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HURRICANE IKE IMPACT REPORT

EXECUTIVE SUMMARY

Capturing the total economic impact of a hurricane or other severe storm

Hurricane Ike study is challenging. The most commonly used assessment is based on

region included 8
counties: focuses on the long-term economic impact from loss of sales and tax

property damages, which is only one aspect of financial loss. This study

revenues in communities and the personal stories of the recovery of

e Brazoria .
communities.

Chambers

When Hurricane Ike hit the Texas Coast in September 2008, it resulted in
Galveston the 3rd costliest storm in U.S. history with property damages estimated to
be $29 billion. Assessing property damage only tells part of the story.
The total economic impact of a storm is far greater due to the loss of
infrastructure, businesses, residents and tourists that can devastate a

Harris

Jefferson

Liberty community’s economic base. To examine the true economic impact of
Hurricane Ike, the U.S. Department of Commerce, Economic
Development Administration partnered with the Texas Engineering
Tyler Extension Service (TEEX) to study the ongoing economic impact of an
eight county region consisting of Brazoria, Chambers, Galveston, Harris,

Orange

Jefferson, Liberty, Orange and Tyler.

The Hurricane Ike Impact Report provides in depth analysis of these 8
counties considering both quantitative and qualitative losses to the
region. To determine the quantitative impact on the region, TEEX
engaged Texas A&M University’s Agricultural
Economics Department to develop the Disaster
Impact Model (DIM). The DIM utilizes statistical
inputs, available tax data, from Texas State
Comptroller’s Office to quantify economic losses
during the 12 month period following Hurricane
Ike.

TEEX's report aims to focus future federal

investment to the region through identified gaps

and needs. TEEX reviewed available literature,
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Case studies have been
developed to highlight
areas of resilience and
adversity following
Hurricane Ike:

K-12 Education

Vital Records

City Planning

Agriculture

Preservation

Residential

Tourism

post disaster reports and conducted primary research strategies to
collect missing data.

To complete TEEX’s understanding of the impact of Hurricane Ike,
research activities were conducted at the local and county levels.
Interviews and surveys were conducted with subject matter experts, and
a wide variety of local, county and regional officials representing
members of Texas Task Force One, members of the Public Works
Response Team, TEEX Urban Search and Rescue, city mayors, emergency
management coordinators, county judges, city administrators, public
works officials, economic development managers, school district
personnel, business owners and residents.

These interviews were incorporated into case studies to tell the stories
of recovery and lessons learned in preparation, during and the aftermath
of the storm. The data collected through the Disaster Impact Model and
primary and secondary research has been analyzed and compiled into
this report and the Storm Resource website located at
www.thestormresource.com.
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Total damages from
Hurricane Ike are
estimated to be as high
as $29 million

Approved insurance

claims for the State of
Texas were
approximately $12
million

BACKGROUND

On September 13, 2008, Hurricane Ike made landfall over Galveston
I[sland with maximum sustained winds reaching 110 mph and extending
outward nearly 120 miles from the eye. The damage to homes, personal
property, the environment, infrastructure and businesses devastated
communities along the Texas Gulf Coast. Hurricane Ike’s total damages
are estimated to be as high as $29 billion. The Insurance Council of Texas
puts the total insured damages in Texas at approximately $12 billion.
Actual damages, however, are considerably higher due to the number of
uninsured properties and properties without flood insurance.

Damage estimates and insurance payouts only tell part of the story when
determining the true impact of Hurricane Ike or any disaster. In order to
develop a more complete analysis of Hurricane Ike’s economic impact,
the Economic Development Administration (EDA) determined a study
was needed to look past initial damages and analyze how the storm
affected the economy over time.

In July 2009, the EDA provided the Texas Engineering Extension Service
(TEEX) funding to document the effects of Hurricane Ike and disseminate
findings to partners to mitigate the long-term economic impacts of the
storm.

In order to analyze the total economic impact of Hurricane Ike and
establish a model for documenting effects of future storms, TEEX
assembled a team of disaster preparedness experts, continuity planners,
economic developers and economists to
document both the quantitative and qualitative
impacts of storms. The team established models
and methods that can be rapidly deployed to
document impacts for future storms and most
importantly, capture lessons learned to help
others prepare and recover more quickly.

To quantify storm impacts, TEEX partnered with
economists at Texas A&M University’s
Department of Agricultural Economics, who
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developed the peer-reviewed Disaster Impact Model (DIM). The DIM
captures local sales data and quantifies losses at the county level. In
short, actual historical county sales tax data has been modeled
developing statistical trends over time. Deviations from this trend in the
12 month period following the aftermath of Ike (Q2008-4 - Q2009-3) are
then used to determine the storm’s direct effect.

In order to capture qualitative impacts of the storm, TEEX capitalized on

The Disaster Impact its role in disaster response to identify regions especially hard hit by the

Model (DIM) was storm and circumstances and events of significant impact to document
developed by Texas A&M

University’s Agricultural

best practices and lessons learned. When members of TEEX Public

) Works Response Team or Urban Search and Rescue responders, leading
Economics Department to . i
quantify the economic Texas Task Force One, saw extreme devastation, they informed the
impacts of Hurricane Ike economic development team who in turn sought to understand and
document these circumstances.

Through a series of site visits and interviews with local leaders, TEEX
documented qualitative impacts of Hurricane Ike. Perhaps the most
important outcome of this effort is the documentation of best practices
and lessons learned presented here and ready for reference when
preparing for, or responding to the next disaster.

METHODOLOGY
Disaster Impact Model

To quantify the economic impacts of Hurricane Ike, TEEX partnered with
economists at Texas A&M University’s Agricultural Economics
Department who developed the Disaster Impact Model (DIM). The DIM is
intended to be a county-level tool to

Regional Impact of Hurricane ke (SMillion) enhance risk management and storm
$400,000,000,000 recovery efforts. As such, the study
$350,000,000,000 a A f\ considered the county-level impact of

/u the storm on output, total value added

$300,000,000,000
$250,000,000,000 A A !—\. rf_\ . . .
N ] AN, (contribution to gross regional product),
$200,000,000,000 A I.4I .—.I/—__c [ . . .
AN A | labor income, employment, and indirect
$150,000,000,000 A —‘,j o i .
ST 5 ANNEAY - businesses taxes. Using the model,
i e county officials will be able to identify
50 industrial sectors that are critical to
PP S P PSS o o | economicrecovery and estimate the

o A ctual Sales Impact Predicted Gross Sales Impact
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probable recovery period. They can then prepare these sectors for an
oncoming storm and prioritize the restoration of the sectors post-storm.
The following describes the Disaster Impact Model methodology in
greater detail.

DATA

The DIM required annual or quarterly sales data to produce regressions
for stochastic sales forecasts. Data availability drove the selection of

Vst Dtz g et input variables. Hurricanes tend to affect multiple states, and therefore

Model has been developed
to be expanded to provide o _ ]
economic impact analysis similar data sources must be available across multiple states to produce

for future storms in one or comparable results.

the DIM is likely to be expanded to other gulf states. Consequently,

more states.

For most industries, county-level sales data from the Texas Comptroller
of Public Accounts (Combs, 2010) was used to produce sales trends for
each industry. Tax agencies in other states collect sales tax data for their
respective counties or parishes so the data set could be expanded easily
as additional states are added to the DIM. Quarterly sales for each county
were available from 2002 until the third quarter of 2009. No other input
variables were recorded for non-agricultural industries.

Deviations from trends are evident when browsing the data. Some
industries, including the mining and oil sector, which is important to
Texas coastal counties, experienced substantial setbacks. Sales in the
mining sector declined $17 million (42 percent) in first quarter 2009 as
compared to first quarter 2008. Meanwhile other industries, such as
construction and information services, were buoyed by post-hurricane

activity. Galveston County construction

Construction-Galveston Co sales increased by almost $25 million (31
Hurricane lke percent) from first quarter 2008 to first

350,000,000 .
s : quarter 2009 as households and businesses
250,000,000 i",\ began reconstruction efforts.
200,000,000 - f { 'L
s _ oA f”" A&.—A_I o ﬁr == | Recession data were collected, but no
100000000 " BN = %S uarters were coded as recessionary. The

50,000,000 q y.

