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Executive Summary 
Following Hurricane Ike, scientists, policy makers, and elected officials have been calling for a 
comprehensive coastal storm surge protection system for the Galveston Bay region. To date, 
several efforts have estimated benefit/cost ratios of multiple protection solutionsτwhich have 
focused primarily on the direct economic impacts of a surge-related event in Galveston Bay. 
Although these results have been critical in demonstrating the effectiveness of a coastal spine 
from the perspective of avoided damages, other secondary, indirect benefits had yet to be 
evaluated. The following describes recent analytical efforts to better quantify these indirect benefits 
through four distinct research areas including: 1) assessing the economic implications of surge-driven 
damage related to a coastal spine, 2) determining potential changes in the costs of flood insurance, and 
3) understanding socioeconomic behavior related to the establishment of a coastal spine. The following 
provides a brief summary of findings of each of these three areas of research under Texas GLO contract 
No. 18-159-000-A719.  

State-Level Economic Implications 

Storm surge impacts that occur without coastal protection could have substantial long-term impacts on 
the growth of the Texas economy. When evaluating impacts with a coastal spine over a 50-year time 
ŦǊŀƳŜΣ ǘƘŜ ǇǊƻƧŜŎǘŜŘ ŜŎƻƴƻƳƛŎ ƛƳǇŀŎǘ ƻƴ ¢ŜȄŀǎΩ DǊƻǎǎ {ǘŀǘŜ tǊƻŘǳŎǘ όD{tύ ƻŦ ǎǘƻǊƳ ǎǳǊƎŜ ǿƛǘƘƻǳǘ Ŏƻŀǎǘŀƭ 
protection is substantial. The GSP in 2066 will decrease by 8%, corresponding to $863 billion loss. A coastal 
spine substantially mitigates these economic impacts, which are still estimated to decline but by only 2%. 
Further, all macroeconomic indicatorsτexcept for government expendituresτwill also decline, with the 
value of net exports (value of exports net value of imports) suffering the most profound decline by an 
estimated 13% corresponding to $160 bilion loss.  
 
Specific state-level impacts on housing and petrochemical sectors include:  

- Housing sector output declines by nearly 8% corresponding to $39.5 billion in the sector loss in 
sales, and related employment and prices also fall by 0.66% and 0.77%, respectively. These 
estimates are mitigated in the presence of a coastal spine to a 2% decrease in housing sector 
output and less than 1% decreases in employment and prices. 

- Outputs in the petroleum and chemical manufacturing sectors decline by 19%, amounting to 
$175.4 billions in lost revenues from both sectors. Decreases in these sectors are also mitigated 
in the presence of a coastal spine to 3% and 5%, respectively. 

- Employment and prices in the petroleum sector are the most sensitive to a destructive surge 
event: jobs in petroleum sector will be 17% lower corresponding to approximately 155,000 in lost 
jobs and prices on petroleum products will increase by 13%. These estimates are reduced to 1% 
reduction in employment and 1% increases in prices with a coastal barrier. 

- Chemical manufacturing jobs will shrink by 9% (96,000 jobs will be lost) and prices on these goods 
will increase by 1.6% without coastal protection. Employment figures are reduced to 2% and 
prices increases decrease to 0.37% with coastal protection.  

- Electricity sector prices will be 6% higher by the end of the study period. These increases are 
reduced to 1.57% with a coastal spine.  
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National-Level Economic Implications 

The impacts of a storm-surge event without coastal protection also have adverse effects on the United 
States economy. These impacts are, unsurprisingly, smaller in magnitude compared to state level 
impacts, yet have lasting impacts into the future. 

- Following an unprotected, 500-year surge event in Galveston Bay, the U.S. Gross Domestic 
Product (GDP) is estimated to be 1.1% lower by the end of the forecast period; this corresponds 
to an estimated $883 billion dollar economic decline.  

- The decline in U.S. GDP is reduced to 0.28% following the same event with coastal protection in 
place. 

- U.S. net exports are also estimated to decline by 4% (approximately $166 billion in loss), while 
investment and household consumption will be 1.14% ($167 billion in loss) and 0.83% lower ($532 
billion lower), all relative to the same time period with no surge impacts.  

- The immediate and long-term impacts on other states indicate that while some, primarily 
neighboring states, experience positive GSP, income and welfare growth, 30 states not including 
Texas will have lower GSP in response to a surge event in Texas. 

 

Coastal Flood Insurance Premiums 

- Over 31,000, or 10% of all National Flood Insurance Program policies in Harris and Galveston 

Counties, would experience a reduction in 100-year storm surge as a result of a coastal spine.  

- Areas that would have reduced storm surge with a coastal spine remit over $41 million dollars in 

annual NFIP premiums and have total flood insurance coverage of over $8 billion dollars.  

- Under a 100-year storm surge scenario, over 3,000 coastal 100-year flood insurance policies 

would be protected to less than 1 foot of inundation. 

- An additional 14,149 high-risk flood insurance policies would be protected completely protected 

from a 100-year storm surge. 

- In the most conservative insurance scenario, nearly $5 million dollars in premiums could be 

saved annually by residents while still maintaining the same flood insurance coverage with the 

presence of a coastal spine.  

- Additional scenarios suggest that total annual premiums in the coastal Houston-Galveston area 

could be reduced by 21-28% while still maintaining the same flood insurance coverage. 
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Public Perceptions of Coastal Protection in Texas 

- Widespread public support exists for structural and non-structural mitigation to address the risk 
Texas coastal communities face from natural hazards. Multiple mitigation strategies were 
evaluated, ranging from levees and elevation to land use regulations, and all of them were 
supported by over 70% of the respondents in each county.  

- There is overwhelming public support for the coastal spine or Ike Dike in the greater Houston-
Galveston Region. Approximately 73% of the respondents surveyed said they support the 
construction of the coastal spine.  

- The public prefers shared responsibility for financing the coastal spine. The majority of 
respondents ς 55% - believed that both government and port industries should be responsible 
for financing the coastal barrier system. Two-thirds of respondents also supported some type of 
public tax, including sales and hotel tax, to raise revenue to construct the coastal spine. 

- Residents believe the coastal spine will reduce risk to homes and provide job security for some. 
Over 50% of Chambers and Galveston County respondents said they feel their home would be at 
less at risk if the coastal spine were constructed; 47% of Harris County respondents said the 
same. Additionally, about 40% of Chambers and Galveston County respondents said their job 
would be more secure; 33% of Harris County respondents said the same.  

- Environmental concerns related to the Ike Dike remain. Over 65% of Chambers County 
respondents expressed concern about the consequences of the Ike Dike on the environment. 
About 58% of Galveston County and 50% of Harris County respondents are equally concerned.  
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Chapter 1. Evaluating the Effects of a Coastal Spine: National-Level 
Economic Ripple Effects of Storm Surge Events 

Meri Davlasheridze and Qin Fan 

Executive Summary 

The 2017 North Atlantic hurricane season and the enormity of the impacts they brought to coastal 

communities have once more heighted private and public concerns about the catastrophic future storms 

and the ways to mitigate their impacts. Among many alternatives, surge suppression systems have 

gained particular interest among policy makers, planners and researchers. The Galveston Bay region 

(herein referred to as the bay) represents one of the most flood- and surge-prone areas in the United 

States (SURGEDAT 2017). Due to its vulnerability there has been a particular interest in comprehensively 

assessing a coastal storm surge suppression system (aka coastal spine) proposed as a mitigation strategy 

after 2008Ωǎ Hurricane Ike that brought historic surge levels and impacted local economies in the 

Southeast Texas. The urgency to address this issue has been heighted as there is a growing consensus 

that surge height could increase in response to an increase in hurricane intensities and sea-level rise 

(SLR). Some recent studies suggest flood heights of storm surge associated with 1 in every 100 year to 

become as frequent as one in every four years, and this all due to SLR creating ŀ ƘƛƎƘŜǊ άƭŀǳƴŎƘ Ǉƻƛƴǘέ 

for future storm surges (Frumhoff et al. 2007).  

Prior research conducted on this topic has focused on quantifying impacts of surge events on property 

and industrial assets locally (Atoba et al., 2018; Davlasheridze et al. 2018). However, little has been done 

to view the problem from regional and national perspectives. Nationally strategic assets located in the 

bay such as petroleum refineries, petro-chemical manufacturing and the Port of Houston all bear merits 

in presenting the problem in the context of the nation. Understanding the spatial economic spillovers of 

surge impacts on the larger economy and long-term socioeconomic ramifications are important for 

economic stability of other states as well as for the nation as a whole, and will further contribute to a 

better understanding of the scope of economic damages and the economic feasibility of a surge 

suppression system.  

This report presents the results of a nation-wide economic study of storm surge impacts on the three 

counties along the Galveston Bay (Galveston, Harris and Chambers) and explores how direct impacts on 

a specific sector(s) in the bay communities propagate through the economy of TX as well economies of 

other states and the nation as a whole in the long term, while capturing general equilibrium and 

multiplier effects. 

Economic Model 

The economic impacts presented in this report are derived from a 23 sector, multi-year state-level 

Computable General Equilibrium (CGE) Model. By including the national and global economies, and 

linking them to the Texas economy, the model captures essential economic relationships that influence 

the economic impacts of storm surge along the gulf coast of Southeast Texas.  

The 23 sectors included in the economic model encompass sectors that are of great importance to the 

Texas state economy and human wellbeing. Specifically, the two surge-sensitive sectors were selected (i) 

residential housing (referred to as dwelling throughout) and (ii) petroleum refinery and chemical 
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manufacturing sectors. Beyond these major sensitive sectors, aggregation of similar sectors was guided 

by model calibration and stability of the model results. Because this study examines the economy-wide 

impacts of storm surge, the economic model captures general equilibrium1 and multiplier effects2 of 

individual sectoral responses to surge events. 

Assessment Period 
In this study, the impacts of surge events on the economy are considered for 50-years in the future, 

starting from the year 2016 and ending with the year 2066. As an extension, we also incorporate surge 

impacts under the SLR using the SLR projections in 2080. Additional model simulations are also 

conducted for the ending year 2080. The choice of 50 year time span was guided by two principles: (1) 

human behavior, the underlying theoretical foundation of the CGE model, and the subsequent evolution 

of regional economic systems are much more uncertain than is the evolution of surge events (forecast 

errors in economic modeling increase rapidly with forecast length) and (2) 50 years is a typical time span 

used to assess the feasibility of flood protection structures in the United States by the US Army Corps of 

Engineers (USACE), the primary federal agency responsible for the large scale infrastructure projects.  

Scenarios 
Selection of scenarios in this report were guided by (i) surge events, (ii) policy responses and (iii) the 

duration of production cessation for major industrial plants in the area. 

Synthetic storms were used to generate exposure of assets relative to water inundation levels. Each 

storm has different probability of occurrence in a given year and provides the possibility to assess the 

bandwidth of likely ƛƳǇŀŎǘǎ ǘƻ ǘƘŜ ǎǘŀǘŜǎΩ ŀƴŘ ƴŀǘƛƻƴŀƭ ŜŎƻƴƻƳƛŜǎ associated with storms of different 

intensities. The most intense and destructive storm is the 500-year storm, with an annual probability of 

0.2%, followed by the 100-year (1%) storm surge, 10-year (10%) and an Ike-like storm surge. The 

selection of the latter was guided by the hurricane Ike, a category 2 hurricane that struck Southeast 

coast of Texas in 2008 and brought a historic amount of surge levels. Ike remains the most recent 

hurricane accompanied with major surge event for the bay communities, as Hurricane Harvey in August 

2017 for the area was a precipitation event.  

                                                           

1 Some economic sectors will be impacted by surge events indirectly because of direct impacts on more sensitive 

economic sectors within the region (e.g., dwelling and petro products & chemical manufacturing sectors). Hence it 

is expected the surge impacts on a specific sector(s) will also impact prices of capital, labor, materials, or other 

production inputs facing producers in another economic sector. Similarly, surge impacts on one sector(s) may also 

affect output prices received by producers in another sector. The price changes (both outputs and inputs) stimulate 

substitution away from higher-priced goods and toward lower-priced goods. These phenomena acting through 

markets and prices are commonly referred to as general equilibrium effects. 

2 Changes in input prices (i.e., prices of labor, capital, energy and materials) can lead to changes in personal income, 

because in the CGE model individuals are assumed to be owners and suppliers of these inputs. Hence the direct 

impacts on one sector can generate a chain reaction of additional rounds of indirect effects through the changes in 

personal income, often referred to as induced effects. The total impact accounts for all rounds of effects on all 

economic sectors which represents some multiple of the direct impacts, commonly ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ  έƳǳƭǘƛǇƭƛŜǊ 

ŜŦŦŜŎǘǎέΦ 
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The surge inundation outputs were modified by factoring in a мтΩ coastal spine system, as a surge 

suppression mitigation strategy proposed for the region. Hence for each surge scenario, economic 

impacts are assessed with and without the coastal spine.  

