricanes and their wind fields and other extreme wind
effects for statistical analysis of wind, wind loads, and wind-induced
response of structures and their components;

* Modeling of wind-structure interaction, including effects of integral wind
loads on structural systems, components and cladding, effectiveness of
retrofitting schemes, effects of structural fatigue and impact by wind-generated
missiles, design of cost effective tornado shelters and shelters
for hurricane zones to minimize evacuation;

+ Study of internal load paths, performance of structural systems, and
effectiveness of connections between structural components;

» Field monitoring of structures in natural environment and large-scale tests
in simulated loading environment;

* Research in debris impact potential in windstorm and development of
impact resistant building components;

» Mapping of wind climate in urban areas;

* Health monitoring and structural control studies for mitigation of wind
effects;

+ Application of effective numerical schemes using computational fluid

dynamics to determine the wind environment and wind loading on and
response of buildings, structures, transportation systems and other critical

Wind Engineering Research and Outreach Plan 9
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components of civil engineering infrastructure, and to mitigate these
effects;

+ Development of effective techniques for collection and rapid archiving
and dissemination of data acquired during post-disaster investigations;

» Development of cost-effective retrofit techniques to enhance wind
resistance of existing structures; and

* Development and application of reliable techniques for cost-benefit
analysis of wind hazards mitigation measures and other socio-economic
evaluations.

Wind Engineering Research and Outreach Plan
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LOFHOIRTUNITIES AND BENEFITS OF REDUCTION 1N
VULNERABILITY TO WIND HAZAKDS

20, Orpportunities i Redwee Yulnerability in Wind Hazards

The exstme BED infrasiructure and experlise in wind engmeenmg and other
disciplines portinent o mitigation of wind bazards, recent advances in infonmation
techinology as well as lessons leamned from programs focused on mitigation of
nther notaral hazords, especinlly enrthgquakes, form the basis thm provides unique
opporiumities 1o enhance out efforts o reduce vulnerabilities o wind haeards.

Thae existing rescarch infrasirucion: inchudes laboratony and Teld Gacilives wsed o
imvestigaie wind charcieristics and wind effects an bsildings amd siruciures ansd
thezir compaonents. The main components of the laboratory mfrastruciere ore long-
led-section wind tummels that allow for realigic medeling of howndary-layer
wimils and other flow modeling Gaciliies thal have been emploved m exploratory
el of oher wind  phesomens,  nchading  tomadocs, hurmcanes  aewl
doomburst anflows,  Acedemic institutions in the United States imvolved in
labaratary modeling of wind =ffects include: Colomds Smte Unaversity, Texas
Tech Universsty, Clemson University., lowa Stabe Universily, Lowisiana State
Unaversity and Universaly ol Mot Dame.

Chver the years, extensive wind engineering fickl shudies focused on wind effects
on lowerise buildings and wind hazards mitigaison have heen camied mm by
researchers at Texas Toch University, ol two sibes m Lobbock, TH. A field sile to
carry oul wirkd engineering investigations primanly focused on ianufsctured
hines wae established (ard jointly opermed by the DOE": klahe Esvirenmental
Engineering Laboratory ond University of Wyomang] 30 miks west of Larnmie,
WYL

Several universities lave establshed programs 1o ollect high fdetiiy hurrcane
wimd field information near ground. and wind loading on building envelope and
huilding performance during strong wind events. A number of houses ol varioos
lescations alomg Atlantic and Gulf coasts have been instrumented or outfitied with
wirmg and brackets for casy mslaflation of mstrumentstion.  These efforls have
been carried oin by rescamchers from Clemson University, Universaty of Floridas s
Gainesville nnd University of Illinpis at Urbana-Champagn.  Several wind
engineering research groups (Texss Tech Undversity, Clemson University and
University of Florida at Gainesville) use mobile towers (bypically 30 feet in
height) serategically posisoned on an expecied path of hurricanes of ather high-
wirdl events, These instrumenied towers are eqaipped with heck-ap power sapply
and they are capable of withstanding wind speeds up 1o 200 pph,  Reoend
upgrades of the towers inchued us: of wireless phone commumication

Wind Engineering Reszarch and Ouireach Plan I
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(maccessfully deployved for the first time during landfall of Flumicane sabel in
2003} o transmal the soquined data 1o a central database innear-real Lime

Aol example of an mnovaetive applicwion of the emerging sensors, data
noquisition and  iransmissin lechnology 5 2 recent siudy coordinmed by
researchers from University of MNotre Dame who have been supplementing
traditional monitoring devices in measurement of wind-induced nespanse aff fall
baildings using the Gilobal Postioning System (GPS).

The showve cases nre only a vepresendative sample of applications of new
techmnlogies incoropomied in current B&D focused on mitigaiion of wind
hazards. The revolutionary role of informatson techmodogy (1T) and wmatched
cpporiunitics  resaling  from its application in efforts geared o reduce
vulierability 1o naural Jdisosters were discimsed o RAND Bepoet, Spealic
applicatons of IT in moniserng amd simubating seismic hazards and strucmaral
respomse dpe i earhquakes, as well a5 in remote dstn scquisition and
imterpretation coupksd with rapid communicsion and visualizstion to oid broad
range of slakeholders (rmngme fom B&D through  decision-making  and
emwrpeney  personnel} wene disoussed in EERI Kepon'. The  described
applicatsons (ol 1T appear 1o e a rerssdous. potential 16 ald tesks o reduee
sulnernbility e wind hazards and to coordinate local snd regicnal planning to
present/minimize wind-indueed losses.