7 2001 recession ended before the sales tax

i m™m ~— m — m — M — m™m i m ~— m — m 1

e data set began (National Bureau of

e g 222 2229 2202 0o 9 Economic Research, 2008). Texas remained
— A ctual Sales Predicted Gross Sales
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Agriculture losses include
the loss of production
capacity and livestock

losses due to death and
decreased livestock
inventories

OURCE e Y S

insulated from the recession that began in December 2007 until 2009.
The recession in Texas was not severe by the first quarter of 2009, which
is the only post-hurricane quarter currently used in the study. At the
same time, the recession hit different industries and different counties at
different times. Recessionary effects will be explored more fully in a
multi-state data set.

Most agricultural production and price data were obtained from the US
Department of Agriculture—National Agricultural Statistics Service
(2009). Agricultural statistics are available for all states at the county or
parish level for each year back to 1968. Production and price data for the
past eleven years (1999 to 2009) were collected. The 1999 to 2008 data
were used to estimate production coefficients. Productivity has changed
rapidly over time, and ten years was deemed to reflect current farming
practices and policy while providing a sufficient time series from which
to estimate future production. The 2009 data was the only year of post-
hurricane comparison data available. National average prices were used,
reflecting the global market for agricultural products and simplifying the
future addition of counties and states to the model. Historical price data
for goats and sheep were not published by USDA. Those annual prices
were obtained from the Livestock Marketing Information Center
(Anderson, 2010).

Deviations from the expected production levels account for losses to
each crop. For most crops and livestock, the deviation was noted for
2009. By September, most 2008 crops had been harvested. The first
livestock inventory after the hurricane occurred in January 2009. Crop
losses thus included the loss of

Beef Cattle Impact (SM) P production capacity, and livestock
s ! ! . .
7300.000.000 losses include animal deaths and
5250,000,000 /*n..___._ — decreased livestock inventories.
$200,000,000 ~ \‘:_

$150,000,000

S,

Data on additional variables was

5100,000,000

collected and considered for the data

£50,000,000

set. However, gas prices were not
significant in initial estimations.

50

Disaster designations occur on a

51,899 52,000 $2,001 52,002 52,

m——/5|ue Beef Cattle Economic Contribution Beef Cattle Predicted Sales

county basis and additionally have
different effects on crops with different

003 52,004 52,005 52,006 52,007 52,008 52,009
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Simetar© was developed
to provide simulation and
graphical analysis tools

for conducting risk
analysis of policy changes
on agribusinesses.

maturation cycles. Furthermore, disasters occur with varying levels of
intensity. For example, droughts and flooding are both disasters but have
different effects. Thus disaster designations were excluded from the data
set due to the difficulty of gathering sufficient and meaningful data.

METHODS

The first step in quantifying the economic losses to the eight counties in
the study area was to identify the sales trend for each industry. Sales by
each industry or commodity were regressed using the Simetar® Excel
add-on (Richardson, Schumann, and Feldman, 2008). Simetar generated
stochastic sales forecasts based on the regression coefficients. The
stochastic element reflected production and price risk and the variability
of production across years. These stochastic estimates were then
combined with IMPLAN (MIG, 2009) multipliers to estimate total
economic losses following Hurricane Ike.

The county-level sales data from the Texas Comptroller of Public
Accounts (Combs, 2010) was used to establish a trend for sales based on
the previous seven years and produce a stochastic sales forecast for the
next eight quarters (two years). Actual county sales data were modeled
for a period of seven years with quarterly sales as the exogenous
variable. Years and quarter dummies were the endogenous variables
accounting for trends over time and between fiscal quarters. A recession
dummy was included in the model for future use, but no quarters were
coded as recessionary. Sales for the eight quarters from first quarter

Actual v. Predicted

2009 (September to November 2008) until fourth

Contribution of Rice Production quarter 2010 (June to August 2010) were stochastically

(S Million)

forecasted for each sector.

$100,000,000

590,000,000

$80,000,000

The sales of major agricultural products were estimated

$70,000,000

$60,000,000

$50,000,000

540,000,000

$30,000,000

$20,000,000

510,000,000

with year from the base year 1999, year from base
squared, and previous year’s price as the endogenous
variables. Products that had only been grown a few
times or that had not been grown in the last two years
were not modeled. Commodities included in the model
were corn, cotton, grain sorghum, rice, soybeans, wheat,
beef cattle, goats, and sheep. Data from 1999 to 2008
were used to estimate coefficients for each commodity.

0
$2,007 52,008

W Actusl Contribution Predicted Contribution

$2,009
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IMPLAN software system
helps analysts address
two common questions
about economic study and
analysis:

e How does my local
economy function?

¢ What would the

economic consequences of

a project or action be?

Two additional years were stochastically forecasted for each product.

Comptroller data was available only at the two-digit sector level.
However, IMPLAN (MIG, 2009) uses more precise sector breakdowns in
calculating industry multipliers. Weighted multipliers were used to
capture the major industries within each two-digit sector. IMPLAN
output data were used to identify the top three IMPLAN industries in
each sector and determine their relative proportions within each county.
The industry relative shares were multiplied by the respective industry
multipliers for the county and the results summed to construct the
weighted multiplier for each two-digit sector. Agricultural commodities
used the multipliers for their respective IMPLAN-assigned industry.

The weighted multipliers were taken times the stochastic industry
forecasts for each quarter to generate total economic effects. The eight
quarterly total economic effects reflected the economic linkages
associated with each industry and the indirect and induced effects of
final demand sales. Agricultural commodities’ multipliers and annual
forecasts generated annual total economic effects for each economy. The
total economic effect forecasts for each industry/commodity and
quarter/year were then simulated using Simetar. The minimum,
maximum, and mean total economic effect forecasts from the simulations
were recorded as the average and bounds of the forecasted industry
sales. Only the summary statistics were used to facilitate conversion to a
Web-based delivery format and to aid comprehension by the general
public. Stochastic effects were assigned a lower bound of zero as
negative sales are precluded.

Industrial and Trade Sectors
with Major Industries

States also have an interest in
determining the state-wide impact
from a storm. Summing county-level
impacts leads to an under-

1.4E+10
"
g 1.2E410 | Indlustry Actual Sales representation of state-wide effects.
= 1R10 I TR Himl Therefore, Texas state multipliers were
£ 8E409 i . . .
R LI Ik \ \ ——Industry Predicted Gross | used with the county industry shares
w 6E40S HE Sales .
2 'Rl and stochastic forecasts to calculate
o AEH0S TV B Manufacturing Actual
2 +05 N & impacts across the entire state. The
g 2E403 UJ_ Sales
© 0 L == modeling process was identical to that
T, = Manufacturing Predicted
A AT b D oo o Gross Sales used for the county-level models. Only
o QO Qo Qo Q0 Q 9 Q o 9 Q9
o o o o 0 0o o o o o O
NN AN N NN NN NN

Hurricane Ike Impact Report

Texas Engineering Extension Service
www.thestormresource.com



@‘ THE STCORM RESOURCE v o FE

The Disaster Impact
Model identified sectors
in Texas most vulnerable

to disruption

Manufacturing
Wholesale Trade
Beef Cattle

Rice

the multipliers differed between the county and state models. Because
IMPLAN is a linear model, summing the state multiplier results across
counties produces an accurate estimation of statewide impacts.

CONCLUSIONS

The results of the disaster impact model for Hurricane Ike validated that
the storm did result in economic losses across Texas counties. The DIM
also identified sectors that were most vulnerable to disruption and
sectors that were positively affected by the storm. This knowledge
should enhance disaster preparedness efforts and help officials to
request and target disaster assistance. Local and state officials may be
able to work with vulnerable sectors in mitigating storm damage.
Officials may be able to promote rapid economic recovery by
encouraging coordinated disaster planning across all sectors.

Primary and Secondary Research

The Hurricane Ike Impact Report has been compiled and documented by
Texas Engineering Extension Service (TEEX) over the 18 month project
life through both quantitative (secondary data collection) and qualitative
(primary data collection). TEEX has utilized primary and secondary
research techniques to complete this report.

PRIMARY RESEARCH

Primary research for this report was conducted by Texas Engineering
Extension Service (TEEX) through interviews, workshops, phone calls,
emails and trips into the Hurricane Ike study region. TEEX initially
utilized their direct relationships throughout the agency to interview
members of Texas Task Force One, Public Works Response Team, TEEX
Urban Search and Rescue along with members of
TEEX National Emergency Response and Recovery
Training Center. The interviews were strategic in
developing TEEX approach to capturing qualitative
insight from the Hurricane Ike region.