Direct impacts to petroleum and chemical manufacturing sector are modeled through the lost output 

value (lost sales/revenues) associated with the cessation of production operation. Without knowing 

specific causes of shutdown, and relying on past reports and published data, it was assumed that plants 

shut down for 18, 26 and 33 days either because surge events cause a failure of main electric system or 

equipment due to a power outage or plants simply close for precautionary purposes. For the sake of 

brevity, in this report results associated with 33 day shutdown are reported. Other results were built in a 

companion web-based Atlas for visual presentation (http://www.texascoastalatlas.com/coastalspine/). 

As an extension, storm surge scenarios that incorporate the SLR in 2080 were also developed without 

and with the coastal spine system.  

Economic Scenarios and Simulations 

Economic impacts are calculated as the difference between the value of economic indicators (e.g. prices, 

ƻǳǘǇǳǘΣ ƛƴŎƻƳŜΣ D5tΣ ǿŜƭŦŀǊŜΣ ŎƻƴǎǳƳǇǘƛƻƴΣ ƛƴǾŜǎǘƳŜƴǘΣ ƴŜǘ ŜȄǇƻǊǘύ άǿƛǘƘέ ǎǳǊƎŜ ŜǾŜƴǘǎ and the values 

ƻŦ ǘƘŜǎŜ ƛƴŘƛŎŀǘƻǊǎ άǿƛǘƘƻǳǘέ ǘƘŜ ǎǘƻǊƳ ǎǳǊƎŜΤ ǘƘŜ άǿƛǘƘƻǳǘέ ǎǳǊƎŜ ǾŀƭǳŜǎ ƻŦ ŜŎƻƴƻƳƛŎ ƛƴŘƛŎŀǘƻǊǎ ŀǊŜ 

ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ ǘƘŜ άōŀǎŜƭƛƴŜέ ǾŀƭǳŜǎ ŀƴŘ ǘƘƛǎ ǎŎŜƴŀǊƛƻ ƛǎ ŎŀƭƭŜŘ ǘƘŜ .ǳǎƛƴŜǎǎ !ǎ ¦ǎǳŀƭ ό.!¦ύ ǎŎŜƴŀǊƛƻ. 

Economic indicators in the BAU scenario are derived by simulating the economic model forward in time 

given projections of key exogenous economic variables (population, working age population, saving 

rates, depreciation rates, government taxes, rates of productivity growth, and rates of improvement in 

capital and labor quality). Economic indicators with storm surge are derived by simulating the model 

forward in time with changes in selected parameters (e.g., for the housing sector capital endowment is 

reduced by the amount of estimated property damages, for the petroleum and chemical manufacturing 

sectors total factor productivity growth rates are adjusted until output losses solved in the model 

matches the estimated losses that correspond to the different shut-down days in the petroleum and 

chemical manufacturing sectors) as a way to reflect the impacts of surge on underlying economic 

conditions.  

Two types of economic simulations are conducted. One type estimates the impacts of surge events on 

individual sectors (i.e., housing and petroleum and chemical manufacturing separately). This exercise 

allows us to disentangle the economic effects of surge from each of the sectors, such as housing, on 

others, such as petroleum and chemical manufacturing, so as to better understand the direct and 

sectoral-level effects of surge events. In the second type we estimate the economic impacts when storm 

surge affects all surge-sensitive sectors simultaneously to fully capture indirect and induced effects on 

¢ŜȄŀǎΩ ƻǿƴ ŜŎƻƴƻƳȅ ŀǎ ǿŜƭƭ ŀǎ ŜŎƻƴƻƳƛŜǎ ƻƴ ƻǘƘŜǊ ǎǘŀǘŜǎ ŀƴŘ ǘƘŜ ƴŀǘƛƻƴ ŀǎ ŀ ǿƘƻƭŜ through trade and 

labor flows across states.  

Damage to the Housing Sector 

Storm surge is projected to impact the housing (i.e. dwelling) sector negatively by destroying residential 

property located in inundated areas. The HAZUS-MH model developed by the Federal Emergency 

Management Agency (FEMA) was updated using parcel-level data available from the county tax 

ŀǎǎŜǎǎƻǊǎΩ ƻŦŦƛŎŜǎ ǘƻ ŜǎǘƛƳŀǘŜ exposure and direct damages to structures while factoring in structural 

characteristics of the property such as foundation type, structure age, replacement cost, construction 

material, and elevation. Using the supplied damage-depth functions, the losses to individual properties 

https://urldefense.proofpoint.com/v2/url?u=http-3A__www.texascoastalatlas.com_coastalspine_&d=DwMFaQ&c=DSjRkwq0--jWtQe8-PE-XygscJfWDic-ywJ7tqPEeYU&r=eVnVygdbJO0WpO0-npD7S1ptTJvhADx7zsdjjBUje6Q&m=D_swSNOubm973eI2a_z5nLTRl3-dcd_paxMCusa2O_w&s=d5PtVbJDezkRIIqcM7lY-9tvb58wIgzpstaNC-8BFKQ&e=
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were estimated without a coastal spine and one with the coastal spine system. Destruction of property 

represents the decline of capital endowment to households in the CGE model who are assumed to own 

factors of production.  

Depending on the intensity of the storm, direct property damages in the three counties were estimated 

in the range of $8.5 billion (associated with 500-year storm), $4.6 billion (with 100-year storm), half a 

billion (10-year storm), and 3 billion with Ike-like storm without the coastal spine. These figures 

correspond to ƴŜƎƭƛƎƛōƭŜ ǎƘŀǊŜǎ ǘƻ ǘƘŜ ŜƴǘƛǊŜ ǎǘŀǘŜΩǎ D5tΦ CƻǊ ŜȄŀƳǇƭŜΣ ǘƘŜ Ƴƻǎǘ ƛƴǘŜƴǎŜ рлл-year 

damages represent only 0.5% of the total state GDP in 2016 prices, however correspond to 11% of the 

ǎŜŎǘƻǊΩǎ ǘƻǘŀƭ ƻǳǘǇǳǘ ƛƴ ¢ŜȄŀǎΦ bƻǘŀōƭȅΣ the coastal spine mitigates the bulk of residential losses, 

reducing estimated damages by four times relative to the estimated damages without the surge 

suppression system.  

Petroleum and Chemical Manufacturing 

Petroleum and chemical manufacturing sectors are other sensitive sectors that are assumed to be 

directly impacted by surge events in the region. Based on published reports and data, it was assumed 

that the destruction of industrial property will have minimal impact on disrupting sector production 

operation. However, plants may experience substantial output (revenue/sales) losses if they close due 

to electrical equipment and control room (including Systems and Operating) failure or due to power 

outages. We assumed plants to be down for as little as 18 days and the maximum shutdown days 

considered was 33 days. Subsequent revenue losses were calculated for each of the shutdown 

durations. For the purpose of modeling economy-wide impacts of output losses associated with plant 

shutdown, it was assumed shutdowns will affect efficiency and intensity of the inputs utilized in 

production process. Thus, the impact was model through reduction in total factor productivity (TFP) 

associated with all input factors (i.e. capital, labor, energy, and material) in a corresponding sector (i.e., 

petroleum and chemical manufacturing sectors).  

Total output losses associated with different shutdown durations were estimated in the range of $4.3 ς 

$8 billion associated with the 500-year storm surge event without a coastal spine and only $116 ς $213 

million when a coastal spine was in place. It should also be noted that industry losses were fully 

mitigated with spine protection under 10-year and Ike-like storm events. The resultant output loss of 33-

day shutdown represents approximately 8% of the total output value of these sectors in Texas in 2016. 
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Key Results when Storms Impact Dwelling, Petroleum and Chemical 

Manufacturing Sectors Simultaneously 

500-Year Storm Surge 

Findings without a Coastal Spine 
- Dwelling sector output in Texas in 2066 declines by nearly 8%. Employment and prices in the 

dwelling sector also fall by 0.66 percent and 0.77 percent, respectively relative to the BAU. 

- Outputs in petroleum and chemical manufacturing sectors decline by 19% respectively in Texas in 
2066. The employment and prices in the petroleum sector are the most sensitive to a destructive 
surge event. The number of jobs in petroleum sector will be 17% lower and prices will increase by 
13 percent on petroleum products (e.g., gasoline, diesel, and other) in 2066 in Texas. Chemical 
manufacturing jobs will shrink by 9%, and the prices on these goods will only increase by 1.6% in 
2066 relative to the BAU.  

- In terms of secondary impacts on other sectors, all aggregate sectors studied will be adversely 
impacted by surge events and will experience output (revenue) losses that will persist in the long-
term.  

- The most sensitive indirectly impacted sectors in terms of revenue losses include natural resource 
mining (e.g., gas, oil and coal) with 15% decline in output in 2066, electricity (-12%), heat & air 
condition (-9%), and water and sewage (-8%), among others. These are the sectors that either 
directly use goods produced by petroleum and chemical manufacturing as inputs in their own 
production processes or are serving residential housing sector (e.g., electricity).  

- Electricity sector prices will be 6% higher in 2066, and the prices in other sensitive sectors will also 
increase, however marginally.  

Findings with a Coastal Spine 
- Coastal spine mitigates bulk of detrimental impacts on Texas economy as well as on economies 

of other states and the nation. 

- Dwelling sector output in 2066 will decline by only 2%. Employment and prices in the dwelling 
sector will also decline but negligibly by 0.09% relative to the BAU. 

- Outputs in petroleum and chemical manufacturing sector decline by 3% and 5% respectively in 
Texas in 2066. The number of jobs in petroleum sector will be 1% lower and prices will increase 
by 1% on petroleum products in 2066 in Texas. Chemical manufacturing jobs will only decline by 
2%, and the prices on these products will increase by 0.37% in 2066 relative to the BAU.  

- Although lesser in magnitude, all other sectors will also experience decline in output value. The 
most sensitive indirectly impacted sectors are still electricity, natural resource mining (e.g., gas, 
oil and coal), heating and  air conditioning, and water and sewage.  

- Electricity sector prices will be 1.57% percent higher in 2066 and the prices in other sensitive  
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Overall Impacts 
The overall projected economic impact of storm surge without the spine system on TexasΩ Gross State 

Product (GSP) during the assessment period is substantial. The GSP in 2066 will decrease by 8% 

corresponding to $863 billion loss in GSP. All macroeconomic indicators except for government 

expenditure in the state will decline in 2066, with the value of net exports (exports ς imports) suffering 

with the most profound decline by an estimated 13%. The social welfare will be 8% lower, while total 

investment and consumption will decline by 1% and 6.9% respectively, likely due to higher prices on 

some of the important consumption goods (electricity and gasoline). Total government expenditures will 

increase in response to surge events and will be 1% higher in 2066. Surge impacts will also have adverse 

socioeconomic implications nation-wide in the long term, however estimated declines are smaller in 

magnitude. The U.S. GDP is estimated to be 1.1% lower in 2066, corresponding to an estimated $883 

billion in decline. U.S. net exports will decline by 4%, investment and household consumption will be 

1.14% and 0.83% lower in 2066, and overall social welfare will decline by 0.92% , all relative to the BAU. 

The CGE model results indicate that while some states (primarily neighboring) will experience positive 

GSP, income and welfare growth due to potential substitution of inputs of production and labor 

outmigration, 30 states, not including Texas itself, will have a lower GSP in response to a surge event in 

Texas. In terms of social welfare, with the exception of a handful of states, the majority will experience 

welfare loss in 2066 if the coastal spine is not constructed in the bay.  

The coastal spine substantially mitigates impacts on ¢ŜȄŀǎΩ GSP, which is estimated to still decline in 

2066 but by only 2%. All macroeconomic indicators except for government expenditures in Texas show a 

decrease in 2066. The impact reflected on net export (exports ς imports) is reduced four times. Similar 

mitigating effects are observed for social welfare, total investment and consumption. Government 

expenditures will increase, but only by 0.19%. Impacts on national accounts are mitigated substantially. 

Although major macroeconomic indicators will still exhibit declines in 2066, the rates of decrease are 

relatively small. For example, U.S. GDP will be 0.28% lower and social welfare will decline by only 0.24% 

if the 500-year surge event disrupts housing and major petroleum and chemical manufacturing sectors 

in the three counties along the Southeastern Gulf Coast of Texas.  

Ike-Like Storm Surge 

Findings 
- Impacts of an Ike-like storm are relatively smaller compared to the impacts generated by the 500-

year storm surge event. 

- The chemical manufacturing sector output will decline by 5.9% without protection and outputs 
will only drop by 0.27% with coastal spine protection, relative to the BAU in 2066.  

- Electricity sector output is the second most impacted, shrinking by 4.45% if no coastal protections 
is provided.  

- Prices also increase in storm sensitive sectors. For example, electricity product prices will be 2% 
higher in 2066 without coastal protection, and petroleum product prices will increase by 1%.  

- Coastal protection fully mitigates the impacts on petroleum and chemical manufacturing, and all 
residual impacts (which are estimated to be minimal) on other sectors under the protection 
scenario are due to the impacts on dwelling sector.  