LI Benefits of Coordinated Wind Hazards Mitigation Hesearch

Reducing wind bazards risk = @ bong-term commiiment that Bailds on past
experierce ard ndvances in sar undersinnding of wind, wind-induced loading arxd
respomse of stroctures, impact of wind-generaied debris, and effecis of other
natural phemiomena associaled with siromg winds (For example sarge, hail).
Advaneds in quanbiyving the physscal nature of Srong winds, Goupled with
coiimilig improvemsamls 0 englieering methods, wall resullt in sipnaficanly
increased wind hagard safeiy, as sincrtures existing in eritical wind zones are
retrofified, amd new and replacement structures and infrastruciere systems are
constructed. Rescarch on wind hazands can significantly reduce economic losses
resulting from fulure strong-wind evenls. Wheress several suooes slores can be
cingd, there i @ presemg sodd e comlinue such nessarch mothe fiore, and an an
increased ran:

Because pur Mation’s livelibood is highly dependent on business activity, o fiture
wind evenl, even one with ooly a modernle damage potemtial, can result m
sigralicanl econumic loss, Inoan extreme Gase, the rocumenea: ol a hurmcane wilk
the magniude of hurricane Andrew, with landfall passage over & wetropol itan
nrea {such as Miami, Florida) would be devasipiing. Total lnss associated with
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suich event is estimmed 1o cxceed 530 Billion, with a significant postion of this
boss aviributable 10 imerruptions in business operatsons, The ragle events of Wil
i Mew York Ciry usderseons the severity of economse dinpact of a major
disruption in urban infrsinecune and neruplions in hesiness sdivites.,

I relewant and timely reseanch coupled with elTective technology Imnsfer Gin

reduce the economss ks [rom a smgle Tulure strong-wind evenl by even a very-
conservative 109, the payofl on the investment will be i the billions of dol ks,

Wind Engiresring Research and Ougrsach Plan 13
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3 PROMOSAL FOR ESTABLISHMENT OF MATHNAL WIND
HAZARDS REDUCTHON PROGERAM (SWHRF)

51 Maim Components and Arens of Activity

In conteat of arguments put forth in this presenestion and findings advanced
elsewhere (RAMD Report’, AAWE Reporis™®, NRC Repeet’, MIST Report™), and
in view af the currenl and anbcipated fubee unacoeptably bigh level of wind
damage it should be apparen thar effective counbermssasses ane urgently needed
wnd can be developed to stem and reverse these undesirshle rends, Evidence has
heen also presented 1o suppon a proposiion thal an integraled and coordmated
leng-term elliort with well defined, schievable and mesurable goals n B&D,
education snd outreach will be necessary (o significemly meduce socical
vulnerability to wind hazards with 10-20 year time horizon. Such a goal could he
scoimplished through establishment of the Matiomal Wind Haards Beductson
Program {MWHEPF, The cstablishment of such a program was proposed in the

past by Jomes i al* and others (NRC Repon’, NIST Repant').

Table I 1. Mol Componeaty ang Mator Areas af Acrivitier of the NIFREIR™
Camponent A Componesl B Componesl Camponent ¥
Umilerstamding | Assessmonl Reduction of Impact Enhancement
of Wind of Impact of of Wind Hazards of Communkty
Harmrds Wimd Huenrds Hesllience,

Edwucation, &
Ouiresch

Enhanced Performance of Reztrofic Cost Community
Knowledge and | Buildings, Measures for Effectiveness | Resilionoce o
Dt on Severs Straciures and Existirg of Loss Wind Fazarck
Winis Criticul Fewildinga, Mlitagalion

Infrwstruciun: Sireciures &

ging Mala InlFtmciun

Callection,

Faperimentation
L & Syrabesis I | IR—
Imsprovel Tirinle Feer lnvalive Fimangial Criss-Arca
Ll foigg & | Componient and | Teehinologies | Instnaients | Outicack &
Duamifeation of | Sacre-Level fior Mew for Risl Exlucacion
Wind Loading Similation & Bulldings, Transfer
an Buildings and | Comngatationsd Straciures &
Siruciures Waadeling Infrmstrictne
Mapping ol Toals for System- | Land Use & Emergency | Educarsa &
‘Wind Hazards Levelloss Uort Effiective | Respoise & | Public

55 EREITET Comatruction Becovery Ciggreach
Wind Engmeering Fesearch and Cuiresch Flan 14




90

The conceps and implementstion of the MWHRF should be buili on lessons
leamed from the 25-vear experience with the Wational Farthquake Haznrds
Reduction Program (WEHRF).  The staming poiml in this process could be the
revised concept af the NEHRT described in the EERI Repori’.  Adapiatian af this
mupide] for the WWHREP is summariaed m Tahle 3.0, where main components and
major areas of ech companent of the program are presented.

As sl in Table 3.1, the program comprises off e Tollowing four oomgaisrs:

A. Understanding of Wind Hazards: Development of knowledge on severe
winds; quantification of the stiendant wind loading on buildings,
struciures and infrasinecture; and magpping of wind hozands.

B. Assessment of Impect of ' Wind Haomnds: Assessment of performance af
bagilclinggs, stroctures and indrastrocture; develapment of [raimewoerks and
wrds for simubstion and computational modelmp: and develapment off
tourds for svstemn bevel modeling and loss assessiment

C. Reduction of Impact of Wind Hazarde: Development of retrodil measanes
for existing buildings, structures amd infrostructure; development of
immovative wind-resisinng  technodogies for buildings, struciares  and
infrasiructure; and devebopment of lard mesures amd cost effective
conslruction proclices consisbenl with site-specific wind hazarnds.

