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Chapter 1

Gulf Coast Regional Assessment History

Zhu H. Ning, Project Director, Gulf Coast Regional Climate Change Impact
Assessment, Southern University, Baton Rouge, LA 70813;
Kamran Abdollahi, Professor, Southern University, Baton Rouge, LA 70813

1.1 Introduction
1.2 The Regional Assessment Workshop

1.3 The Regional Assessment Research, Education, and Outreach Activities

1.4 Assessment Approach and Methodology

1.1 Introduction

The Gulf Coast region includes five Gulf Coast states.

The specific territories covered in the assessment are
the Gulf Coastal Plains and coastal waters of south-
ern Texas, southern Louisiana, southern Mississippi,
southern Alabama, and western Florida (Fig. 1). The
Gulf itself has a surface area of 1.63 million square
kilometers (630,000 square miles) and a watershed
area of 4.69 million square kilometers (1.81 million
square miles) in the United States. This region is one
of the nation’s largest ecological systems and is
closely linked to a significant portion of the nation’s
economy. Energy, fisheries, agriculture, forests, and
tourism rank among the most significant sectors of
the Gulf Coast region’s economy. The Gulf has five
of the nation’s top ten fishing ports. Gulf ports han-
dle one half of the nation’s import-export tonnage
and the Gulf produces 72% of the nation’s offshore
petroleum production. The Gulf Coast region relies
on many natural resources to fuel many important
sectors of its economy.

1.2 The Regional Assessment Workshop

To start the regional assessment, the regional assess-
ment team, sponsored by the USEPA, led the region
by hosting the Gulf Coast Regional Climate Change
Workshop and Public Forum on February 25-27,
1998 (Fig. 2) The workshop participants identified
the distinctive regional characteristics and potential
consequences of climate variability and change. The
workshop participants identified numerous issues of
regional concern. Coastal ecosystems, forests, water
and air quality, fisheries, commerce, industry, and
energy, were the key sectors that they considered

Assessment.

vulnerable to climate change. Chapter 2 section 7 of
this publication summarizes the key findings of these
key sectors/issues at the workshop.

Significant technical contributions to the Work-
shop were provided by the Workshop Steering
Committee members, who represented Southern Uni-
versity, the USGCRP, the White House Office of
Science and Technology Policy (OSTP), the National
Wetland Research Center (NWRC), Science and Engi-
neering Alliance (SEA), Southern Regional Climate
Center (SRCC), National Center for Atmospheric
Research (NCAR), NASA, USDA Forest Service,
Louisiana State University (LSU), Florida State Univer-
sity (FSU), and Tulane University.

The main purpose of this Workshop was to
examine the regional vulnerabilities to climate vari-
ability and change and to obtain information that
could be aggregated across regions to support the
national climate change assessment. The specific
objectives of the Workshop were to



(D Identify current stresses or issues of concern in
the region;

(2) Examine how greater climate variability and cli-
mate change might interact with the current
stresses;

(3) Discuss information needs to further the assess-
ment process;

(4) Identify possible coping mechanisms and define
a regional research agenda; and

(5) Design regional follow-up assessment activities.

More than 200 scientists, policy makers, stake-
holders, industry representatives, state, regional,
and national experts attended the Workshop.
Minorities, African Americans, Asians, Hispanics,
and Native Americans, in the region were well rep-
resented. In addition, the Workshop included
participants from the Canadian Ministry of the Envi-
ronment, and international scientists and students.

The Workshop was extensively covered by the
media. A total of eight newspaper articles, four TV
news reports, and four radio news reports were gen-
erated. Based on the Workshop results, a report has
been compiled by the project directors and the
breakout session leaders. The report (USGCRP,
1998a) reflected the scope, participation, program,
recommendations, and findings. It also includes tran-
scripts of the presentations made by some of the
plenary speakers and keynote speakers. The Work-
shop Steering Committee provided an opportunity
for the participants to enhance their contribution
through a peer-reviewed compendium published in
addition to the Workshop final report. It included
articles on climate change and related research find-
ings, climate projections (modeling efforts), and
overviews on crucial issues.

The Workshop was an important part of this
nation’s effort to improve understanding of the pre-
sent and potential consequences of climate variability
and change, both detrimental and beneficial, and to
provide a context for understanding these conse-
quences in relation to the pressures created by other
long-term stresses on the environment and society.
We used the findings and recommendations to adjust
the direction of the assessment research program and
to support the national assessment activities orga-
nized by the USGCRP and the international
assessment activities organized by the IPCC. The
Workshop helped the regional participants to
increase their understanding of what is known,
unknown, and uncertain related to the potential con-

Figure 2. A session at the Gulf Coast Regional Climate
Change Workshop.

sequences of climate variability and change for the
Gulf Coast region. The Workshop also provided
helpful information to those who protect and utilize
our nation’s natural resources, who provide for our
food, fiber, and economic resources, and who would
determine local, national, and international policies.

1.3 The Regional Assessment Research,
Education, and Outreach Activities

The regional team began an integrated assessment
of potential consequences of climate change for the
Gulf Coast region after the conclusion of the Work-
shop. Of those sectors/issues the participants
identified, the regional assessment research team,
due to time and resource constraints, chose two for
further work: coastal ecosystems, and maritime (bot-
tomland) forest resources. Case Studies and major
findings of the further assessment into those two
issues are summarized in Part II and Part III of this
publication. The overall goal of the integrated
assessment effort was to analyze and evaluate
potential consequences of climate variability and
change for the region in the context of other pres-
sures on the people, environment, and natural
resources. Specific objectives were to

1. Select and apply climate scenarios/models,
ecosystem models, and socio-economic trends
scenarios to regional data bases,

2. Assess climate change impacts on sectors within
the region with emphasis on coastal ecosystems
and maritime (bottomland) forests,

3. Identify coping strategies and research needs,
and



4. Undertake outreach efforts to stakeholders
especially minority communities, small limited
resource farmers, minority farmers, small forest
woodland owners, and socially and economical-
ly disadvantaged communities.

The regional assessment recognized the interrela-
tionship between the physical or natural environment
and human activities. This relationship balances the
environmental and economic attributes of a region by
linking the goals of environmental protection and
economic development. Ecological, economic, social,
and cultural values related to coastal ecosystems and
maritime forests were incorporated into the assess-
ment process. The process also included climate
scenarios, ecosystem models, and socioeconomic
trends. Assessment of these two key issues was per-
formed through a range of illustrative and supportive
case studies. The case studies approach added sub-
stance to the assessment. Case study results also
provided sound and scientific data to support the
impact projections and analyses. Each case study was
of importance to answer questions related to key
issues. The title and the content of each chapter of
this book is based on the topic and the results of
each case study conducted.

The lead institution, Southern University and
A&M College (SU), is an 1890 land-grant Historically
Black College and University (HBCU). Southern Uni-
versity is the largest institution within the nation’s
historically black university system with 5 campuses
and is optimally positioned to serve African American
and other minority communities in the Gulf Coast
region. To promote regional participation, this assess-
ment was accomplished by the joint efforts of
Southern University, Louisiana State University,
National Wetland Research Center, and Alabama
A&M State University (an HBCU).

Outreach and stakeholder involvement were also
a fundamental component of the assessment. The
stakeholder network that was initially established
through the Gulf Coast Regional Climate Change
Assessment Workshop was expanded. These stake-
holders included policy makers, managers, planers,
scientists, private business owners, farmers, fisher-
men, minorities, and low-income communities.
Outreach meetings were hosted to obtain detailed
information on key issues, concerns, coping strate-
gies, and information needs.

The assessment provided answers to four ques-
tions: 1.What are the current environmental stresses
and how are they likely to play out in the future
without a change in climate or climate variability?

2. How will a change in climate or climate variability
affect these environmental stresses? 3. How can peo-
ple cope with climate variability and change in ways
that help with other environmental stresses? 4. What
research is needed to better estimate the conse-
quences of climate variability and change?

1.4 Assessment Approach and
Methodology

1. Setting the regional baselines and scenarios

A sound understanding of current conditions and
future trends is necessary for the conduct of any cli-
mate change impact assessment. Therefore, the first
step of the assessment was the establishment of
regional baselines and scenarios.

Baselines for the regional climate, human envi-
ronment, and natural environment, and possible
future scenarios were established based on the
Workshop participants’ inputs, literature, and scien-
tific data. The three baselines were established
simultaneously in order to describe current condi-
tions in the region. The established current
condition provided information for the projection of
future scenarios. The projected future climate sce-
nario and human environmental scenario were
synthesized to provide information for the projection
of the natural environmental scenario. Information
obtained from the baseline conditions and climate
scenarios was used to assess the impact of climate
change on the natural environment, human, society,
and economy of the region.

2. Selection of two specific priority sectors:
coastal ecosystems and maritime forests

This assessment investigated the implications
from climate change on the natural environment of
coastal ecosystems and maritime forests. The assess-
ment of the impact on the natural environment
provided information for understanding both the
causes and impacts of societal responses to climate
change. Also, the assessment of the natural environ-
ment was integrated with the assessment of the
socioeconomic/human environment impact in order
to provide a comprehensive understanding of the
human dimensions of the change.



3. Literature review of the current condition of
selected ecosystems, their socioeconomical sig-
nificance, and the potential climate change
impacts on the selected ecosystems

An extensive literature review enabled the team
to access information on the current condition of the
selected ecosystems, their socioeconomical signifi-
cance, and the potential climate change impacts on
these selected ecosystems. The potential conse-
quences and impacts of climate variability and
change on the region’s natural and socio-
economic/human environment was assessed by
integrating the following: 1) background information
on the region’s natural and socioeconomic/human
environment, in which its people live; 2) the
region’s historical climate; and 3) likely changes in
its future climate.

4. Summarizing the literature review and incor-
porating case study results as quantitative exam-
ples to illustrate and support the qualitative and
quantitative information

We accomplished the research and assessment
activities through case studies. The case studies added
substance to the assessment by providing sound sci-
entific data to support the impact predictions and
analyses. Each case study was designed to answer
questions that relate to a key issue. The specific eco-
logical systems and locations of the case studies were
chosen based on their representativeness of the Gulf
Coast region. Through these case studies, team mem-
bers have:

Established baseline conditions,

Described the role of natural and human envi-
ronment in the regional economy,

Summarized the effects of current climate vari-
ability and change,

Predicted future effects of climate variability and
change,

Analyzed the impact of human activity,
Provided a qualitative assessment of the conse-
quences on the region’s economy,

Developed management/adaptation/coping
strategies, and

Defined future research needs.

5. Conducting a qualitative assessment of the
socioeconomic implications of the projected
ecological changes in these sectors through case
studies
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The major source for making the qualitative
assessment was the current literature. Team
members presented the results of projected socio-
economic impacts from the case studies to
stakeholders at meetings and gathered information
on the socioeconomic impacts that the local commu-
nity is currently experiencing and feel they could
experience in the future.

6. Generating, through case studies and out-
reach activities, an array of adaptation strategies
that merit further investigation

The results of analytical work, outreach activities,
and the outcomes obtained in steps 1-5 provided the
information and input to accomplish step 6. In the
process of accomplishing step 1-5, the assessment
team members assessed the vulnerability of people
in response to the consequences of climate change,
and developed coping strategies based on these con-
sequences and related vulnerabilities. Through the
case studies and the sectional assessment, scientists
obtained a better understanding of what is known
and what is unknown. Based on the findings, the
future research needs were identified.

7. Defining coping strategies and future
research needs based on the work described
above and stakeholders input

In the process of accomplishing this assessment,
two symposia, two meetings, one roundtable, two
summer institutes, and numerous seminars were
organized. These venues provided the stakeholders a
variety of fora for discussing coping strategies and
research needs. The stakeholder input reflected the
real needs of the people in this region. Question-
naires were distributed to obtain a broad input for
the public on coping strategies and research needs.

Coping strategies and research needs were syn-
thesized from the several activities and evaluated for
consistency across activities and for feasibility. Candi-
date coping strategies were analyzed with respect to
institutional constraints and other potential barriers to
their implementation. Research needs were analyzed
with respect to their compatibility with existing
research programs and ranked by priority of the
needed research results.

8. Integration of information/results into
regional assessment publications

Assessment results were combined and
integrated prior to publication. Volunteers, identified



as technical experts, conducted extensive technical
peer review of the regional assessment publications
for scientific and technical accuracy and validity.
Provisions were also made for including general
comments from stakeholders. The review proce-
dures were coordinated by the assessment Team
Leader. The Team Leader provided a central distrib-
ution and receiving point for written reviews. The
Team Leader was also responsible for responding to
and documenting the responses to written review
comments. (see Appendix 1 for documented peer
review process)

REFERENCE

USGCRP 1998. Gulf Coast Regional Climate Change
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the regional assessment team members for the
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Chapter 2

Physical and Natural Environment of the Region

Zhu H. Ning, Project Director, Gulf Coast Regional Climate Change Impact
Assessment, Southern University, Baton Rouge, LA 70813

2.1 Introduction

2.2 Physiogeographic Descriptions of Five Gulf Coastal States

2.3 Land use

2.4 \Water Resources
2.5 Soil

2.6 Coastline

2.7 Current Stresses
2.8 Potential Futures

2.1 Introduction

The specific territory covered by the regional assess-
ment encompasses the Gulf Coastal Plains and
coastal waters of southern Texas, southern Louisiana,
southern Mississippi, southern Alabama, and western
Florida (Fig. 1). Wetlands are a typical landscape in
the Gulf Coast area. Wetlands include areas where
the water table is usually at or near the surface or
where the land is covered by shallow water. These
habitat types are abundant in the Gulf of Mexico.
Wetlands may be forested, such as swamps and man-
groves, or nonforested, such as marshes, mudflats,
and natural ponds. Large areas of nonforested wet-
lands are found in coastal Texas, Louisiana, and
Florida. Recent state estimates of coastal wetlands
acreage (both forested and unforested) are: Alabama
(121,603 acres); Florida (2,254, acres); Louisiana
(3,910,664 acres); Mississippi (64,805 acres); and
Texas (412,516 acres) (Ringold and Clark, 1980).

2.2 Physiogeographic Descriptions of
the Gulf Coastal States

The physiogeographic descriptions of five Gulf
Coastal states in this section are based on informa-
tion obtained from Duncan, et al, 1995, The World
Book Encyclopedia, 1998, and the New Encyclopedia
Britannica, 1998.

+
: |

Figure 1. The Gulf Coast region defined by the National
Climate Change Assessment.

Alabama

Most of southern Alabama lies less than 500 feet
(150 meters) above sea level. The surface of the state
rises gradually toward the northeast. Alabama has six
main land regions: (1) the East Gulf Coastal plain, (2)
the black belt, (3) the piedmont, (4) the Appalachian
Ridge and Valley Region, (5) the Cumberland
Plateau, and (6) the Interior Low Plateau (Fig. 2).
The east Gulf Coastal plain is Alabama’s largest land
region. It covers the entire southern two-thirds of the
state, except for a narrow strip of land called the
black belt. In western Alabama, the plain extends



Fig. 2. Alabama territory covered by the Gulf
Coast regional assessment.

north almost to Tennessee. The plain has several sec-
tions. The low, swampy land of the Mobile River
Delta makes up the southwestern section. The south-
eastern part is called the Wiregrass area. It is named
for a tough grass that once grew there in pine
forests. Today, the Wiregrass area is an important
farming region. The northern part of the plain is
often called the Central Pine Belt because many pine
forests cover its low, rolling hills. In the western part
of this section, the soils are gravelly and sandy, and
are not good for growing crops.

The black belt is a narrow strip of rolling prairie
wedged between the northern and southern parts of
the East Gulf Coastal plain. The black belt was
named for the sticky black clay soils of its rolling
uplands. Early in Alabama history, farmers developed
large plantations in this region. Boll weevils came to
the black belt in 1915, and damaged the cotton crop.
Some farmers then changed from growing cotton to
raising livestock.

The piedmont in east-central Alabama, is an area
of low hills and ridges separated by sandy valleys.
The clay soils of these hills and ridges have been
badly eroded. Most of the land is forested. Cheaha
Mountain, the highest point in Alabama, rises 2, 407
feet (734 meters) on the northwestern edge of the
Piedmont.

The Appalachian Ridge and Valley Region is an
area of sandstone ridges and fertile limestone valleys.
It lies northwest of the piedmont. The region has
coal, iron, oil, and limestone—the three basic miner-
als used in making iron and steel.
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Fig. 3. Florida territory covered by the Gulf Coast regional
assessment.

The Cumberland plateau, also known as the
Appalachian plateau, lies northwest of the Appalachi-
an Ridge and valley region. The surface varies from
flat to gently rolling land. It reaches a height of about
1,800 feet (549 meters) above sea level in the north-
east. The land slopes to about 500 feet (150 meters)
where it meets the east gulf coastal plain in the
southwest.

The interior low plateau lies in the northwestern
part of the state. Much of the land is in the valley of
the Tennessee River.

Florida

Florida is part of the Atlantic-Gulf Coastal plain,
a large land region that extends along the coast from
New Jersey to southern Texas. Within Florida, there
are three main land regions (1) the Atlantic Coastal
plain, (2) the East Gulf Coastal plain, and (3) the
Florida uplands (Fig. 3).

The Atlantic coastal plain of Florida covers the
entire eastern part of the state. It is a low, level plain
ranging in width from 30 to 100 miles (48 to 160
kilometers). A narrow ribbon of sand bars, coral
reefs, and barrier islands lies in the Atlantic Ocean,
just beyond the mainland. Long shallow lakes,
lagoons, rivers, and bays lie between much of this
ribbon and the mainland.

Big Cypress Swamp and the Everglades cover
most of southern Florida. The Everglades include
2,746 square miles (7112 square kilometers) of
swampy grassland. Water covers much of this region,
especially during the rainy months.



The Florida Keys makes up the southernmost
part of the state. These small islands curve south-
westward for about 150 miles (241 kilometers) off
the mainland from Miami. Key largo is the largest
island.

The East Gulf Coastal plain of Florida has two
main sections. One section covers the southwestern
part of the peninsula, including part of the Ever-
glades and Big Cypress Swamp. The other section of
Florida’s East Gulf Coastal plain curves around the
north edge of the gulf of Mexico across the panhan-
dle to Florida’s western border.

The East Gulf Coastal plain is similar to the
Atlantic coastal plain. Long, narrow barrier islands
extend along the Gulf of Mexico coastline. Coastal
swamps stretch inland in places.

The Florida uplands are shaped somewhat like a
giant arm and hand. A finger of the hand points
down the center of the state toward the southern tip
of the peninsula. The uplands separate the two sec-
tions of the East Gulf Coastal plain from each other
and separate the northern section from the Atlantic
Coastal plain.

The uplands region is higher than Florida’s other
land regions. But its average elevation is only
between 200 and 300 feet (61 and 91 meters) above
sea level. Lakes are common in the Florida uplands.
Many of these lakes were formed in sinkhole-cave-
ins where a limestone bed near the surface was
dissolved by water action. Pine forests grow in the
northern section of the uplands.

The northern part of the Florida uplands extends
from the northwestern corner of the state along the
northern border for about 275 miles (443 kilometers).
Its width varies from about 30 to 50 miles (48 to 80
kilometers). This section has fertile valleys and
rolling hills of red clay. The southern part of the
Florida uplands is a region of low hills and lakes. It
covers an area about 100 miles (160 kilometers) wide
and about 160 miles (257 kilometers) long.

Louisiana

Most of Louisiana was once part of an ancient
bay of the Gulf of Mexico. The Mississippi and other
rivers flowing from the north brought huge amounts
of silt to the bay. This action over thousands of years
built up the land area to its present size. Louisiana
has three main land regions. All are part of the fertile
low land that lies along the Gulf Coast of the United
States (Fig. 4.). These regions are (1) the East Gulf
Coastal plain, (2) the Mississippi alluvial plain, and
(3) the West Gulf Coastal plain.

Fig. 4. Louisiana territory covered by the Gulf Coast regional
assessment.

The East Gulf Coastal plain in Louisiana covers
the area east of the Mississippi river and north of
lake Pontchartrain. Tt rises gradually from marshes in
the west and south to low, rolling hills in the north.

The Mississippi alluvial plain lies along the lower
Mississippi river. In Louisiana, it reaches from the
Arkansas state line to the Gulf of Mexico. Broad, low
ridges and hollows parallel the river as it winds
down the plain. The high fields atop the ridges are
called frontlands. The frontlands slope away from the
river to the backlands, which are great stretches of
clay and silt. The backlands have several ancient
channels of the Mississippi, far from its present
course. The Mississippi Delta was formed of silt
brought to the river’s mouth. It covers about 13,000
square miles (33,700 square kilometers)-about a
fourth of Louisiana’s total area. The delta has the
state’s most fertile soil.

The West Gulf Coastal plain includes all
Louisiana west of the Mississippi alluvial plain. At the
southern end of the plain, low sand ridges called
barrier beaches lie along the Gulf of Mexico. Behind
these beaches, marshes stretch inland for about 20
miles (32 kilometers). Beneath the marshes and the
coastal and offshore waters are large underground
formations called salt domes. These domes cap great
deposits of salt. Pools of natural gas and petroleum
are trapped along the sides of the salt deposits. Sul-
fur is sometimes found in the top of the domes
between the salt and the upper crust.

North of the marshlands, the gently rolling
Louisiana prairies-about 60 miles (100 kilometers)

11



Fig. 5. Mississippi territory covered by the Gulf Coast
regional assessment.

wide-reach westward across the plain to Texas.
North of the prairies, the land rises gradually as it
stretches toward Arkansas. The highest point in
Louisiana is 535-foot (163-meters)Driskill Mountain,
about 40 miles (64 kilometers) from the Arkansas
line.

Mississippi

Mississippi has two main land regions: (1) the
Mississippi alluvial plain, and (2) the east Gulf
Coastal plain (Fig. 5).

The Mississippi alluvial plain covers the entire
western edge of the state. It consists of fertile low-
lands and forms part of the 35,000-square-mile
(90,600-sequare-kilometer) alluvial plain of the Mis-
sissippi River. The region is quite narrow south of
Vicksburg. North of the city, the plain spreads out
and covers the area between the Mississippi and the
Yazoo, Tallahatchie, and Cold Water rivers. Floodwa-
ters of the rivers have enriched the soil of the region
with the deposits of silt. The fertile soil of the Missis-
sippi alluvial plain is famous for its large cotton and
soybean crops. Most Mississippians call this region
the Delta.
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The east Gulf Coastal plain extends over all the
state east of the alluvial plain. Most of the region is
made up of low, rolling, forested hills. The coastal
plain also has prairies and lowlands. Yellowish-
brown loess (soil blown by winds) covers the region
in the west. Most Mississippians call these deposits
the cane, bluff, or loess hills. The Tennessee River
hills rise in northeastern Mississippi. They include the
highest point in the state, 806-foot (246-meter)
Woodall Mountain. The Pine Hills, often called the
Piney Woods, rise in the southeastern part of the
region. They are covered largely with longleaf and
slash-pine forests.