TEEX initiated interviews in the Hurricane Ike study
region in July of 2009. Over a two-month period of
time, TEEX employees traveled into the region and
interviewed county judges and emergency
management coordinators from all eight counties in

Hurricane Ike Impact Report
Texas Engineering Extension Service
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TEEX conducted
interviews with local
leaders, school district
officials, task force
members, county judges,

emergency management
coordinators and others
to gather data for this
study.

order to capture local perspectives of the Hurricane Ike impacts. TEEX
travel was postponed in August 2009 in recognition of Texas hurricane
season.

Over the last 12 months TEEX researchers have contacted individuals
residing in identified regions or sectors to hear first-hand the stories and
experiences recounted. These interviews allowed TEEX to create the lke
Case Studies available at www.thestormresource.com to capture local
experiences and best practices arising from Hurricane Ike.

SECONDARY RESEARCH

TEEX Hurricane Ike Impact Report aims to provide the U.S. Department
of Commerce, Economic Development Administration, the state of Texas
and the eight counties in the project study area, a valuable resource for
understanding the economic impacts of the storm. To ensure the reports
value, secondary research was used extensively. TEEX compiled
published, after-action reports from Federal Emergency Management
Agency (FEMA), numerous federal and state agencies along with county
and city level reports to ensure the Hurricane Ike Impact Report
provided new and valuable insights to the economic impacts of the
storm.

For the development of the Texas A&M University’s Department of
Agricultural Economics, Disaster Impact Model (DIM) TEEX compiled
sales tax data from the Texas State Comptroller’s office. Historical data
was collected for the past 10 years, across 29
different industry sectors. The DIM was able to
provide a by county, estimated total economic
impact from Hurricane Ike for the 4 quarters or 12
month period following the storm.

Through subscription databases, open source
web-libraries, and suggestions from the extensive
interviewing process, TEEX has compiled multiple
resources for the preparation of future events.
These resources will be made available through
The Storm Resource website for reference
purposes.

Hurricane Ike Impact Report
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Hurricane Ike is the 3rd

costliest storm in U.S.
history causing an
estimated $29 billion in
property damage.

In the 12 months

immediately following Ike,

it is estimate that the
study region suffered an
economic loss of $142
billion.

Hurricane Ike Overall Economic Impact

Hurricane Ike is estimated to have caused $29 billion in property
damages, making Ike the 3d costliest storm in U.S. history. However, the
true economic impact of Hurricane ke was considerably greater. The
impact region alone suffered losses and downtime of infrastructure, food
services, retail, manufacturing and utilities along with the displacement
of workers, consumer and tourists. The Hurricane Ike Impact Study’s
Disaster Impact Model (DIM) has calculated the total economic impact of
Hurricane Ike for the 12 months immediately following the storm
(2008Q4-2009Q3) to be an estimated $142 billion.

TEEX partnered with Texas A&M University’s Department of Agricultural
Economics to have the Disaster Impact Model (DIM) developed. DIM was
built to allow economists the ability to analyze economic impacts, both
gains and reductions, in 29 different industry sectors at the county level.
Utilizing historical sales and tax data expected receipts were forecasted
for the 12 months period immediately following Hurricane Ike. Then as
sales and tax data became available through Texas State Comptroller’s
office, DIM calculated the actual reduction or gain in sales and taxes
experienced in the 8 counties studied.

All Counties
Economy-wide lke Impact

Historical data has been compiled for
29 industry sectors that were then
categorized into three clusters often

Hurricane ke | represented in coastal regions:

400,000,000,000

300,000,000,000

200,000,000,000

100,000,000,000

A — e Industrial
A A\
'a B .-—u;—.—g-f—x - e Services
—_— e Agriculture

a

2002-1
2002-3

2003-1

2003-3

e ctual 58les Impact

2004-1

The following three tables provide
total economic impacts across all 8
counties. Each sector is broken down
into the following impacts: total,
quarterly and weekly.

2004-3
2005-1
2005-3
2006-1
2006-3
2007-1
2007-3
20081
20083
2008-1
2008-3

Predicted Gross Sales Impact
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TABLE 1: INDUSTRIAL SECTORS

Industrial Total Avg. Loss | Quarterly Avg. Weekly Avg.
Sectors Loss Loss
Agricultural $38,793,587 $9,698,396 $746,030
Support
$9,624,794,721  $2,406,198,680  $185,092,206
$3,080,566,408 $770,141,602 $59,241,661
$93,580,886,674 $23,395,221,668 $1,799,632,436
Wholesale Trade $40,119,203,939  $10,029,800,985  $771,523,152
Retail Trade $6,696,308,711  $1,674,077,178  $128,775,168
Transportation/ $2,123,495,670 $530,873,918 $40,836,455
Warehousing
Mining/0il /Gas $3,099,595,502 $774,898,876 $59,607,606

TABLE 2: AGRICULTURAL SECTORS

Sectors Loss Loss
$311,931 $77,983 $5,999
$6,836,967 $1,709,242 $131,480
$5,178,324 $1,294,581 $99,583
“ $23,004,119 $5,751,030 $442,387
$1,196,979 $299,245 $23,019
$935,334 $233,834 $17,987
$66,095,870 $16,523,968 $1,271,074
$1,231,737 $307,934 $23,687
m $207,508 $2,804 $3,991

Hurricane Ike Impact Report
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TABLE 3: SERVICES SECTORS

Total Avg. Quarterly Avg. Weekly Avg.
Loss/Gain Loss/Gain Loss/Gain

Information -$33,485,576 -$8,371,394 -$643,953

Services Sectors

IVENR A e il $3,590,663,758 $897,665,939 $69,051,226

Real Estate $2,097,143,973  $524,285,993 $40,329,692
Professional $7,144,220,825  $1,786,055,206  $137,388,862
Service

-$1,655,531,873  -$413,882,968 -$31,837,151
$1,968,054,066  $492,013,517 $37,847,194
w $32,157,207 $8,039,302 $618,408

Health Services $7,746,495 $1,936,624 $148,971

Entertainment $72,993,853 $18,248,463 $1,403,728
Hotel /Food $376,087,064 $94,021,766 $7,232,444
Services

$715,395,377 $178,848,844 $13,757,603
-$1,705,178,986  -$426,294,747  -$32,791,904

Administration

Note: Negative numbers represent a gain in that sector. Some sectors
experienced gains in the 12 month period following Hurricane Ike. The
impact is represented with a negative value due to (Predicted Values -
Actual Values) results in a negative value.

Hurricane Ike Impact Report
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Agricultural

Commodities:

Corn

Cotton

Grain Sorghum

Rice
Soybeans
Wheat
Beef Cattle
Goats

Sheep

INDUSTRY IMPACTS

Impact on Agriculture Production

For the agricultural sectors, production and price data were obtained
from the USDA National Agricultural Statistics Service. Annual
production of each commodity by county was modeled. Deviations from
the expected production levels account for losses to that crop. For most
crops and livestock, the deviation is noted for 2009. The first livestock
inventory after the hurricane occurred in January 2009. Crop losses thus
include the loss of production capacity, and livestock losses include
animal deaths and decreased livestock inventories.

Production Agriculture Impact (SM)

300

Ve “*'\ B
250 /, ~—
200 e ——

150

Hurricane lke

100

50

1998 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

Production Agriculture Actual Sales Impact

Production Agriculture Predicted Gross Sales Impact

The sales and economic contribution of production agriculture has
declined slightly in recent years. Weather and world-wide supply and
demand conditions result in highly volatile agricultural production and
prices, complicating sales and contribution predictions. Most crops were
harvested when Hurricane Ike hit the study area. Thus, 2008 sales were
largely unaffected. Hurricane-induced changes to soil conditions can
continue to affect crop production for several years. The economic
contribution of production agriculture was 9 percent below predictions
for 2009.
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Value Beef Cattle Economic

Contribution, 1999-2009 ($ Million)

250

200

150 -~

100 -~

50 A

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

Although many livestock animals
were destroyed by the storm and
others were sold due to lack of
grazing areas, livestock inventories
were relatively stable from 2008 to
2009. Regional livestock herds had
been shrinking since peaking in
2005. The hurricane sustained that
trend.

Beef numbers rose through the early
2000s but declined after prices
peaked. Goat and sheep numbers

followed a similar trend. Many livestock were lost in the storm,

devastating producers in some locations. However, other counties gained

livestock, offsetting those losses.

2009 rice production was
lower than 2008 values and

In 2009, the contribution 2009 predictions, partially
of rice production was as a result of high salinity in
approximately $10 rice paddies resulting from

million less than
predicted by the Disaster
Impact Model

Ike pushing saline water
inland. However, rice
generated a significantly
larger contribution than in
most other years of the
2000s.