D E i . , e ) .
Erthanceienst of coimmunity restliemes 1o wind hazsrds, effective transfer
1o professionals of research fndings and technology via cuireash effons
developed for each component of MWHRP, and developmeni of effective
edwcntional programs and public mutreach sctivities,

Effoets specified for each component comsist of research and outreach nsks. The
research lasks adkdress the soenoe and engincenng a5 well as socictal approaches
nevessary for better risk management practices desimable w prevent losses caused
by wirsd hazands.  The outreach taskes are Focusad on rassfer of the rescanch
fiedings aral the deveboped sechnology 1o praciice,

limplementaticn of the ahowve concept is hased an a ssquentinl progression from
Component A throagh Component [, Dee o cross-companent nolure, many
outrench tasks of Component [ are planned 1o be octivated o approprisie phases
of progress in rescarch tasks of all the components of the progrm.,

I Bormalavion of the WWHEP plan abempls wero made 10 develop a dynanic
progeam thal would allow for vmely use of outcomsess of ongoing (n the Unjied

Wind Engineering Research arsd Chatreach Flan 15
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States and elsewhere) relsied research and modresch effons nddressing mitigation
af knsses due i wind and other naturnl hozards. A panicular atenticn was given
t mctivities in the aren of eathguake sngimesring, cormied cut within and beyond
the framework of NEHRF, These activities were carefully examined o avaid
duplicatson of effort delineated m the wope of wark proposed for NWHEP.

1.2, Fotentinl Impact of Infermation Technology

Kecent developments in inlormation ehnodogy (sensors; dala collaction, mnsier,
proveasing and sisualizatin experimental ard computational srmulalson; Bigh-
el computing: and adaplive networkingd have o polential 1o Jesd o
unprecedented breakthpowghs i our elTons 1o feduce propeny losses snd Bk
suffering due o wind hazards, These advancss m mformation wechelogy (17
bve already signilficantly influenced activities addresssng bmpacts of nanaral
harards, Two representative cxamgles of rebevance o MWHRF are discussad
below,

The first example is the Network for Earthquake Engineering Simulation (MEES),
Significant federnl invesiment has been sutborized by Congress for the
development of MEES - 582 million over the 2002-2004 pericd,  This fanding
was allocated For construction/enbancement of engineering labomiories o fifteen
universities ard development of an odvanced networked amd  prid-ennbded
eaperimental, data, ard computational infrastructure.  This resource makes
passible implementabion of o concepl of Yocolabomiory™ which erables researchers
v remaiely interact with each other and with therr simulation and compulational
wark vig “lelepresence” tosls.  Application of these concepls and infrastructure
appears 1o have a preal potential for breakthroaghs inowind hasands mesearch and
oubrgach.  Modest investment e upgrade wind  engineenng  expenimental
( Ebaratary Tield b amd computatiorsl mirasinscton, coupbed wilk shansd use of the
NEES metwosking capabalitics would allow  for an elfwient  exploratory
applacation of these technologles in activitse of NWHRP,

The second example 15 urilization of low-cos1, small-size (3§ x 5 () neroworked
radars that can be placed on existing cellular 1owers, These shor-range sensors
can provide mformation on bow-level winds and other propemies of ihe
atmospheric sarface laver. They are carmemily being developed by ong of the
Engineering Research Cemers (sapponied by M5F) and they are scheduled o be
tested in mid 2003, in s networked configumtion covering approximaiely 20
percent of the Site of Oklohoma.  This techindogy appenrs 10 have potential for
application in mapping of wind hazards and in other activities of the NWHERP.

Wind Engineering Research and Chatresch Plan 1
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4 UNDERSTANDIMNG OF WIND HAZARDS (COMPONENT A)

The first step towards protecting seciety from losses dse 10 wind haards is o
significand improvement im our enderstandimg of wind hazards in the United
States.  Areas ulentified o be critical for accomplishing this goal ane listed in
Tahles 4.1 and 4.2, They are divided inba two groups: Research Tasks (Tabkle 4.1)
amd (ruireach Tasks (Table 4.2). The research fasks delincate oreas brosdly
defined for Component A im Table 3.1.. while the tasks m Tabde 4.2 refer o the
related outreach effort of this component and crss-componenlians outresch
listed in Table 3.1 wnider the Component I heading.

dal. Hesearch Tasks

The tasks lsted i Table 4.1 address mescarch tbar would impeove  our
understanding of sevene winds (including hurrcanes, tomadocs, thundersionms,
arsd other scrong wirsds phenomera) aral wind-induesd loading on bldings and
strugtures,  They are desipned 1o ake advantage from mpsd sdvances in sensors,
chata pequisition, proeessing snd sharing, as well s simulaticn and visualization,

AR Enhanced Knowledge and Datn on Severe Winds

0. Improve charsctereation snd archival of propemies of severe winds (hurmcanes,
themedersiorms, iomadoes, doweslope winds).

b Enhonce'develop instrumenintion aed dain transferpromessing mirasoruciure or
acgatition of severe windwind kading des and data srchival,

g Dhevelop semulation techniques (anglyiical, piasical, numerssal) Tor nuudeling
seviry wimshs, Tor studics of wmd Bazards impact

d Oain knowledes on wingd-borne debris and mpact on stirochens,

e, Synihesizeimprove knowledge on other nabaral phenomena coniributing to wind
hazards impact (water surge, flooding)

AR Undersiamding and Quantificstien of Wind Loading

a.  Develop fleldlabomaory ditahice and keombedge-hased systemtmnded Tor wind
Renadding o b bdlings and structines expersed o i Terent vy pes ol wind,

B Dhrvelop mlrastruciuresamuldion lechnigues (analyical, peasical, numengal) Toe
s limg of loskling on buildings= and structares indused by severe winds

o, [Develop demonsirationbenchmark: studies emploaing the deveboped 1ools

AR Mapping of YWind Haznrds
0. Develop rechmiques for modeling orographes, iopographic and wban =ffects an

wind haznds.
b Develop mapping of wind hazards in ctical reghosa.
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Tusks ARD sl AR2 rellect the progression fom the development of the
necesanry Theld and laboratory infrastrucnare, sequisiion of keowledge thrsagh
field and |nhormory experimentstion, through the development ond application of
simudation techniques, and symthesis of the developed knowledge on severe winds
and wind-miduced oading, This effon also meludes development and application
of techmiques Tor mapping of wind hazards, Task ARE,