The main prairie is called the black belt or black
prairie because its soil is largely black in color. This
long, narrow prairie lies in the northeast section of
the state. The black belt stretches through 10 coun-
ties. Livestock graze there, and corn and hay grow
well on the farmlands of the black belt. Small prairies
also lie in the central Mississippi, east of Jackson.
Along the Mississippi Sound, lowlands stretch inland
over the southern portion of the region.

Texas

Texas has five main land regions. These are,
from east to west: (1) the Gulf Coastal plains, (2) the
prairie plains, (3) the rolling plains, (4) the Great
Plains, and (5) the basin and range region (Fig. 6).

The Gulf Coastal plains of Texas are part of the
fertile lowland that lies along the entire gulf coast of
the United States. They range in elevation from sea
level to about 300 feet (91 meters) above sea level. A
subtropical region extends along a large part of the
coast.

The southernmost part of the coastal plains con-
sists of the fertile Rio Grande Valley. Just north of this
valley lies the Middle Nueces Valley, part of the Nue-
ces Plains. The two valleys are famous for their
winter vegetables and fruits. The region along the
coast from the Rio Grande Valley to Louisiana has
rich soils. Cotton and several types of grain thrive in
this region.

The northeastern part of the plain is a timberland
with thick forests of oak, pine, sweet gum, and other
trees. This area is often called the piney Woods.
Major lumber and paper companies own most of the
land. Farmers in this area raise beef and dairy cattle
and poultry. The region has many large mineral
deposits

The prairie plains lie west of the forest belt of
the coastal plains. The prairie plains feature alternat-
ing belts of rugged hills and rolling hills. The rugged



Fig. 6. Texas territory covered by
the Gulf Coast regional
assessment.

hills are covered with oak and hickory forests. The
region includes the fertile Black Waxy prairie. The
prairie has rich soils for farming.

The rolling plains are a hilly area west of the
prairie plains. The areas’ elevation increases as it
approaches the Great Plains to the west. The region
has scattered belts of fertile farmland and rich petro-
leum deposits.

The Great Plains reach westward from the prairie
plains and the rolling plains into New Mexico. They
form part of the series of treeless plains that extends
northward through the western United States into
Canada. The Great Plains of Texas rise from an alti-
tude of about 700 feet (213 meters) above sea level
in the east to over 4,000 feet (1,200 meters) above
sea level in the west.

A large part of the Great Plain region lies within
the Texas Panhandle, the part of the state that juts
northward alongside new Mexico and Oklahoma.
The western part of the Panhandle is called the Liano
Estacado (staked Plains) or the high plains. This tree-
less grassland is a high plateau. The Liano Estacado
has many irrigated cotton, grain sorghum, and wheat
farms. The southern part of this area lies above an
underground region called the Permian Basin. The
state’s largest petroleum and natural gas deposits are
in the Permian Basin.

The Edwards Plateau forms the southern part of
the Great Plains. Its surface is mainly bare limestone
bedrock, but it is dotted with shrubs and sparse
grasses. Thick grasses grow in the plateau’s river val-
leys and basins. In the eastern part of the Plateau, the
land becomes irregular, forming what is called the
Texas Hill Country More sheep and goats are raised
in the Edwards Plateau than in any other part of the
United States.

The basin and range region, commonly called
the Trans-Pecos Region, make up the westernmost
part of the Texas. It includes high, partly dry plains
that are crossed by spurs of the Rocky Mountains.
These spurs include, from north to south, the
Guadalupe, Davis, and Chisos Mountains. The peaks
that do not form continuous ranges are called Lost
mountains. Farmers use the level sections mainly for
raising cattle, with some irrigated agriculture on the
plains along the Rio Grande. Many beautiful moun-
tain gorges are along the upper Rio Grande, which
forms the region’s western border. Santa Elena
canyon, in Big Bend National Park, is one of the
area’smost spectacular gorges.
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2.3 Land use

Table 1 and 2 provided summary of land use information of the five Gulf Coastal states.

Table 1 Land Cover/Use, by State: 1992.

[in millions of acres (1,940,000 represents 1,940,000,000)]

States Total surface Non-federal
areaa Total Developed® Rural Land
Total Crop land

United States 1,937.7 1,480.9 91.9 1,389.0 382.0
Alabama 33.1 31.2 2.0 29.1 3.1
Florida 37.5 30.4 4.6 25.8 3.0
Louisiana 30.6 26.4 1.8 24.6 6.0
Mississippi 30.5 28.0 1.3 26.7 5.7

Texas 170.8 163.7 8.2 155.5 28.3

a, includes water area not shown separately.
b, includes urban and built-up areas in units of 10 acres or greater, and rural transportation

Source: U.S. Census Bureau, Statistical Abstract of the United States 1999.

Table 2 National Forest System Land By States: 1997.

[in thousands of acres (e.g., 231,884 represents 231,884,000)]

State Gross area within unit National forest Other lands within
bounariesa system land® unit boundaries

Total

United States 231,808 191,785 40,023

Alabama 1,290 665 625

Florida 1,418 1,147 271

Louisiana 1,025 604 421

Mississippi 2,312 1,158 1,154

Texas 1,994 755 1,239

a, Comprises all publicly and privately owned land within authorized boundaries of national forests, purchase units, national
grasslands, land utilization projects, research and experimental areas, and other areas.
b, federally owned land within the “gross area within unit boundaries.”

Source: U.S. Census Bureau, Statistical Abstract of the United States 1999.
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2.4 Water Resources

Table 3 provided summary of water resources information.

Table 3 Land and water area of states and other entities: 1990.

Total area Land area Water area
State Sq.mi. Sq.km. Sqg.mi. Sq.km. Total Inland Coastal
Sq.mi. Sq.km. Sq.mi. Sq.km.

United States
Alabama 52,237 135,293 50,750 131,443 1,486 3,850 968 519
Florida 59,928 155,214 53,937 139,697 5,991 15,517 4,683 1,308
Louisiana 49,651 128,595 43,566 112,836 6,085 15,759 4,153 1,931
Mississippi 48,286 125,060 46,914 121,506 1,372 3,553 781 591
Texas 267,277 692,248 261,914 678,358 5,363 13,890 4,959 404

Source: U.S. Census Bureau, Statistical Abstract of the United States 1999.

Alabama

Navigable rivers flow through almost every part
of Alabama. The Mobile River and its tributaries flow
south to the Gulf of Mexico. They form the most
important river system in the state. The Alabama and
the Tombigbee, Alabama’s longest rivers, meet about
45 miles (72 kilometers) north of Mobile and form
the Mobile River. The Chattahoochee River forms
much of the border between Alabama and Geogia.
The Tennessee River (Fig. 7) is the most important
river in northern Alabama. It flows west across
almost the entire width of the state. However, Alaba-
ma has no large natural lakes, and dams on rivers
have created many artificial lakes.

Florida

Florida has many rivers, such as Escambia river,
Yellow river, Apalachicola river, Suwannee river, and
more. There are abundant creaks and lakes as well.
Among all five Gulf Coastal states, Florida has the
largest water area.

Louisiana

The waters of all the rivers in Louisiana find their
way to the Gulf of Mexico. The Mississippi, of
course, is Louisiana’s most important river. Other
important rivers in the state include the Atchafalaya,
Black, Calcasieu, Ouachita, Pearl, Red, and Sabine.

Mississippi

Mississippi has many rivers and lakes. The
nation’s most important river, the Mississippi forms
most of the state’s western border. Its floodwaters, in
earlier times, often deposited silt on the land and
helped make the land fertile.

The state has several main river basins. The
rivers of the western and north-central basin drain
into the Mississippi River. These rivers includes the
Big Black River and the Yazoo River with its tributar-
ies, the Coldwater Big Sunflower, and Tallahatchie
rivers. Rivers of the eastern basin drain into the Gulf
of Mexico. They include the Pearl, Pascagoula, and
Tombigbee. Many of Mississippi’s lakes are artificially
created reservoirs.

The Mississippi River has formed many oxbow
lakes, mostly north of Vicksburg. Mississippi also has
many slow-moving streams called bayous. Some of
the bayous connect the lakes with the rivers in the
Delta. Others link the inland waterways with the Gulf
of Mexico.

Texas

The Rio Grande, Texas’ largest river, is one of
the longest and most historic rivers in North America.
Other Texas rivers include the Brazos, Canadian, Col-
orado, Guadalupe, Neches, Nueces, Pecos, Red
Sabine, San Antonio, and Trinity. Most of the state’s
rivers flow in a southeast direction into the Gulf of
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Mexico. In the dry western parts of Texas, many
streams have water only after a rainstorm.

2.5 Soil

Alabama

There are four main soil zones found in Alaba-
ma. In the far north, the Tennessee Valley contains
the dark loams and red clays that add vivid dashes of
color to the landscape when exposed. Farther south
lie the varied soils of a mineral belt, and these are
succeeded by the rich limestone and marl soils of the
Black Belt. Along the coast of Alabama there are
sandy loams and deep porous sands.

Louisiana

The soils of Louisiana have been one of the
state’s priceless resources; nearly one-third of the
total land area is covered by the rich alluvium
deposited by the overflowing of its rivers and bay-
ous. Muck and peat soils are found within the coastal
marshes, while the bottom soils of the Mississippi
and Red river valleys are other alluvium and loessial,
or windblown, soils. Within the uplands, or hills,
there are more mature soils that are less fertile.

Florida

In general, Florida’s soil consists of sand, sandy
loam, claylike marl, peat, and muck, but more than
300 soil types have been mapped. Six broad soil-veg-
etation regions may be described.

Texas

There is immense variation in the types of Texas
soil. The Piney Woods region of east Texas has a
gray and tan topsoil that covers the red subsoil usu-
ally within a foot or two of the surface. The soil
along the upper and middle Texas coast is black clay
or loam, with lighter-coloured sandy soil on coastal
islands, bars, and spits. The soil of the southern
Texas coast and inland to the Rio Grande is sandy,
like that of east Texas, but is less eroded and
leached.

The Blackland Prairie, a belt of fertile black clay
to the west of the Piney Woods, extends southwester-
ly from the Red river to San Antonio. The soil of the
Grand Prairie region, just to the west of the Blackland
Prairie, is more rocky and resistant to erosion.

The Cross Timbers, a forest region with light-col-
ored, slightly acid, sandy loam soil, stretches across
the prairies of northern Texas, enclosing part of the
Grand Prairie. Red sandy and dark clay soils are
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found in the Llano Basin, in the center of the state.
The Edwards Plateau has thin, stony soil with a lime-
stone bedrock.

Most of the soils of the western North Central
Plains are red or tan-colored and sandy, but some
black clay is found in the region. The High Plains,
just to the west, has dark brown to reddish clay
loams, sandy loams, and sands. In the Trans-Pecos
region are found reddish brown sandy soil in the
mountains and grayish brown to reddish brown clay
soil in the basins.

The rich fertility of the soils first attracted settlers
to Texas. Much of the soil was lost through wasteful
farming and ranching practices in the 19th and the
early 20th centuries, but since the 1930s efforts by
federal and state governments have done much to
promote soil conservation in the state.

2.6 Coastline

Alabama

Alabama’s general coastline extends for 53 miles
(85 kilometers) along the gulf of Mexico. The tidal
shoreline, which includes small bays and inlets, is
607 miles (977 kilometers) long.

Mississippi

Mississippi has a coastline of 44 miles (71 kilo-
meters) along the Gulf of Mexico. With bays and
coves, it has a total shoreline of 359 miles (578 kilo-
meters). The largest bays include Biloxi, St. Louis,
and Pascagoula. The nation’s longest sea wall pro-
tects about 25 miles (40 kilometers) of coastline
between Biloxi and Point Henderson at Pass Christ-
ian. Other coastal towns include Bay St. Louis,
Gulfport, and Ocean Springs Deer Island is near the
month of Biloxi Bay, and a chain of small islands lies
off the coast. They include Cat, Horn Ship, and Petit
Bois islands. Mississippi Sound separates them from
the mainland.

Louisiana

Louisiana has a general coastline of 397 miles
(639 kilometers) along the Gulf. But the marshy coast
has been made extremely uneven by silt deposits. As
a result, Louisiana’s tidal shoreline-including bays,
offshore islands, and river months- is 7,721 miles
(12,426 kilometers) long. Salt water from the Gulf of
Mexico enters the coastal waters through canals. It
kills many of the freshwater marsh plants that help
hold coastal soils in place, and as a result, large
amounts of these soils are washed away. About 50



square miles (130 square kilometers) of Louisiana’s
coastal land erodes annually.

Florida

The coastline of Florida is 1,350 miles (2,173kilo-
meters) long divided into Atlantic Coast and the Gulf
Coast. The Atlantic coast has 580 miles (933 kilome-
ters) of shoreline. The Gulf coast is 770 miles (1,240
kilometers) long.

Texas

The general coastline of Texas is 367 miles (591
kilometers) long along the Gulf. The tidal shoreline,
including bays, offshore islands, and river mouths, is
3,359 miles (5, 406 kilometers) long. A series of nar-
row sand bars, enclosing shallow lagoons, lies along
the Texas coast. These sand bars help protect the
coast from ocean storms and huge, destructive waves
called tsunamis. The Texas coast has 27 artificially
created ports, that were once filled by silt left by the
many streams emptying into the Gulf of Mexico.
When they were filled by silt, only small vessels
could use them. By removing the silt and deepening
the harbors, engineers built 12 deepwater pots and
15 ports for barges and small ships.

2.7 Current Stresses

The following regional key sectoral issues were iden-
tified by the Gulf Coast Regional Workshop (Ning
and Abdollahi, 1999, USGCRP, 1998a)

2.7.1 Coastal Ecosystems

The potential impacts of climate change are of great
practical concern to those interested in Gulf Coast
region’s wetland resource. The Northern Gulf Coast
area is of greatest risk in the U.S. because of its low-
laying habitats with easily eroded substrates. The TPCC
and the World Meteorological Organization (IPCC,
1997 and WHO, 1996) have identified coastal wetland
as an ecosystem most vulnerable to direct, large-scale
impacts of climate change, primarily because of their
sensitivity to increase in sea-level rise.

The Gulf Coast is a region prone to rapid subsi-
dence of an order of magnitude greater than the
Atlantic and Pacific coastal zones. The Governor of
Louisiana’s representative at the workshop referred
to this region as the “Poster Child of Vulnerability”.
Accelerated sea-level rise of any predicted rate, high
or low, will only exacerbate the impacts of the exist-
ing rate of sea-level rise on this highly vulnerable
coastal region.

Gulf Coast ecosystems continue to be impacted
by stresses of altered watershed dynamics and
flood control measures. Changing climate conditions
which impact flow regimes in other regions (such as
the Upper Mississippi River watershed) are also felt
along the Gulf Coast. Gulf Coast states have experi-
enced an increase in total annual rainfall during this
century. This increase is associated with more intense
rainfall events, which alter both the timing and deliv-
ery of freshwater to coastal wetlands and estuaries.
The State Climatologist for Louisiana stated that
intense spring rainfall events have doubled in fre-
quency since 1971, while the number of summer
events during that period were half as frequent. In
addition to these climatic changes, flood control
measures and impoundment alter surface water
flows and impede the sediment flux that is necessary
to sustain the development of river deltas. The
extraction of freshwater for municipal purposes and
irrigation, along with landscape fragmentation in the
coastal zone has altered the balance of freshwater
and tidal flows. Several Gulf Coast estuaries and wet-
lands are slated for engineered restorations (e.g.
fresh water diversions along the lower Mississippi
River and the Everglade’s surface water restoration).

Rising sea level and deteriorating landforms
allow saltwater to intrude further inland and to mix
with surface and groundwater supplies. Changing the
salinity patterns of Gulf Coast wetlands threatens sta-
bility of freshwater ecosystems and survival of two
important shellfish resources — oysters and shrimp.
Fertilizers, herbicides, and pesticides applied on agri-
cultural crops in watersheds that feed coastal
marshes and estuaries also pose a real concern. The
cumulative impact of water removal and replace-
ment, whether for municipal or industrial purposes,
involves a reduction in the quality of water interring
downstream wetlands. Urban floodwaters that are
pumped across levees also introduce significant con-
taminants of unknown fate into adjoining wetlands.

Frontal passages and hurricanes account for most
of the acute effects that lead to coastal changes of
barrier islands and wetlands. Even relatively mild
winter storms create fetch dynamics in coastal bays
and estuaries that can cause significant impacts.

The invasion of non-indigenous species of flora
and fauna alters the structure and balance of coastal
systems to the exclusion, in some cases, of native
species. The loss of habitat for resident wildlife is
also of concern. The Gulf Coast spans the transition
zone between temperate and sub-tropical climates
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and species distribution, which adds to its biological
diversity as a region. Climate changes and conditions
may foster the rate of spread of exotic species. Some
notable exotic species include Melaleuca, Salvinia,
Water hyacinth, Eurasian millfoil, Brazilian pepper,
Chinese tallow tree, gecko, and zebra mussel.

2.7.2 Forests

Climate variability is already a prime stress and is
related to the many summer storms of both sub-trop-
ical and convection driven origin. Forests are affected
by numerous thunderstorms of high intensity as well
as tropical storms and the associated high winds. The
high rainfall during short periods associated with
these storm leads to flooding and waterlogged soils.
Plant growth is impacted. Reduced root growth and
increased incidence of windthrow are not uncom-
mon problems.

Along the coast and for some distance inland,
sea-level rise is a major problem in the region. Nat-
ural sea-level rise is a product of warming
temperatures and thermal expansion. Apparent sea-
level rise is aggravated by subsidence caused from
the organic soils and the losses of sediment influx as
drainage patterns have been altered for human use
in coastal areas. Sea-level rise exacerbates drainage
of rivers and streams resulting in flooding and salt-
water intrusion that severely alter the coastal
ecosystems. Freshwater swamps are being killed by
saltwater intrusion and bottomland hardwoods are
being killed by alteration of flood timing and dura-
tion. Changes in species composition, changes in
wetland boundaries, and complete loss of terrestrial
ecosystems to open water areas have occurred. Such
changes have also been associated with increased
numbers of pests and success of new pests in the
region.

Although high rainfall is common, the Gulf Coast
region also experiences its share of droughts.
Droughts in recent years have caused much damage
and loss of productivity. Plants growing in water-
logged soils have restricted root systems and once
the soils begin to dry out, plants are unable to
extract sufficient water from the soil. Wildland
ecosystems under water stress often lead to insect
and disease infestations, with a concomitant increase
in the frequency and severity of wildfires. The
release of sequestered carbon through uncontrolled
wildfire can lead to major air pollution and to the
buildup of radiatively important gases and particles
in the atmosphere. In the summer, high temperatures
provide additional stress through increased plant res-
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piration, reduced photosynthesis, and direct-heat-
caused injury. In the winter, temperature fluctuation
and the sudden onset of freezing temperatures result
in biological miscues and loss of productivity. The
negative impacts on flower and fruit production are
most noticeable.

Ozone and other air pollutants are problems in
many areas of the Gulf Coast region. Foliar damage,
reductions in photosynthesis, and associated reduc-
tions in growth have been shown to occur. These
problems are becoming more serious in the Gulf
Coast region.

2.7.3 Water and Air Quality

The Gulf Coast shares a number of stresses that are
currently creating problems for coastal areas due to a
high rate of population influx and development
along the coast. Many of the health stresses in the
region relate to contamination of the marine envi-
ronment as a result of development, agriculture
(nitrogen flow), and industrial pollution, such as
benzene and other organic chemicals from oil refin-
ing. This is of particular concern because the Gulf
Coast has the highest concentration of petrochemical
companies in the nation. Pollutants in water are a
major problem in the region. With the potential of
sea level rise, health is threatened by petrochemical
plants. In addition to the chemicals released by the
petrochemical companies, the Mississippi River car-
ries the chemical pollutants of the Central U.S. to the
Gulf Coast region. Extraction, refining, and transport
of oil and petrochemicals all carry risks for the health
of humans, wildlife and ecosystems. Extreme rains
and flooding can enhance run-off of nutrients, pollu-
tants and microorganisms. Heavy rains and high
nutrient levels can increase algae blooms and add to
the “hypoxic zone” in the Gulf of Mexico, currently
the size of New Jersey.

In addition, there were a number of disease
events in Florida in 1997, which affected both
humans and plants. These included St. Louis
encephalitis around Orlando and three crop pests:
medfly in Dade county, citrus canker sore and toma-
to leaf virus carried by whiteflies.

The growth of major cities and the effects of this
growth on air quality are major health concerns in
the Gulf Coast region. Large cities such as Houston
and New Orleans have major problems with air pol-
lution, particularly tropospheric ozone (O;). Pollution
stagnation, such as occurred in Baton Rouge in 1990
and 1995, is dangerous and may be exacerbated by
increased temperatures. Poor air quality contributes



to health endpoints such as heat shock, asthma, res-
piratory disease, and allergies.

When air quality is bad, people often stay inside
of the house where the air quality is worse than out-
side of the house. In addition, when temperatures
increase, more people use air conditioners, adding to
the pollution problems.

Diversion of water to serve the growth of the
human population in large cities is a potential threat
to the availability of clean water in the Gulf Coast
region. The large population growth in Atlanta is cur-
rently threatening Gulf Coast water quality. Similarly,
population growth and the diversion of water are
also threatening the water quality of the Rio Grande
River. To assess this problem, it is important to moni-
tor key water systems and to determine the purpose
for which water is being used.

2.7.4 Fisheries

Increased variability in precipitation has the potential
to greatly impact coastal fisheries by affecting fresh-
water inflow to estuaries, which in turn would affect
flushing rates, the location of the freshwater-saltwater
interface, and the quality of coastal estuarine nursery
areas for fish and shellfish. Further inland, increased
variability in precipitation has the potential to nega-
tively impact riverine fish resources.

Fishermen of the Terrebonne Fishermen’s Orga-
nization expressed concerns about coastal erosion
and the loss of coastal marsh habitat, which, in
Louisiana, is mainly attributable to subsidence of
deltaic deposits of the Mississippi River, and human
alteration of coastal marsh. They are concerned that
sea level changes associated with global climate
change will exacerbate the current problems of
coastal erosion. Even small rates of sea-level rise take
on a special significance in coastal Louisiana.