Actual v. Predicted
Contribution of Rice Production
($ Million)

2007 2008 2009

B Actual Contribution Predicted Contribution
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IMPACT ON INDUSTRIAL SECTORS

For most industries, county-level sales data from the Texas Comptroller
of Public Accounts (Combs, 2010) was used to produce sales trends for
each industry. Quarterly sales for each county were available from 2002
until the third quarter of 2009.

Industrial Sectors Impact (SM)

Huirricane Ike

A

[

Industrial Sectors: 300,000

Agriculture Support 250,000
Mining/0il/Natural Gas
Utilities 200,000

Construction “ A \ j
Manufacturing 150000 - | I\ J |\ | ]
Wholesale Trade 100,000 /\ J |\ [

Retail Trade
Transportation/ 50,000
Warehousing

1]

h » il h A 4 L RN D o 2o >
‘Ir@'" ’\96‘- 1-& ‘Iré)‘ NQQ‘ ﬂ-éF "l-QQ ‘\06) ‘\-é’ 1@"” ,\’(P "SP‘ 1@ "kgdi 190 1@"

Industry Actual Sale s lmpact Industry Predicted GrossSale s Impact

The region’s industrial sector is cyclical, and some businesses report
annual sales during the fourth quarter. Reported sales consistently spike
in the fourth quarter and trend up only slightly during the rest of the
year. Never-the-less, the economic contribution of the industrial sectors
has trended up over the past decade. Growth prior to the hurricane (late
Q3  2008) exceeded predictions.
Following Ike, the actual industrial
impact lagged predicted sales by the

Actual v Predicted
Manufacturing Impact

(Millions $) ) _
140,000 more than during previous shortfalls.

120,000 In the first two quarters following
Hurricane Ike, actual contributions fell
short of predicted levels by about $45
million per quarter. This increased to
60,000 — | $68 million in the third quarter of 2009
40,000 when the negative effect on tourism

l l . became more evident, although that
20,000
0
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Actual contributions for
the Industrial sectors fell
short of predicted levels
by more than $50 billion

in the first two quarters
of 2009. This short fall
increased to $66 billion in
the third quarter of 2009.

result likely includes a response to the economic recession as well.

The sector-wide response is mirrored in the manufacturing contribution.

Manufacturing is the largest industry in the sector. Manufacturing’s
actual contribution fell more relative to predictions in Q3 2009 than
during the first three quarters after the storm.

Retail sales, the second
largest sector, show a
more rapid recovery.
Prior to Ike, retail sales
grew steadily since
2006. Sales fell sharply
in Q1 2009 and caught
up to previous levels by
Q3. However, the sector
has not yet resumed a
true growth pattern.

Actual Retail Impact by Quarter
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Service Sectors:

Information
Finance/Insurance
Real Estate
Professional Services
Management
Administration
Education

Health Services

Entertainment

Hotel/Food Service

Other Services

Public Administration

IMPACT ON SERVICES SECTORS

For most industries, county-level sales data from the Texas Comptroller
of Public Accounts (Combs, 2010) was used to produce sales trends for
each industry. Quarterly sales for each county were available from 2002
until the third quarter of 2009.

Service Sector Impact (SM)

Hurrirana lka
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The impact of the sales sector has grown over time. However, despite the
attention afforded the high-tech service economy, the study area’s
service sector is both smaller and experiences slower growth than the
industrial sector. In recent years, services growth has exceeded fourth
quarter predictions. End of year accounting and the reporting of annual
sales by some businesses result in service sector impact spikes in the
fourth quarter. This process probably accounts for continued strong
performance by the service sector Q4-2008. The drop in the actual
economic contribution of the service sector beginning in Q1-2009 likely
reflects recessionary effects as well as the economic impact of Hurricane
Ike. In that quarter, the service sector’ contribution to the regional
economy declined by 12 percent and fell 25 percent short of predictions.
The service sector’s contribution has continued to decline as the
economy remains stagnant.

Hurricane Ike Impact Report
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Management Services Impact (SM) Not all industries are uniformly
3,000 Hurricane lke harmed by a hurricane. The
2,500 | management industry was
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Economic Impact

Overall Economic Impact
to Brazoria County is
estimated to be $1.8
billion.

$1.3 billion in estimated
losses to the industrial
sectors

$483 million in estimated
losses to the services
sectors

$729 thousand in
estimated losses to the
agricultural sectors

COUNTY IMPACTS
BRAZORIA COUNTY SUMMARY

The total economic impact (loss) to Brazoria County from
Hurricane Ike is estimated to be $1.8 billion. Numbers are based on
the, Disaster Impact Model’s, accumulation of loss in sales during
the four quarters (2008 Q4 - 2009 Q3) following Hurricane Ike.
Already considered the most costly storm to make landfall in Texas,
Hurricane Ike’s true economic impacts to the region continue to be
analyzed. Brazoria County’s manufacturing sector was impacted the
hardest experiencing an estimated $528.5 million in losses alone.

Impact Report

COUNTY INFORMATION

Brazoria County is a Texas coastal county located on the Gulf Coast of
Mexico just southwest of Houston, TX. Brazoria County is home to
301,044 (2008) residents and several tourist escapes including Lake
Jackson, Freeport and Surfside Beach. Its county seat is Angleton, and its
largest city is Pearland.

Brazoria County, like nearby Brazos County, takes its name from the
Brazos River. The county also includes what was once Velasco, Texas,
which was the first capital of the Republic of Texas. It served as the first
settlement area for Anglo-Texas, whereby the Old Three Hundred
immigrated from the United States.

HURRICANE IKE

Brazoria County has endured numerous Hurricanes,
including the storm of 1900 that destroyed Angleton’s
High School and the University of South Texas.
However, the Hurricane of 1909 destroyed the rebuilt
schools.

Hurricane Ike made landfall with Category 2 winds and
Category 4 water surges. As the eye of the storm
moved over Galveston Island and up Galveston Bay,
Brazoria County sustained nearly 8 hours of 75 to 110
mile per hour winds.

Hurricane Ike Impact Report

Texas Engineering Extension Service
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Federal Funding

$16,727,424.99 in
Individual Assistance
grants

$14,408,448.88 in
Housing Assistance
grants

$2,318,976.11 in Other
Needs Assistance grants

$38,427,986.99 in Public
Assistance grants

$28,636,300.00 in U.S.
Small Business
Administration loans

COUNTY IMPACTS

According to the Disaster Impact Model, developed by Texas A&M
AgriLife, the estimated economic impact to Brazoria County for the 12
month period following Ike was $1.8 billion. Among the 29 industry
sectors evaluated in Brazoria County, manufacturing suffered the
greatest loss at $528.5 million.

Brazoria County is home to the Blue Water Highway that connects San
Luis Pass of Galveston Island with the western portion of Brazoria
County at Freeport. The Blue Water Highway was deemed impassible
following Ike after roughly 2.3 miles were totally destroyed and another
3.5 miles were seriously damaged.

In the City of Alvin, the Winchester Lodge Healthcare Center, a 94 bed
facility, was closed indefinitely due to severe damages reducing Brazoria
County’s nursing home capacity by

Brazoria County
EconomV'Wide lke Impact Debris was a major problem following

9.2%

&,000,000,000

the storm; the cost of debris removal

€,00C,000,00C

A for Brazoria County was
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006,000 A A
4,000,000,000 N1\

$23,656,025.57 (FEMA.gov).
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Predicted Gross Sales Impact

After Hurricane lke (2008 4Q - 2009 3Q), Brazoria County experienced
on average a 14% per quarter reduction in gross sales during the four
quarters following the storm. Total losses to the county are estimated at

$1.8 billion.
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Economic Impact

Overall Economic Impact
to Chambers County is
estimated to be $20
billion

$20.9 billion in estimated
losses to the industrial
sectors

$24.4 million in estimated
losses to the services
sectors

$10.9 million in estimated
losses to the agricultural
sectors

Chambers
County

CHAMBERS COUNTY SUMMARY

The total economic impact (loss) to Chambers County from
Hurricane Ike is estimated to be $20 billion. Numbers are based on
the Disaster Impact Model’s accumulation of loss in sales during the
four quarters (2008 Q4 - 2009 Q3) following Hurricane Ike. Already
considered the most costly storm to make landfall in Texas,
Hurricane Ike’s true economic impacts to the region continue to be
analyzed. Chambers County’s utilities sector was impacted the
hardest following Ike, experiencing an estimated $12.1 billion in
losses alone.