4.1 Outreach Tasks

The carreach nsks listed m Tabde 4.2 ore gesred sowards mapsd opplication snd
dissemination of findings of the research tusks discussed above. As can be seen,
they mclude transfier of the developad knivwladge and Wools o codes, standands
and guidelines and dissemination of these mnevations o practicing professicmls,
These efforis cover all the oreas addressed by the research tasks: the severe winsds
and wand-imdueed leading, (Task ADLY, and mapping of wind heomnds, Task A0

Taahle 4.2 ihtrwanh Tasks of Composenr 4 — Underiranading of Wind Hazoeady

AN, Enbanced Knowledge and Data on Severe Wisds and Windd Losding

a.  Incorporaie the developod knowkedpetechniguesmodels inte codies &
guidelines,

b Dissesvirle B developssd godes & guidelings fld knowledpetechnigue: &
middels W practicing prolessionale

ALK Mapping of Wisd Hagmrds
a. Dissemvinate wind hezards charactenzation sonatien of wrhan {ssburban) reghods.

b Develop'improve sergeflood mapping and wanming.
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5. ASSESSMENT OF IMPACT OF WIND HAZARDS (COMPMINENT )

The research and outreach tasks of this component are summarized respectively in
Tables 5.0 and 5.2, The research tasks (Table 5.1 ) delineme the effor arcas [sied
in Tabe 3,1 for Component B, The canreach msks (Table 3.2) are armangad ima
manner similar io that implemended for component A. Table 4.2,

5.1, Hescareh Tasks
A shiwn in Tabke 5.1, three nesearch mitiatives, denoted BRI though BR3, ane
proposed 10 address shomoomings of our understanding of mpact of wind haenrds

imn built enviromment.

Talde 3.1, Keseaved Tewks af Comp, B - Aosessasea of fmenocs of Wind Hazmeds

TR, Wiml Besistance of Buillings, Sirectures aml Crilical Infrasirecturg
Using Drika Collection, Experimentation & Synrhisis

a.  leprave knowledge on behavion of structuml and nonstrictirall oomgon s
threeagh field moniionng eed laboraeory siudies.

b bmprove understanding of wind lead paths and response of fell strucroral svstems
thremgh Feld moniionng sed physical modeling of subsysioms ond compleie
sy sl

e, Synihesase mformation Tor e developiment and validatios of structune-level
tols.

d  begeove understanding of wind-bome deteis impect md protective mensures.

[ER2. Tools for Compenend and Struciure-Level Simsistion & Comsputational
Madeling of ¥Wisd Eflecis

a, Develop models For sinctural sl non-strociurall componends

B Develop monlels of sebircsmblicasubstructures, and glihal sslems,

2. Develop high-srdigrid-Based computationl mededs for simulating wind loading
end wirek-induced structural response.

d Isaxitine collabormtive developesent of software tools and proioceds for the
wind'=tnucnral engineering communily.

2. Develop larpe-scale databases and visualization tools for simulation of wind
elferts

BRA, Toals Tor Syatem-Level Lasa Asscsomiest of YWisdd Haeards

0. Perfomm yelidation siudies v calibrate the existing bhoss estimaon models,
incorporating physical sed socseial impace of Insses for wind haeards and related
phenomena

b Imgrove demage and fragality models for bumikdings and smuceres

&, Dmgruve indirect kees estimation meadels e wingd hazands,
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The experimental database will ke established, based on dstn acquired during
hurmicanes (and other sirong-wind cvents), controdled field expoiments and
Isharatory  investipations, The obiained knowledge will ke syvnthesized and
wlilized in development and validation of toods for component and structureslevel
atimslation s computations] modeling of wind effevie, sl for svaem-level loss
assessment of wind hazards

AL Chireach Tasks

The outreach iasks shown in Table 5.2 ore o direo extersion of esch of the
reseanch effors delissated m Tshle 5.1,

Tabhle 5.2, hvireach Tesks af Camp. I - Assessment of tmpacs of Wi Hiozards

BIYL. ¥Wind Resbtance of Bulldings, Siructures and Oritkesl Infrasiroetune
Using Dt Collection. Experimentation & Symihesis

a  Dievelop rescanch plan for needed expermments on sireciuml and nonsirsciural
ard strueture-level companents W addeess shomeomings of exisling wechnigues
Tor prediction of wind resistmee of bulldings and snictires.

b. Develop implemensation strategy for deployment off sensors. in beildings and
srustures; ideniify moentives B deploving semsors through policy insiressngs

e Drevelko consensis gelelings for deplovesent of sensor snd their s in
operation of bulldings and constructed facilines, includsg interfaces with
emergency Tesponders.

BOL, Tamsls For Compamenl sl Struciuse-Level Smulation & Cesaputational
Alesdeling of Wind Effecis

& Creaie new mosdels for represeniing behavior of structeral aed norstruciural
comperenls for wsg in gompeler sofinare for simulatien of wind mesgance of
Buiildings and siruchines.

b. Form a consensus-based wind streciural engineering organization for the
developmend and dEsemiration of siandards for wind keading simulation
e

¢ Develop sirategy o ilize national high-sod compinateaal seoinces o
probdems of wind engineening; include pracocing engineers in panicipation in
tha= sk and m dissemanartion of ihe developed new semlation sechnologies.