There is currently little public understanding of
the importance of coastal water and habitat quality to
coastal fisheries. Coastal habitat quality is affected by
factors like industrial and metropolitan development
along the coastal zone, tourism and recreation,
inland land use (natural vegetation cover versus agri-
culture or silviculture, fertilizer and pesticide use,
animal husbandry, etc.), and atmospheric and hydro-
logic deposition of pollutants (e.g., inorganic
nitrogen) from industry located far inland. The extent
to which climate change will exacerbate or amelio-
rate stresses on fisheries associated with changes in
coastal water and habitat quality depends on future
trends of coastal zone development. Some sense of
the minimum amount of undisturbed coastal habitat

and minimally disturbed coastal habitat buffer need-
ed to sustain current fisheries must be gained in
order to project habitat needs under climate change
scenarios.

In 1997 Louisiana fisheries contributed roughly
$20 billion to the gross national product, employing
about a million people. Marsh and other coastal
habitats on which coastal fisheries depend play an
important role as nursery grounds for many commer-
cially important fish and shellfish species. Other
commercially important fishes, whose life histories
are not directly tied to coastal habitats, are depend-
ent on fish and shellfish produced in coastal habitats.

All aquatic organisms have particular ranges of
physiological tolerance to factors like temperature,
salinity, pH and dissolved oxygen. In general,
species are found only in habitats that meet all of
their requirements for survival, growth, and repro-
duction. These requirements often differ with
different life history stages (eggs, larvae, and adults),
particularly in marine and estuarine species. A
change to warmer water temperature in the Gulf of
Mexico, for example, has the potential to restrict the
zone of inhabitance of temperate adapted species
(northward movement in the Northern Gulf of Mexi-
co is limited by the coastline) and shift the zone of
more tropical adapted species northward.

The same may be said for fishes in inland fresh-
water stream and lake habitats along the Gulf Coast.
The species are generally temperature adapted, so
any warming, or tendency toward warmer extremes
than at present, has the potential to restrict their nat-
ural range. The ability of any of these species to
migrate north or south is dependent on the range of
stream sizes the species normally inhabits, and the
presence of barriers to dispersal such as dams or nat-
ural physiographic features.

A critical problem in trying to predict how global
climate change might impact populations of both
coastal and inland fisheries is that very little is known
about the specific tolerances and life history require-
ments of many of the species involved. Life history
information is being gathered for many of the com-
mercially important species by agencies such as the
National Marine Fisheries Service and state fisheries
departments. However, the information is not being
gathered in a coordinated way, with a view toward
future climate change. In cases where key life history
information is being gathered (e.g., in the course of
routine shrimp, ichthyoplankton and groundfish sur-
veys), important information on conditions of
capture is not being recorded or archived, the collec-
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tions are not being precisely referenced as to geo-
graphic position, and the collections are not being
archived. We need a comprehensive interagency
review of information needs related to impacts of
global climate change on coastal fisheries, a better
coordination of ongoing fishery surveys with proper
attention to the quality of the information being gath-
ered, and improved databasing and archiving of
information collected.

2.7.5 Commerce, Industry and Energy

Industries of the region can be divided into two
broad categories: primary industries and support
industries. Primary industries with the most impact
on the economies of the Gulf Coast region (in no
particular order) are oil and gas, agriculture and
forestry, tourism and entertainment, fisheries and
aquaculture, chemical, manufacturing, port transfer
and shipping. A number of support industries with
important roles in the region (in no particular order)
are insurance, finance, real estate, construction, med-
ical and health, public sectors, military, government,
and retail.

Current climatic and non-climatic stresses can be
related to the relevant industries. Some of these influ-
ences originate within the region, while others have
global dynamics. Some general “stresses” are coastal
land loss, saltwater intrusion, population growth, and
education/training of the general population and
available workforce. Specific effects on the primary
industries include the following:

a. Oil and gas

Clearly, global energy markets, international
emissions agreements, and national policy are major
forces in shaping the demand for oil and gas prod-
ucts, and the ultimate mix of fuels used to meet the
nation’s energy needs. Also, the current age and inef-
ficiency of capital equipment is one important stress
in this industry as well as in the chemical and manu-
facturing industries. Weather plays a substantial role
in determining demand for, hence the price of, vari-
ous fuels. Another major stress on the oil and gas
industries is the frequency and magnitude of major
storms. In such cases, drilling activities in the Gulf
are curtailed. While this stress is currently thought to
play only a minor role, future increases in storm
intensity and frequency associated with climatic
change could be important.
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b. Agriculture and forestry

Agriculture is particularly sensitive to climate
variability and extremes. The dates of the first and
last frosts dictate planting and harvesting schedules.
Shifts in the length of growing season can benefit or
harm agriculture. Some crops will likely benefit from
the enhanced CO;and increased air temperatures.
There may even be opportunities for double crop-
ping (i.e., two growing seasons each year). The
expected drying of the soil and increased magnitude
of heavy precipitation events, on the other hand,
may be damaging to the agricultural industry.

c. Tourism and entertainment

Weather in the Gulf Coast region has an impor-
tant influence on tourism. For instance, it is generally
known that the month of August can be quite hot
and humid, discouraging tourists and encouraging
residents to travel out of the region. The role of
weather in tourism, however, is a two-way street.
Many of the tourists visiting the region in winter
months are from the northeast. If winters in the
northeast are less severe, there will be less incentive
for these individuals to flee to the south. Another
important influence on tourism is the perception of
health threats. One example is the recent outbreak of
encephalitis in central Florida, that resulted in the
evening closings of the Disneyworld parks. Even
very small outbreaks of infectious disease can have
major impacts on tourism.

d. Fisheries and aquaculture

Wetland loss is a current issue of great impor-
tance to the fisheries and aquaculture industries. If
natural subsidence is enhanced by sea-level rise,
these industries may be severely impacted. There are
also salinity issues associated with the interface
between the coastal salt water and the brackish and
fresh water marshes.

e. Chemical

While the chemical industry is generally not sig-
nificantly impacted by climate, it relies on the oil and
gas industries for much of its raw materials, and is
also subject to the policy actions of local govern-
ments which often act to limit emissions.
Environmental activism is also playing a more pro-
nounced role, as the activist groups grow and
become more vocal about their environmental con-
cerns. Vocal public opposition to the proposed
Shintech PVC plastics plant in Louisiana is one of the
examples.



f. Port transfer and shipping

This industry depends upon port access that in
some cases may be affected by river flow rates, sedi-
mentation, and the need for dredging. Ship traffic
can also be significantly impacted by severe storms.

2.8 Potential Futures

2.8.1 Climate Change and Sea Level Raise

Rising global temperatures are expected to raise sea
level, and change precipitation and other local cli-
mate conditions. Changing regional climate could
alter forests, crop yields, and water supplies. It could
also threaten human health, and harm birds, fish,
and many types of ecosystems.

There are five major physical impacts of sea-level
rise: (1) erosion; (2) inundation; (3) salinization; (4)
increased flooding and storm damage; and (5) rising
water tables (Nicholls et al., 1994). Sea-level rise
does not act in isolation and these impacts can be
offset or reinforced by other factors such as sediment
availability, or changing freshwater runoff. It is also
important to recognize that the coastal zone will
evolve due to processes other than sea-level rise.
Therefore, when examining potential impacts of sea-
level rise for planning purposes, it is important to
consider all coastal processes (Stive et al., 1990).

Rising sea level is gradually inundating wetlands
and lowlands; eroding beaches; exacerbating coastal
flooding; threatening coastal structures; raising water
tables; and increasing the salinity of rivers, bays, and
aquifers (Barth and Titus, 1984). The areas most vul-
nerable to rising seas are found along the Gulf of
Mexico and the Atlantic Ocean south of Cape Cod.
Although there also are large low areas around San
Francisco Bay and the Fraser delta (British Colum-
bia), most of the Pacific coast is less vulnerable than
the Atlantic and Gulf coasts.

Coastal marshes and swamps generally are found
between the highest tide of the year and mean sea
level. Coastal wetlands provide important habitat and
nourishment for a large number of birds and fish
found in coastal areas. Wetlands generally have been
able to keep pace with the historic rate of sea-level
rise (Kaye and Barghoorn, 1964). If sea level rises
more rapidly than wetlands can accrete, however,
there will be a substantial net loss of wetlands (Titus,
1986; Park et al., 1989).

Coastal development is likely to increase the vul-
nerability of wetlands to rising sea-level. In many
areas, development will prevent the wetland creation

that otherwise would result from the gradual inunda-
tion of areas that are barely above today’s high-water
level (Titus, 1986, 1988). In Louisiana, flood control
levees, navigation infrastructure, and other human
activities have disabled the natural processes by
which the Mississippi delta otherwise could keep
pace with rising relative sea level; as a result,
Louisiana currently is losing about 90 km? (35 mi*) of
wetlands per year (Gagliano et al., 1981; Penland et
al., 1997).

Louisiana is expected to experience the greatest
wetland loss from rising sea level, although most of
these losses are predicted to occur even with the cur-
rent rate of relative sea-level rise. A 50-cm rise in sea
level would cause a net loss of 17 — 43% of the wet-
lands, even if no additional bulkheads or dikes are
erected to prevent new wetland creation. The table
presents estimated losses in U.S. wetlands by region.

The dry land within 1m above high tide includes
forests, farms, low parts of some port cities, commu-
nities that sank after they were built and that now
are protected with levees, parts of deltas, and the
bay sides of barrier islands. Major port cities with low
areas include Miami, and New Orleans. New Orleans’
average elevation is about 2m below sea level.

The most economically important vulnerable
areas are recreational resorts on the coastal barriers-
generally long and narrow islands of spits
(peninsulas) with ocean on one side and a bay on
the other-of the gulf coasts. Typically, the ocean
front block is 2-5m above high tide; the bay sides
often are 0.5m above high water. Rising sea level
tends to cause narrow islands to migrate landward
through the overwash process (Leatherman, 1979).

Changing climate generally is increasing the vul-
nerability of Gulf Coast areas to flooding both
because higher sea level raises the flood level from a
storm of a given severity and because rainstorms are
becoming more severe in many areas. It also is pos-
sible that hurricanes could become more intense,
thus producing greater storm surges. The IPCC
(1996) concluded, however, that the science
currently is inadequate to state whether or not this is
likely to occur. Many Gulf Coastal areas currently are
protected with levees and seawalls. Because these
structures have been designed for current sea level,
however, higher storm surges might overtop sea-
walls, and erosion could undermine them from
below (National Research Council, 1987). In areas
that are drained artificially, such as New Orleans, the
increased need for pumping could exceed current
pumping capacity (Titus et al., 1987).
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Higher sea level and more intense precipitation
could combine synergistically to increase flood levels
by more than the rise in sea level alone in much of
coastal Louisiana and Florida. The direct effect of
higher sea level also could be exacerbated through-
out the coastal zone if hurricanes or northeasters
become more severe-a possibility that has been sug-
gested but not established (IPCC, 1996).

Rising sea level also enables saltwater to pene-
trate farther inland and upstream in rivers, bays,
wetlands, and aquifers. Saltwater intrusion would
harm some aquatic plants and animals and threaten
human uses of water. Increased drought severity,
where it occurs, would further elevate salinity. High-
er salinity can impair both surface and groundwater
supplies. If saltwater were able to reach farther
upstream in the future, the existing intakes would

draw salty water during droughts. Louisiana’s coastal
wetlands are disappearing at the rate of 25 square
miles per year — equal to 16,000 acres annually. In
this century, the state of Louisiana lost between
600,000 and 900,000 acres of valuable coastal vegeta-
tive wetlands. Estimates reveal that another 600,000
acres will be lost between now and the year 2040. A
commitment to establish cost-effective coastal
restoration projects is essential if Louisiana’s costal
wetlands are to be saved.

The aquifers that are most vulnerable to rising
sea level are those that are recharged in areas that
currently are fresh but could become salty in the
future. The South Florida Water Management District
already spends millions of dollars each year to pre-
vent the aquifer from becoming salty (Miller et al.,

Table 4 Regional and national wetland losses in the U.S. for the trend and 1-m
global sea-level rise scenarios (% loss of current area).

Current Wetland Area

1-m Shore Protection Policy

Region (mi?) Trend
Northeast 600 7
Mid-Atlantic 746 -5
South Atlantic 3,814 -2
South/Gulf

Coast of Florida 1,869 -8
Louisiana® 4,835 52
Florida Panhandle,

Alabama,

Mississippi,

And Texas 1,218 22
West Coast® 64 -111
United States 13,145 17
Confidence

Intervals

95% Low - 9
95% High - 25

Total® Developed? None?®
16 10 19
70 46 38
64 44 40
44 8d 7¢
85 85 85
85 77 75
56 -688 -809
66 49 50
50 29 26
82 69 66

a The "total” scenario implies that all shorelines are protected with structures; hence, as existing wetlands are inundated, no
new wetlands are formed. “Developed” implies that only areas that are currently developed will be protected; “no protec-
tion” assumes that no structures will be built to hold back the sea.

b Evaluation of management options currently contemplated for Louisiana (e.g., restoring natural deltaic processes) was out-

side the scope of this study.

¢ This anomalous result is from small sample size. The impact on nationwide results is small.

d Results are not statistically significant; sampling error exceeds estimate of wetlands lost.

Source: Titus et al., 1991, and USEPA website at

http://www.epa.gov/globalwarming/publications/reference/ipcc/chp8/americal3.html
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1992). A second class of vulnerable aquifers consists
of those in barrier islands and other low areas with
water tables close to the surface, which could lose
their freshwater lens entirely (IPCC, 1990).

Finally, rising sea level tends to make some agri-
cultural lands too saline for cultivation. In areas
where shorefront lands are cultivated, the seaward
boundary for cultivation often is the point where salt-
water penetrates inland far enough to prevent crops
from growing. As sea level rises, this boundary pene-
trates inland-often rendering farmland too salty for

regions, have resulted in increased salinity in wells
because when freshwater is drawn down saltwater
can then intrude into the aquifers. An increase in
sinkhole formation has also been associated with
large groundwater withdrawals. Showed warmer and
drier conditions occur, particularly if accompanied by
rising sea levels, they could compound the problems
of high demand for water and low availability. Lower
water levels and higher temperatures could also
impact water quality by concentrating pollutants.

Table 5 Loss of dry land from sea-level rise (95% confidence interval, mi?).

Rise in Sea Level (cm)

Baseline
If no shores are protected NR
If developed areas are protected

(NR=not reported) Source: Titus et al., 1991.

cultivation long before inundation converts the land
to coastal marsh (Toll, 1997).

2.8.2 Climate Change and Its Potential Impacts to
Five Gulf Coastal States (USEPA, 1999)

Alabama

Coasts

Alabama has a 600-mile tidally influenced shoreline
along the Gulf of Mexico. The shoreline consists of a
low-lying coastal plain, narrow barrier islands, forest-
ed swamps, and low terraces. Along much of the
Florida Panhandle and Alabama Gulf Coast, sea level
already is rising by approximately 9 inches per cen-
tury, and it is likely to rise another 20 inches by
2100.

Water resources

In a warmer climate, runoff is likely to be reduced
primarily because of higher temperatures, increased
evaporations, and changes in precipitation. Reduced
runoff and the resulting lower groundwater levels,
especially in the summer, could affect the availability
of water to satisfy Alabama’s growing and competing
needs for municipal, industrial, irrigation, and recre-
ational uses of water. Large groundwater withdrawals
in the coastal zones of Baldwin and Mobile counties,
which include the Mobile Bay and Gulf Shores

3,300-7,300

1,500-4,700 2, 200-6,100

50 100 200
5,100-10,300  9,200-15,400
4,100-9,200 6,400-13,500

Forests

In Alabama, longleaf and slash pine forests could
expand northward and replace some of the loblolly
and shortleaf pine forests. Wetter conditions would
favor expansion of southern pine forests, as well as
oak and hickory forests and the gum and cypress
forests found along the Gulf Coast. In contrast, under
drier conditions, 40 — 70% of forests in the east —cen-
tral part of the state could be replaced by grasslands
and pasture. Warmer and drier conditions could
increase the frequency and intensity of fires, which
could result in increased losses to important commer-
cial timber areas. Even warmer and wetter conditions
could stress forests by increasing the winter survival
of insect pests.

Ecosystem
Alabama is located at the intersection of several geo-

graphic areas, and it's ancient and complex
geological terrain is home to a variety of ecosystems,
ranging from the Appalachians in the north to the
coastal plain in the south. Although it ranks 29th of
all the states in area, it is the nation’s fourth in terms
of plant and animal species richness. With 235,000
miles of waterways spanning three major river basins
(the Mobile, Tennessee, and Apalachicola), it’s aquat-
ic biodiversity is particularly notable. Freshwater
fauna in the rivers and Streams include 52% of North
American’s known freshwater turtles (of these, 22%
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are endemic to the state), 38% (41% endemic) of
freshwater fishes, 60% (34% endemic) of freshwater
mussels, and 43% (77% endemic) of all gill-breathing
snails. The Cahaba River, Alabama’s longest free-
flowing river, is home to 131 species of fish, the
greatest diversity for any river of its size on the conti-
nent. Habitat for warm water fish could be reduced
by hotter temperatures. Alabama’s coastline may be
small in comparison to other Gulf Coast States, but
over 500 species of marine mollusks have been
found in the coastal sands and waters of Alabama.
Climate Changes could exacerbate threats to coastal
and freshwater ecosystems. For example, warmer air
temperatures could lead to reduced stream flow and
warmer water temperatures, which would significant-
ly impair reproduction of fish and other animals and
favor the spread of exotic species that exhibit a high
tolerance for extremes environmental conditions. The
low-lying Mississippi Delta is particularly vulnerable
to the effects of sea level rise — inundation of coastal
lands, intrusion of saltwater into coastal freshwater
ecosystems, and increases in erosion rates and storm
damage resulting from increase storm frequency. If
rainfall increases, runoff along the Gulf Coast and the
rate of estuarine flushing are expected to increase,
leading to reduced yields in shrimp and other species
favoring high salinities. Higher runoff rates and out-
flow into the Gulf of Mexico could increase nutrient
loads and alter water temperatures, exacerbating the
already serious eutrophication and hypoxia.

Florida

Coasts

Along much of the Florida coast, the sea level
already is rising 7-9 inches per century. Because of
local factors such as land subsidence and groundwa-
ter depletion, sea level rise will vary by location. The
sea level in this area is likely to rise 18-20 inches by
2100. As sea level rises, coastal areas in Florida, par-
ticularly wetlands and lowlands along the Gulf and
Atlantic coasts, could be inundated. Adverse impacts
in these areas could include loss of land and struc-
tures, loss of wildlife habitat, accelerated coastal
erosion, exacerbated flooding and increased vulnera-
bility to storm damage, and increased salinity of
rivers, bays, and aquifers, which would threaten sup-
plies of fresh water.

Water resources
A critical factor in Florida’s development, especially

in southern Florida, has been water. Competing
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demands for water — for residences, agriculture, and
the Everglades and other natural areas — are placing
stresses on south Florida’s water resources. Although
south Florida receives an annual average of 60 inch-
es of rain, annual evaporation sometimes can exceed
this amount. Rainfall variability from year to year is
also high, resulting in periodic droughts and floods.
Higher temperatures increase evaporation, which
could reduce water supplies, particularly in the sum-
mer. Saltwater intrusion from sea level rise also could
threaten aquifers used for urban water supplies.
These changes could further stress south Florida’s
water resources.

Forests

The mixed conifer/hardwood forests found in the
northern and panhandle sections of Florida are likely
to retreat northward. These forests eventually could
give way to wet tropical forests such as tropical ever-
green broadleaf forests and dry tropical savanna.
These changes would be accompanied by a reduc-
tion in forest density. The dry tropical savanna of the
Florida peninsula could become more of a seasonal
tropical forest with a corresponding increase in forest
density. The potential dieback of forests along the
Gulf coast could adversely affect forest-based recre-
ation and commercial timber.

Ecosystems
Southern Florida has natural national treasures in the

Big Cypress Swamp, the Everglades, and the Keys.
These three ecosystems are interlined and have a
common history. The Big Cypress Swamp is part of
the broad, shallow river moving fresh water south
into the Everglades. The keys mark the last outposts
of the Everglades lands. Once hummocks of higher
vegetation set in a prehistoric swamp, they have
maintained themselves against the rising sea. Man-
groves on their perimeters collect silt and organic
material, building a barricade secure against all but
the most severe hurricane winds and tides. In the
Everglades and Big Cypress Swamps, there is a
strong contrast between the seasons. From early
spring well into autumn, they have ample rainfall,
averaging 50 inches per year. Winter is a time of
drought and fire, and saltwater penetrates farther
inland.

Already stressed by water diversions, non-native
species of plants and animals, and the natural phe-
nomena of drought, flood, and storms, these
ecosystems will be stressed further by climate
change. A 20-inch sea level rise would cause large



losses of mangroves in southwest Florida. Increase
salinity, resulting from rising saltwater into the Ever-
glades from Florida Bay, also would damage
freshwater ecosystems containing sawgrass and
slough. Communities of wet prairie also would
decline with the rise in sea level. Climatic conditions
in central Florida may become suitable for subtropi-
cal species such a Gumbo-limbo, now confined to
subtropical hummocks in the southern part of the
peninsula and the Keys. Theoretically, under project-
ed climate change, such species could be found as
far north as Gainesville and Jacksonville, but agricul-
tural and urban development will likely preclude
such a progression.

Louisiana

Coasts

At Grand Isle, Louisiana, relative sea level is rising
by 41 inches per century mostly due to land subsi-
dence, and is likely to rise another 55 inches by
2100. Louisiana currently is losing coastal wetlands
at a more rapid rate (approximately 25 square miles
a year) than any other coastal state or region in the
United States. Louisiana’s low-lying delta coastal
wetlands are a unique case — these wetlands
receive large deposits of sediment from the outflow
of the Mississippi River. These deposits provide wet-
lands with a natural defense against the effects of
sea-level rise.

However, because the land surface is subsiding
faster than sedimentation is occurring, Louisiana wet-
lands could be flooded extensively even by relatively
changes in sea level. A 1 - 3 foot increase in sea
level over the next century is projected to submerge
at least 70% of Louisiana’s remaining salt marshes.
Even freshwater marshes located far inland may con-
vert to brackish or salt marsh.

Water resources

Most of Louisiana drains to the lower Mississippi and
Red rivers, both of which have headwaters thousands
of miles from their mouths. Stream flow in these
rivers is affected mostly by conditions outside
Louisiana’s borders. Because much of the runoff of
the Red and Mississippi rivers comes from areas
where there is little snowfall, stream flow is affected
by changes in precipitation and temperature. Sum-
mer flows of these rivers could be reduced by the
increased evaporation that would occur in a warmer
climate. The part of Louisiana that is not in the Red
or Mississippi river basins is drained by smaller rivers

and streams that flow directly to the Gulf of Mexico.