- Texas GSP will be 2.7% in 2066, welfare will drop by 2%, and net export will fall by 4% in 
comparison to their projected levels in the BAU, if no coastal protection is provided.  
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- Impacts as reflected on national accounts are relatively smaller under no protection. For example, 
the U.S. GDP declines by 0.29% and net exports fall by 1.12%in 2066. However, coastal protection 
almost fully mitigates impacts on the U.S. economy. This is partially because petroleum and 
chemical manufacturing sectors do not sustain damages when a coastal spine is factored into 
direct damage assessment. 

500-Year Storm Surge that Incorporates Sea-Level Rise (SLR) in 2080 

Findings 
- With SLR TexasΩ GSP decreases by 4.5% without the spine in 2080.  

- This impact is mitigated to -0.63% with protection.  

- The coastal spine substantially mitigates negative impact on consumption, per capita income, 
and net exports as well.  

- The national impact is generally small without protection. Net exports will experience the 
largest decline (-3%) in a single year, compared to the BAU scenario without SLR in the year 
2080. 
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Introduction 

In recent years, there has been a particular interest in the comprehensive assessment of a coastal storm 

surge suppression system, also referred to as a coastal spine, which has been proposed as a mitigation 

ǎǘǊŀǘŜƎȅ ŦƻǊ ǘƘŜ DŀƭǾŜǎǘƻƴ .ŀȅ ǊŜƎƛƻƴΦ ¢ƘŜ ƛŘŜŀ ƻŦ ǘƘŜ ǎǇƛƴŜ ŜƳŜǊƎŜŘ ŀŦǘŜǊ нллуΩǎ IǳǊǊƛŎŀƴŜ LƪŜ ǘƘŀǘ 

brought historic surge levels and impacted local economies in Southeast Texas (TAMUG 2017), and has 

again received the revived interest after hurricane Harvey in 2017 (Rebuild Texas 2017).  

Prior studies and efforts have focused on delineating hazard exposure of structures and industries 

(Atoba et al., 2018; Burleson et al., 2015) as well as quantifying the benefits of a spine realized in terms 

of avoided direct damages (Davlasheridze et al., 2018). However, other second-order impacts of 

destructive surge events and the subsequent benefits of a surge mitigation system have not been well 

demonstrated. Large surge events may trigger a variety of indirect effects including disruption of supply 

linkages and commodity shipments, temporary cessation of production operation, and cascading 

adverse effects across interdependent economic systems. Disruption of some of the important and 

strategic assets located in the bay area (e.g., oil refineries, petro-chemical manufacturing, etc.) could 

reverberate throughout not only the local or regional economy, but may also have significant economic 

and social implications for other states and the nation, and may also impact their economies in the long 

term (Kousky 2014; Cavallo & Noy 2011; MacKenzie, Santos, & Barker 2012; Norio et al. 2011).  

Understanding the spatial economic spillovers of surge impacts on the larger economy and long-term 

socioeconomic ramifications are important for the economic stability of other states as well as for the 

nation as a whole, and will further contribute to a better understanding of the scope of economic 

damages and the economic feasibility of a surge suppression system.  

This study builds on and further extends previous research on this subject by developing a nation-wide 

economic model using the framework of the Computable General Equilibrium Model (CGE). The CGE 

model allows for modeling economic impact at the sector level, and explores how direct impacts on a 

specific sector(s) propagate through the economy as a whole while capturing general equilibrium and 

multiplier effects. The CGE model has a rigorous theoretical foundation and has been widely used by 

scholars and policy makers to model economic impacts associated with policy changes at the sector 

level (Bohringer et al., 2003; Bergman, 1991; Shoven and Whalley, 1992; Sue Wing 2009) as well as the 

economy-wide implications of extreme events (Rose and Guha, 2004; Rose and Liao, 2005; Rose, 

Oladosu, & Liao, 2007; Sue-Wing, Rose and Wein, 2015) and climate change (Abler et al., 2009; Hsiang et 

al., 2017). The details of the model are provided in the subsequent sections.  

Second-order (indirect and induced impacts) are modeled through direct impacts on the two primary 

sectors that are the most surge-sensitive: (i) the dwelling sector and (ii) petroleum refinery and chemical 

manufacturing sectors. Direct impacts through property losses are estimated by integrating outputs 

from the Advanced CIRCulation Model (ADCIRC) that generates water inundation associated with 

different intensity storms with ǘƘŜ CŜŘŜǊŀƭ 9ƳŜǊƎŜƴŎȅ aŀƴŀƎŜƳŜƴǘ !ƎŜƴŎȅΩǎ όC9a!ύ US Multi-Hazard 

(Hazus-MH) model. The same ADCIRC inundation outputs are also used to identify petroleum refinery 

and chemical manufacturing plant hazard exposures and integrated with Chemplant data to estimate 

output losses associated with production cessation due to a storm surge. As such, the modeling 

framework integrates three models, ADCIRC, HAZUS-MH and Computable General Equilibrium (CGE) 

models, along with assumptions related to plant-shut down durations, to estimate state- industry- and 

nation-wide macroeconomic impacts of surge events effecting the Galveston Bay region in Texas. The 
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impact scenarios are built around the intensity of storms and also factor in the mitigating effects of a 

coastal spine. Hence, the impact estimates with and without a coastal spine protection are generated.  

Impacted Area 

The study area covers Galveston, Harris and Chambers counties located in the southeastern part of 

Texas Gulf coast, surrounding Galveston and Trinity bays (see Figure 1). The three counties, hereafter 

referred to asreferred the Houston Galveston Area (HGA) region covers 2,727 square miles and is one of 

the most populous regions in the U.S. According to the 2010 census, its population is approximately 4.42 

million. The Houston metropolitan area, which is part of Harris County is the third most populated 

metro area in the U.S. and accounts for approximately 93% of total population of the HGA. The most 

recent report by the Houtson-Galveston Area Council indicates that the population will surpass 6.3 

million by 2040 (HGAC, 2017).  

The Galveston Bay region, often referred to as petrochemical capital of the U.S., houses one-third of the 

petroleum refineries in the U.S. and represents the second largest petro-chemical complexes in the 

world. In addition to these strategic assets, the HGA is a home of the Port of Houston, which is largest 

port in the U.S. in terms of import and export tonnage (Port of Houston 2017). The region contributes 

approximately a quarter of the Texas Gross State Product (GSP) with an estimated GSP value of $341 

billion, and employs over 60% ƻŦ ǘƘŜ ǎǘŀǘŜΩǎ ǘƻǘal population (MIG 2012).  

The HGA is also one of the most flood- and surge-prone areas in the U.S. (SURGEDAT 2017) and on 

average, experiences a major hurricane once every 15 years (Parisi and Lund 2008). ¢ƘŜ ŀǊŜŀΩǎ 

geography and local climate, coupled with population and economic exposure, make this region 

particularly vulnerable to damaging storms. While Hurricane Harvey in 2017 was the most damaging 

hurricane for the region, the bulk of these damages were due to heavy rainfall and abnormal 

precipitation. The most recent surge event was generated by the 2008Ωǎ Hurricane Ike, which spurred 

the initial policy discussion around the coastal spine system (i.e. Ike Dike) as a mitigation alternative to 

address surge-induced impacts regionally (TAMUG 2017). It is envisioned that the spine will be a 

complex system connecting seawalls and fortified dunes/levees along the coastline to retractable gates 

located at the mouth of Galveston Bay and San Luis Pass (see Figure 1).  
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Figure 1: Impacted/Study Area.  
Notes: The figure shows the HGA region covering Galveston, Harris and Chambers County and also indicates the location of the 
suggested coastal spine system, which will connect the existing Galveston seawall with the proposed extensions and a 
retractable gate system, covering approximately a 57-mile long barrier along the Galveston bay. Source: Davlasheridze et al. 
(2018). 

Methodology Overview 

The steps in this assessment of storm surge impacts on the state and national economy include (1) 

assessing surge impacts on housing and petroleum refinery and chemical manufacturing sectors with 

different intensity storms, with and without coastal spine protection; (2) developing a multi-year, multi-

sector economic model for impact analysis; and (3) modeling surge impacts on the overall economy. The 

following summarizes key elements of these procedures. More details pertinent to direct loss estimation 

in particular are provided in Davlasheridze et al. (2018) and Atoba et al. (2018). 

Synthetic Proxy Storms 

Three proxy (500-year, 100-year, 10-year) and Ike-like storms were generated using the Advanced 

CIRCulation (ADCIRC) model. ADCIRC is a coupled wave and storm surge model that simulates the 

movement of water and storm surge forced by the effects of a hurricane (wind and atmospheric 

pressure gradients, and surface wind waves) (Westerink et al. 1992, Hope et al., 2013). ADCIRC outputs 

(e.g., peak surge-height) were used to assess and delineate hazard exposure of residential and petro-

chemical plants for the HGA region. Differences in return probabilities in these proxy storms allowed us 

to examine exposure and impacts at different intensity levels. Of the three proxy storms, the 500-year is 
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the strongest with a return probability of one in every 500 years, or a storm with 0.2% chance of 

occurrence in any given year. Characteristics of the proxy storms are reported in Table 1.  

Table 1: Storm Characteristics. 

Storm Type Landfall Central Pressure Forward Speed Rmax 

10-year Proxy  San Luis Pass 975 mb 6 kts 17.7 ς 25.7 n mi 
100-year Proxy  San Luis Pass 930 mb 11 kts 25.8 ς 37.4 n mi 
500-year Proxy  San Luis Pass 900 mb 11 kts  21.8 ς 31.6 n mi 

   Source: The Coastal Hazards Center of Excellence, Jackson State University; Authors. 

Modeling Property Losses 

The ADCIRC model outputs (e.g., peak surge-height maps) were input into the HAZUS-MH model to 

generate losses to building stock by block group, which were then aggregated to generate residential 

property losses for the three counties. HAZUS-MH is an engineering model developed by the Federal 

Emergency Management Agency (FEMA) for modeling impacts from flood, hurricanes or earthquake 

hazards. The model generates estimates of economic losses to general building stock, lifelines, utilities, 

debris and the associated social impacts, as well as the resultant avoided loss from mitigation 

(Scawthorn et al. 2006a; 2006b; Ding et al. 2008). The HAZUS-MH default building inventory is based on 

Census block group-level data containing extensive sets of information such as population 

demographics, structural characteristics of buildings (e.g. square footage), numbers and locations of 

critical infrastructure (e.g. bridges, hospitals, utility lifelines, schools, etc.). The Comprehensive Data 

Management System (CDMS) permits users to update and manage default datasets utilized in HAZUS-

MH analyses with more detailed and accurate data specific to a location of interest. For this study, the 

HAZUS-MH default building inventory was updated using parcel-level information for the three counties 

(Galveston, Harris and Chambers), such as building improvement year, amounts spent on improvement, 

building materials, structural cost, and square footage. Relevant water depth-damage curves from the 

U.S. Army Corps of Engineers (USACE) Galveston District and the Federal Insurance Administration (FIA) 

were then employed to estimate the direct loss to residential property. These detailed block-group level 

property loss estimates were then aggregated to the HGA level, to derive the most accurate proxy for 

the direct impact to residential housing sector. Impacts were estimated with and without a coastal spine 

system by factoring in the spine system during ADCIRC model runs. For illustration, in Figure 2 we depict 

the map of loss avoidance with coastal protection in a 500-year storm surge event. 

 
 
 
 
 
 

 
 



18 
 

 

Figure 2: Property Loss Avoidance Associated with a Coastal Spine for a 500-year Surge Event. 
Source: Davlasheridze et al. (2018). 

Output Losses for Petroleum Refinery and Chemical Manufacturing Sectors 

To estimate direct economic losses for each petroleum refinery and petro-chemical plant sectors, 

commonly classified by the North American Industry Classification System (NAICS) codes, several 

assumptions highlighted below were made. For large-scale manufacturing operations, while property 

losses may be negligible,3 there could be sizeable losses associated with plant shutdowns due to 

electrical equipment and control room (including systems and operating) failure (Hydrocarbon 

Publishing Company 2016) or simply power outages (U.S. Department of Energy 2009). According to U.S. 

Department of Energy estimates, these two causes have constituted over 80% of electrical problems in 

U.S. refineries during 2009-2013, of which 14% were caused by inclement weather incidents (i.e. 

hurricanes, winds, thunderstorms). 

 

                                                           
3 5ǳǊƛƴƎ ǎǳǇŜǊ ǎǘƻǊƳ {ŀƴŘȅΣ tƘȅƭƭƛǇǎ ссΩǎ Bayway in New Jersey reported economic losses approximately $ 706 

million, of which $56 million (7.9%) was the cost of damaged equipment (capital loss) and the remaining $650 million 

was the output loss associated with 24 days shut-down due to power outage (Hydrocarbon Publishing Company 

2016).  
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Hence, rather than modeling industrial property losses, we calculated total value of production output 

loss for each industrial plant and aggregated them at the sectoral level. In Appendix Table B1 we report 

NAICS codes and names for all sectors aggregated in petro- and chemical- manufacturing sectors for CGE 

modeling purposes. In order to generate the value of production output losses as described in 

Davlasheridze et al. (2018) we employed petrochemical refinery and manufacturing plant-level data 

from Chemplants4 and the 2012 Census of Manufacturers. The Chemplants database reports NAICS 

classifications of petroleum refinery and chemical plants and their physical street addresses and 

employment, while the Census of Manufacturers gives information about the total number of 

establishments (%34, number of employees %-0, annual payrolls, total cost of materials, total value 

of shipment and receipts for services, value added (6!), total capital expenditure and total output 

/54 for NAICS classified (2-6 digit) industries at a zip code level.  