B, Tamils For System-Level'Lass Assessmicnl of Wind Hazards

& Develop next=generation ks estimaton methods wilizsg new simulation
technologees, daiabases and Bagh-end compuimg and vismlization fools.

h,  Dievelop outrzach plas Foo impreving Building inveniory of communiliss

& Work with communities in ceeating databases and specitie modales Tor kes
estimation from wind hazards and related phenomena
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6. REDUCTION OF IMPACT OF WIND HAZARDS (COMPONENT C)
fi.l. Research Tasks

The research tasks proposed for this compenent are saommarized in Table 6.1,
They are divided into sax colegories thal mnge [nom assessment of lechnologies

Tahiz 6 1. Recoarch Tasks of Comp. O — Reduction of lepect af Wind Hazards

R Retralil of Streerursl & Monstruciaral Sysiems of Existieg Buildings
ENIrUSTures

& [etemnine srength and life eycle charscieristies of new and existing saterials
arid companenLSuteyvElcs

b, Perfoim in-sili cBackerizalee al eumling malerials, dmsponeinls amd
suhayslems,

G Develop gost-glFactive stralegics Tor metrolfling exssling invendory of buildings,
strucbares and infrasiruciure

CHL Imnovative Technolsghes for Mew Bulldings, Sareciures & Indrasiruciare
n Develop cost effective innovative bechnodogies for new buildings, structeres and
infrasiruciure.

CRA. Lamid Ulse Measures and Casd Effective Censtrsetion Pragrices
& Develop land use measures ard cost lTeciive sonslruction practikes
alfrossing mappied wisd hasank

CRA. Cost Effectivencss of Wind Loss Mitigetien

a  Define performance messares.

b. Improve loss estimation modeds, including mdirect kosses.

o Develop demonsiration studies/ases.

d. [eemonsirate application of developed roals in post-event seming.

CRE. Figancial listvaiiseils to Trassler Risks

B Colbecn and disseminme meared vwind loss data,

b, Auwsess ellectivenes ol risk ranales methls,

e Perform cost-bene il frly e largeting varions slakeholdors,

. Armlvee msaramcs imdhstny Beoes (e matipabion versus insuranes),

U, Existing and Emerging Technologies for Emergency Respanse and
Recovery

Develop tonls for real-time maoniloring of wind haands (hrricane Band &y
Develop real-teme loss eslimabon bools for wind bazards.

[evelop remole-sensing iechnelogies for wind damage assessmentd.
Adapt'devebop advanced decishon sepport systems for wind harards response and
TECavery.

F."l .ﬂ'-
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for retrodit of sinsctunes through the development ol wechnigues or emergency
reaponse and recovery,  The resewch on retrolil iscludes Bodh exisiing (Task
CRIp and new buildings and siructures (Tosk CRIL  Cost effectivensss of
oonstruction practioes and boss mitigaton neasares are addressed by Tasks CR3
il CR4, respnctively. whibe tranalier of rdkd is the subjoct of Task CRS. Task
CRi is fogusead on wechralogies for emergency response and recovery,

6.1 Omireach Tasks

The outreach tasks cover activites reloted to developmem of design codes ared
pumlelives, demonstmtion projects, priducts [or perlommanoe-bas:d wind nesistant
design,  development  of  demonsirstion  projecis,  databases,  susfics  of
henefitz'efficacy of transfer of wind haemrds risks, ond integrgan of less
estimation s decision support fools and methodology developed for other
purpses mio nelwarked enverommend o assisl wirkd disasler managomend, These
tncks camplement the resessch teske prapossd for this companent of the NWHRP,

Tabtde 8.2 Gaireach Tarks af Comp. C — Reaborbon of fpact of Wing Hazards

UL, Caddes, Gubdolnes amd Denioastiration Prejects

a.  Dewelop guidelines, monsls of practice, and model codes o wisd-resisam
design of buildings, structores, and infrasiruciure.

b Devclop prodects for the msplementation of perfomance: besed wimd resissan
desi

. Conduct demonstration projects imvolving ressanchers, practitioners. owners, and
other stakeholders in ihe sesessment and mitigagion of wind harands 1o buldings
ared othar construcied frclities

d Conduct shorl coursss on mew Sechnslogies, codes, and goidiclines,

C02, Financial Instrumests to Trunsfer Bisks

g, Colbeot imeared loss deta after major wind damage event.

b Dievelop a comprehensive, pablicly accessible database on these eveniz

. Perform case siudies on the keeg-ierm benefits'efMicacy of wismd hormrds risks
transfer methods.

03, Existing and Emerging Tichnalogies e Emergency Kespoanse and

Teecovery

Imegrane hs estisation aols with seal-time infoomaron on wisd haesed cest

b Develop and apply methodologies oo updare post-event loss estimstes with post-
evenl daa from feld snd serial surveys.

c. Dievelop decision wools thst ces imcorporaie dnia from disparaie dole seurces and
update decision making process.

d  Incomporabe dain and neiwaorking research being performed for other purposes
into wind disaster management.
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T ENHANCEMENT OF COMMUNITY RESILIENCE, EDUCATION AND
(L TREACH (COMPONESNT )

LA Communkty Resllicwee to Wind Hazards

Commainity resilience 1o wind {and oiher) hazards is affecied by a number of
factors. Loss reduction sirategies focusing on specific structares and facilities ane
anly a pam of process peared towsnds enhancing such reslience.  Strempthening
pilicy making for wind basands safely nogquinss o bBetler understandmg of the
social emd cconomic implications of calasrophic wind events.  Development of
methodebogies amd assessment ol communily  vulnemability @ wind hazards,
investigation of socieal mpacts, decision making, and perception of wind
hazards risks are the subjects of the proposed reszarch tasks listed in Table 7.1,
Included in the table is & set of relsted outreach tnsks that mnge frem development
af decision iools and  regulntory  processes  through methodedogies  and
demansirutiens for inrgesed nudience,