Forests

With changes in climate, the extent and density of
forested areas in Louisiana could change little or
decline by 5 — 15%. Hotter, drier weather could
increase wildfires, particularly in the important tim-
ber producing regions in the northern part of the
state. In some areas, the types of trees dominating
Louisiana forests are likely to change. Longleaf and
slash pine densities could increase, as would the
extent of cypress and gum dominated forests in
southeastern Louisiana. Loblolly and shortleaf pines
would continue to thrive over much of the state;
however, drier conditions could result in increased
areas of grassland and savanna in the western part of
the state.

Ecosystem

Louisiana’s Mississippi river delta contains the largest
wetlands in the nation. These coastal wetlands sup-
port 30% of national commercial fish and shellfish
harvests. They are also the winter home of 20 — 25%
of the ducks that frequent ponds in North America.
These wetlands are among the most commercially
and ecologically productive in the United States. The
coastal marshes in Louisiana generate over $2 billion
worth of commercial species such as oysters, crabs,
fish and shrimp each year. They also are an invalu-
able buffer against storm surges.

Louisiana is already losing many of its wetlands
because levees and other structures along the Missis-
sippi River prevent soil deposition. Sea level rise
most likely will accelerate wetland loss. Reducing
important habitats for migratory birds, crayfish, sport
fish, and other species. Some warm water fish
species such as black crappie could lose all of their
habitat in Louisiana as a result of the effects of cli-
mate change. In addition, spotted sea trout, oyster
larvae, pinfish, and flounder would lose much, if not
all, of their habitat.

Mississippi

Coast
Mississippi coast has a 360-mile tidally influenced
shoreline along the Gulf of Mexico. The shoreline
consists of a low-lying coastal plain, narrow barrier
islands, and low terraces. At Pass Christian, sea level
already is rising by 5 inches per century, and it is
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likely to rise another 15 inches by 2100. Possible
responses to sea level rise include building walls to
hold back the sea, allowing the sea to advance and
adapting to it, and raising the land and structures
(e.g., by replenishing beach sand, elevating Houses
and infrastructure). Each of these responses will be
costly, either in out-of-pocket costs or in land and
structures.

Water resources

Declining groundwater levels are a matter of concern
throughout the state. Increased rice irrigation and
fish farming in the northwestern Delta region have
reduced groundwater levels in the Mississippi alluvial
aquifer. Increased municipal and industrial with-
drawals in the metropolitan Jackson area, along the
Gulf Coast, and in northeastern Mississippi also have
lowered groundwater levels. Additionally, in the
southern half of the state, saline water has begun to
intrude into freshwater aquifers because of declining
groundwater levels along the coast as well as from
saline waste water injection into oil-field production
zones. Warmer and drier conditions, particularly if
accompanied by sea-level rise, could compound
these types of problems due to higher water demand
and lower flows.

Warmer temperatures could lead to reduce
stream flow and warmer water temperatures, which
would significantly impair reproduction of fish and
other animals and favor the spread of exotic species
that exhibit a high tolerance for extreme environ-
mental conditions.

Forests

About 55% of the land area of Mississippi is covered
with forests, including bottomland hardwoods, pine
woods, and oak-hickory forests. In Mississippi, lon-
gleaf and slash pine forests could expand northward
and replace loblolly and shortleaf pine forests if the
climate changes as predicted. Wetter conditions
would favor expansion of southern pine forests as
well as oak and hickory forests and the gum and
cypress forests found along the Gulf Coast. In con-
trast, under drier conditions, 50-75% of forests in the
east-central part of the state could be replaced by
grasslands and pasture.

Ecosystem

Most of Mississippi is made up of habitats associated
with either the coastal plain or the Mississippi Delta.
The coastline is separated from the Gulf of Mexico
by a shallow sound and is paralleled by a series of

26

barrier islands. The Mississippi flatlands in the allu-
vial plain attract hundreds of thousands of migrating
snow geese, Canada geese, and ducks in the winter.
Wetlands play a major role in basin hydrology and
serve as wildlife habitats.

The low-lying Mississippi Delta is particularly
vulnerable to the effects of sea level rise—inundation
of coastal lands, intrusion of saltwater into coastal
freshwater ecosystems, increase in erosion rates and
storm damage with increasing wave force and storm
frequency. If runoff along the Gulf Coast increases,
estuarine flushing rates would increase, leading to
reduced yields in shrimp and other species favoring
high salinities. Increasing runoff rates and outflow
into the Gulf of Mexico could increase nutrient loads
and alter water temperatures, exacerbating already
serious eutronphication and low oxygen levels. Loss
of coastal wetlands and marshes with rapid sea level
rise would reduce estuarine health because many
estuarine species depend on wetlands as nursery
areas and source of organic matter.

Texas

Coasts

The Texas coastline is over 1,400 miles long. The
coastline is composed of wind tidal flats, sandy
marshes, salt marshes, and beaches. About 75% of
the ducks and geese found in the United States move
through the Texas coastal wetlands. The salt marshes
provide a home for oysters and clams, and serve as
nursery grounds for young shrimp, crab, and fish.
These marshes protect the shorelines from erosion
and also act as a purification system by filtering out
many pollutants added to the waters by human activ-
ities. At Galveston, sea level already is rising by 25
inches per century, and it is likely to rise another 38
inches by 2100. Brown shrimp catch in the U.S. Gulf
Coast could fall 25% with only a 10-inch rise in sea
level.

Water resources

Several major river basins lie in part, or entirely,
within Texas. Most of the state is drained by several
south-flowing rivers, including the Neches, Trinity,
Brazos, Colorado, San Antonio, and Nueces. Western
Texas drains into the Rio Grande or its major tribu-
tary, the Pecos River. Unless increased temperatures
are coupled with a strong increase in rainfall, water
could become more scarce. A warmer and dryer cli-
mate would lead to greater evaporation, as much as
a 35% decrease in streamflow, and less water for



recharging groundwater aquifers. Increased rainfall
could mitigate these effects, but also could contribute
to localized flooding. Additionally, climate change
could give rise to more frequent and intense rainfall,
resulting in flash flooding.

Forests

With changes in climate, the extent and density of
forested areas in east Texas could change little or
decline by 50-70%. Hotter, drier weather could
increase wildfires and the susceptibility of pine
forests to pine bark beetles and other pests, which
would reduce forests and expand grasslands and arid
shrublands. With increased rainfall, however, these
effects could be less severe. In some areas, the types
of trees dominating Texas forests would change; for
example, longleaf and slash pine densities could
increase in the deciduous forests of east Texas.

Ecosystems

The coasts wetlands, which support important fish-
eries and provide vital wildlife habitat, are also
vulnerable to climate change. For example, Brazoria
National Wildlife Refuge, a 43,388 acre coastal estu-
arine and coastal prairie habitat on the Gulf Coast,
provides winter habitat for 30,000 — 40,000 ducks
and 40,000 snow geese. The refuge also contains
about 4,000 acres of native coastal systems, and sea
level rise would accelerate loss of wetlands and
estuaries, eliminating breeding and foraging habitat
for commercial, game, and threatened and endan-
gered species.

The vast area within Texas includes a great diver-
sity of ecosystems, from forests to grasslands to
semiarid shrublands to extensive coastal and inland
wetlands. In land-based Texas, climate change could
weaken and stress trees, making them more suscepti-
ble to pine bark beetle outbreaks. Semi-arid grasslands
and shrublands are very sensitive to changes in rainfall
season and in the amount of rainfall, and could be
affected adversely by warmer, drier conditions.
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Chapter 3

Socioeconomic Environment of the Region

Alma Thornton, Southern University and A&M College, Baton Rouge, LA 70803
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3.1 Introduction

The Gulf Coastal Plain includes portions of six states
(Texas, Louisiana, Mississippi, Georgia, Alabama, and
Florida) and borders the Gulf of Mexico from Florida
to Southern Texas. Numerous rivers - including the
Alabama, Mississippi, Rio Grande, and Trinity— cross
the plain and flow into the Gulf. The Mississippi
which originates in the Interior Plains to the north, is
the most important of these rivers. Barges carrying
cargoes from many parts of the country travel along
the river. Soil deposited along the banks of the Mis-
sissippi and other rivers in the Gulf Coastal Plain
creates fertile farmland. The Plain also has belts of
hilly forests and grazing land, and large deposits of
petroleum and natural gas lie beneath it and in the
offshore Gulf waters. The Gulf Coastal Plain has
many sandy beaches, swamps, bays and offshore
islands (World Book, 1994)

The purpose of this research is to provide a
socio-demographic profile of the Gulf Coastal Plain.
The profile presented includes the following (1) land
area, agriculture, forest, oil , gas and related indus-
tries, (2) demographic and social characteristics; (3)
major economic indicators; and (4) productivity
measures.

3.2 Land Area, Agriculture, Forests, Oil
and Gas and Related Industries

As of 1999 (Table 1), the total area for the States of
Alabama, Florida, Louisiana, Mississippi and Texas
was 477, 379 square miles which included a land
area of 457,081 square miles, a water area of 15,544
square miles and 4,753 coastal square miles.
Louisiana has the greatest number of coastal square
miles (1,931) followed by Florida (1,308), Mississippi
(591), Alabama (519), and Texas (404). Florida has
the largest number of square miles of inland water
area (4,683), followed by Texas (4,959), Louisiana
(4,153), Alabama (968) and Mississippi (781). The
land mass of the targeted area (Table 2) consists of
302.7 million acres. Texas with the largest land area
of 170.8 million acres, reported 155.5 million acres as
rural land and 28.3 million acres of this acreage as
crop land. The States of Alabama, Florida, Louisiana,
and Mississippi have less than six percent of rural
land as cropland. Table 3 summarizes the number of
farms, average farm size and total cropland. As can
be seen, Texas with the unusually large land mass
has a greater number and size of farms. The average
farm size in Texas, 676 acres, was 39 percent greater
than the national average while the average farm size
was only 291 acres in the States of Alabama,
Louisiana, Mississippi and Florida. The U.S. average
farm size of 487 acres was 68 percent greater than
the average for these four states.
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Table 1 Land and Water Area.

State Total Area Land Area Water Area
Total Inland Coastal
Sqg. Mi. Sqg. Mi.
Alabama 52,237 50,750 1,487 968 519
Florida 59,928 53,937 5,991 4,683 1,308
Louisiana 49,651 43,566 6,084 4,153 1,931
Mississippi 48,286 46,914 1,372 781 591
Texas 267,277 261,914 5,363 4,959 404
Total 477,379 457,081 20,297 15,544 4,753
Source: Statistical Abstract of the United States, 1999.
Table 2 Land Cover/Use by State (non-federal - 1992) in millions of acres.
State Total Surface Total Developed Rural Land
EUE) 2 Total Crop Land
Alabama 33.1 31.2 2.0 29.1 3.1
Florida 37.7 30.4 4.6 25.8 3.0
Louisiana 30.6 26.4 1.8 24.8 6.0
Mississippi 30.5 28.0 1.3 26.7 5.7
Texas 170.8 163.7 8.2 155.5 28.3
Total 302.7 279.7 17.9 261.9 46.1

Source: Statistical Abstract of the United States, 1999.

1- Includes Water land not shown separately
2- Includes urban and built up areas in units of 10 acres or grater. And rural transportation.




Table 3 Number of Farms, Size of Farm and Farm Acreage.

State Number of Average Total Cropland
Farms Size of Farm

United States 1,911,859 487 431,144
Alabama 43,384 210 4,198
Florida 34,799 300 3,640
Louisiana 23,823 331 5,331
Mississippi 31,318 323 5,947
Texas 194,301 676 37,662
Average (Alabama, 65,525 548 11,356
Florida, Louisiana,

Mississippi, Texas)

Source: 1999 County and City Extra

Table 4 Farm Income - Farm Marketing, 1997 and Principal Commodities, by State.

State Total Crops Livestock and State rank for total farm marketings
Products and four principal commodities
in order of marketing receipts
United States 208,665 112,097 96,568 | Cattle, dairy products, corns, soybeans
Alabama 3,227 796 2,431 | 26 - Broilers, cattle, cotton, chicken, eggs
Florida 6,243 4,978 1,265 | 9 - Greenhouse, oranges, tomatoes, sugar
Louisiana 2,140 1,481 659 | 32 - Cotton, sugar, rice, soybeans
Mississippi 3,476 1,470 2,006 | 23 - Broilers, cotton, soybeans, aquaculture
Texas 13,461 5,277 8,184 | 2 - Cattle, cotton, greenhouse, dairy products

Source: Statistical Abstract of the United States, 1999.

In millions of dollars, cattle includes calves and greenhouse includes nursery.

Table 4 summarizes productivity for crops and
livestock for each state in the region. During 1997,
Alabama reported total farm related incomes of $3.2
billion which included $797 million in crop sales and
$2.4 billion dollars in livestock and other product
sales. Louisiana reported the lowest crop and live-
stock sales of only $2.1 billion. As expected, Texas
($13.4 billion) and Florida ($6.2 billion) reported
greatest farm income. Table 4 also provides state
rankings for total farm marketing and the four princi-
pal commodities in order of farm receipts. Texas
ranked second in the nation in the sale of farm com-
modities. The four leading commodities sold
included cattle, cotton, greenhouse including nursery
products and dairy products. Florida ranked 9t in
the sale of farm commodities. Major commodities
sold included greenhouse, oranges, tomatoes, and

sugar. The States of Mississippi (23'9) | Alabama
(261), and Louisiana (320d) national rankings ranged
from 2314 to 32nd, Major commodities sold in these
states included cattle, cotton, soybeans, and broilers.

Table 5 presents data on the national forest sys-
tem land for 1997; the gross area within unit
boundaries which comprises all publicly and private-
ly owned land within authorized boundaries of the
national forests; and national grasslands, land utiliza-
tion projects, and research and experimental areas.
Also reported is land in the national forest system.
Presently, there are 191 million acres in the national
forest land system, of which 1.2 million acres are in
Mississippi, 1.1 million acres are in Florida, 665 thou-
sand acres are in Alabama, 755 thousand acres are in
Texas and 604 thousand acres are in Louisiana.

Also presented are data on crude petroleum and
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Table 5 National Forest System Land, 1997.

State 1 2 Other lands
Gross area within National Forest | within unit boundaries
unit boundaries System Land

United States 231,664 191,913 40,051

Alabama 1,290 665 625

Florida 1,418 1,147 271

Louisiana 1,025 604 421

Mississippi 2,312 1,158 1,154

Texas 1,994 755 1,239

Source: Statistical Abstract of the United States, 1999.
In thousands of acres

1 - Comprises all publicly and privately owned land within authorized boundaries of national forests, purchase units,
national grasslands, land utilization projects, research and experimental areas, and other areas
2 - Federally owned land within the gross area within unit boundaries

natural gas production in the region for year 1997.
The value and quantity of crude petroleum produc-
tion are given in Table 6. Texas (537 million barrels)
leads the region in the production of crude petrole-
um, followed by Louisiana (134 million barrels),
Mississippi (21 million barrels), Alabama (15 million
barrels) and Florida (6 million barrels). The value of
the crude petroleum in the State of Texas ($10 bil-
lion) was almost 25 percent of the value of all
petroleum production in the United States ($40.6 bil-
lion). Texas (6.454 billion cubic feet) also leads the
region in natural gas production and was followed
by Louisiana (5,230 billion cubic feet), and Alabama
(553 billion cubic feet). Again, Texas, generating
$15.9 billion dollars from the marketing of natural

gas in 1997, produced almost one third of all U.S.
revenues from natural gas productivity. Louisiana

($12.4 billion) had significant revenues from the sale

of natural gas. Together, the States of Texas and

Louisiana generated 59 percent of all natural gas pro-

duced in the United States and 63 percent of all

revenues generated from the sale of natural gas dur-

ing 1997.

The States of Texas and Louisiana have significant

oil and natural gas reserves (Table 7). Texas alone
had 5,687 billion barrels of proved crude oil reserves
and 37,761 billion cubic feet of natural gas reserves

which represented more than 20 percent of the total
U.S. oil and gas reserves. Louisiana has a little less
than 5 percent of the national oil and gas reserves.

Table 6 Crude Petroleum and Natural Gas - Productions and Value, by State, 1997.

State Crude Petroleum Natural Gas Marketed
Production - 1

Quantity Value Quantity Value

(mil. Bbl) (mil dol.) (bil. Cu t) (mil dol.)
United States 2.355 40,574 19,865 46,131
Alabama 15 276 553 1,557
Florida 6 na 6 na
Louisiana 134 2,578 5,230 12,352
Mississippi 21 356 107 186
Texas 537 10,013 6,454 15,976

Source: Statistical Abstract of the United States, 1999.
1- Excludes non-hydrocarbon gases
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We also examined the toxic release by states
from 1988 to 1996 (Table 8). These data summarize
the release of core chemicals for the years 1988,
1994, 1995, and 1996. During 1988, Texas and
Louisiana had the greatest amount of release of toxic
chemicals, 318,632 and 250,845 pounds respectively.
When compared to 1996 data, these states also had
the greatest decrease in release of core toxic chemi-
cals. Louisiana reduced toxic chemical release by
48.26 percent and Texas by 41.16 percent. Another
major environmental concern for the region is haz-
ardous waste sites on the national priority list located
in each of the targeted states. Table 9 provides a
ranking of each state in terms of the number of haz-

ardous waste sites on the national priority list for
1998. As can be seen, Mississippi ranked 47t with
three sites; Alabama ranked 3274 with 12 sites;
Louisiana ranked 27! with 15 sites; Texas ranked
11th with 32 sites; and Florida ranked 6th with 53
sites on the national priority list.

Finally, serious crime known to police was
assessed as a major environmental concern (See
Table 10). Crime rates are reported per 100,000 per-
sons in the population. The crimes in the State of
Louisiana (6,741) and Texas (5,707) were higher than
the national crime rate (5,079) while the crime rate in
Alabama (4,857) was lower.

Table 7 Crude Oil, Natural Gas, and Natural Gas Liquids - Reserves by States, 1997.

State Crude Oil Natural gas Natural gas

Proved (bil bbl) Indicated (bil bbl) (bil cuf) liquids (mil bbl)
United States 22,546 3,207 167,223 7,973
Alabama 47 — 4,968 93
Florida 91 — 9% 17
Louisiana 714 313 9,673 437
Mississippi 183 — 582 6
Texas 5,687 479 37.761 2,687

Source: Statistical Abstract of the United States, 1999.

Proved reserves are estimated quantities of the mineral, which geological and engineering data demonstrate with reasonable certainty to be

recoverable in future years from known reservoirs under existing economic and operating conditions. Indicated reserves of crude oil are quanti-

ties other than Proved reserved, which may become economically recoverable from existing productive reservoirs through the application of
improved recovery techniques using current technology. Based on a sample of operators of oil and gas wells.
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Table 8 Toxic Release by States

: 1988 to 1996 (in thousands of pounds).

State and Core Chemicals
outlying area

1988 1994 1995 1996 % Change

1988- 96
Alabama 109,690 96,649 100,495 89,469 18.42
Florida 61,527 71,434 52,111 46,914 23.75
Louisiana 250,845 114,824 122,288 129,789 48.26
Mississippi 59,600 42,834 39,671 39,321 34.03
Texas 318,632 199,765 205,724 187,485 41.16

Source: Statistical Abstract of the United States, 1999.

Table 9 Hazardous Waste Sites on the Table 10 Serious Crime Known to
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Source: Statistical Abstract of the United States, 1999.

National Priority List: 1998. Police 1996.
Total Rank | Federal | Non-Federal Rate Violent Property
Sites
ANl 12 32 3 9 United States 5,079 634 4,445
Florida 53 6 6 47 Alabama 4,8567 569 4,287
Louisiana | 15 27 1 14 Alzmids i na na
Mississippi 3 47 _ 3 Louisiana 6,741 912 5,829
s 32 1 4 28 Mississippi na na na
Total 115 14 101 Texas 5,706 644 5,062

Source: 1999 County and City Extra
Per 100,000 estimated by FBI.




3.3 Social and Demographic Profile

3.3.1 Population Distribution

This section of the profile summarizes available
social and demographic data for the States of Alaba-
ma, Florida, Louisiana, Mississippi and Texas. In
some instances, where applicable, comparisons were
made between the targeted states and the U.S. popu-
lation. The area had a 1998 population of 46.2
million (Table 11). Texas and Florida had the largest
population with 19.8 million and 14.9 million per-
sons, respectively. States of Louisiana, Alabama and
Mississippi had much smaller populations ranging
from 2.7 million to 4.6 million persons. The popula-
tion density in the region was greater than the U.S.
population density. This is particularly noted in
Florida with 104.8 persons per square kilometer com-
pared to the U.S. average of 29.2 persons per square
kilometer. Mississippi was the only state in the target-
ed region with a population density lower than the
U.S. average of 22.5 persons per square kilometer.
The U.S. population grew by 9.8 percent between
1980 and 1990, 5.6 percent between 1990 and 1995,
and another 2.9 percent between 1995 and 1998.
Population growth in Texas and Florida grew at a
faster pace than the U.S. population for this same
period. As can be seen in Table 12, Florida grew by
32.7 percent between 1980 and 1990, by 9.6 percent
between 1990 and 1995, and by 5.2 percent between
1995-1998. During the period 1980 to 1998, the U.S.
population increased by 19.32 percent, compared to
population increases of 11.77 percent in Alabama,
53.05 percent in Florida, 3.8 percent in Louisiana,
6.71 percent in Mississippi and 38.88 percent in
Texas. Average population growth for the period
more than doubled U.S. population growth in the
States of Florida and Texas while population growth
in Mississippi and Louisiana languished at less than
seven percent.

As population density rises to high levels, famil-
iar problems of urban living can be expected to
occur, such as high crime rates. Expected to interact
with these problems are crises in the physical envi-
ronment, such as air and water pollution, acid rain,
and growing outputs of hazardous waste (Anderson
and Taylor, 2000). However, these data present con-
flicting views. For example, while the population
density of Texas was increasing, release of core toxic
chemicals has been reduced by approximately 40
percent. This trend also holds in the State of Florida
where the population increased by 53 percent

between 1980 and 1998 while the release of haz-
ardous chemicals was reduced by 15 percent
between 1988 and 1996.