The physical plant addresses from the Chemplant database were geocoded in ArcGIS to match them 

with the NAICS relevant digits of the Census of Manufacturers at a zip-code level. For every zip-code and 

relevant NAICS industries, two different types of average production output values were calculated: (a) 

establishment averages (e.g., average establishment output, calculated as 
ȟ

ȟ
), and (b) averages 

per employee (e.g., average employee output, calculated as ȟ

ȟ
). It was assumed output values 

were proportional to plant employment levels. Specifically for every plant I (a) if Chemplants provided 

plant I employment estimates (%-0 ȟ , the estimated output values were calculated by multiplying 

the U.S. Census industry per employee averages with the number of plant employees 

ÅȢÇȢȟ
ȟ

ȟ
 %-0 ȟ ; (b) in cases where no plant employment was available from 

/ƘŜƳǇƭŀƴǘǎΣ ƳƛǎǎƛƴƎ Ǉƭŀƴǘ ƭŜǾŜƭ ƛƴŘƛŎŀǘƻǊǎ ǿŜǊŜ ǊŜǇƭŀŎŜŘ ōȅ ǘƘŜ ¦Φ{Φ /ŜƴǎǳǎΩ ƛƴŘǳǎǘǊȅ ŜǎǘŀōƭƛǎƘƳŜƴǘ 

averages ÅȢÇȢȟ ȟ

ȟ
.  

As an illustration, in Figures 3 and 4 we depict plant exposure for the 500-year proxy storm without and 

with coastal protection along with their respective inundation levels. 

 

 

 

 

 

 

 

 

                                                           
4 Available at www.chemplants.com  

http://www.chemplants.com/
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Figure 3: Petro and Chemical Plant Exposure to 500-year Inundation without Protection. 
Source: Davlasheridze et al. (2018). 

 

Figure 4: Petro and Chemical Plant Exposure to 500-year Inundation with Protection. 
Source: Davlasheridze et al. (2018). 
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Shut-Down Duration Scenarios 

To create plausible plant shut-down duration scenarios, we used U.S. Department of Energy (2009) 

reported plant level shut-downs, restarting days and the number of days during which refineries were 

operated at partial capacity in response to 2005 and 2008 hurricanes, respectively.5 Three different 

shut-down scenarios were considered: (1) 18 days ς corresponding to the average number of shut-down 

and restarting days in 2005; (2) 26 days ς the average number of shut-down and restarting days in the 

sample; and (3) 33 days ς the average number of shut-down and restarting days in 2008. For each of the 

shut-down periods, relevant output value losses were calculated using the daily output value (based on 

calculations described above) for all relevant firms multiplied by the total number of days plants were 

assumed to be down.6 Individual plant level output losses were then aggregated up to NAICS industry for 

each county.   

Output losses for petro- and chemical-manufacturing sectors along with residential losses (structure and 

contents) to the dwelling sector in the CGE model associated with different storm surge and plant shut-

down scenarios were converted to 2016 dollars using Urban Consumer Price Index (presented in Table 

2).  

 
Table 2: Residential Loss (structure and contents) and Industry Output Losses Associated with 
Different Scenarios (millions of 2016 dolllars). 

 

Without 
protection 

(18)  

With 
protection 

(18) 

Without 
Protection  

(26) 

With 
Protection 

(26) 

Without 
Protection 

(33) 

With 
Protection 

(33) 

Panel A: 500-year            
Chemical 1,469.72 65.55 2,122.92 94.68 2,694.48 120.18 
Petro-products 2,839.14 50.61 4,100.98 73.1 5,205.08 92.79 
Dwelling 8,495.92 2,469.16     
Panel B: 100-year      
Chemical 173.88 4.23 251.16 6.1 318.79 7.75 
Petro-products 920.8 50.61 1,330.04 73.1 1,688.13 92.79 
Dwelling 4,608.76 1,404.05     
Panel C: 10-year      

Chemical 5.92 0 8.55 0 10.85 0 
Petro-products 24.49 0 35.37 0 44.9 0 
Dwelling 558.88 110.49     
Panel D: Ike-like storm 
Chemical  7.12 0 128.09 0 185.01 0 
Petro-products 16.41 0 295.48 0 426.80 0 
Dwelling 3,148.99 143.91     

Note: PŜǘǊƻŎƘŜƳƛŎŀƭ ŀƴŘ ŎƘŜƳƛŎŀƭ ƳŀƴǳŦŀŎǘǳǊƛƴƎ ǎŜŎǘƻǊǎ ǿŜǊŜ ŀƎƎǊŜƎŀǘŜŘ ǘƻ ƻƴŜ ǎŜŎǘƻǊΣ ŎŀƭƭŜŘ άŎƘŜƳƛŎŀƭέ ƛƴ ǘƘŜ ǘŀōƭŜ ŀōƻǾŜΦ 
Numbers in parenthesis in column headings correspond to a plant shut-down duration measured in days. Residential losses do 
not vary by the number of shut-down days. 

                                                           
5 In Appendix Table B2 we report the full list of Texas plants and corresponding shutdown/partial capacity days 
experienced as a consequence of the 2005 and 2008 hurricanes. 
6 It was assumed that plants inundated at any positive flood depth would constitute to exposed plants to different 
storm-surge scenarios. 
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The economic impacts simulated in the CGE model are based on the losses presented in Table 2 above. 

It is important to emphasize that losses to the dwelling sector dominate the total direct impacts 

associated with all different synthetic storm surge events, making up more than half of damages. In the 

scenario where plants only shut down for 18 days, the dwelling sector suffers more than 66% of all total 

direct losses locally. Importantly, direct losses to industrial sectors are fully mitigated with coastal spine 

under 10-year and Ike-like storm, while the residential housing sector still sustains damages, albeit 

substantially smaller relative to a scenario where no coastal protection is provided. 

CGE Model 

Model Overview 
The CGE model captures economic interactions of consumers, producers, government and the trade 

sector. Consumers in this model are endowed with a supply of labor and capital. Firms employ labor and 

capital as input factors of production and pay wages and profits (factor rents) respectively. These factors 

are used in the production process to generate commodities that are consumed as factors of production 

(i.e. intermediate input) by firms, or by households as final consumption goods. Government collects 

taxes and uses tax revenues to purchase goods and services. The model also covers both the domestic 

(i.e. intra-national) and international trade assuming domestic and imported goods are imperfect 

substitutes.  

The CGE model is based on the premise of the three governing principles of General Equilibrium theory, 

namely (1) supply equals demand (i.e. all markets clear), (2) producers cannot earn excess profit (i.e. 

zero profit condition) and (3) consumers exhaust all income (i.e. purchase commodities based on their 

budget, which equals total income net savings). The model specifies a consumer utility function and a 

production function as well as elasticities of substitution among input factors and simulates economic 

impacts using these three principles as guides.  

Consumers 
Consumers (i.e. households) are endowed with a supply of labor and capital, which represent factors of 

production for firms. Households receive income from firms who employ these production inputs (i.e. 

wages are paid for labor and profits are paid for capital), and allocate this income for consumption of 

goods and services and savings. Households maximize their utility that measures their level of 

satisfaction through purchasing a bundle of goods and services (e.g. food, housing, energy and others) 

given their budget constraints (i.e. income minus savings). In the CGE model consumer utility is modeled 

using a nested constant elasticity of substitution (CES) utility function. The CES function allows different 

rates of substitutions (i.e. elasticities of substitution7) across different commodities (i.e. a food 

composite good, a housing composite good, an energy composite good, and 11 other non-food, non-

house and non-energy goods) within the same utility function. For example, the elasticity of substitution 

between food and housing is different from the elasticity of substitution between food and energy 

goods.  

 

 

                                                           
7 The elasticity of substitution measures the degree of substitutability of different goods. The larger the magnitude 
of the elasticity of substitution, the easier it is to substitute one good with another product. 
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Producers 
Producers, representing different industries, are assumed to be profit maximizers who transform factors 

of production (i.e. labor, capital, energy and materials) into commodities using specified production 

technologies. Similar to consumers, the functional form for production technology (a nested Cobb-

Douglas-constant elasticity of substitution function is used in the CGE model) accounts for different 

elasticities of substitution between factors of production within the same production function. For 

example, the elasticity of substitution between energy and materials can take on a different value than 

that for capital and labor. Commodities produced by producers are purchased by households and 

governments as final consumption goods or other firms as intermediate goods.  

Government  
In the CGE model, the government has two primary roles, it collects taxes and purchases commodities 

using tax revenues. Government chooses commodities produced by 23 aggregated production sectors 

specified in Table 3 by maximizing a utility function, and the spending is constrained by the amount of 

public revenues. In the model, we use a Cobb-Douglas utility function, where the consumption shares 

across commodities are derived from benchmark data.  

Trade Sector 
Trade is assumed to happen both domestically as well as internationally, and the trade flows are 

modeled using the Armington approach where imported goods are considered to be imperfect 

substitutes for domestic goods. The model is described in detail in Appendix A. 

Definition of Major Macroeconomic Indicators Generated by the CGE Model 
 
Gross Domestic (State) Products (GDP/GSP) ($ billions) 
The GSP measures the value of the goods and services produced annually in each state and in the United 
States. It is an important economic indicator and measures how the economy is doing from one year to 
another. More: https://www.bea.gov/sites/default/files/2018-04/GDP-Education-by-BEA.pdf 

Per Capita Income ($) 
The average income earned per person in a given year, including wages and salaries earned from 

participating as laborers in production, earnings from owning a home or unincorporated business, from 

the ownership of financial assets, and from government (e.g., social security payments and other 

government transfers) and business (interests and dividends) in the form of transfer receipts. It includes 

income from domestic sources as well as from the rest of the world. Personal income, however does not 

include capital gains from changes in stock prices.  

Social Welfare ($ billions) 
The Social Welfare measure is grounded on the theoretical notion of Hicksian Equivalent Variation (EV), 

which captures an ƛƴŘƛǾƛŘǳŀƭΩǎ ǿƛƭƭƛƴƎƴŜǎǎ ǘƻ Ǉŀȅ ǘƻ ŀǾƻƛŘ ǇǊƛŎŜ ŎƘŀƴƎŜǎ ŘǳŜ ǘƻ ǇƻƭƛŎȅ ŎƘŀƴƎŜ ƻǊ ŜȄǘŜǊƴŀƭ 

shocks (e.g., surge event). Hicksian EV is measured by (extra/less) income required to reach the final 

utility level (e.g., resultant due to surge events) at the original prices. In the model a utility index 

represents the income-weighted sum of individual EVs, and is measured as an aggregate expenditure of 

the representative agent on consumption.  

 
 

https://www.bea.gov/sites/default/files/2018-04/GDP-Education-by-BEA.pdf
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Relative Prices 
Relative prices are aggregate sector composite prices relative to a price of a numeraire good, which is 

assumed to be prices of all international goods. The numeraire is set at unity. The relative prices are also 

relative to a base year, for which prices are again assumed to be unity. Hence, the percent change in 

relative price relative to BAU is the most intuitive measure to capture the price changes associated with 

surge events.  

Output by industry ($ billions) 
Output by industry corresponds to the value of production by industry in a calendar year. Alternatively, 

it can be described as annual revenues (sales) made by each industry plus net inventory change.  

Employment ($ millions) 
Employment represents full and part-time annual average jobs for both employees and self-employed 

workers by sector. It does not indicate the number of hours worked per day.  

Net export ($ billions) 
The net export is the total value of exported goods net imported goods.  

Total Consumption ($ billions) 
¢ƘŜ ƘƻǳǎŜƘƻƭŘǎΩ ǘƻǘŀƭ ŜȄǇŜƴŘƛǘǳǊŜ ƻƴ ǇǊƛǾŀǘŜ ŜȄǇŜƴŘƛǘǳǊŜ όƳƻƴŜȅ spend on private consumption goods) 

and government expenditure (money spent on taxes). 

Total Government Consumption ($ billions) 
The total government expenditure on domestic and imported commodities. 

Investment ($ billions) 
The total annual amount of household investment measured in U.S. dollars. 

The Model Calibration and Data Sources 
A recursive dynamic inter-state CGE model developed for this study is based on the modeling framework 

presented in Rausch and Rutherford (2008) and Sue Wing (2007). The model is calibrated to the IMPLAN 

state-level social accounting matrices (SAMs). These SAMs are constructed using data primarily from 

sources such as the Bureau of Economic Analysis (BEA), the Bureau of Labor Statistics (BLS) and the U.S. 