Tale X I Taeks of Comoraniy Bezilionce s Wing Hazards ¢(DC)

TR, Boseirch Tasks

A Dewlop methodologios and assessment of ¢lFeeiveness in redacing vulnerablity
and enhancing comemmity resilience to wimd hazards.

b.  Imvestigate societal impacts of significesd wind evenis, inchoding “lessons
learmned™,

g Ievestipale decmion making amd perceptiom of wiss] bazards risks

DeCk Clutreach Tasks

1 Provide decision ioods for relevam sinkeholders, podicy makers, stode and local
povermnment officials, destgn professicnals, and others.

b, Dewglop process for iniproving regulsorny avalem,

@ Develop new meshadologies amd dasonsieation «ffom for argeted sudiene,

Work on the abeve research amd outreach lasks will draw on research fimdimgs and
autreach experience resuling from other effors addressing community resilience,
inchuding the resilience to earthguakes (through MEHEF and relaled initiatives)
ardl other nataral and man-made haeands.

7.1 Educatien and Foblic Owireach

The maos immediate needs for education and outreach relate o desipn
professionals, construetion industey, and siate ard bocal governiment officials,
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Thizsaz s ane adidnessed by oulneach lasks of the progrm compemenis A (Table
425 B Table 5,27 and O (Table .21, As pehicvement of reduction (s wind losses
requires o lomg-term effon, educsion of the next genemtion of professionals (o
be engaged in this activily) amd gereral public is desired to ensure success in this
eodeavor, lidlatives praposed 1o aceomplish this eduational/outneach poal s
listed in Table 7.2, They include enhancement of curriculn, internships and
camps for prescedlege (B-12) and college siadenis. ltems proposed o enhance
cillege-level educabtion melude participation i wind damage investigalions,

Tatle 7.2, Tiwks af Educariaon aad Pablie Owireach (DEP)

IHEFL. Pre-Callege {R-12)
4. Enhance curriculum in meteorodegy sd wind engineenng.
b Develop programs for ealy-leaming expenences for K-12 students, inchading

VEP2, Callegie — Undergradiiale Progain

a,  Enhance cerrssulum in enginesring meiooeology, wiml sl sruciueal engimsening
and m archieciine,

b Esmblish imernship programs for junion and senion sbadents,

¢ Develop incentive programs For undenrepresenied groups, women aed minoriiies.

IHEPA, Callegi - Graduste Frogram

Ineresrss schaslarship and assistimdan Turkks T pasters angd doctoral programs,
Diewchop programa [ paricgalion in wisd desmpe recoamnnisssnce,

Deselop practice-ceiesied masiers deproes n pracicing prolesiesals.
Establish incestive programs for undermepresentod geoum, women, and oder
e i,

B

IVEM, Comlimuing Education

a,  Dipwelop short courses on megend advances in wind engineenng, risk managemsnt,
emerpensy response andd recovery ey raditioma | anad innovatng (web-Tased
meradive ormata) distance-learning techmisogics,

b Dieselop Emining courses in emeging echnologies using wieb-lesed ineraclive
mode and oty Tiomais.

HETS, Public Awarenes & Ouiresch

2. Enhance mods relations aml communication.

b Provide support Tor pational aned miermetional conferences, wordkshops amd major
publis: meidings

¢, Deschop mlrasirucieee and sk Tor mliprsalion disseosimalion though kelpling,
and v - hased sireacd

d. Prepare snicles for public medin

& Hold annuad publie mesting om fronmers in wind engineering.

Wind Engimeering Fesearch and Outreach Flan 24
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pracice onenled programs, as well as scholarships and meeniave programs lor
urslerrepresinied groups, women and olher mineritics
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A BUDGET ESTIMATE FiObR MWHRP

The estimated 3-year annual huedget for the proposed progrm is presented in
Tahles 8.1 throwgh 8.3,

Table 8 ). Awmal Budger — Fear T (BT (0T = rexcarcl foutreact) forks)

ANNL AL HUTHGET RREAKMP S AY TASKS wMy AT OT  TOT
A USNERSTARNDING OF WINIE HALUEIS | LR ] 1%
AR Eafuread Keaw kdigs o Sovere Winds 13
AR Urskeruaraing s uari sk of W ind Losding 1N
AR Whpping of 'Wond | laands 1]
ALH Eafareod Eeow kil gr sa S Win L
A Whpprg ol Word Hasards [
| ] ANSESSMENT OF IMIF ST W WIS F& S R L] 1.1 Ly
BH Sarwd] Komsaee L'veg Dhis Lolocisn EN]
B Tk fpr Sorndiwoen ond Mogcheg 10
B Tamnts o vstrmeLeoved W mall L oss Aosoarei ik
(] Shrwriera! Kod o g Dida Colloian *]
B amaks Tpr Sormilpiaen aud Waaicheg et
Baia Temals Wi Syniems-Larych "Wornll L Aecamcnl ak
C EERVCTION OF [RFCT OF WD Bais il ad ik L
CHI Rewolital Exeding Huddigs wel Strmtens 13
CHI Ipmmealivg Siakpie (e bies Boaklogs & S e Lk
R} el it Wigariais & Covvidnn bos Prmbags e}
CHi Coat E oo of Wil Loss B igais. #E
LRI Finas bl Insars dwib 16 Toaeker Hiska aK
CHi: T ima i Tid Farwiigenay e aml Ba s [
ool o, 0 ki B and Momwarmraten Projaos i
[ARH Financid Irsrerwnis e Tors for Bl EEE
[S ] Techuabwge fod Frwigarey Haspansa aml Facssan 1,13
L] FREARCE CONVAISITY RESILEFSCE, PRI & PUHLIC 48 TEEATH
o CUIREYIL RITY RESILIESCE T WEsH HAT ARDS i LB LE
[ Hisesrch Tasks B2
(R} Charech Tosks LELE]
OEr ECATIOS AN PURLIC O TR [LE 4E i
[Elag] Pro-Labege (E-1 26 w20
D2 Cpdikcpe - Undergesiore Program L
EPE Cplkepe - Cradusic Program 10m
[ild ) Lrenirning Lducsim L
DR Publi Averceos & Oresch BB
EaEh S TAFTAL & LL RIS ST Ak (L8] 4
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Tizhie 8.2, dwovad Budger — Year 2 (BT 8OT) = resewrch fouresack) savks)