Table 13 summarizes population distribution by
race. There appears to be significant variation in the
racial distribution of the population in the region.
The U.S. had a 1997 white population of 270 million
(82.7 percent) and a black population of 34 million
(12.7). Included in these populations were 30 million
(11.0 percent) Hispanics. Other races comprised
approximately five percent of the U.S. population.
The Hispanic population is counted in the black and
white population as well as presented as a stand
alone category (Tables 13 and 14). The Gulf Coastal
Plain States presented a somewhat different popula-
tion distribution. For example, in the State of
Alabama, 73 percent of the 1998 population was
white, 25.9 percent was black, and only .9 percent
was Hispanic. Mississippi and Louisiana also had
similar patterns of population distribution. In Missis-
sippi, 62.6 percent of the population was white, 36.4

percent was black, and only .8 percent was Hispanic.

In Louisiana 66.2 percent of the population was
white, 36.4 percent was black, and 2.6 percent was
Hispanic. As expected, Texas and Florida had larger
Hispanic populations. In Texas, 29.4 percent of the
population was Hispanic and in Florida 14.4 percent
of the population was Hispanic. In summary, a large
percentage of blacks was found in the States of Mis-
sissippi, Louisiana, and Alabama and a large
percentage of Hispanics was found in the States of
Florida and Texas. Additionally, the percentage of
blacks and Hispanics in Gulf Coastal Plain States is
more than twice as great as these populations were
in other parts of the country.

Table 11 Population in thousands.

State Number Per Square
(1998) Kilometer (1997)

United States 270,299 29.2
Alabama 4,352 32.9
Florida 14,916 104.8
Louisiana 4,369 38.6
Mississippi 2,752 22.5
Texas 19,760 28.7

Source: Statistical Abstract of the United States, 1999.
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Table 12 Resident Population

in thousands.

Popu
Percent Change Dens
States 1980 1990 1995 1998 1980- | 1990- | 1995- | 1980 - 1998
1990 1995 1998 1998
United States 226,546 248,765 262,765 270,299 9.8 5.6 2.9 19.32 76.4
Alabama 3,894 4,040 4,270 4,352 3.8 5.7 1.9 11.77 85.8
Florida 9,746 12,938 14,180 14,916 32.7 9.6 5.2 53.05 276.2
Louisiana 4,206 4,222 4,328 4,369 0.4 2.5 0.9 3.8 100.3
Mississippi 2,521 2,575 2,690 2,752 2.2 45 2.3 6.71 58.7
Texas 14,229 16,986 18,694 19,760 19.4 10.1 5.7 38.88 75.4
Source: Statistical Abstract of the United States
Table 13 Population by Race (1998).
White Black American Asian, Hispanic
- x Indian, Pacific Origin
Area Total Hispanic Non Eskimo Islander 1
Hispanic Aleut
Alabama 4,352 36 3,141 1,132 15 28 43
Florida 14,916 2,080 10,239 2,268 58 271 2,243
Louisiana 4,369 100 2,787 1,407 19 55 117
Mississippi 2,752 18 1,701 1,003 10 19 23
Texas 19,760 5,640 1,038 2,430 96 556 5,863
1 - Persons of Hispanic Origin may be of any race
Source: Statistical Abstract of the United States, 1999.
Table 14 Population by Race (1997).
State White Black American Asian, Hispanic
Indian, Pacific
Eskimo Islander
Aleut
United States 82.7 12.7 0.9 3.7 11.0
Alabama 73.1 25.9 0.4 0.6 0.9
Florida 82.5 15.4 0.4 1.7 14.4
Louisiana 66.2 32.1 0.4 1.2 2.6
Mississippi 62.6 36.4 0.4 0.7 0.8
Texas 84.6 12.2 0.5 2.7 29.4

Hispanic persons may be any race

Source: 1999 County and City Extra




3.3.1 Age, Sex Distribution and Educational
Attainment

Tables 15 and 16 summarize the population distribu-
tion in the region by age. Florida has a larger
percentage of persons 65 years of age and older.
Generally, when reviewing population distribution
by age, little discernable difference can be found
between the United States population and the popu-
lation in the Gulf Coastal Plain States. However, the
dependency ratio may be a little more meaningful.
The dependency ratio is the distribution of persons
in the dependent population. Here, we are using
ages less than 18 and ages greater than 65 years of
age to compare with persons ages 18 to 64. This
crude dependency ratio for the United States was
.6281. For every 1,000 persons ages 18 to 64 there
were approximately 628 persons less than age 18
and age 65 and older. The dependency ratio was
.5485 in Alabama, .6218 in Florida, .6339 in
Louisiana, .6585 in Mississippi and .7816 in Texas.

Surprisingly, Texas had the highest dependency ratio.

Proportionately, the States of Alabama, Florida, and
Louisiana had a proportionately higher working age
population than Mississippi and Texas. We also
looked at the percentage of the population in each
state 65 years of age and older. As of 1998, 12.7 per-
cent of the U.S. population was 65 years of age and

older compared to 13.1 percent in Alabama, 18.3 per-
cent in Florida, 11.5 percent in Louisiana, 12.2
percent in Mississippi, and 10.1 percent in Texas.
Persons less than age 17 would provide some indica-
tion of the future viability of the labor force. In 1997,
persons less than 18 years of age comprised 26.0
percent of the U.S. population compared to 24.6 per-
cent in Alabama, 23.7 percent in Florida, 27.4 percent
in Louisiana, 27.6 percent in Mississippi, and 28.7
percent in Texas.

Age distributions has important implications for
the region. Currently, the U.S. population has an
increasing proportion of older people. With the
shrinking size of families, the proportion of elderly
people is growing faster than the number of younger
potential caretakers. With regard to age, the follow-
ing generalizations can be made: (1) racial minorities
and ethnic groups are an increasing proportion of
the older population; (2) the proportion of the popu-
lation classified as the oldest old (those over
eighty-five) will also continue to grow (Treas, Judith.
1997); (3) women will continue to outnumber men in
old age, especially among the oldest old (Treas,
1997); and (4) since the educational status of the eld-
erly is increasing rapidly, the historical gap in
educational attainment between the old and the
young will likely disappear by the middle of the
twenty-first century (Uhlenbert, 1992).

Table 15 Population by age in thousands as of July 1998.

Age Distribution United States Alabama Florida Louisiana Mississippi Texas

Total 270,299 4,352 14,916 4,369 2,752 19,760
Under 5 years 18,966 295 953 313 202 1,615
5 to 17 years 50,906 789 2,587 878 555 4,014
18-24 years 25,470 436 1,206 475 300 2,049
25-34 years 38,774 620 1,926 589 381 2,829
35-44 years 44,520 687 2,318 683 415 3,242
45-54 years 34,585 561 1,816 551 330 2,451
55-64 years 22,676 395 1,377 376 234 1,560
65-74 years 18,395 313 1,448 280 184 1,113
75 to 84 years 11,952 191 976 168 112 661
85 years and over 4,054 64 310 56 40 227
% 65 years and over 12.7 13.1 18.3 11.5 12.2 10.1

Source: Statistical Abstract of the United States, 1999
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Table 16 Population(Percent) by age - 1997.

Age Distribution United States Alabama Florida Louisiana Mississippi Texas

Under 5 years 7.2 6.8 6.5 7.2 7.4 8.3
5 to 17 years 18.8 18.0 17.2 20.2 20.2 20.4
18-24 years ©).3 10.1 8.1 10.7 10.9 10.3
25-34 years 14.8 14.6 13.4 14.0 14.1 14.4
35-44 years 16.4 15.8 15.4 15.8 15.1 16.4
45-54 years 12.6 12.6 12.0 12.4 11.8 12.1
55-64 years 8.2 8.2 9.0 8.4 8.3 7.6
65-74 years 6.9 6.9 10.0 6.4 6.7 5.7
75 years and older 5.8 5.8 8.5 5.0 5.5 4.4

Source: 1999 County and City Extra

The population for the Gulf Coastal Plain States
was also characterized by sex (Table 17). In all states
reviewed, the proportion of women exceeded the
proportion of men. The sex ratio for the United
States in 1996 was 96. The sex ratio in the Gulf
Coastal Plain States was lower than the U.S. average
for all states except Texas. Texas had a 1996 sex ratio
of 98. There were 98 men for every 100 women in
Texas, 93 men for every 100 women in Alabama, 95
men for every 100 women in Louisiana, and 92 men
for every 100 women in Mississippi.

Educational attainment, dropout rate, and college
complete rates were used to measure educational
attainment. Educational attainment is a good measure

Table 17 Population by Sex (1996).

of skill level and future levels of potential productivi-
ty of a region. Often times these factors are
associated with location and type of industry in an
area. These values are used to provide some indica-
tion of the literacy level of the general population of
the region. The dropout rate is calculated for persons
16 years of age and older. A dropout is a person who
is not in regular school and who has not completed
the 12th grade or received a general equivalency
degree. The high school completion and college
graduate rates were calculated for persons age 25
years old and over. In all states, the 1990 dropout
rate was higher than the U.S. average (U.S. - 11.2,
Alabama - 12.6, Florida - 14.3, Louisiana - 12.5, Mis-

State Total (1996) Male Female Sex Ratio
Number Percent Number Percent

United States 267,636,091 | 131,141,684 49.0 | 136,494,406 51.0 96
Alabama 4,319,154 2,077,103 48.1 | 2,242,051 51.9 93
Florida 14,653,945 7,121,971 48.6 | 7,531,974 51.4 95
Louisiana 4,351,769 2,097,553 48.2 | 2,254,216 51.8 93
Mississippi 2,730,501 1,310,640 48.0 (1,419,861 52.0 92
Texas 19,439,337 9,603,032 49.4 |9,836,305 50.6 98

Source: 1999 County and City Extra
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sissippi - 11.8, and Texas - 12.9). Similarly, ~ Table 18 Educational Attainment, Dropout rate,

the high school completion rates were College Completion.
lower in the Gulf Coastal Plain States than
for the U.S. as a whole. The college com- State Dropout Rate Educational Attainment
pletion 'rates .Were also lower for . (1990) High School | B.S. Degree
populations in the target area. While the Graduated & e
national college completion rate was 23.9
percent for persons 25 years of age and u.s. 11.2 82.1 23.9
older, the completion rates were 19.3 per-
cent in Alabama, 21.7 percent in Florida, Alabama 12.6 77.6 19.3
18.1 percent in Louisiana, 20.9 percent in Florida 14.3 81.4 21.7
Mississippi, and 22.4 percent in Texas. Louisiana 125 75.7 18.1
Mississippi 11.8 77.5 20.9
3.3.2 Labor Force Participation
Texas 12.9 78.5 22.4
Data are presented on labor force partici-
pation in Tables 19, 20, and 21. When Source: 1999 County and City Extra

examining the employment ratio, the data

suggested greater than 60 percent of the

U.S. population was employed in the civilian labor
force. However, in the States of Louisiana, Mississippi
and Florida, less than 60 percent of the population
was employed in the civilian labor force. On the
other hand, labor force participation was greater than
65 percent in the State of Texas. The unemployment
rate is another indicator of labor force participation.
These data suggest that the 1997 unemployment rate
was higher in the Gulf Coastal Plain States than for
the U.S. as a whole. Louisiana had the highest unem-
ployment rate with 6.1 percent of the civilian labor
force being unemployed. Florida had the lowest
unemployment rate, 4.8. When viewing unemploy-
ment rates by sex (Table 19), male unemployment
rates for these states does not appear to vary greatly
from the U.S. unemployment rate of 4.9. However,
the unemployment rates for females was higher in all
states except Florida where the female unemploy-
ment rate was 4.8 compared to the national rate of
5.0. Again, female unemployment rates in Louisiana
and Mississippi were higher than the U.S. average. In
these states, the female unemployment rate was 6.9
while the female unemployment rates in Texas was
5.6 and 5.9 in Alabama.

Table 20 summarizes the number of employees in
non-farm establishments in 1998. The data suggests
that a large proportion of the civilian labor force were
employed in manufacturing in Alabama and Mississip-
pi while larger proportions of the population were
employed in services in the Louisiana and Florida.

Two sectors of civilian unemployment were
reviewed (Table 21); professional, managerial and
technical; and precision, production, craft, and repair.

The Gulf Coastal Plain States were less likely to have
persons employed in professional, managerial and
technical fields and also less likely to have persons
employed in the precision, production, craft and
repair occupations. Almost 50 percent of the U.S.
population was employed in these professional and
skilled occupations compared to little over 40 per-
cent of the population in the target area.

3.3.3 Personal Income and Poverty Indicators

Personal income is the current income received by
persons from all sources minus their personal contri-
butions for social insurance. Classified as persons are
individuals (including owners of unincorporated
firms), nonprofit institutions that primarily serve indi-
viduals, private trust funds, and private non-insured
welfare funds. Personal income includes transfers
from government and business such as social securi-
ty benefits, public assistance, etc., but excludes
transfers among persons. Disposable personal
income is personal tax and non-tax payments. It is
the income available to persons for spending or sav-
ings. So as to provide a more complete depiction of
income in the Gulf Coastal Plain States, four income
scenarios are presented, per capita income, dispos-
able per capita income, median household income,
and median income for family of four. Average per
capita income in 1998 was $26,412 in the United
States, $21,442 in Alabama, $25,852 in Florida,
$18,958 in Mississippi, and $24,957 in Texas. In the
State of Mississippi, the per capita income was
almost 40 percent lower than the U.S. average; the
median household income was 30 percent lower
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than the U.S. median household income;
and the median income of a family of
four was 33 percent lower than the U.S.
median income for a family of four. Per-
sons residing in Louisiana and Alabama
also had much lower per capita, dispos-
able and median household incomes
than the national average. In these
states, income was at least 20 percent
lower than the U.S. average while the
per capita income in Florida was only
2.1 percent lower than the U.S. per capi-
ta income. These trends hold true for the
median household income and the
median income for a family of four in
Texas and Florida.

Earnings from selected industries

Table 19 Characteristics of the Civilian Labor Force:

1997.
Area Employed Unemployment Rate
Population

Ratio Total Male Female
United States 63.8 4.9 4.9 5.0
Alabama 61.8 5.1 4.4 5.9
Florida 59.3 4.8 4.7 4.8
Louisiana 58.3 6.1 5.4 6.9
Mississippi 58.4 5.7 4.7 6.9
Texas 65.2 54 5.2 5.6

Source: Statistical Abstract of the United States, 1999.

were also examined. As seen in Table 23, almost 70

percent of earning in the State of Florida came from
the service related industries including retail trade,
finance, insurance, and real estate. A larger than aver-

age proportion of earnings came from goods-related

industries in Alabama, Mississippi, Texas, and

Poverty rates are an indicator of economic well-
being. The United States had a 1997 poverty rate of
13.3 percent for all persons and 19.9 percent for chil-
dren under age 18 (Table 24). All states in the region
had poverty levels higher than the national average.
There were also larger percentages of children under

Louisiana.

Table 20 Employees in Non-farm Establishment 1998 in thousands.

Sector u.s. Alabama Florida Louisiana Mississippi Texas
Total 125,832 1,804 6,667 1,897 1,132 8,939
Construction 5,965 102 351 128 55 496
(4.75) (5.66) (5.27) (6.75) (4.86) (5.55)
Manufacturing 18,716 379 496 192 245 1,107
(14.88) (21.01) (7.44) (19.13) (21.65) (12.39)
Transportation and
Public Utilities 6,549 92 336 114 54 542
(5.21) (5.10) (5.04) (6.01) (4.78) (6.07)
Wholesale and Retail Trade 29,300 439 1,684 442 244 2,107
(23.29) (24.34) (25.26) (23.30) (19.75) (23.58)
Finance, Insurance and
Real Estate 7,341 87 430 87 42 495
(5.84) (4.83) (6.45) (4.59) (3.72) (5.54)
Services 37,525 449 2,415 510 262 2,515
(29.83) (24.89) (36.23) (26.89) (23.15) (28.14)
Government 19,862 347 957 367 223 1,510
(15.79) (19.24) (14.36) (19.35) (19.70) (16.9)

Source: Statistical Abstract of the United States, 1999.
* National totals differ from the sum of the state figures because of differing benchmarks among States and differing

industrial and geographic stratification.
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Table 21 Civilian Employment.

State Professional | Precision Prod,| Total
Managerial, Craft and
Technical Repair
United States 38.4 11.0 49.4
Alabama 304 11.3 41.3
Florida 31.2 11.5 42.7
Louisiana 31.6 9.7 40.3
Mississippi 28.4 13.7 42.1
Texas 31.2 12.2 43.4

Source: Statistical Abstract of the United States, 1999.

age 18 living in poverty in the target region. In
Alabama, 25.6 percent of children live at or below
the poverty level which is almost 30 percent higher
than the U.S. poverty rate for children. These trends
also exist in Louisiana and Texas, where 23.6 percent
of children live in poverty. When assessing data sum-
marizing percentage of persons and children lacking
health insurance in the region as another indicator of
economic well-being, we found 16.1 percent of per-
sons and 15 percent of children in the U.S. lacked
some form of health insurance in 1997. This problem
was perhaps worse in the State of Texas where 23.6
percent of the population and 24.5 percent of chil-
dren lack health insurance. Lack of health insurance
can possibly be explained by the large first genera-
tion Hispanic population in Texas. Mississippi,
Louisiana, and Florida also had large proportions of
children without insurance. Again, larger minority

populations, greater proportions of children and
families living below the poverty level, and lower
family and per capita incomes exist and could be
related to lower levels of health insurance among
these populations.

3.3.4 Health Indicators

This section will summarize the general health status
of residents of the region. It will include a discussion
of birth and fertility rates, death and infant death
rates by race, and death rate by leading cause. Birth
rate and fertility rates for 1997 are presented in Table
25. The crude birth rate of a population is the num-
ber of babies born each year for every 1000 member
of the population. The U.S. birth rate was 14.5. As
expected, with a larger proportion of older persons
in the population, Florida had a lower birth rate of
13.5 while Texas (17.2), Mississippi (15.2), and
Louisiana (15.2) had higher birth rates. In general,
minority groups tend to have somewhat higher
birthrates than White non-minority groups and lower
socio-economic groups tends to have higher
birthrates than those higher on the socio-economic
scale. This region had larger black and Hispanic pop-
ulations coupled with lower socio-economic
indicators for the population in general. The total fer-
tility rate is defined as the number of births that
1,000 women would have in their lifetime, if at each
year of age, they experienced the birth rates occur-
ring in that specified year. Fertility rates were
estimated for women age 15-44 years. The U.S. aver-
age fertility rate was 65.0. Fertility rate in the region
ranged from a low of 62.1 in Alabama to a high of
75.3 for Texas. The U.S. teenage pregnancy rate for

Table 22 Per capita, disposable and median income.

State Per Capita Disposable Per Median Median Income
Income Capita Income Household of Family of

Income Four

1998 1998 1997 1996
United States 26,412 22,353 37,005 51,518
Alabama 21,442 18,818 31,939 44,879
Florida 25,852 22,064 32,455 44,829
Louisiana 21,346 18,771 33,260 41,851
Mississippi 18,958 17,067 28,499 38,748
Texas 24,957 21,928 35,075 46,757

Source: Statistical Abstract of the United States, 1999
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1997 was 12.8. Teen pregnancy rates were much
higher in the target area. Alabama had a rate of 17.6;
Florida had a rate of 13.4; Louisiana had a rate of
18.6; Mississippi had a rate of 20.7; and Texas had a
rate of 16.1. In Mississippi, the teenage pregnancy
rate was more than 60 percent greater than the
national average. The region also reported somewhat
higher than average births to unmarried women rate.
For all states, the birth rate to unmarried women was
greater than the national average. While the national
average was 32.4 percent, Mississippi had a births to
unmarried women rate of 45.5 which was 40 percent

higher than the U.S. average. Similarly, Louisiana had
an unmarried women birth rate of 43.9, more than 35
percent greater than the U.S. average rate.

The average lifetime expectancy for a person
born in the United States (Table 26) in between 1989
and 1991 was 75.37 years. The average life expectan-
¢y in Alabama (73.64), Louisiana (73.05) and
Mississippi (73.03) was lower than the national aver-
age. However, in the States of Florida (75.84) and
Texas (75.14), the life expectancy was higher than
the national average. Life expectancy also varied with
regard to race. The average life expectancy for

Table 23 Earnings as 0f1997, and percent by selected industries.

State Farm Goods-related Service Related Government
including including retail
manufacturing trade, finance,
insurance and
real estate
United States 0.9 24.3 59.9 14.8
Alabama 1.7 28.9 51.5 18.0
Florida 0.8 15.1 68.8 14.8
Louisiana 0.8 26.5 55.8 16.9
Mississippi 2.1 28.7 50.2 19.0
Texas 0.8 26.7 58.6 13.8
Source: Statistical Abstract of the United States, 1999.
Table 24 Poverty and Health Insurance.
State % below poverty Average % lacking Home
health insurance Ownership
Rate
Persons Children < 18 Persons Children < 18
1997 1997 1997 1997 1998
United States 13.3 19.9 16.1 15.0 66.3
Alabama 15.7 25.6 15.5 14.4 72.9
Florida 14.3 20.9 19.6 20.3 66.9
Louisiana 16.3 23.6 14.9 21.3 66.6
Mississippi 16.7 22.3 20.1 18.4 75.1
Texas 16.7 23.6 24.5 24.9 62.5

Source: 1999 County and City Extra
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Table 25 Birth rate and fertility rates (1997).

State Birth Rate Fertility Rate Births to Births to
teenage mothers unmarried
% of total women
% of total
United States 14.5 65.0 12.8 32.4
Alabama 14.1 62.1 17.6 33.9
Florida 13.1 64.9 13.4 36.0
Louisiana 15.2 65.7 18.6 43.9
Mississippi 15.2 66.3 20.7 45.5
Texas 17.2 75.3 16.1 30.7
Source: Statistical Abstract of the United States, 1999.
Birth rate per 1,000 estimated population.
Fertility rate per 1,000 women age 15-44 years estimated.
Table 26 Average Lifetime in Years by Race (1989-91).
State Total White Black

United States 75.37 76.13 69.13

Alabama 73.64 75.01 69.23

Florida 75.84 76.82 68.77

Louisiana 73.05 74.87 68.62

Mississippi 73.03 74.78 69.41

Texas 75.14 75.75 69.79

Source: Statistical Abstract of the United States, 1999.

whites was 76.13 years and 69.13 years for blacks.
Blacks in Alabama (69.23), Mississippi (69.41) and
Texas (69.79) had higher life expectancy than the
national average (69.13). In summary, this region,
with its larger minority population was expected to
have lower life expectancy because blacks and His-
panics have shorter life expectancies than whites.

In reviewing data on death and infant mortality
rates (Table 27), it is interesting to note that Missis-
sippi (10.1) and Florida (10.6) had death rates much
higher than the U.S. average death rate (8.6). Texas
was the only state with a lower death rate (7.3). The
crude death rate can be an important measure of the
overall standard of living of a population. In general,
the higher the standard of living enjoyed by a group
within the country, the lower the death rate (Ander-

son and Taylor, 2000). The death rate also reflects
factors such as the quality of medicine and health-
care. Poor medical care, which goes along with a
low standard of living will correlate with a high
death rate (Anderson and Taylor, 2000).