Census Bureau. The database includes SAMs covering 536 industrial sectors for 50 states and 

Washington D.C. for the year 2016. Different from an input-output (IO) table that shows the relationship 

between inputs and outputs among factors of production, consumption, government, investment, 

export, and import, a SAM is an expanded version of an IO table and shows the entire monetary flow of 

the economy. For example, a SAM contains detailed information about payments arising from different 

sources such as ownership of certain assets, direct taxes on corporations and households, pensions, and 

transfers. The basic structure of the SAM is based on the following transactions and transfers in the 

economy: 1) production requires intermediate goods and factor of production such as labor, capital, 

energy, and materials; 2) these factor endowments are contributed by institutions such as households, 

firms, government, and foreign entities, which in turn receive factor payments (e.g., wage, rent, and 

profits), called value-added (VA). Therefore, a SAM shows the interrelationship between value-added 

and final expenditure. A balanced SAM shows an exact correspondence between rows and columns, 

which indicates the following relationship: 1) supply equals demand for all goods and factors; 2) tax 

payments equal tax receipts; 3) zero profits in production; 4) the value of each household expenditure 
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equals the value of factor income plus transfers; 5) the value of government tax revenue equals the 

value of transfers.  

Sector Aggregation 
The IMPLAN 536 finer-scale sectors were aggregated to 23 industrial sectors (see Table 3) including the 

key sectors of interest such as petroleum refineries (i.e. petro products), chemical manufacturing 

(including petrochemicals), and dwelling (residential housing) sectors. The IMPLAN source data presents 

substantial challenges for calibrating the model due to large numbers of small coefficients in the source 

data. These coefficients represent economic flows that are negligible share of overall economic activity 

for some sectors, but cause significant computational burdens during matrix factorization. Thus, similar 

sectors, especially those with small accounts, were aggregated.  

Table 3. Production Sectors included in the Model. 

Aggregated Commodities8  23 Industrial Sectors 

Food  Fruits, vegetables, and nuts 
Other animal production 
Other agricultural products 
Food related 

Energy commodity Petro products 
Electricity 
Natural gas, oil, and coal 

Housing Construction 
Wood products 
Furniture 
Insurance 
Dwelling 

Others (non-energy, non-food, and non-
housing)  
 

Pulp and paper 
Water and sewage 
Chemicals 
Other mining 
Food and tobacco 
Rubber and plastics 
Nonmetallic metals 
Primary metals 
Heat and air-conditioning 
Other manufacturing 
Services 

Source: Authors. 

 

 

 

                                                           
8 These aggregated commodities are used in the nested CES utility function.  
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Parameters, Exogenous Variables and Data Sources 
State-level SAMs representing the flow of commodities and payments across all sectors of the state 

economies correspond to a benchmark year 2016. From SAMs we derived labor and capital incomes, tax 

revenue by type of tax, and expenditures on specific commodities by the household, government and 

foreign sectors. To construct compensation rates for labor and capital employed in each sector, 

payments to capital and labor were combined with employment and capital input data. The tax rates 

were derived by dividing public revenues by the related denominatorτi.e., value of industry output, and 

capital and labor payments. 

Key exogenous economic variables9 of the model include total population, depreciation rate, saving 

rates, government taxes, rates of productivity growth, and rate of improvement in capital and labor 

quality. Parameters define growth in multifactor, labor and energy productivity.  

Population growth trajectories were taken from historical data. Savings rates are calibrated by 

household and region using base year (2016) data. The assumed values of these parameters and 

variables are presented in Table 4 and more details are provided in the subsection 3.7 below. 

 
Table 4. Parameters, Exogenous Variables and Data Sources in the CGE Model. 

Variable Names Parameters  Data Sources 

State-level SAMs for 2016 SAMs for 536 industries, 9 
types of households by 
income levels, governments, 
and trade sectors. 

Minnesota IMPLAN group (MIG) 

Average depreciation rate for all 
type of asset (2016) 

0.05 Bureau of Economic Analysis 

Multifactor productivity annual 
growth rate (2016) 

0.025 U.S. Bureau of Labor Statistics 

Labor productivity growth rate  0.025 Abler et al. (2009) 
Autonomous energy efficiency 
improvement (AEEI) annual 
growth rate (2016) 

0.02 Energy Information Administration 
(EIA) 

Population  In millions of persons  U.S. Census Bureau 

 

Economic Impacts of Storm Surge 

Surge Sensitive Sectors 
Sudden surge events will destroy physical capital (productive capital, buildings and other infrastructure). 

The dwelling sector is the most sensitive to surge events as it encompasses the residential property 

sector which is directly hit by damaging storms. While petroleum and chemical manufacturing sectors 

may also experience on-site property damages, the losses to major equipment or a system failure may 

have a more pronounced impact on this sector because these causes potentially lead to a plant closure 

and loss of output, as suggested by published reports and assessments, and discussed above in 

subsection 3.3.  

                                                           
9 Exogenous variables are variables that are not determined by the model. 
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General Equilibrium Impacts 
Some economic sectors are largely insulated from surge events in terms of their own production 

processes and are yet affected indirectly by other, more sensitive economic sectors within the region 

(e.g., dwelling and petro products & chemical manufacturing sectors). Hence it is expected the surge 

impacts on a specific sector(s) will also impact prices of capital, labor, materials, or other production 

inputs facing producers in another economic sector. Similarly, surge impacts on one sector(s) may also 

affect output prices received by producers in another sector. The price changes (both outputs and 

inputs) stimulate substitution away from higher-priced goods and toward lower-priced goods. These 

phenomena acting through markets and prices are commonly referred to as general equilibrium effects. 

Multiplier Impacts  
Changes in input prices (i.e., prices of labor, capital, energy and materials) can lead to changes in 

personal income, because in the CGE model individuals are assumed to be owners and suppliers of these 

inputs. Hence the direct impacts on one sector can generate a chain reaction of additional rounds of 

indirect effects through the changes in personal income, often referred to as induced effects. The total 

impact accounts for all rounds of effects on all economic sectors which represents some multiple of the 

direct impacts (referred to as  έmultiplier effectsέύ. 

CǳǊǘƘŜǊƳƻǊŜΣ ¢ŜȄŀǎΩ ŜŎƻƴƻƳȅ ƛǎ ƛƴǘŜǊŎƻƴƴŜŎǘŜŘ ǿƛǘƘ ƻǘƘŜǊ ǎǘŀǘŜǎ, especially with economies of 

surrounding states and regions, and the rest of the world. The ripple effects on economies of other 

states are captured through exports, imports, inflows and outflows of capital, and in-migration and out-

migration of labor across states. Changes in the input and output prices of goods and services produced 

in surge-sensitive sectors in Texas, in particular in petro and chemical manufacturing sectors that 

produce tradable goods, will also impact prices and inputs of different sectors in other states and will 

result in changes in cost of production, productivity, input and output prices. For some states, in 

particular for those relying on goods and services produced by these surge-sensitive sectors, these 

changes could be detrimental, while other states may benefit from surge events in Texas because of the 

substitution possibility among inputs and goods.  

The impacts described above are those that influence the economy through the market mechanisms 

(supply equals demand for all traded goods and services). Hence, the impacts generated by the CGE 

represent the market impacts of surge events. While storm surge can destroy valuable ecosystem 

services that are not traded in markets, reduced quality of life, human health and more, they are not 

captured in this study. The multi-year, multi-sector economic models are best used for the purpose of 

capturing economic impacts through market and are not generally capable of nonmarket impacts 

analysis.  

Baseline Economic Conditions 

The economic impacts analysis presented in this report involves comparing economic conditions without 

and with surge events. The economy without a storm surge incident is the reference economy and is 

referred to as the Business As Usual (BAU) economy. Generating the BAU scenario requires 

consideration of potential economic conditions in the future. We use 50-year time span for simulation 

given projections of state-level population and key exogenous parameters such as annual growth rates 

of multi-factor productivity and annual rate of improvement in labor quality.  
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Labor supply in the model is the product of working age population and labor quality. Population data 

were obtained from the U.S. Census using 2016 data. In the baseline scenario, the steady population 

growth rate was assumed over time based on average annual growth rate in the past. To capture the 

changes of the work force over time, in the model we adjusted the labor quality parameter. The 

underlying assumption is that the quality of the labor force changes due to education, experience and 

age. Given the expectation of higher educational attainment in the future, we assumed that labor 

quality grows at 2.5 percent per year initially, falling to a growth rate of 0.5 percent per year by the end 

of the modeling period.  

Similarly, capital quality changes in the model. This change indicates the shift in the composition of 

capital towards assets with shorter life. Similar to labor quality, we assumed that capital quality will rise 

by 2.5 percent per year initially, falling to a growth rate of 0.5 percent by the end of the modeling 

period.  

In addition to growth in capital stocks, population growth, and labor and capital quality improvements 

over time, economic growth in the model is driven by improvements in total factor productivity (TFP). 

An improvement in TFP implies that fewer inputs are required to produce a unit of output. Sectoral TFP 

improvements in the model were chosen to generate estimates of growth in output and employment 

that replicate published state-level projections by industry from sources such as the Bureau of Economic 

Analysis (BEA). The model also assumes improvements in autonomous energy efficiency of 2 percent per 

year over the modeling period, consistent with published forecasts. Table 4 above lists these parameters 

along with data sources. Finally, an important parameter for the growth of economy is the household 

savings rate, which is calibrated by household and region using base year (2016) data and is set constant 

over time.  

Impact Scenarios 

Economic indicators with storm surge events are derived by also simulating the model forward in time 

with changes in selected parameters (e.g. sector productivity growth rates and endowment of capital 

stock) to reflect the impacts of surge events on underlying economic conditions.  

The plant shut-down affects how efficiently and intensively the inputs are utilized in production. Thus, 

we change the scaling parameter that affects total factor productivity (TFP) associated with all input 

factors (i.e. capital, labor, energy, and material) in a corresponding sector (i.e., petro and chemical 

manufacturing sectors). The scaling parameter is adjusted to reflect the output losses as shown in Table 

2 above. For example, the output loss in the petro products sector for the 33-day shutdown associated 

with 500-year surge event without coastal protection is estimated at $5.2 billion. This output loss 

corresponds to a decline in output value in the sector relative to the output value in the BAU scenario. 

Hence, the scaling parameter associated with TFP for petro products sector is adjusted until the output 

loss matches the estimated losses as shown in Table 2. Similarly, we adjust the scaling parameter of TFP 

associated with all input factors for chemical manufacturing sector to match the estimated direct output 

loss in this sector.  

Different from the impact of industrial output losses, losses to the dwelling sector directly affect a 

ƘƻǳǎŜƘƻƭŘΩǎ ŎŀǇƛǘŀƭ ŜƴŘƻǿƳŜƴǘ ƛƴ ǘƘŜ ǎǘŀǘŜΦ ¢ƘŜ Ǌŀǘƛƻ ƻŦ ǇǊƻǇŜǊǘȅ ŘŀƳŀƎŜǎ ǘƻ the value of output of the 

dwelling sector in the CGE BAU scenario for each region is calculated using the dwelling losses reported 

in Table 2 divided by the value of dwelling output in the BAU scenario. This parameter is then 
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incorporated into the CGE model as a coefficient of capital endowment for households by region. The 

impacts of storm surge on property damages are modeled as exogenous negative shocks to household 

capital endowments.  

The CGE Model is simulated assuming both the dwelling and petro products and chemical 

manufacturing sectors are impacted simultaneously by surge events; we also consider scenarios when 

the surge impacts individual sectors such as (i) dwelling and (ii) petro and chemical manufacturing 

sectors. This exercise allows us to disentangle the economic effects of storm surge from each of the 

sectors, so as to better understand the sectoral level effects of storm surge.  

As an extension, the scenarios from storm surge incorporating the SLR in 2080 were also developed. 

Subsequently, direct impacts were assessed assuming projected growth in housing units and production 

output growth for petroleum and chemical manufacturing plants. The CGE modeling framework 

discussed above were adopted to explore regional and national impacts of surge events coupled with 

the SLR in the year 2080.  

 

CGE Model Results 

Storm Surge Impact on Texas and U.S. Economies 

Storm surge generates substantial economic tolls for Texas Economy as seen throughout by declines in 

major economic indicators such as GSP, per capita income, welfare, value of output for main economic 

sectors, value of net export and more. Notably, adverse impacts linger over the long-term, with 

significant socioeconomic ramification across other states and the nation as a whole.  

For the sake of brevity and ease of exposition, we present results associated with the 500-year storm 

without and with the coastal spine protection, as well as briefly preview results generated under the Ike-

like storm. One type of results estimates the impacts of surge events on individual sectors assuming the 

surge does not directly affect other sectors. This exercise allows us to abstract from the economic 

effects of storm surge in any one sector, such as dwelling, petro products and chemical manufacturing 

sectors, so as to better understand the direct effects of surge events on the sector. In the second type of 

results we estimate the economic impacts when storm surge affects all surge-sensitive sectors 

simultaneously to fully capture indirect and induced effects on the economy as a whole. The first sets of 

result are presented for the State of Texas only, while the second type of estimates are presented for 

the entire country.  