ANSLUAL BUMAET BREAKEEPAY & B TANKS [t W1 LU
A AP IHEHET AN OF WIS OGRS 144 LE 124
AR Enharead Kers kuge on Sover B b 1]
At Urlersiareiing and Unaret lcmess of Wl Lisdng LX]
AR Bobpp-irg a1 W E Lards 2
ALl Eahuread K eaw ks oo Sovare Binds i
ALT2 Bebappigg a I W B Larards al
L] ARSERRMENT OF IMFACT (8 WIND M i 24 RS (B8] e (L8]
nes Sl Resiawes | sing Clats Callacrion &l
k1 Tk [ eimiliand il Wuki lig. Al
BRI Toarks Tt Bt Lreed Wil Liss Asisriasidl L3
[LIR]] Siywtvral Kesasdwme Usog Dl Cabnilnm L&
Bk Teab le Sorpduies and Maaickeg [
[LELY Tk Ter SystemeLovel Wl Lo Avscoexcei 1.1
L EIDULCTICS CF IRPACT DR ST A, RS 128 ip 1738
LHI I Exmiing w54 43
LH2 Irrpcdive T P L L&
LRI Larsd N Beavases & Caasnetion Poctos n3
[= 2] O BT Fect v, of Sl |oms Bl igmtion 1.3
CRi Financial Iratremw s 1o Torsfor Rk L3
CRi Tachsabuphe for Enorgancy Hespasa snd Racesary nE
ol i, Tinkkplirs and Dipmorverasion Profiscts | b
cog Farawial lramuants tie Towe B Bisks LT
(S EL] Toihnakniei lon Edwrgruy Hiipeais gnl Bpeaas 113
] ESHANCE COMMUSITY RESILIESCE. EOUC, & PUBLIC (9 TREMCH
[ ORI AITY BESILIESCE TO W HA R DS B ip xa
=H Arrcach Tk 1.0
[ ] Lharoach [omdos 20
IE=F R ATIOS AN FLBLIC (TR AT LLE] i LA
P Proe-Ualege (E-121 ]
EFT Colkps - Uncerpesbas Progran 108
MF}  Crdkgs - Crsdasa Program A
(R Cratradng Db ahes LR
[E gt Public & rmrrais & Chamsach 1.3
GHAND TOTAL SALL O OSERTS &3 M3 wiA
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Table 8.2 Amaunel Budger — Year 3 (BT 00T = revearch foufreach) fesks)

ANNLAL HUBSGET BREARTHFA N BY TAtks I8y BT OT  TOT
L UISERERS | AMDIS GF W I1%0 HASARDS XA [ 5] L]
AR Enbasocd Eaow kedge on Severe 'Worsds Lk ]
ARZ | pdarmmnd ing aned |analbaien af Wird Leading (%]
AR telappsing. oef Winall Blicarchs 14
A Erbaiagd Boaors kafipr o8 Sivveie Wrdh s
LK blpperg of Wind Flasanb LLE]
[ ] RSEIERSMENT OF IMPACT OF 'WIND P TS RDS g 1.1 p |
A1 Smiral Hodammd | e T Cdkasia Lol ]
HRT Towds o biwndation and Phukidig &0
BRI Timsds o Sosdome-Loved Wil Lims Siscscoracal 13
[ETR]] Sinsciural Hessiaee Lisng Dwa Colloosos n?
(IR Trerds for Mrnidades asd Modding Ia
[LleH] Tiwds B BavatareLarvel B i |aoas & sasaran 1.5
4 HETHUCTHRS OF IMPACT OF WiNm B8 s 11 1w
CHI Feirali ool Exasting Hud £ L%
LHI Irerrming Serakpia for Mee Heiking & Snereo 13
CH Land s blassaes & Caaareakesn Praaias (L0 ]
CRE Cou EMmiesms of Wisd Lass blidgsies 13
CRE Firviwnal | pstrwmecnb Lo Tramifer Kiske 13
CHE 1 ¥on for E K: sl K ¥ ia
[ ]| Uadon, Chanle bres and DClerwan airl kon Prigecis 110
[N r [+ Risk= 147
OO Tedwndngks for Fprgess Koo aul Rmsurs 11
| 2] ESHASCE OO M USITY OESILIESCE PO, & FUBLRC O0 TIEACH
I CEEMMUERITY RISILIERCE T WIS BT SRS 1.5 10 42
[ 8 Fascarch Tasks 1.50
(R} Thuwiach Tasks ¥
[EP EDLCATHIN RS0 USRS O TREAC | [T K %
P Fre-Collog i B-120 1.50
DEPF? Calloge - Undorgeschaic Fragzn i
S dalleg - Grdass Progran (2]
CERS Comissing Focaiss 1,3%
CEPE  Fabl Aiincaeis & Ouicah 140
GHAND TOTAL ALL COFMINENTS LR nx o
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A summary of the average armual budget s presenied in Table 8.4 and in Figure
2.0 A detailed distribution of this budget is provided m Appendix,

Tahie 8.4 Summary of fverege Aonmeen’ Sralget

FROGHAM COMPONENT Ak 15801 1%l

A UNDERSTANTHNG (5F WIND HAZARDS 154
R=earch Tasls [E% 1]