The infant death rate represents deaths to infants
under one year old and excludes fetal deaths. The
infant death rate in Alabama (10.5), Mississippi
(11.0), and Louisiana (9.0) was higher than the U.S.
average (7.3). The black and white infant mortality
rates were higher than the national average in the
States of Alabama, Louisiana, and Mississippi.

Infant mortality rates are important to compare
across racial-ethnic groups since they are a good
indicator of the overall quality of life as well as the
chances of survival for members of that racial group.
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Inadequate health care
and health facilities
may cause higher
infant mortality rates,
and consequently the
greater infant mortality
among minorities and
those in lower socio-
economic strata in the
United States suggest
the lack of adequate
health care and ade-
quate access to health
facilities is one cause of
the high infant mortali-
ty rates. Other causes
include presence of

toxic waste, malnutrition of the mother, inadequate

Table 27 Death and Infant Mortality Rate.

State Death Rate Infant Mortality Rate by Race (1996)

Total White Black
United States 8.6 7.3 6.1 14.7
Alabama 9.9 10.5 8.2 15.5
Florida 10.6 7.5 5.8 13.3
Louisiana 9.2 9.0 6.5 12.8
Mississippi 10.1 11.0 8.0 14.6
Texas 7.3 6.3 5.7 11.7

Source: Statistical Abstract of the United States, 1999.

Death rate per 1,000 population, Infant mortality rate per 1,000 live birth.

food, and outright starvation.

Table 28 is a compilation of data on death rates
by leading cause. The leading cause of death for all
states in the region was heart disease, cancer, cere-
bro-vascular diseases, and chronic obstructive

pulmonary diseases.

3.3.5 General Indicators

Table 29 presents a summary, profile of social, eco-
nomic, and demographic characteristics of the States
of Alabama, Louisiana, Florida, Mississippi, and Texas
which can be compared to similar U.S. indicators.
Deviation from U.S. indicators can be seen in the
population distribution by race, birth rate, teen preg-

nancy rate, births to unmarried women, female
headed households, percentage of families below

poverty, percentage of children below poverty, medi-

Table 28 Death Rates, by Leading Cause (1996).
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Cause u.s. Alabama Florida Louisiana | Mississippi Texas
Heart Disease 276.4 315.9 3454 270.4 351.2 221.8
Cancer 203.4 222.4 261.8 2141 212.0 167.3
Cerebro-vascular
diseases 60.3 66.9 68.6 59.2 62.9 51.5
Accidents and
Adverse effects 35.8 51.4 37.5 41.7 55.6 38.0
Motor Vehicle Accidents 16.5 27.5 19.5 20.9 31.9 20.7
Chronic Obstructive
pulmonary diseases 40.0 40.7 53.5 33.1 37.1 33.3
Diabetes Mellitus 23.3 26.6 26.4 37.3 19.8 24.0
HIV na 8.3 21.4 13.8 8.5 10.8
Suicide 11.6 12.0 15.0 12.2 11.4 11.6
Homicide 7.9 12.4 8.3 18.3 13.8 8.3
Total 872.5 1002.3 1065.6 909.9 982.4 731.7

Source: Statistical Abstract of the United States, 1999.
Deaths per 100,000 resident population.




an family and per capita income, and high school
completion rate.

Viewing the summary profile of the socio eco-
nomic and demographic characterization of the
region found large minority populations, greater per-
centage female population, higher birth rate, higher

teen pregnancy rate, higher death and infant death
rate, larger household size, greater proportion of
female headed households, greater percentage of
persons and children in poverty, lower per capita
and median family income, lower physician rate, and
higher crime rates.

Table 29 Social, economic, and demographic profile of the U.S., Alabama, Florida,
Mississippi, and Texas.

Cause u.s. Alabama Florida Louisiana | Mississippi Texas
Population 270,298,524 4,351,999 14,915,980 4,358,967 2,752,092 19,759,614
% Hispanic' 11.0 0.9 14.4 2.6 0.8 294
% African American 12.7 25.9 15.4 32.1 36.4 12.2
% Female 51.0 51.9 51.4 51.8 52.0 50.6
Birth rate’ 14.7 14.1 13.1 15.0 15.1 17.3
Teen Pregnancy Rate (1997) 12.8 17.6 13.4 18.6 20.7 16.1
Birth Unmarried Women (1997) 32.4 33.9 36.0 43.9 45.5 30.7
Infant death rate’ 13 10.5 1.5 9.0 11.0 6.3
Death rate 8.7 10.0 10.6 9.1 73 9.8
# Persons per household 2.63 2.58 2.46 2.74 2.75 2.73
% Owner occupied housing 65.4 71.0 67.1 64.9 73.0 61.8
% Female households 11.6 13.4 10.7 15.6 15.9 11.8
% Families below poverty 10.0 143 9.0 19.4 20.2 14.1
% persons below poverty 133 15.7 143 16.3 16.7 16.7
% children <18 below poverty 19.7 25.6 20.9 23.6 22.3 23.6
Median Family Income 37,005 31,939 32,455 33,260 28,499 35,073
Med family income of
family of 4 51,518 44,879 44,829 41,851 38,748 46,757
Per capita income ($/year) 14,420 11,486 14,698 10,635 9,648 12,904
Unemployment rate’ 4.9 5.1 4.8 6.1 5.7 5.4
% High School graduates 82.1 71.6 81.4 75.7 71.5 78.5
Physician rate’ 224 169 213 200 129 176
Hospital bed rate® 455 565 459 556 630 441
Crime rate’ 5,079 4,857 na 6,741 na 5,070

Source: Country & City Data Book 2000. ' Persons of Hispanic or Latino Origin may be of any race, 2 per 1,000 resident population as of July 1,
1997, 3 Infant death per 1,000 live births, 4 Civilian Unemployed as a percent of the total civilian labor force, 5 Active, nonfederal physicians per
100,000 resident population estimated as of July 1, 1999, & Per 100,000 resident population estimated as of July 1, 1999, 7 per 100,000 residents.



Productivity

This section of the report provides a summary of
some indicators of productivity for the region.
Included are measures of gross state product by
industry, manufacturers summaries, average hourly
wage, business starts and failures, private employer
firms, employment, and estimated receipts, summary
of retail trade, residential and non-residential con-
struction contracts, and performance sector research
and development expenditures by states. Gross prod-
ucts by state data are presented for construction,
manufacturing, transportation, public utilities, whole-
sale trade, retail trade, finance, insurance and real
estate, services and government. As can be seen in
Table 30, the gross state products in the region were
higher in the agricultural products sector. Gross state
products in Louisiana, Mississippi, and Alabama were
lower than the national average in nearly all sectors
except farm related products. However, in Alabama
gross state products were higher than the national
average in the government sector. Gross state prod-
ucts in Texas and Florida were higher than the
national average in the industry sectors.

We also examined change in productivity
between 1990 and 1996. In the United States, gross
national products increased by 34.8 percent between
1990 and 1996. We compared the rate of increase in
gross national products for the country as a whole to
the rate of change in gross state products for Gulf
Coastal Plain States. Rate of growth as measured by
gross state products increased by 39.5 percent in
Alabama, 41.3 percent in Florida, 32.9 percent in
Louisiana, 31.4 percent in Mississippi and 41.9 per-
cent in Texas. Between 1990 and 1996, productivity
rate increases were greater in Alabama and Texas
than the national average. We also looked at more
recent changes in the rate of change in gross national
products. Percent change in gross state products
between 1995 and 1996 indicate that productivity in
the region was increasing at rates higher than the
national average in all states in the region. These
trend data indicate that perhaps the Gulf Coastal
Plain region was beginning to grow at rate higher
than other parts of the nation as measured by gross
state products.

Hourly wages (Table 32) also can be an indicator
of the health of the economy for the region. The
national average wage for employees in the manu-
facturing sector in 1998 was $34,561. Income was
generally lower than the national average in all states
in the region. Per employee income was 32 percent
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lower than the national average in Mississippi
($23,60606), 19 percent lower in Alabama ($27,679), 12
percent lower in Florida ($30,554), a little over one
percent lower in Texas ($34,131), and less than one
percent lower in Louisiana ($34,439). Average pro-
duction rate per employee was higher in the State of
Louisiana and lower in the other states in the region.

Productivity in private employer firms (Table 34)
and retail establishments (Table 35 was also exam-
ined. In 1996, there were 80,000 private employer
firms in Alabama, 341,600 in Florida, 81,000 in
Louisiana, 48,300 in Mississippi, and 359,400 in
Texas. These companies provided employment to
16,260,700 persons in 1996. Estimated receipts for all
states in the region were $2.5 trillion dollars. There
were 260,500 retail trade establishments in the five
state region in 1996. Almost half, 104,100 were locat-
ed in the State of Texas and another 91,300 could be
found in Florida. Less than 25 percent of the retail
trade establishments in the region were located in
the States of Alabama (25,700 establishments),
Louisiana (23,600 establishments), and Mississippi
(15,800 establishments). Upon closer scrutiny of retail
sales by type of stores, nationally, we found that
retail receipts increased by 1.8 percent between 1996
and 1997. Comparatively, these sales increased by 2.1
percent in Alabama, 1.9 percent in Florida, 2.2 per-
cent in Louisiana, 1.6 percent in Mississippi, and 1.0
percent in Texas. Next, we looked at the region com-
pared nationally to average household retails sales
during 1997. The average household in the United
States spent $25,437 on retail sales in 1997 compared
to $23,122 in Alabama, $28,015 in Florida, $24,866 in
Louisiana, 19,888 in Mississippi, and $25,302 in
Texas. Since Alabama, Mississippi and Louisiana had
similar population sizes and distributions of popula-
tion by race, we compared retail sales receipt by
sector in these three states in the region. Total retail
receipts in 1997 in Alabama were $38.1 billion, in
Louisiana were $39.1 billion, and in Mississippi were
$19.6 billion.

Business starts and failures were used as indica-
tors of long term growth and productivity. Florida
had 13,029 new business start-up and 2,047 business
failures in 1998. Texas had fewer business start-ups,
10,936 but more business failures, 6,785. Alabama
with a relative high rate of growth as indicated by
increases in gross state products had a large number
of business start ups (2,645) compared to its relative
strength in the region. On the other hand, Louisiana
which has a population about the same size as
Alabama had fewer business start-ups (1,849).



tures for research and development in Alabama was
higher than in other states in the region. This factor
may very well be associated with increases in state

Finally, we examined expenditures by state for
research and development. It is thought that dollar
allocation to research and development would stimu-
late development of industry start-up and hence spur
the economy. Proportionately, industrial expendi-

national products and business start-up in the state.

Table 30 Gross State Product by Industry (1996)*.

Industry u.s. Alabama Florida Louisiana | Mississippi Texas u.s.
Aver.

Farms, Forestry
Fisheries' 1.7 1.8 5.8 1.3 1.5 6.4 .23
Construction 264.3 3.6 14.7 4.4 1.9 20.8 5.3
Manufacturing 1,323.7 21.0 28.8 21.9 12.8 90.8 26.4
Transportation,
Public Utilities 611.7 8.8 30.4 10.2 5.7 55.4 12.2
Wholesale Trade 493.3 6.0 25.2 6.2 3.0 38.4 9.9
Retail Trade 648.5 9.5 39.2 9.2 5.5 46.6 13.0
Finance,
Insurance
Real Estate 1,255.9 10.6 67.8 13.4 5.4 66.6 25.1
Services? 1,342.9 13.9 73.4 16.5 7.8 86.7 28.6
Government 3 839.6 14.0 40.1 11.8 7.6 57.9 16.8
Total’ 6,923.1 90.7 326.1 109.6 51.7 502.0 138.5

* in billion dollars

1 - includes mining not shown separately.

2 - includes agricultural services.
3 - includes federal civilian and military and state and local governments.
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Table 31 Gross State Product in 1996 in billion of dollars.

Area 1990 1993 1994 1995 1996 Percent Percent
Change Change
1990 — 1996 | 1995 - 1996
United States| 5,659.8 6,440.0 6,868.0 7,2283 | 7,631.8 34.8 5.3
Alabama 71.1 83.0 89.3 95.0 99.2 39.5 4.44
Florida 255.2 300.7 321.7 339.0 360.5 41.3 6.4
Louisiana 91.1 94.7 103.9 112.9 121.1 32.9 7.3
Mississippi 38.7 46.6 50.8 53.6 56.4 31.4 5.2
Texas 388.9 453.0 484.1 511.2 551.8 41.9 8.0

Source: Statistical Abstract of the United States, 1999.

Table 32 Manufacturers Summary and Average Hourly Wages (1998).

Area Number Total Payroll Per Employees Average Hourly
(1,000) (million dollars) (dollars) Wage Production
Employee
United States 18,667 645,140 34,561 13.49
Alabama 383 10,587 27,679 12.11
Florida 486 14,853 30,554 11.43
Louisiana 175 6,037 34,439 14.64
Mississippi 239 5,654 23,666 10.72
Texas 1,055 36,008 34,131 12.15

Source: Statistical Abstract of the United States, 1999.

Table 33 Business Starts and Business
Failures (1998).

Area Business Starts Business Failures
United States 155,141 71,857
Alabama 2,645 546
Florida 13,029 2,047
Louisiana 1,849 377
Mississippi 1,347 177
Texas 10,936 6,785

Source: Statistical Abstract of the United States, 1999.




Table 34 Private employer Firms, Employment and

Estimated Receipts (1996).

Employer Firms

Employment

Estimated Receipts

(1,000) (1,000) (billion dollars)
United States 5,478.0 102,187.3 16,665
Alabama 80.4 1,568.8 222
Florida 341.6 5,357.9 714
Louisiana 81.0 1,498.1 241
Mississippi 48.3 883.3 116
Texas 359.4 6,952.6 1,163

Source: Statistical Abstract of the United States, 1999.

Table 35 Retail Trade, Summary of Establishment 1996.

Area Total Paid Annual Payroll
Establishments Employees

United States 1,597.3 21,487 317,660
Alabama 25.7 337 4,181
Florida 91.3 1,276 18,727
Louisiana 23.6 334 4,230
Mississippi 15.8 187 2,315
Texas 104.1 1,525 22,339

Source: Statistical Abstract of the United States, 1999.
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Table 36 Retail Sales by Type of Store (1997).

Sector u.S. Alabama Florida Louisiana | Mississippi Texas
Total all stores 1996 - 1 | 2,465,147 36,729 158,978 37,956 19,021 170,864
Total all stores 1997 - 1 | 2,546,287 38,063 166,211 39,122 19,635 176,772
%Change 1996-97 1.8 2.1 1.9 2.2 1.6 1.0
Average Household
Sales 1997 25,437 23,122 28,015 24,866 19,888 25,302
Food Stores
428,842 6,600 26,312 7,289 3,918 30,153
General Merchandise 322,463 5,964 19,552 5,971 3,367 24,528
Automotive Dealers 631,625 9,833 45,848 9,993 4,746 49,451
Eating and Drinking
Places 245,314 3,138 16,474 3,747 1,517 17,095
Gasoline Service Stations| 156,291 2,742 7,972 2,703 1,342 10,939
Building Materials and
Garden Supplies 144,681 2,357 8,722 2,088 1,239 8,034
Apparel and Accessory
Stores 112,577 1,615 7,689 1,543 627 7,684
Furniture and Home
Furnishings 141,851 1,617 10,212 1,566 729 8,623

Source: Statistical Abstract of the United States, 1999.

1 - includes other types stores shown separately.




Table 37 Construction Contracts Value (1998).

Area Total Residential Non Residential
United States 375,263 173,008 134,038
Alabama 5,976 2,241 2,243
Florida 28,200 15,192 9,411
Louisiana 4,371 1,544 1,685
Mississippi 3,391 1,101 1,245
Texas 32,415 15,168 11,988

Source: Statistical Abstract of the United States, 1999.

Table 38 New Privately Owned Housing Units Started , 1999 (in thousand of units).

Area Total Units Total Units Percent Change Single Family
(1996) (1999) 1996 - 1999 Units 1999
United States 1,469 1,631 11.03 1,386
Alabama 23.6 23.1 (-2.12) 18.1
Florida 129.1 152.6 18.2 111.0
Louisiana 19.3 14.3 25.8 12.3
Mississippi 13.1 14.5 10.7 11.0
Texas 125.0 155.3 24.2 107.9

Source: Statistical Abstract of the United States, 1999.

Table 39 Performance Sector of R& D
Expenditures by States, 1995
(in million of dollars).

State Industry Universities and
Colleges

United States 183,013 22,101
Alabama 1,681 335
Florida 5,223 559
Louisiana 423 315
Mississippi 315 113
Texas 8,385 1,472

Source: Statistical Abstract of the United States, 1999.
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4.1 Population Projections

This chapter examines various indicators of future
growth and development in the Gulf Coastal Plains
Region as indicated by projections from 2000 to
2045. The first section will review population projec-
tions for the States of Alabama, Florida, Louisiana,
Mississippi, and Texas and will compare these pro-
jections to expected average rates of growth for the
United States (See Table 1).

Alabama is projected to have a year 2000 popu-
lation of 4.3 million persons. By 2025, the state is
projected to have a population of 5.2 million which
is expected to have grown to 5.9 million by 2045.
Alabama is the country’s 22°! most populous state.
By 2010, the population of Alabama is expected to
increase by 285,000. Over the next twenty five years,
the population is expected to increase by 828,000
persons. According to a U.S. Census report, 1.6 per-
cent of the nation’s population resides in Alabama.
This percentage is not expected to have changed by
2025. Alabama is expected to gain approximately
71,000 persons through international migration
between 1995 and 2000. The state ranks it 34™ in the
number of international migrants. It is ranked 9™
among states in projected population gained through
net internal migration between 1995 and 2025. Dur-
ing this period, Alabama is projected to have 1.8
million births and 1.6 million deaths. The State will
rank 24" largest in births, 19th largest in deaths, and
17" largest in natural increase (birth minus deaths).

Florida, one of the fastest growing states in the
nation, has a projected 2000 population of 15.6 mil-
lion persons. By 2005, the population is expected to

increase by 1.65 million. By the end of the first
decade of the 21* century, Florida is expected to
have a population of 18.2 million. The population
increase is expected to continue through out the next
twenty-five years. By 2025, the population is project-
ed to be 21.9 million, an increase of 6.2 million
persons. Among the 50 states and the District of
Columbia, the state will rank 3" in net population
gain. Florida has the 9™ highest rate of change at 46.2
percent. In 2000, 5.5 percent of the Nation’s popula-
tion resided in Florida (ranked 4™) and 6.2 percent is
projected to resided in Florida by 2025 (ranked 3').
Florida is projected to gain 1.9 million people
through international migration between 1995 and
2025, making the state the 3™ largest in net interna-
tional migration gains. Florida is also expected to
have 6.2 million births and 5.8 million deaths
between 1995 and 2025. It ranks 4™ in the projected
number of births, 2nd in the projected number of
deaths, and 3rd in natural increase (birth minus
deaths).

Louisiana is expected to have a 2000 population
of 4.5 million. By 2010, the population is expected to
have increased to 4.7 million. The population is pro-
jected to grow to 5.2 million by 2025 and 5.8 million
by 2045. Its population net gain ranks at 23". The
rate of population change of 18.2 is projected to rank
as the 31* largest. In 2000, 1.6 percent of the nation’s
population lived in Louisiana (ranked 23™) and by
2025, 1.5 percent of the country’s population is pro-
jected to reside in the State (ranked 24™). Louisiana is
expected to gain 90 thousand people through inter-
national migration between 1995 and 2025 (ranked
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31"). Louisiana is expected to rank 26" in the num-
ber of persons gained through net internal migration
between 1995 and 2025, representing a gain o f 45
thousand persons. The state is projected to have 2.1
million births and 1.5 million deaths, making it 21*
largest in births and deaths and 23™ in natural
increase.

Mississippi, the 31* most populous state with
projected 2000 population of 2.75 million persons, is
expected to increase to 2.82 million by 2005; to 2.9
million by 2010; to 3.2 million by 2025; and to 3.5
million by 2045. By 2025, Mississippi is projected to
be the 30™ most populous state. Only one percent of
the nation’s population resided in Mississippi in 2000
(ranked 31%). By 2025 approximately 0.9 percent of
the country’s population is expected to reside in Mis-
sissippi (ranked 30™). The state is expected to gain
27,000 persons through net international migration
between 1995 and 2025 (ranked 42™"). The popula-
tion in Mississippi is expected to increase by 140,000
through net internal migration between 1995 and
2025 (ranked 21*). The state is projected to have 1.2
million births and 975,000 deaths (ranked 31%) and is
expected to rank 37" largest in terms of natural
increase.

The Nation’s second most populous state, Texas,
has a projected 2000 population of 19.7 million. By
2010, the population of Texas is projected to be 21.7
million, 24.5 million by 2025 and 27.6 million by
2045. In 2000, 7.3 percent of the nation’s population
is expected to reside in Texas (ranked 2™). By 2010,
the population of the state is expected to increase by
2 million. By 2025, 8.1 percent of the population is
expected to reside in Texas. The state is projected to
gain 1 million people through international migration
between 1995 and 2025 (ranked 6™). Texas is also
expected to rank 2™ in the number of persons
gained through net internal migration between 1995
and 2025, gaining 1.7 million people. Texas is pro-
jected to have 11.4 million births and 5.7 million
deaths ranking 2™ largest in number of births, 3™
largest in number of deaths, and 2™ largest in natural
increase.

Over the next three decades, Texas and Florida
will experience large net population changes (births
minus deaths plus net migration). Ranking only
behind California in the largest projected net
increase in population, Texas is expected to gain
more than 8.5 million persons and Florida is expect-
ed to gain 6.5 million. Together, they will account
for 20 percent of the net population change in the
United States from 1995 to 2025. These most popu-
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lous states in the South will continue to grow fairly
rapidly. During 1994, Texas replaced New York as
the second most populous states and is expected to
remain in that position throughout the projection
period. Florida is projected to replace New York as
the third most populous state by 2020. When com-
paring the rate of growth of states in the region,
Florida ranked 9™, Texas ranked 10", Alabama
ranked 25", Louisiana ranked 31* and Mississippi
ranked 35™ (Campbell, 1997).

In summary, Florida and Texas will each gain
one million or more persons over the 30-year period
from 1995 to 2025 through net interstate migration
with Florida gaining nearly 4 million persons. Flori-
da will have the highest annual net internal
migration rate from 1995 to 2025 with a rate of 8
persons per 1000. Florida also ranks 3™ in states
with the largest projected net increase in immigrants
between 1995 and 2025. During this period, a pro-
jected 1.8 million international immigrants will come
into Florida and a projected one million internation-
al immigrants will migrate to Texas while Mississippi
is expected to be among states with the lowest rates
of international migration (less than 0.4 persons per
1,000 population).