Impacts on Dwelling Sector Only 

The damage to dwelling sector as reported in Table 2 is estimated at about $8.5 billion in 2016 prices, 

which corresponds to only a small fraction (0.07%) of the state GSP in 2016 and approximately 11% of 

the total output value of the sector. While the share of damages to GSP is small, it generates substantial 

deŎƭƛƴŜ ƛƴ ǘƘŜ ǎǘŀǘŜΩǎ ƳŀƧƻǊ ƳŀŎǊƻŜŎƻƴƻƳƛŎ ƛƴŘƛŎŀǘƻǊǎΦ !ǎ ǊŜǇƻǊǘŜŘ ƛƴ ¢ŀōƭŜ рΣ ǘƘŜ ǎǘŀǘŜΩǎ D{t ŘŜŎƭƛƴŜǎ 

by 7.10% in 2066 if no coastal spine protection is considered, which is mitigated to -2.04% (albeit still 

indicating a decline) when the coastal spine is factored in damage assessment. Net export (export-

import) falls substantially, initially indicating a sudden decline by 54%. While the gap reduces over time, 

in 2066 the net export still remains 10% lower than the projected net export in the BAU scenario. Social 

welfare also declines in the state and is estimated at approximately 7% lower without protection as 
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opposed to 2% with protection, both relative to the BAU in 2066. Both the total consumption and 

investment will drop notably by approximately 6.5% in 2066. Per capita personal income and 

government consumption are the only two indicators experiencing positive growth in the state, however 

income growth is only temporal and lasts for the first decade, after which it starts to decline and 

remains 2% lower in 2066 relative to the income level in the BAU without a coastal spine. This is 

consistent with findings of Deryugina et al. (2018) suggesting that New Orleans residents earn more 

than those living in similar unaffected cities a few years after Hurricane Katrina. Income declines only 

modestly (by 0.66%) with a coastal spine. Government consumption is increasing across all years 

presented, indicating expanding spending on different goods and services post-incident.  

 

Table 5: CGE Results for Selected Decades for the Texas Economy, Dwelling Sector Impacts Associated 
with 500-Year Storm Surge Event. 

 
2017 2026 2036 2046 2056 2066 

Panel A: No Protection Relative to BAU 

Per Capita Income 0.80% 0.05% -0.74% -1.34% -1.75% -2.01% 

GDP -4.35% -5.03% -5.75% -6.34% -6.78% -7.10% 

Real Total Consumption -4.43% -5.06% -5.66% -6.07% -6.30% -6.45% 

Total Investment -4.46% -5.14% -5.80% -6.24% -6.48% -6.64% 

Government Consumption 0.00% 0.10% 0.23% 0.37% 0.51% 0.63% 

Net Export -54.02% -17.96% -12.57% -10.98% -10.49% -10.24% 

Welfare -4.36% -5.05% -5.74% -6.25% -6.59% -6.83% 

Panel B: Protection Relative to BAU 

Per Capita Income 0.19% -0.02% -0.24% -0.41% -0.52% -0.60% 

GDP -1.23% -1.43% -1.64% -1.81% -1.94% -2.04% 

Real Total Consumption -1.25% -1.44% -1.61% -1.73% -1.80% -1.84% 

Total Investment -1.26% -1.46% -1.65% -1.78% -1.85% -1.90% 

Government Consumption 0.00% 0.03% 0.07% 0.11% 0.15% 0.18% 

Net Export -15.33% -5.12% -3.60% -3.16% -3.03% -2.96% 

Welfare -1.24% -1.44% -1.64% -1.79% -1.89% -1.96% 

Notes: Economic-wide impacts are presented associated with the 500-year storm surge impact on dwelling sector with and 
without coastal spine protection. Source: Authors. 
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In terms of sectoral impacts in the state, the adverse shock of surge events lingers in the long term and 

as seen in Table 6 negatively impacts production output in all sectors. The largest decline (15.7%) is 

experienced by the chemical sector, followed by the electricity, other mining, natural gas, oil and coal 

mining, petro products, and the heat and air conditioning sectors. As output shrinks, the prices rise in 

these surge-sensitive sectors. While chemical sector experiences largest drop in output value, the prices 

in the sector rise by only 1.23%; electricity prices are the most responsive to this shock and increase by 

5.8%; the prices of petro products also rise by 3% in 2066. Prices increase, albeit modestly by less than 

1%, for the sectors directly related to dwelling sector including water and sewage, heat and air 

conditioning and insurance goods and services sectors (see Table 6a). In terms of employment, our 

simulation results indicate reduced employment numbers in the majority of the sectors that experience 

decline in production output. The most sensitive sectors include chemical, petro products, electricity, 

other mining, and heat and air conditioning. We should also note that while in terms of output all 

sectors experience decline in 2066 associated with the direct impact of surge on the dwelling sector, 

employment increases in some of the sectors potentially due to the shift of labor force and the 

substitution effects. For example, we observe employment growth in forestry, furniture, services, 

insurances and other agricultural goods relative to the BAU, along with fruits, vegetables and nuts 

sectors. The coastal spine alleviates the sectoral shock and while all primary sectors grow slower than 

the projected trajectories in the BAU, the declines in output are less pronounced, as seen in Table 6b.  

Table 6a: Sectoral Impact of 500-year Storm Surge without Protection vs. BAU (year 2066). 

Sector Output Employment Prices 

Fruits, Vegetables, Nuts -5.26% 0.95% -0.14% 
Other Animal Production -8.32% -0.99% -0.01% 
Forestry -0.19% 4.03% -1.48% 
Other Agriculture -4.69% 1.60% -0.89% 
Other Mining -10.12% -2.02% 0.52% 
Electricity -11.96% -2.42% 5.79% 
Natural Gas, Oil, Coal -9.90% -0.70% -0.86% 
Water and Sewage -7.56% 0.35% 1.25% 
Construction -5.77% -0.12% -1.21% 
Food, Tobacco -8.15% -0.74% 0.25% 
Wood Products -3.11% 2.04% -0.61% 
Pulp Paper -6.12% 0.61% -0.12% 
Petroleum Products -9.62% -3.31% 3.07% 
Chemicals -15.72% -6.41% 1.23% 
Rubber Plastics -8.86% -1.74% 0.36% 
Non-metallic Metals -7.29% -0.17% 0.29% 
Primary Metals -3.94% 2.40% -0.28% 
Heating, Air-conditioning -9.26% -2.02% 0.25% 
Other Manufacturing -6.70% 0.15% -0.01% 
Furniture -1.40% 4.47% -0.37% 
Services -5.94% 0.28% -0.65% 
Insurance -7.04% 0.14% 0.39% 
Dwelling -6.99% -0.28% -0.26% 

Notes: In red are highlighted the top ten most sensitive sectors in terms of the indirect impacts of the direct shock of surge on a 
dwelling sector. Source: Authors. 
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Table 6b: Sectoral Impact of 500-year Storm Surge with Protection vs. BAU (year 2066). 

Sector Output Employment Prices 

Fruits, Vegetables, Nuts -1.49% 0.27% -0.04% 
Other Animal Production -2.38% -0.27% 0.00% 
Forestry -0.06% 1.10% -0.41% 
Other Agriculture -1.32% 0.45% -0.25% 
Other Mining -2.93% -0.57% 0.14% 
Electricity -3.49% -0.70% 1.58% 
Natural Gas, Oil, Coal -2.86% -0.19% -0.24% 
Water and Sewage -2.17% 0.09% 0.34% 
Construction -1.65% -0.04% -0.35% 
Food, Tobacco -2.33% -0.20% 0.07% 
Wood Products -0.88% 0.57% -0.17% 
Pulp Paper -1.74% 0.18% -0.03% 
Petroleum Products -2.78% -0.92% 0.84% 
Chemicals -4.63% -1.79% 0.35% 
Rubber Plastics -2.55% -0.48% 0.10% 
Non-metallic Metals -2.09% -0.04% 0.08% 
Primary Metals -1.11% 0.67% -0.08% 
Heating, Air-conditioning -2.67% -0.55% 0.07% 
Other Manufacturing -1.91% 0.05% 0.00% 
Furniture -0.39% 1.23% -0.10% 
Services -1.69% 0.08% -0.19% 
Insurance -2.01% 0.04% 0.10% 
Dwelling -2.00% -0.08% -0.08% 

Notes: In red are highlighted the top ten most sensitive sectors in terms of the indirect impacts of the direct shock of surge on a 
dwelling sector. Source: Authors. 

In Table 7 we report macroeconomic impacts associated with the Ike-like storm surge on Texas 

economy. There are noticeable differences in terms of the magnitude of effects associated with  the 

500-year and the Ike-like storms. It is notable that impacts from the no protection scenario of Ike-like 

storm resembles the impacts from the protection scenario when Texas is struck by the 500-year storm 

surge. Nonetheless, the Ike-like storm produces adverse impacts on overall state economy. Texas GSP 

will be 2.6% lower without a coastal spine and only 0.12% lower relative to the BAU scenario when the 

spine is accounted for in 2066. The immediate effect of the storm on net exports is again pronounced, 

indicating 20% decline relative to the BAU projected level of this indicator. Over decades these declines 

shrink and in the year 2066 net exports are estimated 3.8% lower. The coastal spine largely mitigates the 

impacts of Ike-like storm and while almost all economic indicators fall in 2066 relative to the BAU, the 

declines are negligible.  
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Table 7: CGE Results for Selected Decades for Texas Economy, Dwelling Sector Impacts Associated 
with Ike-like Storm Surge Event. 

 2017 2026 2036 2046 2056 2066 

Panel A: No Protection Relative to BAU 
Per Capita Income 0.25% -0.03% -0.31% -0.52% -0.67% -0.76% 
GDP -1.58% -1.83% -2.10% -2.32% -2.48% -2.60% 
Real Total Consumption -1.60% -1.84% -2.06% -2.21% -2.30% -2.35% 
Total Investment -1.62% -1.87% -2.11% -2.28% -2.37% -2.43% 
Government Consumption 0.00% 0.04% 0.09% 0.14% 0.19% 0.23% 
Net Export -19.60% -6.54% -4.60% -4.04% -3.86% -3.77% 
Welfare -1.58% -1.84% -2.09% -2.28% -2.41% -2.50% 
Panel B: Protection Relative to BAU 
Per Capita Income 0.01% 0.00% -0.01% -0.02% -0.03% -0.04% 
GDP -0.07% -0.08% -0.10% -0.11% -0.11% -0.12% 
Real Total Consumption -0.07% -0.08% -0.09% -0.10% -0.10% -0.11% 
Total Investment 0.00% 0.00% 0.00% 0.01% 0.01% 0.01% 
Government Consumption -0.89% -0.30% -0.21% -0.18% -0.18% -0.17% 
Net Export -0.07% -0.08% -0.09% -0.10% -0.11% -0.11% 
Welfare 0.01% 0.00% -0.01% -0.02% -0.03% -0.04% 

Notes: Economic-wide impacts are presented associated with the Ike-like storm surge impact on dwelling sector with and 
without coastal spine protection. Source: Authors. 

Sectoral impact associated with Ike-like storm impact on housing are presented in Table 8a and 8b 
without and with protection. Order of sensitive sectors is consistent with the order of the 500-year 
storm surge. The difference is in magnitude of impacts. Ike-like storm will result in a decline of chemical 
sector output by 5.9% without protection and only by 0.27% with coastal spine protection, relative to 
the BAU. The electricity sector output is the second most impacted, shrinking by 4.45% if no coastal 
protection is provided. Prices also increase in these storm sensitive sectors, but the rise is relatively 
small compared to the price responses to the 500-year storm. For example, electricity product prices will 
be 2% higher in 2066 without coastal protection, and petroleum product prices will increase by only 1%.  
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Table 8a: Sectoral Impact of Ike-like Storm Surge without Protection vs. BAU (year 2066). 

Sectors Output Employment Price 

Fruits, Vegetables, Nuts -1.90% 0.35% -0.05% 
Other Animal Production -3.04% -0.34% 0.00% 
Forestry -0.07% 1.41% -0.53% 
Other Agriculture -1.69% 0.57% -0.32% 
Other Mining -3.74% -0.72% 0.18% 
Electricity -4.45% -0.89% 2.03% 
Natural Gas, Oil, Coal -3.65% -0.24% -0.31% 
Water and Sewage -2.77% 0.12% 0.43% 
Construction -2.11% -0.05% -0.44% 
Food, Tobacco -2.98% -0.25% 0.09% 
Wood Products -1.12% 0.72% -0.22% 
Pulp Paper -2.23% 0.23% -0.04% 
Petroleum Products -3.55% -1.18% 1.08% 
Chemicals -5.90% -2.30% 0.45% 
Rubber Plastics -3.26% -0.61% 0.13% 
Non-metallic Metals -2.67% -0.06% 0.10% 
Primary Metals -1.42% 0.86% -0.10% 
Heating, Air-conditioning -3.40% -0.71% 0.09% 
Other Manufacturing -2.44% 0.07% -0.01% 
Furniture -0.50% 1.57% -0.13% 
Services -2.17% 0.10% -0.24% 
Insurance -2.57% 0.05% 0.13% 
Dwelling -2.56% -0.10% -0.10% 

Notes: In red are highlighted the top ten most sensitive sectors in terms of the indirect impacts of the direct shock of surge on a 
dwelling sector. Source: Authors. 
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Table 8b: Sectoral Impact of Ike-like Storm Surge with Protection vs. BAU (year 2066). 