Impact Report

COUNTY INFORMATION

Chambers County is a Texas coastal attraction that relies primarily on
natural assets and agricultural industries in the central and eastern parts
of the county, and the petro-chemical industry in the west. Chambers
County is home to 29,356(2008) residents along with the Anahuac
National Wildlife Refuge and Bolivar Flats.

Primarily rural, Chambers County relies on
rice farming, ranching, hunting, fishing,
marine trades and eco-tourism to support
jobs in their economy. The county is
bordered by two bodies of water with
Galveston Bay on the West and bounded on
the south by Galveston’s East Bay.

7 e, | S

o WSSl Hurricane ke

ol | EESESESS Chambers County has endured numerous
-51 Hurricanes, including Katrina, Rita, Dolly,
N = Gustav and Ike, along with tropical storm
|- w@’z wz) Eduardo, within the three year span from

Hurricane Ike made landfall on September 13, 2008, with category 2005-2008.
2 winds and Category 4 water surges. As the eye of the storm

moved through Galveston Bay water surges reached 20 feet. The

water surge was responsible for wiping out two small fishing

communities, Smith Point and Oak Island, along with inundating

nearly 143,000 acres with salt water.
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Federal Funding

$15,586,286.89 in
Individual Assistance
grants

$13,712,685.09 in
Housing Assistance
grants

$1,873,601.80 in Other
Needs Assistance grants

$74,610,145.99 in Public
Assistance grants

$14,504,800.00 in U.S.
Small Business
Administration loans

County Impacts
According to the Disaster Impact Model, developed by Texas A&M

Agrilife, the estimated economic impact to Chambers County for the 12
month period following Ike was $20 billion. Among the 29 industry
sectors evaluated in Chambers County, the utilities sector suffered the
greatest economic loss at $12.1 billion. Chambers County also suffered
the greatest loss, among impacted counties, in certified nursing home
beds. Chambers County lost nearly 45.5% of the county’s capacity,
primarily from the closing of the Anahuac Healthcare Center’s 100 bed
facility due to Ike related damages.

Housing and jobs along the western shore of Chambers County are a
major concern. Communities like Smith Point and Oak Island suffered
severe home losses. Of the 350 homes in Oak Island prior to Ike, only 50
were left standing, half of which were uninhabitable. The residents of
these communities were the backbone to Chambers County’s clam,
oyster and shrimp industry which were inoperable with the loss of boats,
shelter and processing facilities.

Hurricane Ike surged salt water onto roughly 146,000 acres of land in
Chambers County washing away livestock fences and destroying crop

Chambers County-
Economy-wide Ike Impact

14,000,000,000

lands. The salt waters impacted the rice
farms the hardest with 12-month-losses
following Ike estimated at $9.7 million.

12,000,000,000

10,000,000,000

Debris was also a major problem following
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the storm, especially for Chambers County
which received large debris deposits from
their southern neighbor Bolivar Penninsula
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— Actual Sales Impact
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. and High Island in Galveston County.

¢ & | Chambers County endured debris 15 to 18
NS miles in land resulting in miles of debris
piles during clean-up. The cost of debris

2005-1
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Predicted Gross Sales Impact

After Hurricane lke (2008 4Q - 2009 3Q) Chambers County
experienced on average a 71% per quarter reduction in gross sales

removal for Chambers County was
$64,439,825.26 (FEMA.gov).

during the four quarters following the storm. Total losses to the

county are estimated at $20 billion.
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Economic Impacts

$21.9 billion estimated
industrial sector losses

$475 million estimated
services sector losses

$11.4 million estimated
agricultural sector losses

Overall Economic Impact
to Galveston County is
estimated to be $22.16
billion.

GALVESTON COUNTY SUMMARY

The total economic impact (loss) to Galveston County from
Hurricane Ike is estimated to be $22.16 billion. Numbers are based
on the Disaster Impact Model’s accumulation of loss in sales during
the four quarters (2008 Q4 - 2009 Q3) following Hurricane Ike.
Already considered the most costly storm to make landfall in Texas,
Hurricane Ike’s true economic impacts to the region continue to be
analyzed. Galveston County’s Manufacturing sector was impacted
the hardest, experiencing an estimated $19.5 billion in losses alone.

Impact Report

COUNTY INFORMATION

Galveston County is a coastal escape for tourist and residents alike.
Home to NASA'’s Johnson Space Center and 283,987 (2007) residents,
Galveston County is 72% family households. The county is bordered by
two bodies of water with Galveston Bay on the East and bounded on the
south by the seawall and beaches of Gulf of Mexico. Formerly established
as a county under the Republic of Texas in 1839, Galveston County has
grown into an economic engine for the region and state of Texas with

large revenues and tax dollars
coming from the County’s
petrochemical industry, shipping,
educational and medical facilities
and tourism.

Hurricane lke Storm Surge
Galveston County

HURRICANE IKE

Galveston County has endured
numerous Hurricanes, 25 of which
have caused loss of life or property
damage since the storm of 1900.
When Hurricane Ike made landfall

The City of Galveston is protected by a Seawall which spared the city a direct ~ on September 13, 2008, despite

impact by the storm surge from the Gulf of Mexico. The city was still
inundated by surge waters when they began to recede from the bay side of

the island.

county officials’ and residents’
preparation, Galveston County
experienced the most expensive
hurricane in the history of Texas.

Hurricane Ike Impact Report
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Hurricane Ike made landfall with Category 2 winds and Category 4 water
surges. As the eye of the storm moved up Galveston Bay the Galveston

Federal Funding

$190,286,557 in
Individual Assistance

grants
surge.

$141,341,638 in Housing

Assistance grants COUNTY IMPACTS

$48,944,918 in Other
Needs Assistance grants

$362,003,736 in Public

Assist t illi
ssistance grants greatest loss at $19.5 billion.

$242,058,800 in U.S. Small
Business Administration
loans

Sea Wall held strong to the challenging waves. However, once the water
levels receded, they flooded Galveston Island from the Bay causing
catastrophic flooding to nearly 50% of Galveston Island. Galveston Island
endured 12+ hours of salt water inundation from Ike’s 15 foot storm

According to the Disaster Impact Model, developed by Texas A&M
AgriLife, the estimated economic impact to Galveston County for the 12
month period following Ike was $22.16 billion. Among the 29 industry
sectors evaluated in Galveston County, Manufacturing suffered the

Estimates by Houston-Galveston Area COG found that more than 53,000
employees were put out of work; more than 3,800 businesses were

interrupted; and more than 18,000 businesses were damaged in
Galveston County. These estimates do not include information from
some severely impacted areas, such as Galveston Island. (Hurricane Ike

Impact Report, TDEM)

Galveston County
Economy-wide Ike Impact
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Actual Sales Predicted Gross Sales

The above graph illustrates post Hurricane lke (2008 4Q - 2009 3Q)
Galveston County experienced on average a 42% per quarter reduction in
gross sales during the four quarters lke. Totaling an estimated 22.16
billion loss to Galveston County

Texas A&M University - Galveston
experienced $28.6 million in damages
which caused them to relocate 1,500
faculty and staff and approximately
1,800 students to the main Texas A&M
campus in College Station, TX for the
remainder of the 2008 fall semester.

After Ike, debris was a major problem.
The cost of debris removal for Galveston
Island alone was $7,790,002 and the
remainder of the county cost
$2,059,541.
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Economic Impacts

Overall Economic

Impact to Harris

County is estimated to
be $103.8 billion

$90.3 billion in
estimated losses to the
industrial sectors

$13.5 billion in
estimated losses to the
services sectors

HARRIS COUNTY SUMMARY

The total economic impact (loss) to Harris County from Hurricane
IKke is estimated to be $103.8 billion. Numbers are based on the
Disaster Impact Model’s accumulation of loss in sales during the
four quarters (2008 Q4 - 2009 Q3) following Hurricane Ike. Already
considered the most costly storm to make landfall in Texas,
Hurricane Ike’s true economic impacts to the region continue to be
analyzed. Harris County’s wholesale sector was impacted the
hardest, experiencing an estimated $38.8 billion in losses alone.

Impact Report

COUNTY INFORMATION

Harris County, located on the upper Gulf Coast in Southeast Texas, was
originally formed as Harrisburg County by the First Congress in 1836.
Harris County developed as an industrial power in 1911 with the
approved formation of the Harris County Navigation District. What
started as a small settlement of a few thousand has grown to a
population of nearly 3,984,349 (2008), making it the most populous
county in Texas and the third most populous county in the United States.
The county seat is Houston, the largest city in Texas.