Population by Age

Table 3 summarizes population projections by age
for the states of Alabama, Florida, Louisiana, Missis-
sippi and Texas for the years 2005, 2015 and 2045. In
the state of Alabama, it is expected that youth 17
years of age and younger will comprise 24 percent of
the population by 2005 and 22 percent of the popu-
lation by year 2025. The 65 years of age and older
age group is expected to grow at a faster rate than all
other age groups. The percentage of the population
classified as elderly is projected to increase from 13
percent in 2005 to 20 percent in 2025. In 2005, it is
projected that 613,000 persons residing in Alabama
will be age 65 years or older. By 2015, this figure is
projected to have increased to 785,000 and increased
to 1.1 million by 2025. Alabama, like other states, is
expected to experience a decline in the proportion
of youth in it’s population. Proportionately, the elder-
ly population in Alabama is growing faster than in
other parts of the country. The state is projected to
have the 24™ highest proportion of elderly in 1995
and the 20™ highest proportion of elderly in 2025.
The dependency ratio (the number of youth under
age 20 and elderly 65 years and older for every 100
working age persons 20 — 64 years of age) is expect-
ed to rise from 70.4 in 1995 to 81.3 in 2025.



Table 1 Population Projections to 2045 for the United States and Regions
(Thousands, Resident Population).

Projections for July 1 July 1, 1995 to July 1, 2025
Area| 2000 2005 2010 2015 | 2025 2045 Net Components of Change
Change
Births | Deaths| Net Migration
Inter- Immigra-
state tion
Migration
US |276,241 | 288,286| 300,431 | 313,116 | 338,338 | 381,779 | 72,294 | 126,986 | 84,633 — | 24,666
Ala 4,383 4,516 4,668 4,841 5,211 5,899 971 1,759 1,563 577 71
Fla 15,642 16,900 | 18,127 | 19,383 | 21,860 25,498 6,544 6,169 5,829 3,879 1,856
La 4,478 4,611 4,749 4,901 5,221 5,751 790 2,054 1,501 45 90
Miss 2,750 2,819 2,897 2,967 3,180 3,524 445 1,179 975 140 27
Tex 19,724 26,734 21,703 | 22,673 | 24,514 27,635 8,459 11,403 5,676 1,730 1,008

Table 2 Population Change.

July 1, 2000 to July 1, 2005

Area Net Change Components of Change
Births Deaths Net Migration
Interstate Immigration
Migration
United States 11,347 19,645 13,240 — 4,112
Alabama 181 287 240 103 12
Florida 1,046 950 891 612 299
Louisiana 111 333 229 21) 15
Mississippi 93 200 151 30 4
Texas 1,368 1,703 837 318 187




We also examined the population by age distri-
butions for the State of Florida. The population over
18 years of age is expected to increase from 11.7 mil-
lion or 77 percent in 2000 and to 16.7 million or 80.8
percent by 2025. The number of persons under 18
years of age is excepted to decrease from 21 percent
in 2005 to 19 percent in 2025. By 2025, Florida is
expected to rank 50" in proportion of youth. On the
other hand, the elderly population is expected to
increase from 17 percent in 2005 to 26 percent by
2025. Similarly, the dependency ratio is also expected
to increase from 80.6 in 1995 to 91.2 in 2025.

Louisiana’s elderly population is expected to
increase from 555,000 persons (12 percent) in 2005
to 945,000 (18 percent) in 2025. The state is also
expected to experience a decline in proportion of
youth under the age of 18. By 2005 it is projected
that this age group will comprise approximately 26
percent of the population. However, by 2025, youth
under the age of 18 will comprise only 24 percent of
this population. The dependency ratio is expected to
rise from 75.7 in 1995 to 86.3 in 2025.

The youthful population (age 17 and under) in
Mississippi is expected to decrease from 769,000 (26
percent) in 2005 to 736,000 (23 percent) by 2025.
Like other states in the region, the proportion of
older persons is expected to increase. It is expected
that 363,000 (12 percent) will be age 65 or older by
2005. The number of elderly is expected to have
increased to 615,000 (19 percent) by 2025. The
dependency ratio is expected to rise from 77.9 in
1995 to 84.1 in 2025.

The state of Texas is expected to have 6 million
(27 percent change) persons under the age of 18 by
2005. The proportionate change is expected to
remain relatively stable over the next 20 years. In
2025, the population aged 17 years and under is
expected to have increased to 7.4 million (27 percent
change). The elderly population is expected to
increase from 2.3 million (10 percent) in 2005 to 4.4
million (16 percent) in 2025. Texas” dependency rate
is projected to increase from 72.5 to 1995 to 85.4 in
2025.

In summary, the states in the region show similar
patterns of population growth by age. States in the
region show a projected decline in the number of
youth under the age of 18 as a proportion of their
populations. As the baby boom generation (those
born between 1946 and 1964) reaches retirement
age, the growth of the elderly population (65 years
and over) is expected to accelerate rapidly. The size
of the elderly population is projected to increase
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over the next 25 years. Correspondingly, the depend-
ency ratio is also expected to increase for states in
the region.

4.2 Race and Ethnic Groups

This section of the report provides population pro-
jections by race and Hispanic origin. Alabama is
projected to have a 2000 white population of 3.3 mil-
lion and a black population of 1.1 million. By 2005,
these populations are expected to have increased to
3.4 million whites and 1.2 million Blacks. Alabama is
projected to have 3.2 million non-Hispanic whites.
By 2005, non-Hispanic whites are expected to
increase to 3.4 million and by 2025, to have
increased to 3.7 million. Non-Hispanic Whites com-
prised 72.8 percent of the population of Alabama in
1995 and is expected to decrease to 71.3 percent by
2025. The non-Hispanic African American population
comprised 25.5 percent of the population of Alabama
in 1995 but is expected to be 26 percent of the pop-
ulation by 2025. Persons of Hispanic origin of any
race is projected to increase from 0.7 percent in 1995
to 1.2 percent in 2025. The non-Hispanic African
American population is expected to grow by a rate
of 25.4 percent between 1995 and 2025. Over this
same thirty year period, the non-Hispanic white pop-
ulation is projected to grow by 20.4 percent, the
non-Hispanic American Indian, Eskimo, and Aleut
population is expected to grow by 40.4 percent, the
non-Hispanic Asian and Pacific Islander population
to grow by 103.4 percent and the Hispanic popula-
tion to grow by 99.8.

Florida has a 2000 projected white population of
12.6 million and 2.3 million African Americans.
Included in these populations were 2.4 million His-
panics. The projected 2000 non-Hispanic white
population for the State of Florida is 10.4 million. In
1995, 70.7 percent of the population of Florida was
non-Hispanic whites. By 2025, it is expected that
only 58.9 percent of the population of Florida will be
non-Hispanic whites. It is also expected that the non-
Hispanic African American population will have
increased from 13.9 percent in 1995 to 14.8 percent
in 2025. The population of persons of Hispanic ori-
gin of any race is expected to increase from13.8
percent in 1995 to 23.9 percent by 2025.

Louisiana has a projected 2000 population to 2.9
million whites and 1.4 million whites. Included in
these populations were 119,000 Hispanics. Louisiana
is projected to have 2.8 million non-Hispanic whites.
In 1995, 64.5 percent of the population was non-His-
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panic whites. By 2025, it is expected that only 57.3
percent of Louisiana’s population will be non-His-
panic whites while the non-Hispanic African
American population is expected to grow from 31.6
percent of the population in 1995 to 35.7 percent by
2025. The percentage of persons of Hispanic origin
of any race is expected to grow form 2.4 percent of
the population in the state to 4.4 percent of the pop-
ulation by 2025.

Mississippi has a projected 2000 population of
1.8 million whites and one million African Ameri-
cans. By 2000 there are expected to be only 21,000
persons of Hispanic origin residing in Mississippi.
Non-Hispanic whites who comprised 62.6 percent of
the population of Mississippi in 1995 are expected to
have decreased to 60.6 percent of the population by
2025. The non-Hispanic African American popula-
tion in the State is expected to increase from 35.8
percent in 1995 to 36.9 percent by 2025 and the
number of persons of Hispanic origin of any race is
expected to increase from 0.7 percent in 1995 to 1.3
percent by 2025.

Texas has the largest Hispanic population in the
nation. The 2000 projected population for the state
included 16.9 million whites and 2.5 million African
Americans. Included in these figures were 5.9 million
persons of Hispanic origin. Non-Hispanic whites
comprised 58.2 percent of the population of Texas in
1995. By 2025, they will comprise only 46 percent of
the population. During this thirty year period, the
non-Hispanic African American population in Texas
will increase from 11.7 percent in 1995 to 12.8 per-
cent by 2025. The number of persons of Hispanic
origin of any race is expected to increase from 27.6
percent in 1995 to 37.6 percent by the 2025.

4.3 Education

School enrollment and projected number of high
school graduates are indicators of potential skill level
of future work force for the region. We have
assessed grades k-12 school enrollment projections,
percent change in k-12 school enrollment and pro-
jected graduates for the states in the Gulf Coastal
Plain Region and compared these projections to
national averages. The State of Alabama is projected
to have 771,000 students enrolled in the public
school system in 2000, 795,000 enrolled by 2005 and
789,000 enrolled by 2008. As can be seen, enrollment
in public school is expected to begin decreasing by
2008. These projections are in keeping with figures
on the decreasing proportion of young people not

only in the State of Alabama but all across the nation.
Between 1996-2002, public school enrollment in the
State of Alabama increased by 5.1 percent. However,
between 2002 and 2008, enrollment is projected to
increase only .6 percent. Between 2002 and 2008, the
projected number of high school graduates will have
increased by 20.2 percent.

Public school projection figures for the state of
Florida suggest that enrollment appears to have
increased marginally (6.9 percent) from 2.25 million
students to 2.39 million (6.9 percent) from 1996 to
2002. Between 2002 and 2006, school enrollment is
expected to decrease to 2.36 million (-1.6 percent).
The projected number of high school graduates for
the State of Florida is higher than the national aver-
age. Between 1996 and 2002, the projected number
of high school graduates is expected to increase by
14.3 percent. Between 2002 and 2008, the percent
age of high school graduates is expected to have
increased by another 45.2 percent.

There were 803,000 students enrolled in public
schools in Louisiana in 1996. Public school enroll-
ment remained constant in the state for the year
1997. However, by 1998, public school enrollment
had decreased to 800,000, to 793,000 by 2000 and
787,000 by 2002. Public school enrollment is expect-
ed to decrease by 2.1 percent between 1996 and
2002 and by 1.6 percent between 2002 and 2008.
Louisiana is also projected to have a decrease in the
projected number of high school graduates from 1996
to 2002 (1.6 percent) and another decrease in the
number of graduates from 2002 to 2008 (0.5 percent).

School enrollment and high school graduates are
also summarized for the State of Mississippi. By 2008,
the enrollment in public schools in Mississippi is
expected to be 523,000, down from a high of 530,000
in 2005. Between 1996 and 2002, school enrollment
is expected to increase by 3.2 percent. However,
enrollment is expected to decrease by 1.2 percent
between 2002 and 2008.

School enrollment and high school graduation
rates are expected increase in Texas at a rate greater
than the national average. Enrollment in public
school is expected to increase by 8.9 percent
between 1996 and 20002 and by 4.4 percent between
2002 and 2008. Similarly, high graduation rates are
also expected to increase. Between 1996 and 2002,
the high school graduation rate is expected to have
increased by 5.4 percent and by 22.9 percent
between 2002 and 2008.
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Income

This section of the report will examine income as a
component of economic well-being of the residents
in the region. Income in the states in the region is
expected to grow at a higher average rate than for
the United States. Personal income is expected to
grow in by 106 percent in Alabama, 142 percent in
Florida, 96 percent in Louisiana, 100 percent in Mis-
sissippi and 110 percent in Texas, compared to a
percent change of 104 percent for the entire United
States. A more meaningful picture of income projec-
tions for the region is seen when assessing per capita
income. Table 10 summarizes data on personal
income projections through the year 2045. As can be
seen the personal income projections for all states in
the region are lower than the national average for
the year 2000. The per capital income for the United
States in 2000 is projected to be $17,718 compared to
$14,745 for Alabama, $17,690 for Florida, $14,247 for
Louisiana, $12,747 for Mississippi and $16,422 for
Texas. By 2010, the per capita income for the United
States is expected to have increased to $19,696 com-
pared to per capita incomes of $16,593 in the State of
Alabama, $19,708 in the State of Florida, $15,972 in
the State of Louisiana, $14,360 in the State of Missis-
sippi and $18,362 in the State of Texas. However, by
2025, per capita income in the State of Florida
($22,031) is expected to be modestly higher than the
national per capita income ($22,003). By 2045, per
capita income in the states of Alabama, Florida,
Louisiana, Mississippi and Texas is projected to be
$22,659, $26,279, $21,854, $19,905, and $24,712,
respectively.

We have also examined the personal income and
earning projections for each of the states in the
region. Table 11 provides a summary of these indica-
tors for the State of Alabama. As noted, Alabama has
a projected 2000 population of 4.4 million persons
including 1.1 million youth 17 years of age and
younger, 2.7 million persons 18-64 years of age, and
583,000 persons 65 years of age older. Relative per
capita income is a good indicator of how personal
income of residents in the State of Alabama com-
pared to residents in other parts of the country. In
2000, the per capita income for Alabama is projected
to be $14,745 which is only 83 percent (.83) of the
per capita income of the United States. However, by
2015, the relative per capita income for the state is
expected to have increased to .86 and to .87 by 2045.
We have also examined sources of personal income
for the state of Alabama. The majority of income and

earnings are generated from non-farm sources. Major
sources of non-farm earnings for the state by rank
order are services ($11.2 billion), manufacturing
($10.2 billion), government and government enter-
prises ($8.5 billion) and retail trade ($4.3 billion). By
2025, a larger proportion of the population will work
in the service sector as indicated by changes in earn-
ing from this sector. In 2000, 24 percent of
non-farming earnings were generated in the service
sector. However, by 2025, it is expected that 29 per-
cent of non-farming earning will be generated from
the service sector.

Table 12 summarizes data on populations, per-
sonal income and earning projections for the State of
Florida. As of July 1, 2000, Florida with a projected
population of 15.6 million, had a expected per capita
income of $17,690. We compared the per capita
income for residents in Florida to the per capita
income of persons residing in the United States. The
relative per capita income for the State of Florida is
1.00 which means that the per capita income for the
state is on par with the per capita income for the rest
of the nation. Nearly all personal income and earn-
ings are generated from non-farm sources. The major
sources of income by rank order for residents in
2000 are services ($59.7 billion), government and
government enterprises ($27.9 billion), retail trade
($19.2 billion), finance, insurance and real estate
($14.5 billion), and manufacturing ($14.3 billion).
Over the next twenty-five years, some changes are
expected in major sources of earning. By 2025, the
major source of earned income by rank order are
projected to be services ($108.2 billion), government
and government services ($39.6 billion), retail trade
($26.9 billion), finance, insurance and real estate
($25.1 billion) and manufacturing ($17.6 billion.).
Similar to Alabama, the proportion of earnings from
the service sector is also expected to increase signifi-
cantly. In 2000, 16 percent of all non-farm earnings
were garnered from the service sector. By 2025, it is
expected that 40 percent of all non-farm earnings
will be generated from the service sector.

Personal income and earning projections were
also assessed for the State of Louisiana (See Table
13). Louisiana had a projected 2000 population of 4.5
million and per capita income of $14,247. The rela-
tive per capita income for the state is .80 for 2000.
The relative per capita income is expected to
increase to .81 by 2010, to .83 by 2025 and to .84 by
2045. Most of the total personal income and total
income is expected to be generated in the non-farm
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Table 8 Personal Income Projections to 2045.

Area 2000 2005 2010 2015 2025 2045 Percent

Change
us 4,894,480.0 | 5,405,904.0 | 5,917,220.5 | 6,424,299.0 | 7,444,510.3 | 9,986,217.8 104
Alabama 64,629.5 70,965.4 77,459.1 84,146.7 98,220.1 133,660.4 106
Florida 276,699.7 316,841.8 357,244.6 397,954.5 481,409.6 670,046.4 142
Louisiana 63,796.3 69,780.3 75,848.3 82,057.8 95,061.9 125,669.9 96
Mississippi 35,049.8 38,269.4 41,6059.2 45,063.3 52,459.7 70,144.0 100
Texas 323,907.7 361,361.0 398,501.7 434,993.4 507,148.1 682,904.4 110

Source: Paul R. Campbell. Series A Projections. See Population Paper #47, “Population Projections by States by Age, Sex, Race and Hispanic Origin: 1995

to 2025”.

Table 9 Total Earnings Projections to 2045 for the Region and the United States.

Area 2000 2005 2010 2015 2025 2045
us 3,532,680.0 3,878,404.0 4,207,520.5 4,505,929.0 5,039,010.3 6,538,617.8
Alabama 46,341.9 50,551.2 54,661.8 58,458.7 65,487.9 86,079.0
Florida 170,136.9 193,380.7 215,661.8 234,940.0 269,036.7 356,194.7
Louisiana 44,861.2 48,729.8 52,408.6 55,746.9 61,763.1 78,549.1
Mississippi 24,072.8 26,139.2 28,136.6 29,242.7 33,215.3 42,724.5
Texas 245,711.0 272,134.2 297,376.1 320,467.8 361,841.0 471,924.5

Source: Paul R. Campbell. Series A Projections. See Population Paper #47, “Population Projections by States by Age, Sex, Race and Hispanic Origin: 1995

to 2025".

Table 10 Per Capita Personal Income Projections to 2045.

Area 2000 2005 2010 2015 2025 2045
us 17,718 18,752 19,696 20,517 22,003 26,157
Alabama 14,745 15,706 16,593 17,384 18,849 22,659
Florida 17,690 18,749 19,708 20,531 22,023 26,279
Louisiana 14,247 15,134 15,972 16,742 18,206 21,854
Mississippi 12,747 13,575 14,360 15,089 16,497 19,905
Texas 16,422 17,429 18,362 19,186 20,688 24,712

Source: Paul R. Campbell. Series A Projections. See Population Paper #47, “Population Projections by States by Age, Sex, Race and Hispanic Origin: 1995

to 2025”.
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sector. During 2000, non-farm earnings are largely
generated from services ($12.8 billion), government
and government enterprises ($8.0 billion), manufac-
turing ($6.2 billion), and retail trade (4.2 billion). By
2025, major sources of non-farm earning are project-
ed to be services (20.7 billion), government and
government enterprises (0.6 billion), manufacturing
($7.6 billion), and retail trade ($5.3 billion).

Table 14 summarizes personal income and earn-
ing projections for Mississippi. The 2000 per capita
income for persons residing in Mississippi is project-
ed to be $12,747 which is a relative income of .72.
By 2025, it is projected that the per capita income for
persons residing in the state will be $16,497 which is
a relative income of .75. Thus a person residing in
the Mississippi can expect to earn about 75 cents for
every $1.00 in earning from persons living in other
parts of the country. Major sources of income by
rank order for 2000 are manufacturing ($5.8 billion
dollars), services ($5.4 billion), and government and
government enterprises ($4.6 billion). By 2025, major
sources of personal income will include services
($8.9 billion), manufacturing ($7.3 billion), and gov-
ernment and government enterprises ($5.8 billion).

Texas has a projected 2000 population of 19.7
million (See Table 15). The per capita income is pro-
jected to be $16,422 in 2000, $19,186 by 2015,
$20,688 by 2025 and $24,712 by 2045. The relative
per capita income is expected to increase only slight-
ly from .93 in 2000 to .94 by 2025. Major sources of
income are services ($69.9 billion), government and
government services ($37.7 billion), manufacturing
($34.6 billion), retail trade ($23.3 billion), and trans-
portation and public utilities ($20.6 billion). By 2025,
major sources of earnings are projected to include
services ($121.7 billion), government and govern-
ment services ($52 billion), manufacturing ($43.6
billion), retail trade ($31.2 billion), and transportation
and public utilities ($29.1 billion).

Employment Projections

This section of the report provides a summary of
total employment projections and employment by
place of work for the States of Alabama, Florida,
Louisiana, Mississippi, and Texas (See Tables 16, 17,
18, 19, 20, and 21). A projected 2.3 million persons
were employed in Alabama in 2000 compared to 8.4
million in Florida, 2.3 million in Louisiana, 1.4 million
in Mississippi, and 11.2 million in Texas. Employ-
ment projections show an increase by 10.2 million (6
percent change) between 2000 and 2005 in the Unit-

ed States. Employment for states in the region is also
expected to increase by 2005. Over the five year
period, we can expect the number of employed per-
sons in Alabama to increase by 124,000 persons (5
percent change), in Florida to increase by 820,000
persons (9 percent change), in Louisiana to increase
by 21,000 persons (5 percent change), in Mississippi
to increase by 66,000 persons (4 percent change),
and in Texas to increase by 792,000 persons (7 per-
cent change). With a growing population, we can
expect to see this pattern continue over the next 25
years. By 2025, it is projected that the number of
employed persons will have increased by 30.7 mil-
lion (19 percent change) for the entire United States.
We expect similar increases in the number of
employed persons in the region. By 2025, the num-
ber of employed persons is expected to have
increased to 2.7 million persons (16 percent change)
in Alabama, to 11 million (30 percent change) in
Florida, to 2.6 million (15 percent change) in
Louisiana, to 1.6 million (13 percent change), and to
13.7 million (21 percent change) in Texas. As can be
seen, the rate of employment growth is higher than
the national average for the States of Florida and
Texas and lower than the national rate of growth in
Alabama, Louisiana, and Mississippi. Although the
number of employed persons in the region continues
to grow, the rate of growth is expected to slow sub-
stantially by 2010 as more baby boomers reach
retirement age.

We also provide a more detailed assessment of
employment trends for the region. Employment by
place of work projections are provided for all states
in the region. We thought it would be interesting to
see which of the major employment sectors is
expected to have the greatest increases in employ-
ment projection. As noted earlier, most persons are
employed in the services, manufacturing, govern-
ment enterprises and retail trade sectors in Alabama.
Over the next decade, we expect to see decreased
employment in the farming sector and mining sectors
in Alabama. By 2010, we expect to see growth of 19
percent in the service sectors, 10 percent in the retail
trade, 9 percent in construction, 2 percent in manu-
facturing, 10 percent in the transportation and public
utilities, 9 percent in the wholesale trade, 9 percent
in the finance, insurance and real estate, and 4 per-
cent in the government and government enterprise.
Over the next twenty-five years, we expect to see
similar change. Between 2010 and 2025, sectors hav-
ing the greatest increase in the number of employed
persons are the services sectors which will have an
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Table 11 Populations, Personal Income and Earnings Projections to 2045 for Alabama.