Sector Output Employment Price 

Fruits, Vegetables, Nuts -0.09% 0.02% 0.00% 
Other Animal Production -0.14% -0.02% 0.00% 
Forestry 0.00% 0.06% -0.02% 
Other Agriculture -0.08% 0.03% -0.01% 
Other Mining -0.17% -0.03% 0.01% 
Electricity -0.20% -0.04% 0.09% 
Natural Gas, Oil, Coal -0.17% -0.01% -0.01% 
Water and Sewage -0.13% 0.01% 0.02% 
Construction -0.10% 0.00% -0.02% 
Food, Tobacco -0.14% -0.01% 0.00% 
Wood Products -0.05% 0.03% -0.01% 
Pulp Paper -0.10% 0.01% 0.00% 
Petroleum Products -0.16% -0.05% 0.05% 
Chemicals -0.27% -0.10% 0.02% 
Rubber Plastics -0.15% -0.03% 0.01% 
Non-metallic Metals -0.12% 0.00% 0.00% 
Primary Metals -0.06% 0.04% 0.00% 
Heating, Air-conditioning -0.15% -0.03% 0.00% 
Other Manufacturing -0.11% 0.00% 0.00% 
Furniture -0.02% 0.07% -0.01% 
Services -0.10% 0.00% -0.01% 
Insurance -0.12% 0.00% 0.01% 
Dwelling -0.12% 0.00% 0.00% 

Notes: In red are highlighted the top ten most sensitive sectors in terms of the indirect impacts of the direct shock of surge on a 
dwelling sector. Source: Authors. 

Economic Impacts to Petroleum Products and Chemical Manufacturing Sectors Only 

We now turn to the estimated results when major industrial sectors (petro products and chemical 

manufacturing) are impacted in the region by the 500-year storm surge. In particular, we present results 

from the scenario when a storm forces 33-day shutdown of plants, translating these shut down days 

into output losses (i.e., proxying for direct losses to the sector). We should note that under this scenario 

total direct loss to these sectors is $7.9 billion, 7% lower than the damages sustained in the dwelling 

sector. This damage figure corresponds to approximately 8% of the total output value of these sectors in 

Texas in 2016. The impacts on petroleum and chemical manufacturing sectors are relatively smaller 

within the state as shown by major economic indicators in Texas than the macroeconomic impacts seen 

through the destruction of the dwelling sector. One explanation is that in the CGE model, damage to the 

dwelling sector is modeled as a decline in capital endowment to households. Reduced capital affects 

production output for those sectors that are capital-intensive (e.g. manufacturing sectors) in addition to 

affecting sectors directly servicing the dwelling (e.g., electricity, heating and gas). This is one of the 

primary reasons we observe the largest decline in production output in chemical manufacturing and 

petroleum products locally as a result of housing destruction, followed by the negative output growth in 

electricity as well as heat and air conditioning. We should also note that capital destruction translates 

into reduced wage earnings for households who are endowed with factors of production (e.g., capital). 

On the contrary, output losses to these major industrial sectors are modelled through the reduced total 
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factor productivity parameter related to all factors of production (not only to capital), while assuming 

the effective capital stock is undamaged.  

While indirect impacts are relatively smaller in the state, all major macroeconomic indicators still decline 

relative to the BAU in Texas. Specifically, GSP will be 1.20% lower in 2066 relative to projected GSP in 

the BAU; personal income also declines by 1%. Social welfare is 0.88% lower and net exports fall by 

approximately 3% (see panel A of Table 9). These are all without factoring in the mitigating effects of a 

coastal spine. Impacts are largely mitigated under the protection scenario; declines in major economic 

indicators are in the range of 0.01-0.03% (Panel B of Table 9). 

Table 9: CGE Results for Selected Decades for the Texas Economy (500-year). 

 2017 2066 2036 2046 2056 2066 

Panel A: No Protection Relative to BAU 
Per Capita Income -0.95% -0.95% -0.93% -0.92% -0.94% -1.01% 
GDP -0.98% -1.00% -1.01% -1.05% -1.11% -1.20% 
Total Consumption -0.61% -0.64% -0.64% -0.60% -0.57% -0.56% 
Government Consumption 0.32% 0.31% 0.31% 0.33% 0.38% 0.44% 
Net Export -13.07% -4.28% -3.06% -2.86% -2.93% -2.98% 
Welfare -0.90% -0.88% -0.85% -0.83% -0.83% -0.88% 
Panel B: Protection Relative To BAU 

Per Capita Income -0.02% -0.02% -0.02% -0.02% -0.02% -0.03% 

GDP -0.02% -0.02% -0.03% -0.03% -0.03% -0.03% 

Total Consumption -0.01% -0.01% -0.01% -0.01% -0.01% -0.01% 

Total Investment -0.02% -0.02% -0.02% -0.02% -0.02% -0.02% 

Government Consumption 0.01% 0.01% 0.01% 0.01% 0.01% 0.01% 

Net Export -0.31% -0.11% -0.08% -0.08% -0.08% -0.08% 

Welfare -0.02% -0.02% -0.02% -0.02% -0.02% -0.02% 
Notes: Economy-wide impacts are presented associated with the 500-year storm surge impact on petro and chemical 
manufacturing sectors (resulting in 33-day shutdown of production operation) with and without coastal spine protection. 
Source: Authors. 

While impacts reflected on macroeconomic indicators are negligible, sector-specific impacts in the state 
of Texas indicate that outputs decline and remain low relative to BAU in chemical and petro products 
sector, along with natural gas, oil and coal mining. Employment also declines in these sectors. Prices are 
relatively more sensitive to storm surge impacts on these sectors as well (see Table 10a). Specifically, we 
observe 10% increase in composite prices of the petro products and chemicals relative to those in the 
BAU. This increase is three times larger than the price increase in the sector when these sectors are 
indirectly impacted from the shock on the dwelling sector. Prices in all other sectors fall due potentially 
to substitution effects and shifts in consumption patterns post-surge event. The impacts are largely 
mitigated with the coastal spine (Table 10b). 
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Table 10a: Sectoral Impact of 500-year Storm Surge without Protection vs. BAU (year 2066). 

Sector Output Employment Price 

Fruits, Vegetables, Nuts 0.57% 0.90% -0.03% 
Other Animal Production 0.77% 1.08% -0.01% 
Forestry 0.64% 0.93% -0.14% 
Other Agriculture 0.74% 1.09% -0.10% 
Other Mining -0.15% 0.33% -0.17% 
Electricity 0.49% 0.98% -0.13% 
Natural Gas, Oil, Coal -5.97% -0.92% -2.86% 
Water and Sewage -0.32% 0.08% -0.60% 
Construction -0.82% -0.41% -0.61% 
Food, Tobacco 0.55% 1.09% -0.14% 
Wood Products 0.40% 0.75% -0.17% 
Pulp Paper 0.90% 1.35% -0.09% 
Petroleum Products -10.36% -13.92% 9.56% 
Chemicals -3.46% -2.25% 0.37% 
Rubber Plastics 0.24% 0.85% -0.03% 
Non-metallic Metals -0.06% 0.46% -0.38% 
Primary Metals 1.06% 1.47% -0.11% 
Heating, Air-conditioning 0.37% 1.10% -0.14% 
Other Manufacturing 0.61% 1.27% -0.11% 
Furniture 0.61% 1.24% -0.11% 
Services -0.05% 0.31% -0.51% 
Insurance 0.13% 0.37% -0.41% 
Dwelling -0.79% -0.40% -0.52% 

Notes: In red are highlighted the top ten most sensitive sectors in terms of the indirect impacts of the direct shock of surge on 
petro and chemical manufacturing sectors, when plants shut down for 33 days. Source: Authors. 
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Table 10b: Sectoral Impact of 500-year Storm Surge with Protection vs. BAU (year 2066). 

Sector Output Employment Price 

Fruits, Vegetables, Nuts 0.02% 0.02% 0.00% 
Other Animal Production 0.02% 0.03% 0.00% 
Forestry 0.01% 0.02% -0.01% 
Other Agriculture 0.02% 0.03% 0.00% 
Other Mining -0.01% 0.01% -0.01% 
Electricity 0.01% 0.02% -0.01% 
Natural Gas, Oil, Coal -0.12% -0.01% -0.06% 
Water and Sewage -0.01% 0.00% -0.02% 
Construction -0.02% -0.01% -0.02% 
Food, Tobacco 0.02% 0.03% 0.00% 
Wood Products 0.01% 0.02% 0.00% 
Pulp Paper 0.02% 0.03% 0.00% 
Petroleum Products -0.20% -0.26% 0.16% 
Chemicals -0.16% -0.12% 0.02% 
Rubber Plastics 0.00% 0.02% 0.00% 
Non-metallic Metals 0.00% 0.01% -0.01% 
Primary Metals 0.03% 0.04% 0.00% 
Heating, Air-conditioning 0.01% 0.03% 0.00% 
Other Manufacturing 0.02% 0.03% 0.00% 
Furniture 0.02% 0.03% 0.00% 
Services 0.00% 0.01% -0.01% 
Insurance 0.00% 0.01% -0.01% 
Dwelling -0.02% -0.01% -0.02% 

Notes: Table presents indirect sectoral impacts of the direct shock of surge on petro and chemical manufacturing sectors, when 
plants shut down for 33 days. Source: Authors. 

As shown in Table 11, the Texas economy-wide impacts of Ike-like storm on petro and chemical 
manufacturing sectors are less pronounced. The state GSP will be 0.10% lower in the year 2066, per 
capita income will decline by 0.08%, and the net export value will fall by 0.24%, all relative to the BAU in 
2066. In terms of sectoral impacts, reductions in output and employment are substantially reduced. For 
example, in terms of the output value, the most sensitive sectors are petroleum (-0.85%), natural gas, 
oil, and coal mining (-0.5%) and chemical manufacturing (-0.23%). Prices are subsequently less 
responsive to such insignificant changes in production output. The coastal spine fully mitigates the 
impacts of surge events on petroleum and chemical manufacturing sectors, assuming the dwelling 
sector is unaffected.  
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Table 11: CGE Results for Selected Decades for Texas Economy (Ike-like). 

 2017 2026 2036 2046 2056 2066 

Per Capita Income -0.08% -0.08% -0.08% -0.08% -0.08% -0.08% 

GDP -0.08% -0.08% -0.08% -0.09% -0.09% -0.10% 

Total Consumption -0.05% -0.05% -0.05% -0.05% -0.05% -0.05% 

Total Investment -0.07% -0.07% -0.06% -0.06% -0.05% -0.05% 

Government Consumption 0.03% 0.02% 0.02% 0.03% 0.03% 0.04% 

Net Export -1.08% -0.35% -0.25% -0.23% -0.24% -0.24% 

Welfare -0.07% -0.07% -0.07% -0.07% -0.07% -0.07% 

Notes: Economy-wide impacts are presented associated with the Ike-like storm surge impact on petro and chemical 
manufacturing sectors (resulting in 33-day shutdown of production operation) with and without coastal spine protection. 
Source: Authors. 

Table 12: Sectoral Impact of Ike-like Storm Surge without Protection vs. BAU (year 2066). 

Sectors Output Employment Price 

Fruits, Vegetables, Nuts 0.05% 0.07% 0.00% 
Other Animal Production 0.06% 0.09% 0.00% 
Forestry 0.06% 0.08% -0.01% 
Other Agriculture 0.06% 0.09% -0.01% 
Other Mining -0.01% 0.03% -0.01% 
Electricity 0.04% 0.08% -0.01% 
Natural Gas, Oil, Coal -0.50% -0.08% -0.23% 
Water and Sewage -0.02% 0.01% -0.05% 
Construction -0.07% -0.03% -0.05% 
Food, Tobacco 0.05% 0.09% -0.01% 
Wood Products 0.03% 0.06% -0.01% 
Pulp Paper 0.08% 0.11% -0.01% 
Petroleum Products -0.85% -1.18% 0.74% 
Chemicals -0.23% -0.14% 0.02% 
Rubber Plastics 0.03% 0.07% 0.00% 
Non-metallic Metals 0.00% 0.04% -0.03% 
Primary Metals 0.09% 0.12% -0.01% 
Heating, Air-conditioning 0.03% 0.09% -0.01% 
Other Manufacturing 0.05% 0.10% -0.01% 
Furniture 0.05% 0.10% -0.01% 
Services 0.00% 0.03% -0.04% 
Insurance 0.01% 0.03% -0.03% 
Dwelling -0.06% -0.03% -0.04% 

Notes: In red are highlighted the top ten most sensitive sectors in terms of the indirect impacts of the direct shock of surge on 
petro and chemical manufacturing sectors, when plants shut down for 33 days. Source: Authors. 
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Economic Impacts when the 500-Year Storm Surge Simultaneously Impacts Petroleum 
Products, Chemical Manufacturing, and Dwelling Sectors 

The scenario where dwelling, petro products and chemical manufacturing sectors are all impacted by 

the storm surge event is the most realistic scenario and shows the full magnitude of changes in the 

Texas state economy as well as the economies of other states and the entire U.S.  