Chiresch Tasks 1.0

B ARSESSMENT OF IMFACT OF WIND HAZAR DS 164
Be=carch Taski ILE
Chaireach Tasks 4

C RETHICTHIN (BF PMPACT OF WIND HAEARDS 174
Roescarch Taski ILE
Charmch 1asks LX)

n ENHANCE COMMUNMITY RESILIENCE, EIRIC. & FUE OUTREATUH.
CORMLSITY RESILIENCE TO WD S amiDs an
Hasparch Tasky 1.0
Charih Tasks bt i}

EBRUCATHIN AN FUBELIE OUTREACH LA wl
Grand Selindal - Bewcwrch Tasks 43 a7
arand Selindal - Oeeresch & Edvcaiion Tosks ma
GRAND TOFTAL nl A

Ea & Pubx Liraka-#arrineg
Dhrirmach o= ¥iind
15% Hitinds
Corrirasily ]
Raubatce
L2
Pachction
I Pl Fussnariani al
Fo et Ire gt
kY

Flgure 81, dvwerape Anraad Beadped Disiribreton by Aty

It shoauld be moted that the average anmml budget of 261.8M = approximately
egual i 1% of the anrualized maoterial bysses in the Unied Stoies.
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A summary of budget disinbution by activity, for a 3oyear perind is presented in
Table B.5.

Tohie 8 5 Summrary of 3= Yoo Sedger Profecrian

PHOSHAR CERSEPOSEST YRI YREYRY

A LHNDERSTANDING OF WIND HAR ARG 15 150 225

B ASEEESMENT OF IMPACT OF WIND HAZARDS S 148 354

© REOUCTIOS OF IMPACT OF WSO HAZARDS S0 17H
n EREARCE COMMLINITY RESILIEMCE, ERMC, & FLR, OLTRE

CTIMMUIMNITY RISILIENET T WISTE 4 28 RS (I T I £

EIRIEA TICRY AN UL (R TIEAL 448 w1 187

TONT AL A BLE wRI
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9, CONCLUDING REMARKS

This repon discusses the challenge of growing vulnerability 1o wind hazards in
e Unived Stabes ard it preseis an overysew of opportuimities as well as beeefis
of reductson in this sulperahility,  Establishment ol o federal program — the
Malsonal Wimd Hazards Reduction Program (NWHRP) — is proposed o address
this pressing problem. The conoept of MWHRP, as well a5 research and outreach
plam, are presented. The propased program builds on lessons leamed from the 25-
vear experience with the Noticmal Eorthguake Haeards Midigation Program
(MEHEF). Adoptstion of the recemly developed (by eorbguake enginecring
community) revised concept and action plan for NEHRP is proposed for
NWHREPF. A detaibed breakdown of the identified NWHRP companemts and
activities is presented,

The leag-term goal of the NWHRP is o prevent catastrophic losses from singd
hacards.  The proposed plan calines specific tasks for resarch and outrsach
activities, wlentified to be necessary W achieve this goal. The plan calls For rapid
implementation of research lindings and techmology transfer W praclitienors and
{in many instances) o general public. To accomplish this geal, specific oulreach
tnzks are idemiified for each compenent of the program. Many of the delmeated
outreach efforts are direct extensions of the research tasks proposed for a given
component of the MWHEP.

In formulation of the WWHREP attenpis were made o develop a dynamic program
that would allow for timely use of ouicomes of sapoing (in the United Sewes and
cleewhere relatsd rescarch and outreach cfforts addressing mitigaton of losses
dug 1o owind and other namaral hazaeds. A panicular atemtion was given 1o
activithes i the area of canlgquake englnserng, cartied ol withen apd beyond e
framework of (he NEHREP. These activities were canelally examinsd 10 avoid
duplation ol ellon delmeated imthe scope ol work propesed Tor the NWHERPE.

Over the pad three decades invalunble wind engineering and wind  haennds
mitegation resources {research and oaireach infrasireciure and kooeacs-how) have
been developed in the United Stotes,  Diespite limited federal funding and lack of
a mationpl program focused on reduction of wind-indueed losses, research and
develaopment fforts io-dnie have helped on a piecemeal basie o ndvance oar
understarding of wirkd hazands snd their effects on the bl environment, During
this time, significamt reduction in fuoalites siribeied 10 wind hazards was
reportad, However, this effom did not bead w reduction in maerial kosses. On the
conirary, property bsses have sigalfcantly mercased.

As discussed in this report (and elsewhene, e RAND Beport) a signalicant
covrdinabed federal effort will be reguired e reverse this undesirable mend. The

Wird Enpaneering Research and Outresch Plan k]|
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research and putreach plan described in ihis report represents o comprehensive
approach io this prablem.  Implementation of this plan throagh activities of the
proposed MWHRP promises o hove 5 very high level of succsss in achieving
significarnd reduction in wind haznnds impaces within the next decode.

Recent revolutionary develapments in informimtion technobogy (neluding sensors,
datn  collection, imnsfer, processing  and  visunlization, experimeminl  and
computational simulation, high-end computing and networking infrastructure)
have n potentinl e Jead o unprecedented breakthronghs in our effons i redues
properiy losses and human suffering due e wind hazords,  Sixing the shove
opporiumnities will require federnl imvestment to upgrade the existing ard develop
reew research and eqirench infrascruchane and human resources.

Reduction in mmerial losses and human suffering within the next decade will not
b possible withour & significant and lomg-termy federal commitment, Maoreover,
deloy in adjustmend in federal support in these areas willl undoubiedly lead 1o
further {and probebly accelernied) deterioration in currently existing national
research and catreach infrastructure and in human resourees inowind engineering.,
wind hazards mitigation and in related disciplines,

Wind Engineering Research and Ohutreach Plan il
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