Harris County has grown into an economic engine for the region and
state of Texas with large revenues and tax dollars coming from the
county’s petrochemical industry, shipping, manufacturing, wholesale,
educational and medical facilities and tourism.

HURRICANE IKE
Hurricane Ike made landfall with Category 2
winds and Category 4 water surges. In fact, Ike
produced the highest storm surge along the
Texas coast since 1915. As a result 10-12 foot
surges flooded several communities along the
southeast portion of Harris County. The storm'’s
100-mile-an-hour winds through downtown
Houston blew out several windows in large
business buildings and roofs from residential
structures.

Hurricane Ike Impact Report
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Federal Funding

$151,546,599.54 in
Individual Assistance
grants

$111,691,738.48 in
Housing Assistance grants

$39,854,861.06 in Other
Needs Assistance grants

$396,286,985.55 in Public
Assistance grants

$178,842,300.00 in U.S.
Small Business
Administration loans

COUNTY IMPACTS

According to the Disaster Impact Model, developed by Texas A&M
AgriLife, the estimated economic impact to Harris County for the 12-
month period following Ike was $103.8 billion. Among the 29 industry
sectors evaluated in Harris County, the wholesale sector suffered the
greatest loss at $38.8 billion.

Harris County was severely affected by the winds and storm surge from
Ike. The county’s waterfront communities of Morgan'’s Point, La Porte

and Galena Park, which are not protected by a levee, had 581 structures
suffer major damage or destroyed at an estimated cost $162.4 million in
damages. Harris County suffered $8.3 billion in total property damages.

Houston, nicknamed the Energy Capital of the World, is home to five of
the 6 super-major energy companies. Several of these companies
endured infrastructure damages. Texas experienced the largest power

Harris County
Economy-wide lke Impacts
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outage in history when CenterPoint Energy,
Inc took a direct hit from Ike, resulting in
2.15 million power outages. CenterPoint
Energy had an estimated 62.8 miles of cable
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After Ike, debris was a major problem. The
cost of debris removal for Harris Island
alone was $240,410,776.

2005-1
2005-3
2006-1
2006-3
2007-1
2007-3
2008-1
2008-3
2009-1
2009-3

Predicted Gross Sales Impact

After Hurricane lke (2008 4Q - 2009 3Q), Harris County
experienced on average a 19% per quarter reduction in gross sales
during the four quarters following the storm. Total losses for the
county are estimated at $103.8 billion.
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Economic Impacts

Overall economic impact
to Jefferson County is
estimated to be $11.9
billion.

$13.6 billion in estimated
losses to the industrial
sectors

$45.2 million in estimated
losses to the agricultural
sectors

JEFFERSON COUNTY SUMMARY

The total economic impact (loss) to Jefferson County from
Hurricane Ike is estimated to be $11.9 billion. Numbers are based
on the Disaster Impact Model’s accumulation of loss in sales during
the four quarters (2008 Q4 - 2009 Q3) following Hurricane Ike.
Already considered the most costly storm to make landfall in Texas,
Hurricane Ike’s true economic impacts to the region continue to be
analyzed. Jefferson County’s manufacturing sector was impacted
the hardest, experiencing an estimated $9.1 billion in losses alone.

Impact Report

COUNTY INFORMATION

Founded in 1836 and named after Thomas Jefferson, Jefferson County
was one of first in the Republic of Texas. Growth in the county was
spurred by the opening of the Spindletop oilfield in 1901 and the petro-
chemical industry continues to drive the county’s economy. Now home
to 243,090 residents (2008), it is estimated the petro-chemical industry
provides 40% the county’s paychecks and 75% of the tax burden.

The Port Arthur ship canal, on the west shore of Sabine Lake, connects
with the Neches and Sabine rivers to

Hurricane |ke Inundation Estimate for Jefferson County

provide deepwater ports at Beaumont,

n | —Leaend " Port Arthur, Nederland, and Port Neches.
Legend
m- Beef cattle and rice yield major farm

Ve [u' income, but the majority of wage earners
m- are employed by the petrochemical,

shipbuilding, and rubber industries.

HURRICANE IKE

Jefferson County is among the most
Southeast counties in Texas that has
endured multiple hurricanes over the

Storm surge in Jefferson County brought saltwater more than 30
miles inland contaminating Beaumont’s water supply

three year span from 2005-2008, including
Katrina, Rita, Gustav and Ike. The
significant difference with Hurricane Ike
was Jefferson County was now on the wet
Hurricane Ike Impact Report
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Federal Funding

$29,661,379.67 in
Individual Assistance
grants

$24,668,218.16 in
Housing Assistance grants

$4,993,161.51 in Other

side of the storm.

Hurricane Ike made landfall with Category 2 winds and Category 4 water
surges. As the eye of the storm moved to the west of Jefferson County,
the storm surge pushed waters far into the southwest portion of the
county. As the storm surge moved north it tested the Port Arthur Levee,
pushing waters further to the north.

COUNTY IMPACTS
According to the Disaster Impact Model, developed by Texas A&M

Needs Assistance grants

$90,371,231.75 in Public

Assistance grants o
greatest loss at $9.1 billion.

$39,143,200.00 in U.S.
Small Business
Administration loans

AgriLife, the estimated economic impact to Jefferson County for the 12-
month- period following Ike was $11.9 billion. Among the 29 industry
sectors evaluated in Jefferson County, manufacturing suffered the

Hurricanes from the three previous years impacted Jefferson County
primarily through wind damage. However, Ike also brought disastrous

flooding. The storm’s surge moved inland more than 30 miles,

contaminating Beaumont’s water supply with salt water.

In the Sabine River basin storm surge flooding devastated 1970s-era
homes built on the ground. Waters rose to elevations greater than the
100-year flood plain. Nearly 4,000 head of cattle are estimated to have

drowned in pastures.

Jefferson County
Economy-wide Ike Impact
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After Hurricane lke (2008 4Q - 2009 3Q) Jefferson County experienced
on average a 24% per quarter reduction in gross sales during the four
quarters following the storm. Total losses to the county are estimated
at $11.9 billion

Hurricane Ike also impacted Texas Parks
& Wildlife Department lands which
include the J.D. Murphree Wildlife
Management Area, where marsh habitats
were inundated with an 11-to-16 feet of
surge water flooding.

Debris was a major problem following
the storm. The cost of debris removal for
Jefferson alone County was more than
$36 million

Hurricane Ike Impact Report
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Economic Impacts

$53.9 million in estimated
losses to the services
sectors

$277 million in estimated

losses to the
manufacturing sector

Liberty County Summary

Liberty County is the only county in the study area whose overall
economy grew following Hurricane Ike, gaining an estimated
$169.8 million. Numbers are based on the Disaster Impact Model’s
accumulation of sales during the four quarters (2008 Q4 - 2009 Q3)
following Hurricane Ike. Already considered the most costly storm
to make landfall in Texas, Hurricane Ike’s true economic impacts to
the region continue to be analyzed. Liberty County’s manufacturing
sector was impacted the hardest experiencing an estimated $277
million in losses.

Impact Report

COUNTY INFORMATION

Liberty County is a rural east Texas county located within the Houston-
Sugar Land- Baytown metropolitan area and home to roughly 75,333
(2008) residents. Located roughly 60 miles northeast of Houston and 40
miles from Galveston Bay, Liberty County offers an escape from the city
to hunt, fish and enjoy the outdoors. Bisected by the Trinity River,
Liberty County supports a variety of agricultural production and is rich
in natural resources including lignite, iron ore and sulfur.

&8 Hurricane Ike

Hurricane Ike made landfall with Category 2
winds and Category 4 water surges. As lke
moved up Galveston Bay the eye of the storm
moved north-northeast up Liberty County’s
western border. The eye wall moved through the
western portion of the county with sustained
winds of 110 miles-per-hour, destroying homes,
forest land and power lines throughout the
county.

Hurricane Ike Impact Report
Texas Engineering Extension Service
www.thestormresource.com
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COUNTY IMPACTS
According to the Disaster Impact Model, developed by Texas A&M
AgrilLife, Liberty County’s economy for the 12-month-period following

Federal Funding Ike was able to grow an estimated $169.8 million over projected sales
$15,785,485.55 in from the DIM model. However, among the 29 industry sectors evaluated
Individual Assistance in Liberty County, the manufacturing sector still suffered $227 million in
grants losses.