¢ŜȄŀǎΩ D{t ǿƛƭƭ ōŜ ŀǇǇǊƻȄƛƳŀǘŜƭȅ у҈ ƭƻǿŜǊ ƛƴ нлссΣ ǊŜƭŀǘƛǾŜ ǘƻ ǘƘŜ .!¦ ƛŦ ƴƻ Ŏƻŀǎǘŀƭ ǎǇƛƴŜ ǇǊƻǘŜŎǘƛƻƴ ƛǎ 

considered, and the impact is mitigated to a 2.06% decline with a coastal protection scenario. 

Furthermore, there is a substantial social welfare loss associated with storm surge, which also lingers 

over the long-term, indicating a decline of 7.6% without a coastal spine as opposed to a decline by 

1.97% when the coastal spine is considered, relative to BAU in 2066. Among major macroeconomic 

indicators, the largest decline is observed in net export value (export-import). The decline in net export 

value is due to a rise in prices of goods that are heavily traded intranationally and internationally (e.g., 

petroleum, chemical products) and further underscores the dependence of the state on these major 

tradable goods (Table 13).  

Table 13: CGE Results for Selected Decades for the Texas Economy. 

 Per Capita 
Income 

GDP 
Total 

Consumption 
Total 

Investment 

Total 
Government 
Consumption 

Net 
Export 

Social 
Welfare 

Panel A: No Protection Relative to BAU 
2017 -0.17% -5.27% -5.00% -5.25% 0.31% -66.22% -5.21% 
2026 -0.91% -5.96% -5.64% -5.89% 0.40% -21.90% -5.87% 
2036 -1.67% -6.68% -6.24% -6.48% 0.52% -15.35% -6.52% 
2046 -2.25% -7.29% -6.61% -6.85% 0.68% -13.55% -6.99% 
2056 -2.66% -7.77% -6.81% -7.03% 0.86% -13.11% -7.32% 
2066 -2.97% -8.16% -6.93% -7.18% 1.05% -12.90% -7.58% 
Panel B: Protection Relative to BAU 
2017 0.17% -1.25% -1.25% -1.28% 0.01% -15.56% -1.25% 
2026 -0.04% -1.45% -1.45% -1.48% 0.04% -5.20% -1.45% 
2036 -0.26% -1.66% -1.65% -1.67% 0.07% -3.66% -1.65% 
2046 -0.43% -1.83% -1.80% -1.79% 0.11% -3.22% -1.80% 
2056 -0.54% -1.96% -1.90% -1.86% 0.15% -3.09% -1.90% 
2066 -0.62% -2.06% -1.97% -1.91% 0.19% -3.02% -1.97% 

Notes: Economy-wide impacts are presented associated with the 500-year storm surge impact on dwelling, petro and chemical 
manufacturing sectors (resulting in 33-day shutdown of production operation) simultaneously with and without coastal spine 
protection. Source: Authors. 

In terms of sectoral impacts in Texas, we should note that all aggregate sectors experience adverse 

shock due to the 500-year surge events as indicated by declines in output relative to the BAU scenario 

(Table 14a). The petroleum products and chemical manufacturing sectors are the most sensitive to 

storm surge events, which is not surprising given these sectors are the primary industries and net 

exporters of the state economy. Natural resources mining and energy sectors (e.g., electricity and 

heating) are another two sectors with the largest declines in output value. While the coastal spine does 

not fully mitigate negative impacts of storm surge events in the long-term, the magnitude of effects on 

other sectors are four times less than observed if no protection was placed, all relative to the BAU (Table 

14b).  
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Table 14a: Sectoral Impact of 500-year Storm Surge without Protection vs. BAU (year 2066). 

Sector Output Employment Prices 

Fruits, Vegetables, Nuts -4.76% 1.80% -0.16% 
Other Animal Production -7.68% -0.01% -0.01% 
Forestry 0.41% 4.94% -1.61% 
Other Agriculture -4.05% 2.63% -0.99% 
Other Mining -10.26% -1.72% 0.36% 
Electricity -11.52% -1.51% 5.69% 
Natural Gas, Oil, Coal -15.28% -1.57% -3.70% 
Water and Sewage -7.83% 0.43% 0.69% 
Construction -6.50% -0.50% -1.77% 
Food, Tobacco -7.68% 0.26% 0.12% 
Wood Products -2.74% 2.76% -0.77% 
Pulp Paper -5.34% 1.89% -0.20% 
Petroleum Products -19.01% -16.76% 12.81% 
Chemicals -18.69% -8.63% 1.59% 
Rubber Plastics -8.67% -0.97% 0.33% 
Non-metallic Metals -7.34% 0.25% -0.06% 
Primary Metals -2.97% 3.81% -0.39% 
Heating, Air-conditioning -8.95% -1.00% 0.12% 
Other Manufacturing -6.18% 1.34% -0.11% 
Furniture -0.83% 5.70% -0.47% 
Services -5.99% 0.57% -1.12% 
Insurance -6.92% 0.49% 0.01% 
Dwelling -7.69% -0.66% -0.74% 

Notes: In red are highlighted the top ten most sensitive sectors in terms of the indirect impacts of the direct shock of surge on 
dwelling, petro and chemical manufacturing sectors, when plants shut down for 33 days. Source: Authors. 
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Table 14b: Sectoral Impact of 500-year Storm Surge with Protection vs. BAU (year 2066). 

Sector Output Employment Prices 

Fruits, Vegetables, Nuts -1.47% 0.29% -0.04% 
Other Animal Production -2.36% -0.24% 0.00% 
Forestry -0.05% 1.12% -0.42% 
Other Agriculture -1.31% 0.47% -0.25% 
Other Mining -2.94% -0.56% 0.14% 
Electricity -3.48% -0.68% 1.57% 
Natural Gas, Oil, Coal -2.97% -0.20% -0.30% 
Water and Sewage -2.18% 0.09% 0.32% 
Construction -1.67% -0.05% -0.36% 
Food, Tobacco -2.32% -0.17% 0.06% 
Wood Products -0.87% 0.58% -0.17% 
Pulp Paper -1.72% 0.21% -0.04% 
Petroleum Products -2.97% -1.18% 1.00% 
Chemicals -4.79% -1.91% 0.37% 
Rubber Plastics -2.55% -0.46% 0.10% 
Non-metallic Metals -2.09% -0.03% 0.07% 
Primary Metals -1.08% 0.71% -0.08% 
Heating, Air-conditioning -2.66% -0.53% 0.06% 
Other Manufacturing -1.89% 0.09% -0.01% 
Furniture -0.37% 1.26% -0.11% 
Services -1.70% 0.09% -0.20% 
Insurance -2.01% 0.05% 0.09% 
Dwelling -2.02% -0.09% -0.09% 

Notes: In red are highlighted the top ten most sensitive sectors in terms of the indirect impacts of the direct shock of surge on 
dwelling, petro and chemical manufacturing sectors, when plants shut down for 33 days. Source: Authors. 

The direct and rippling effect through interconnected sectors and intra-, inter-national trade result 

in about 1.1% loss in U.S. GDP without a coastal spine; the magnitude of impact is mitigated with 

protection and the GDP decreases by 0.28% in the spine protection scenario. Social welfare is also 

lowered by 0.92% relative to the BAU and 0.24% without and with protection, respectively. While 

Texas experiences a decline in net exports, for the entire nation there is an increase in net exports 

relative to BAU during the first decade (2017-2026) following a surge event both with and without 

a protection, which then start to decline in the following decades (Table 15).  
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Table 15: CGE Results for Selected Decades for the U.S. Economy. 

 
Per 

Capita 
Income 

GDP 
Total 

Consumption 
Total 

Investment 

Total 
Government 
Consumption 

Net 
Export 

Social 
Welfare 

Panel A: No Protection Relative to BAU 
2017 0.00% -0.45% -0.42% -0.57% -0.02% 2.00% -0.41% 
2026 -0.07% -0.54% -0.51% -0.70% -0.02% 7.60% -0.50% 
2036 -0.16% -0.67% -0.63% -0.84% -0.01% -8.58% -0.62% 
2046 -0.25% -0.81% -0.72% -0.97% 0.02% -4.38% -0.73% 
2056 -0.33% -0.96% -0.78% -1.07% 0.05% -3.93% -0.83% 
2066 -0.39% -1.10% -0.83% -1.14% 0.09% -3.96% -0.92% 
Panel B: Protection Relative to BAU 
2017 0.02% -0.10% -0.10% -0.14% -0.01% 0.45% -0.10% 
2026 0.00% -0.13% -0.12% -0.18% -0.01% 1.76% -0.12% 
2036 -0.03% -0.17% -0.16% -0.22% 0.00% -2.03% -0.16% 
2046 -0.05% -0.20% -0.19% -0.25% 0.00% -1.03% -0.19% 
2056 -0.07% -0.24% -0.21% -0.28% 0.01% -0.91% -0.21% 
20.66 -0.08% -0.28% -0.24% -0.30% 0.02% -0.90% -0.24% 

Notes: Nation-wide impacts are presented associated with the 500-year storm surge impact on dwelling, petro and chemical 
manufacturing sectors (resulting in 33-day shutdown of production operation) simultaneously with and without coastal spine 
protection. Source: Authors. 
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To translate these percentage changes into actual dollars, in Table 16 we report national and TX values 

for macroeconomic indicators in the year 2066 in level terms (e.g., GDP, consumption, per capita 

income, and net export, consumption, investment welfare (in 2016 prices) associated with the three 

scenarios (i.e. BAU, without coastal protection, and with protection), and corresponding losses relative 

to the BAU. 

Table 16: Impacts in Levels for Texas and the U.S. Economy in 2066. 

  

No 
Protection 

Protection BAU 
No 

Protection -
BAU 

Protection-
BAU 

Protection ς 
No 

Protection 

Texas       
Per capita Income 144,389.02    147,875.12    148,804.18     (4,415.16)       (929.06)      3,486.10  
GDP      9,718.16      10,362.40      10,581.19        (863.03)       (218.79)         644.24  
Total Consumption      7,265.28        7,661.52        7,806.32        (541.04)       (144.80)         396.23  
Total Investment      2,107.25        2,226.72         2,270.22         (162.97)         (43.51)         119.47  
Government Consumption         322.09           319.37           318.76              3.33              0.62            (2.71) 
Net Exports      1,081.74        1,204.28        1,241.99        (160.25)         (37.71)         122.54  
Welfare      6,340.30        6,724.64        6,860.45        (520.14)       (135.80)         384.34  
USA       

Per Capita Income 144,189.94    144,634.18    144,753.54        (563.60)       (119.36)         444.24  
GDP    79,445.00      80,106.18      80,328.39        (883.39)       (222.21)         661.18  
Total Consumption    63,760.62      64,147.72      64,292.17        (531.54)       (144.44)         387.10  
Total Investment    14,479.15      14,601.36      14,646.07        (166.92)         (44.71)          122.21  
Government Consumption      4,215.74        4,212.69        4,211.88              3.86              0.82            (3.05) 
Net Exports      4,021.58        4,149.61        4,187.55        (165.97)         (37.94)         128.03  
Welfare    57,696.80      58,091.15      58,230.11        (533.31)       (138.95)         394.36  

Notes: Macroeconomic impacts in levels are presented associated with the 500-year storm surge impact on dwelling, petro and 
chemical manufacturing sectors (resulting in 33-day shutdown of production operation) simultaneously with and without 
coastal spine protection; except for income, other economic indicators are given in billions of US Dollars; negative values are 
reported in parenthesis. Source: Authors 

As for the immediate and the long-term impacts on other states, the model results indicate that while 

some states (primarily neighboring) experience positive GSP, income and welfare growth due to 

potential substitution of inputs of production and labor outmigration, 30 states, not including Texas 

itself, will have a lower GSP in response to a surge event in Texas. Immediate responses as reflected in 

GSP without the spine system are seen in Figure 5 and are less pronounced than the responses in the 

year 2066 (Figure 6). In terms of social welfare, except for handful of states, the majority of the states 

will experience welfare loss in 2066 if the coastal spine is not constructed (see Figure 7). The spine 

substantially attenuates effects spatially and in the long term. Figures C1 ς C2 in Appendix C depict 

state-level GSP and welfare in 2066 with a coastal spine, and income responses without and with coastal 

spine are presented in Figures C3 & C4. Sectoral responses (output value and prices) can be viewed in 

the companion Atlas.  
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Figure 5: 500-yr Storm Surge without a Coastal Spine, Impacts in 2017 (GSP).  
Notes: Percent change in GSP by states relative to the BAU GSP levels in 2017 without a coastal spine are shown. Source: 
Authors. 
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Figure 6: 500-year Storm Surge without a Coastal Spine, Impacts in 2066 (GSP). 
Notes: Percent change in GSP by states relative to the BAU GSP levels in 2066 without a coastal spine are shown. Source: 
Authors. 

 

Figure 7: 500-yr Storm Surge without a Coastal Spine, Impacts in 2066 (Welfare). 
Notes: Percent change in social welfare by states relative to the BAU social welfare levels in 2066 without a coastal spine are 
shown. Source: Authors. 






































































































































































