$14,317,403.15 in

Housing Assistance The winds from Hurricane Ike caused the most damage to Liberty

grants County. The strong southern winds from Ike destroyed property, forests
$1,468,082.40 in Other and made several roads impassable until cleared by tractors and/or
Needs Assistance grants saws. The storm knocked out every single resident’s electricity in the

county due to downed power lines and blown transformers.

$34,611,801.73 in
Public Assistance grants

Of the 234,000 acres of timberlands damaged by Hurricane Ike, nearly
$7,688,800.00 in U.S. 30%, or 68,300 acres, were located in Liberty County. Residents of
Small Business Liberty were unable to proceed with the recovery process until proper
Administration loans i y u p veryp u prop
equipment could be used to safely remove these large trees from roofs,

power lines, and roadways.

| T Debris was also a major problem following
Y Y the storm, with the cost of debris removal

Economy-wide lke Impact for Liberty alone exceeding $26.8 million.
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After Hurricane lke (2008 4Q - 2009 3Q) Liberty County experienced
on average a 6% per quarter gain in gross sales during the four
quarters following the storm. Totaling an estimated $147.8 million
gain to Liberty County. Total gains to the county are estimated at
$147.8 million.

Hurricane Ike Impact Report
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Economic Impact

Overall economic impact
to Orange County is
estimated to be $365
million.

$116 million estimated
lost in the retail sector.

$372 million in estimated
losses to the industrial
sector

ORANGE COUNTY SUMMARY

The total economic impact (loss) to Orange County from Hurricane
IKke is estimated to be $364.9 million. Numbers are based on the
Disaster Impact Model’s accumulation of loss in sales during the
four quarters (2008 Q4 - 2009 Q3) following Hurricane Ike. Already
considered the most costly storm to make landfall in Texas,
Hurricane Ike’s true economic impacts to the region continue to be
analyzed. Orange County’s retail trade sector was impacted the
hardest, experiencing an estimated $116 million in losses alone.

Impact Report

COUNTY INFORMATION

Orange County is located in the deep southeast portion of Texas and is
part of the “Golden Triangle”, an area of Southeast Texas lying between
the cities of Beaumont, Port Arthur, and Orange. The county is bounded
to the east by the Sabine River, which forms a portion of the Texas-
Louisiana border, to the southeast by the Gulf of Mexico, and to the west
by the Neches River. Today Orange County is home to 83,022 residents
(2008) whose primary sources of employment come from petroleum
refining, paper milling, rice farming, fishing and shrimping.

Hurricane Ike

Hurricane lke Inundation Estimate for Orange County

i o o |
il it X

made landfall, was flooded by a 22 foot storm surge.

[ Lenend | Orange County, along with other deep east

Inundation (Feet)

: Texas counties, has endured multiple
e hurricanes during the three year span from

2005 to 2008. Prior to Hurricane Ike, Orange
County had traditionally experienced the
dry side of hurricanes, primarily suffering
damages from severe winds.

Hurricane Ike made landfall with Category 2
winds and Category 4 water surges. The
entire city of Orange, which is the county
seat, experienced flooding ranging from 6
inches to 15 feet.

Hurricane Ike Impact Report
Texas Engineering Extension Service
www.thestormresource.com
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Federal Funding

$68,469,446.01 in
Individual Assistance
grants

$55,159,610.29 in
Housing Assistance
grants

$13,309,835.72 in Other
Needs Assistance grants

$41,527,994.23 in Public
Assistance grants

$96,882,300.00 in U.S.
Small Business
Administration loans

County Impacts
According to the Disaster Impact Model developed by Texas A&M

AgriLife the estimated economic impact to Orange County for the 12-
month-period following Ike was $364.9 million. Among the 29 industry
sectors evaluated in Orange County, the retail trade sector suffered the
greatest loss, $116 million.

Despite being 20 miles inland, Orange County’s deepwater ports,
supported by the Neches and Sabine River, provided pathways for Ike’s
22 foot storm surge to create the worst flood ever documented in Orange
County. The city of Orange sustained serious flood damage to its entire
area, and several government buildings near the port were devastated,
costing the county an estimated $5.1 million in administration losses.

Orange County also experienced the disaster regions most significant
loss of capacity to intermediate care facilities, with an 88.5% reduction.
The loss reduced Orange County’s overall capacity from 0.6 to 0.1 beds

Orange County
Economy-wide lke Impact

per 1,000 people, well below the state
average of three beds per 1,000 people.
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The hurricane also caused significant

damage to the schools of Orange County. ke

flooded the Head Start Center in the West
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Orange-Cove Consolidated Independent

School District in Orange County. Bridge City
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Presdicied Gross Sakis kngact Debris was also a major problem following

After Hurricane lke (2008 4Q - 2009 3Q), Orange County
experienced on average a 14% per quarter reduction in gross sales
for four quarters following the storm. Total losses to the county

the storm with the cost of debris removal for
Orange County alone exceeding $20.5
million.

are estimated at $364.9 million due to off-setting from the gains
experienced by the service sector.

Hurricane Ike Impact Report
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Economic Impact

Overall economic impact
to Tyler County is
estimated to be $79.9
million.

$28.5 million in estimated
losses to the industrial
sectors

$51 million in estimated
losses to the services
sectors, $50.4 million of
which was due to losses
in the real estate sector

TYLER COUNTY SUMMARY

The total economic impact (loss) to Tyler County from Hurricane
IKke is estimated to be $79.9 million. Numbers are based on the
Disaster Impact Model’s accumulation of loss in sales during the
four quarters (2008 Q4 - 2009 Q3) following Hurricane Ike. Already
considered the most costly storm to make landfall in Texas,
Hurricane Ike’s true economic impacts to the region continue to be
analyzed. Tyler County’s real estate sector was impacted the
hardest, experiencing an estimated $50.4 million in losses alone.

Impact Report

COUNTY INFORMATION

Tyler County is located in the southeastern region of Texas close to the
Louisiana border, and is bordered on the north and east by the Neches
River. Woodville, TX, is the county seat and the largest town in the rural
county. Tyler County is home to 20,470 residents, along with the Big
Thicket National Preserve.

A mandatory evacuation was ordered for the residents of Tyler County

on Sept. 11, 2008. Wind gust from 60 - 80 mph were recorded

throughout the county during Hurricane Ike, causing property damages
to Tyler County estimated at $47 million.

Hurricane Ike

Tyler County experienced a variety of hurricanes over
the three year span from 2005 to 2008, including
Katrina, Rita, Gustav and Ike. Tyler County is a rural
east Texas county that serves as an evacuation “pass
through” county for residents living south of the
county. Tyler County does not have the appropriate
housing or shelters to accommodate their own
residents, nor those of Hardin, Jefferson or Orange
Counties in a storm event.

Hurricane Ike made landfall with Category 2 winds
and Category 4 water surges. Despite a mandatory evacuation by County
Hurricane Ike Impact Report

Texas Engineering Extension Service
www.thestormresource.com
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Federal Funding Judge Blanchette, many residents of southeast Texas hesitated to leave as
they had only returned home 10 days prior following Hurricane Gustav.
The minimal damage caused by Gustav and high personal expense of
evacuation prevented numerous Tyler County residents from re-
evacuating for Hurricane Ike.

$190,286,557 in
Individual Assistance
grants

$141,341,638 in Housing

Assistance grants CoUNTY IMPACTS

$48,944.918 in Other According to the Disaster Impact Model developed by Texas A&M

Needs Assistance grants AgriLife the estimated economic impact to Tyler County in the 12 month
period following Ike was $79.9 million. Among the 29 industry sectors
evaluated in Tyler County, the real estate sector suffered the greatest
loss at $50.4 million.

$362,003,736 in Public

Assistance grants

$242,058,800 in U.S. Small
Business Administration

| Tyler County is more than 150 miles northeast of where Hurricane Ike
oans

made land fall and is located 90 miles inland from the Texas Gulf Coast.
However, the storm’s strong winds and heavy rains still tore through the
county, laying over trees and telephone

T\‘rler Cou nty poles along the way. Wind from Hurricane
Economy—wide lke Im pact Ike damaged an estimated 21,000 acres of
_ Tyler County’s forest lands. Debris was a
l:zzzzzzz & major problem following the storm and the
sa:nnn:naa AN cost of debris removal for Tyler exceeded $
40,000,000 ?fv i A‘_.__,/V \'-" 2 million
20,000,000
0
R
A ctual Sales Impact Predicted Gross Sales Impact

After Hurricane lke (2008 4Q - 2009 3Q), Tyler County
experienced on average a 28% per quarter reduction in gross sales
during the four quarters following the storm. Total losses to the
county are estimated at $79.9 million.

Hurricane Ike Impact Report
Texas Engineering Extension Service
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Case studies were
conducted on the
following topics:

K-12 Education
Vital Records
City Planning
Agriculture
Preservation
Residential
Tourism

HURRICANE IKE CASE STUDIES

The true impacts of a storm can be difficult to absorb solely through
quantitative data. Sometimes, the impacts of disasters are captured most
understandably, through the personal stories of people who experienced
it and faced the task of rebuilding their lives and communities in its
wake. Property damages and economic data alone cannot illustrate the
full impact of Hurricane Ike and its effect on people’s day to day lives in
the Ike region, though they are crucial for understanding its long-term
effects. The stories told in the following case studies give a face, a picture,
a name to the impacts the numbers describe and create a series of best
practices and lessons learned for future events.

TEEX researchers utilized a number of sources to determine areas of
focus for the case studies. First, TEEX personnel conducted a series of
interviews with county judges and emergency management personnel,
capturing their high level impressions of storm impacts in the county
and hearing stories that emerged from storm experiences. Through the
utilization of these responses and the TEEX agency role in disaster
response, researchers were able to identify cities especially hard hit by
the storm. These discussions, along with interviews with local leaders
and a series of site visits, enabled the economic development team to
compile a series of case studies based on success stories and lessons
learned regarding planning prior to the storm and recovery after Ike.

In the end, case studies were conducted on experiences regarding issues
with K-12 education, vital records, city planning, agriculture,
preservatlon residential concerns, and tourism in the impacted counties.
{ Interviews and surveys with subject matter experts,
and a wide variety of local, county and regional
officials representing members of Texas Task Force
One, members of the Public Works Response Team,
TEEX Urban Search and Rescue, city mayors,
emergency management coordinators, county judges,
city administrators, public works officials, economic
development managers, school district personnel,
business owners and residents have been documented
and combined in an effort to complete our
understanding of Hurricane Ike’s effects.

Hurricane Ike Impact Report
Texas Engineering Extension Service
www.thestormresource.com
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Storm History

1986 — Hurricane Bonnie

2001 - Tropical Storm
Allison

2005 - Hurricane Rita

2008 - Hurricane Ike

AGRICULTURE CASE STUDY -

COOPERATION CRUCIAL TO MANAGING LIVESTOCK DURING A
DISASTER

Liberty, Tyler, Chambers and Jefferson Counties along with several
others comprise a region in southeast Texas that includes the coastal
prairie and derives a substantial portion of its economy from agriculture.
Common crops in the area include rice, soy, cattle, sorghum, and sheep.
Logging the natural abundance of timber is also a local source of income.
The area itself is primarily rural, but the cities of Houston and Beaumont
are nearby.

Case Facts

On September 13, 2008, Hurricane Ike made landfall with category two
winds; however, it was the storm surge, not the wind, that caused real
damage. More than half a million acres of land used for farming and
ranching in southeast Texas were submerged in salt water as a result of
the storm surge. “It's the worst storm we can ever remember,” said
rancher Dan Hankamer of Hurricane Ike.

Before Ike, Southeast Texas had over 30,000 head of cattle. At
least 4,000 were lost during the storm, and due to 17,000
miles of fencing being destroyed and the increase salinity in
the soil since Ike, the number of cattle in this region has been
reduced to 7,000. In fact, Ike’s overall effect on Texas
agriculture is estimated to be $433 million.

Key Decisions

Many animals perished during the storm from flying debris
and flood waters or in the days afterward from lack of food
and water. Removing carcasses became a pressing public
health and sanitation issue. It seemed that no one had the
time or resources to deal with the increasing problem of
animal remains. The United States Department of Agriculture

I8 ) -@ Natural Resource Conservation Service stepped in, and with

Hurricane Ike Impact Report
Texas Engineering Extension Service
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Texas Agrilife’s
Operation No Fences

9,000 hay bales

165 tons of feed
400 water troughs

12,000 head of cattle fed
and watered

just a phone call identifying the location, species and quantity of the dead
animal, NRCS would remove and dispose of the remains free of charge.
“In several storm-ravaged counties in East Texas, large numbers of cattle,
horses and poultry caught in Hurricane Ike died,” said Don Gohmert,
NRCS state conservationist for Texas. “We are working with soil and
water conservation districts, local county governments and the Texas
Animal Health Commission to properly dispose of carcasses to protect
public health and safety.”

The salt soaked earth ruined the ground for grazing, and all freshwater
ponds and tanks had been flooded out with the storm surge. Southeast
Texas had become unlivable for livestock. Even before the floodwaters
had fully receded, it became a race against the clock to round-up all
living animals into areas where they could be fed, watered and treated
for sickness, without regard to who technically owned the cattle.

In what the Texas Agrilife Extension Service termed “Operation No
Fences,” volunteers took on the initial responsibility to recover and care
for the livestock. Later they would organize and return cattle to their
proper owners. Assisting Agrilife in “Operation No Fences” was the Texas
Department of Agriculture, Texas Animal Health Commission, Texas and
Southwestern Cattle Raisers Association, and the Independent
Cattlemen’s Association, as well as numerous other organizations.

In total, Operation No Fences delivered more than 9,000 hay bales, 165
tons of feed and 400 water troughs for ranchers who were unable to feed
their cattle. As a result, the volunteers gathered, fed and watered 12,000
head of cattle. While the cost of Hurricane Ike
damage was substantial, the savings resulting from
this recovery effort are estimated at $8.3 million.

Six months after the storm, the Texas Department
of Agriculture hosted another event called
“Operation New Fences” with the goal of donating
fencing and feeding supplies to help area ranchers
begin again. “Operation New Fences” distributed
over $100,000 of donated supplies to almost 100
ranchers in the southeast Texas area. "Hurricane
Ike landed on Texas soil six months ago, but

Hurricane Ike Impact Report
Texas Engineering Extension Service
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Texas Animal Health
Commission is now the

primary agency for

responses to animals in
emergencies

its wake of destruction still exists," Commissioner Staples said. "The
massive storm destroyed the land, homes and livelihoods of Southeast
Texas ranchers, but it did not destroy their spirit. These cattle

raisers need our help to resume business and restore their agricultural
production, which impacts the state economy by more than $130
million." “Operation New Fences” distributed over $100,000 of donated
supplies to almost 100 ranchers in the southeast Texas area.

Conclusions

Since Hurricane Ike, the Texas Animal Health Commission has been
identified as the primary coordinating agency for responses to animals in
emergency or disaster situations. They have developed a number of state
and local planning guides that could help communities develop
emergency animal shelters, evacuations and carcass disposal plans in the
event of a major catastrophe.

Brazoria County Texas AgriLife Extension Service released a document
advising livestock owners to have a plan for handling livestock in the
event of hurricane evacuation. Agrilife knew that in the event of a major
storm, it could be necessary to keep animals out
of the county for weeks or even months. For
those who would need to shelter their livestock
in place, Agrilife recommends pasturing horses
and cattle away from barns in areas where they
might reach higher ground and where loose
debris have been removed or totally secure.

No amount of planning can stop a hurricane in
its tracks or undo the damage that Ike has
already caused, but it can mitigate losses and
damages from future storms.

Hurricane Ike Impact Report
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Storm History

1900 - Galveston
Hurricane

1961 - Hurricane Carla

1983 - Hurricane Alicia

2008 - Hurricane Ike

CITY PLANNING CASE STUDY -
City Mobilizes Residents to Develop Recovery Plan

At 32 miles wide and 2 % miles long, Galveston Island is the most heavily
populated coastal barrier island in the United States. One of the major
features of Galveston Island is a unique seventeen foot high seawall
constructed more than a century ago following the Great 1900 Hurricane
to protect the city from future storm surges. As such, there is no model
for city officials and planners to follow—their experiences create the
model for others, and this is no easy task in Galveston where the urban
historic setting values must be balanced against the beach and ecological
considerations and modern, commercial development as well.

Case Facts

Galveston Island slopes from seventeen feet above sea level just behind
the seawall to only three feet above sea level on the bay side. The
difference is so vast that the zone behind the seawall is actually outside
of the flood plain. During Ike, the island was flooded by the storm surge
from bay side.

As a result of Hurricane Ike, more than 75% of the structures on
Galveston Island were damaged. Enrollment in Galveston Independent
Schoo