Area 2000 2005 2010 2015 2025 2045
Total Population 4,383 4,516 4,668 4,841 5,211 5,899
as of July 1
17 years 1,109 1,110 1,104 1,116 1,189 1,313
and under
18-64 years 2,691 2,799 2,908 2,977 3,014 3,329
65 years 583 607 656 747 1,008 1,256
and over
Per capita income 14,745 15,706 16,593 17,384 18,849 22,659
(1987 dollars)
Relative Per .83 .84 .84 .85 .86 .87
Capita Income
(U.S. - 1.00)
Total 64,629.5 70,935.4 77,459.1 84,146.7 98,220.1 133,660.4
Personal Income
Farm Income 992.3 1,021.8 1,0414.7 1,057.0 1,072.0 1,219.9
Non Farm 63,637.2 69,913.7 76,414.5 83,089.7 97,148.0 132,440.5
Income
Total Earnings 46,341.9 50,551.2 54,661.8 58,458.7 65,487.9 86,079.0
Farm Earnings 992.3 1,021.8 1,044.7 1,057.0 1,072.0 1,219.9
Non Farm 45,349.7 49,529.4 53,617.2 57,401.8 64,415.8 84,859.1
Earnings
Agricultural 333.6 395.0 453.6 506.0 598.3 827.3
services forestry,
fishing, & other
Mining 431.1 446.7 463.2 482.6 513.4 605.1
Construction 2,331.9 2,497.4 2,661.7 2,803.2 3,061.8 3,924.3
Manufacturing 10,181.3 10,822.7 11,439.8 12,004.0 13,049.3 16,543.1
Transportation and 3,072.3 3,330.4 3,583.5 3,811.2 4,225.7 5,479.3
public utilities
Whole trade 2,584.5 2,800.1 3,000.7 3,175.8 3,498.4 4,539.3
Retail trade 4,294.8 4,575.1 4,865.2 5,115.5 5,579.1 7,141.6
Finance, 2,365.3 2,665.6 2,964.4 3,249.2 3,783.0 5,215.1
Insurance and
real estate
Services 11,231.7 12,978.9 14,670.8 16,264.5 19,195.8 26,713.3
Gov't and gov't 8,523.3 9,017.5 9,514.4 9,989.8 10,911.0 13,870.8

enterprises

Source: Paul R. Campbell. Series A Projections. See Population Paper #47, “

to

64

2025".
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Table 12 Populations, Personal Income and Earning Projections to 2045 for Florida.

enterprises

Area 2000 2005 2010 2015 2025 2045
Total Pop as 15,642 16,900 18,127 19,383 21,860 25,498
of July 1
17 years 3,648 3,852 3,987 4,148 4,583 5,190
& Under
18 — 64 years 9,115 9,936 10,682 11,207 11,672 13,094
65 years 2,879 3,111 3,459 4,028 5,605 7,213
& over
Per capita income 17,690 18,749 19,708 20,531 22,023 26,279
(1987 dollars)
Relative Per 1.00 1.00 1.00 1.00 1.00 1.00
Capita Income
(U.S. - 1.00)
Total 276,699.7 316,841.8 357,244.6 397,954.5 481,409.5 | 670,046.4
Personal Income
Farm Income 2,343.9 2,451.5 2,530.1 2,573.1 2,617.5 2,961.5
Non Farm 274,355.8 314,390.3 354,714.5 393,381.3 478,792.1 667,084.9
Income
Total Earnings 170,136.9 193,380.7 215,310.9 234,940.0 269,036.7 | 356,194.7
Farm Earnings 2,343.9 2,451.5 2,530.1 2,573.1 2,617.5 2,961.5
Non Farm 167,793.0 190,929.2 212,780.8 232,366.9 266,419.2 | 353,233.3
Earnings
Agricultural 1,964.1 2,320.8 2,661.3 2,964.8 3,496.2 4,816.6
services, forestry,
fishing, & other
Mining 244.2 249.7 256.5 262.8 274.4 322.7
Construction 9,593.7 10,644.1 11,637.0 12,475.9 13,902.0 17,966.4
Manufacturing 14,314.7 15,073.4 15,793.2 16,439.3 17,649.2 21,998.3
Transportation & 10,617.4 11,718.7 12,741.9 13,623.8 15,118.1 19,330.6
Public Utilities
Wholesale Trade 10,709.5 12,057.6 13,269.3 14,294.7 16,026.6 20,821.8
Retail Trade 19,207.8 21,122.8 22,9541 24,457.9 26,945.0 34,154.0
Finance, 14,465.2 16,868.4 19,183.8 21,328.5 25,136.3 34,430.4
Insurance &
Real Estate
Services 59,659.8 70,888.9 81,531.6 91,280.6 108,289.7 | 148,314.4
Gov't & Gov't 27,916.6 29,984.9 32,752.2 35,238.9 39,581.8 51,078.1

Source: Paul R. Campbell. Series A Projections. See Population Paper #47, “Population Projections by States by Age, Sex, Race and Hispanic Origin: 1995

to 2025".
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Table 13 Populations, Personal Income and Earnings Projections to 2045 for Louisiana.

enterprises

Area 2000 2005 2010 2015 2025 2045
Total Pop as 4,478.0 4,611.0 4,749.0 4,901.0 5,221.0 5,751.0
of July 1
17 years 1,277.0 1,281.0 1,275.0 1,287.0 1,366.0 1,471.0
and Under
18 - 64 years 2,688.0 2,798.0 2,903.0 2,966.0 2,983.0 3,205.0
65 years 513.0 531.0 571.0 648.0 873.0 1,075.0
and over
Per capita income 14,247.0 15,134.0 15,972.0 16,742.0 18,206.0 21,854.0
(1987 dollars)
Relative Per 0.8 00.81 .81 .82 .83 .84
Capita Income
(U.S.-1.00)
Total Personal 63,796.3 69,780.3 75,848.3 82,057.8 95,061.9 125,686.9
Income
Farm Income 403.2 420.3 434.4 443.6 456.4 528.1
Non Farm 63,393.1 69,360.0 75,413.9 81,614.2 94,605.5 125,158.9
Income
Total Earnings 44,861.2 48,729.8 52,408.6 55,746.9 61,763.1 78,549.1
Farm Earnings 403.2 420.3 434.0 443.6 456.4 528.1
Non Farm 44,458.0 48,309.5 51,974.2 55,303.3 61,306.7 78,021.0
Earnings
Agricultural 277.9 324.9 369.0 407.9 474.9 643.7
services, forestry,
fishing, & other
Mining 1,784.9 1,753.9 1,733.3 1,724.2 1,727.4 1,820.9
Construction 2,902.2 3,126.0 3,338.6 3,516.7 3,826.2 4,772.1
Manufacturing 6,205.2 6,492.9 6,773.8 7,035.5 7,534.6 9,355.7
Transportation & 3,382.8 3,552.0 3,719.5 3,868.9 4,144.3 5,105.8
Public Utilities
Wholesale Trade 2,493.9 2,696.8 2,878.9 3,033.8 3,308.6 4,154.3
Retail Trade 4,155.8 4,409.1 4,665.1 4,878.1 5,255.2 6,487.4
Finance, 2,405.0 2,704.7 2,994.7 3,266.6 3,763.3 5,022.8
Insurance &
Real Estate
Services 12,818.7 14,653.0 16,366.7 17,937.8 20,716.0 27,448.4
Gov and Gov 8,031.7 8,596.6 9,134.6 9,633.6 10.556.2 13,210.0

Source: Paul R. Campbell. Series A Projections. See Population Paper #47, “Population Projections by
States by Age, Sex, Race and Hispanic Origin: 1995 to 2025".
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increase of 58,000 employed persons (8 percent
increase) and retail trade which will have an increase
of 27,000 employed persons (6 percent increase).
Only modest gains in the number of employed per-
sons are expected in the other employment sectors.

We found similar employment projections for the
State of Florida (See Table 17). By 2000, it is expect-
ed that 8.4 million persons will be employed in the
State of Florida. Over the next decade the number of
employed persons is expected to increase by 1.5 mil-
lion (17.9 percent increase). Between 2010 and 2025
the number of employed persons will have increased
to 11.0 million, an increase of 1.1 million persons
(10.1 percent increase). By 2045, the number of
employed persons is expected to have increased 12.4
million persons. The largest employment sectors for
2000 are services with 3.0 million employed persons,
retail trade with 1.6 million employed persons, and
government and government services with 1.1 mil-
lion employed persons. Over the next 45 years, these
sectors will continue to provide the largest number
of jobs for residents in the State. In fact, all employ-
ment sectors expect to see continue growth over the
next four decades.

The employment outlook for the State of
Louisiana was also examined (See Table 19). During
2000, 2.3 million persons are expected to be
employed in non-farm work and 398,000 persons are
expected to be employed in farm work. Like other
states in the region, the number of farm workers is
expected to decline to 370,000 workers by 2010, to
319,000 workers by 2025, and to 296,000 by 2045.
On the other hand, the number of non-farm workers
is expected to see an increase to 2.5 million by 2010,
to 2.6 million by 2025, and to 2.8 million by 2045.
The largest employment sectors in Louisiana are serv-
ices with 681,000 employees, government and
government enterprises with 413,900 employees, and
retail trade with 385,000 employees. By 2010, the
service sector is expected to see the greatest increase
in the number of employed persons with an increase
to 800,600 persons. The second fastest growing
employment sector is expected to be retail trade with
an increase to 420,100 employed persons. These
trends are expected to continue over the next four
decades.

Table 20 summarizes employment projections for
the State of Mississippi. Mississippi is projected to
have 1.4 million persons employed in 2000. It is pro-
jected that there will be 1.5 million persons
employed in the state by 2010, 1.6 million persons

employed by 2025 and 1.7 million persons employed
by 2045. Employment in farm work is expected to
decrease from 521,000 persons in 2000 to 483,000 in
2010. Over the next twenty-five year, further declines
in the number of persons employed in farm work is
expected. By 2025, the number of persons employed
in farm work is expected to have decreased to
416,000. Mississippi only expects to experience mod-
est growth in the number of non-farm workers over
the next decade. Non-farm workers are expected to
increase from 1.4 million workers in 2000 to 1.51 mil-
lion workers in 2010. Only modest gains in the
number of employed persons are expected over the
next twenty-five years. By 2025, it is projected that
there will be only 1.55 million workers in the non-
farm sector. The largest employing sectors by rank
order in the State are expected to be services, manu-
facturing, government and government services, and
retail trade. The sectors expected to have the greatest
growth in the number of employed persons over the
next twenty years are services and retail trade.

The employment outlook for Texas is presented
in Table 21. During 2000, 11.2 million persons are
expected to be employed in the State of Texas. Over
the next twenty-five years, the number of employed
persons is expected to have increased to 13.7 mil-
lion. The number of person employed in farm work
is expected to decrease from 250,3000 in 2000 to
243,900 by 2010 and to 219,800 by 2025. The num-
ber of non-farm workers is expected to increase
from 11.0 millions persons in 2000 to 13.4 million
persons by 2025. The largest employment sectors are
services, retail trade, and government and govern-
ment related services. The service sector is expected
to see the greatest growth in number of jobs by
2025. Over this period, employment sectors with the
largest number of persons employed is expected to
be services, retail trade and government and govern-
ment services.

We have also examined the average annual pro-
jected rate of change in employment for the United
States and made comparisons to the states in the
region (See Table 22). Employment projections are
expected to increase at an annual rate of 1.05 per-
cent in the United States between 2000 and 2010.
The States of Florida and Texas can expect a higher
rate of increase in persons employed between 2000
and 2010. Florida can expect a 2.2 percent annual
rate of growth of persons employed and Texas can
expect an annual rate of growth in employment of
1.29. The States of Alabama (.98 percent annual
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Table 14 Populations, Personal Income and Earnings Projections to 2045 for Mississippi.

enterprises

Area 2000 2005 2010 2015 2025 2045
Total Pop as 2,750.0 2,819.0 2,897.0 2,987.0 3,180.0 3,524.0
of July 1
17 years 771.0 770.0 763.0 768.0 812.0 878.0
and Under
18 - 64 years 1,633.0 1,693.0 1,752.0 1,786.0 1,790.0 1,932.0
65 years 345.0 356.0 382.0 433.0 578.0 714.0
and over
Per capita income 12,747 13,575 14,360 15,089 16,497 19,905
(1987 dollars)
Relative Per 72 72 .73 74 .75 .76
Capita Income
(U.S. - 1.00)
Total 35,049.8 38,269.4 41,605.2 45,063.3 52,459.7 70,144.0
Personal Income
Farm Income 476.4 495.8 512.1 523.1 5394 628.2
Non Farm 34,573.4 37,773.7 41,093.1 44,540.2 51,920.3 69,515.8
Income
Total Earnings 24,072.8 26,139.2 28,136.6 29,942.2 33,215.3 42,724.5
Farm Earnings 476.4 495.8 512.1 523.1 5394 628.2
Non Farm 23,596.4 25,643.4 27,624.5 29,419.6 32,675.9 42,096.3
Earnings
Agricultural 202.6 239.7 275.2 307.0 363.5 504.8
services, forestry,
fishing, and other
Mining 139.8 137.9 136.8 136.5 137.2 146.1
Construction 1,238.9 1,342.4 1,443.6 1,526.9 1,674.7 2,129.1
Manufacturing 5,779.9 6,119.7 6,449.2 6,750.2 7,310.0 9,206.3
Transportation & 1,507.3 1,622.7 1,735.5 1,835.2 2,013.0 2,563.3
Public Utilities
Wholesale trade 1,163.6 1,247.8 1,324.1 1,388.0 1,502.3 1,886.5
Retail Trade 2,436.5 2,580.9 2,730.1 2,854.2 3,076.3 3,837.1
Finance, 1,171.9 1,325.6 1,477.4 1,620.5 1885.0 2,573.1
Insurance &
Real Estate
Services 5,380.7 6,190.0 6,960.9 7,671.2 8,935.6 12,064.7
Gov and Gov 4,575.2 4,836.9 5,092.6 5,330.0 5,778.1 7,185.3

Source: Paul R. Campbell. Series A Projections. See Population Paper #47, “Population Projections by States by Age, Sex, Race and Hispanic Origin: 1995

to 2025”.
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Table 15 Populations, Personal Income and Earnings Projections to 2045 for Texas.

enterprises

Area 2000 2005 2010 2015 2025 2045
Total Population 19,724 20,734 21,703 22,673 24,514 27,635
as of July 1
17 years 5,645 5,785 5,851 5,988 6,478 7,161
and Under
18 - 64 years 12,065 12,824 13,534 14,020 14,388 16,860
65 years 2,015 2,125 2,318 2,664 3,647 4,594
and over
Per capita income 16,422 17,429 18,362 19,186 20,688 24,712
(1987 dollars)
Relative Per .93 .93 .93 .94 .94 .94
Capita Income
(U.S. - 1.00)
Total 323,907.7 361,361.0 398,501.7 434,993.7 507,148.1 682,904.4
Personal Income
Farm Income 3,266.2 3,450.3 3,603.5 3,711.1 386.6 4,544.7
Non Farm 320,641.5 357,910.7 394,898.2 431,282.6 503,280.6 676,359.8
Income
Total Earnings 245,711.0 272.134.2 297,376.1 320,467.8 361,841.0 471,924.5
Farm Earnings 3,266.2 3,450.2 3,603.5 3,717.1 3,867.6 4,544.7
Non Farm 242,444.8 268,683.9 293,772.5 316,756.6 357,973.5 467,379.9
Earnings
Agricultural 1,672.2 1,988.7 2,293.5 2,568.1 3,054.6 4,259.3
services, forestry,
fishing, and other
Mining 8,848.1 8,864.5 8,897.9 8,961.5 9,157.2 9,833.1
Construction 13,112.4 14,273.3 15,388.8 16,346.6 18,029.9 23,016.7
Manufacturing 34,612.4 36,550.0 38,443.8 40,217.4 43,576.4 55,028.6
Transportation and 20,605.4 22,553.4 24,418.0 26,095.4 29,089.6 37,578.3
Public Utilities
Whole trade 16,388.0 17,875.3 19,213.5 20,257.5 22,361.0 28,399.6
Retail Trade 23,275.0 25,120.9 26,944 .4 28,490.4 31,188.9 39,271.4
Finance, 16,389.2 18,868.4 21,291.3 23,584.5 27,769.0 38,081.9
Insurance and
Real Estate
Services 69,872.5 81,685.7 92,907.0 103,305.8 121,728.0 165,441.8
Gov't & Gov't 37,669.5 40,900.0 43,973.8 46,829.4 52,018.9 66,369.2

Source: Paul R. Campbell. Series A Projections. See Population Paper #47, “Population Projections by States by Age, Sex, Race and Hispanic Origin: 1995

to 2025”.
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change), Louisiana (.95 percent annual change), and
Mississippi (.85 percent annual change) are projected
to have annual growth in the number of employed
persons lower than the national average.

4.5 Productivity

Indicators of productivity are examined in Tables 23
to 28. Measures of productivity include gross state
production (GSP) projections to 2045, and GSP by
place of work to 2045. Table 23 provides a summary
of GSP projections for the United States and states in
the Gulf Coastal Plain Region. GSP projections for
the State of Alabama are projected to increase by
$15.6 billion from $79.6 billion to $95.2 billion from
2000 to 2010. GSP is expected to increase to $116
billion by 2025 and $155 billion by 2045. GSP in
Florida is expected to grow at a faster rate than other
states in the Gulf Coastal Plain Region. By 2010, GSP
is expected to increase from $288 billion in 2000 to
$364 billion. By 2025, GSP for the state is expected
to have reached an all time high of $456 billion and
to have more than doubled to $609 billion by 2045.
Louisiana also expects increases in GSP over the next
four decades. GSP is expected to increase from $93
billion in 2000 to $107 billion by 2010. It is expected

Table 16 Total Employment Projections to 2045.

that GSP will have increased to $126 billion by 2025
and to $160 billion by 2045. Mississippi has the low-
est GSP in the region with revenues of only $45
billion in 2000. However, GSP is expected to have
increased to $54 billion by 2010, to $65 billion by
2025, and to $85 billion by 2045. Texas is expected
to have the highest GSP in the Gulf Coastal Plain
Region in 2000 with revenues of $434 billion. GSP is
expected to have increased to $525 billion by 2010,
to $643 billion by 2025 and to $848 billion by 2045.
Over the next four decades, Florida is expected to
have the fastest growing economy followed by
Texas. Texas is expected to continue its thriving
economy with a growth rate greater than other states
in the region. Although the GSP in Louisiana is the
third largest in the regions, the GSP in the state of
Alabama is growing at a faster rate than that of
Louisiana. For this region, the economy of Alabama
when viewed in terms of GSP appears to be the third
fastest growing state in the region. In summary, pro-
ductivity appears to be growing faster than the
national average in the States of Florida and Texas
and lower than the national average in the States of
Louisiana and Mississippi.

Area 2000 2005 2010 2015 2025 2045
United States 157,656.0 167,817.0 176,164.0 182,191.0 188,329.0 208,789.0
Alabama 2,343.7 2,467.9 2,573.5 2,650.8 2,734.6 3,058.8
Florida 8,413.1 9,233.7 9,917.1 10,425.7 10,999.0 12,402.7
Louisiana 2,293.4 2,414.1 2,511.4 2,579.0 2,640.3 2,868.8
Mississippi 1,407.5 1,473.1 1,526.6 1,562.3 1,591.2 1,732.8
Texas 11,200.3 11,992.3 12,648.7 13,135.5 13,662.8 15,168.3

Source: Paul R. Campbell. Series A Projections. See Population Paper #47, “Population Projections by States by Age, Sex, Race and Hispanic Origin: 1995

to 2025".
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Table 17 Employment by Place of Work Projections for Alabama.

Enterprises

Area 2000 2005 2010 2015 2025 2045
Total Employment 2,343.7 2,467.9 2,573.5 2,650.8 2,734.6 3,058.8
Farm 59.3 58.1 56.5 54.3 49.7 46.9
Non-Farm 2,228.4 2,409.8 2,517.1 2,596.5 2,684.9 3,011.9
Agricultural Services 25.2 28.6 31.5 33.8 36.5 42.5
Mining 10.6 10.1 9.7 9.4 8.7 8.1
Construction 126.1 132.2 137.5 140.9 144.1 160.6
Manufacturing 414.9 421.7 426.6 428.4 424.3 451.5
Transportation and 108.7 114.9 120.0 123.6 127.3 141.8
Public Utilities

Wholesale Trade 103.1 108.3 112.4 115.0 117.4 130.5
Retail Trade 385.8 406.0 424.7 437.6 451.8 509.7
Finance, Insurance 119.6 125.8 131.2 135.3 140.0 157.3
and Real Estate

Services 589.3 650.4 703.1 746.2 804.0 943.5
Gov't and Gov't 401.0 411.7 420.3 426.4 430.8 466.5

Source: Paul R. Campbell. Series A Projections. See Population Paper #47, “Population Projections by States by Age, Sex, Race and Hispanic Origin: 1995

to 2025”.
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Table 18 Employment by Place of Work Projections for Florida.

Area 2000 2005 2010 2015 2025 2045

Total Employment 8,413.1 9,233.7 9,917.1, 10,425.7 10,999.0 12,402.7
Farm 117.0 118.0 117.3 114.8 107.3 103.0
Non-Farm 8,296.2 9,115.6 9,799.8 10,310.9 10,891.7 12,299.7
Agricultural Services 161.3 181.0 197.2 209.0 222.6 254.2
Mining 11.2 11.0 10.9 10.6 10.1 10.0
Construction 480.6 522.3 557.5 581.9 607.6 683.4
Manufacturing 525.8 533.6 538.5 539.3 531.6 560.8
Transportation and 386.8 417.8 442 .4 459.5 475.9 525.9
Public Utilities
Wholesale Trade 391.8 427.0 454.4 472.8 490.7 546.8
Retail Trade 1,564.3 1,703.9 1,824.7 1,908.4 1,995.4 2,235.8
Finance, Insurance 659.1 709.9 750.7 780.8 811.8 900.6
and Real Estate
Services 2,984.6 3,396.4 3,745.2 4,022.2 4,371.0 5,070.2
Gov't and Gov't 1,130.6 1,212.6 1,278.3 1,326.3 1,374.9 1,512.1
Enterprises

Source: Paul R. Campbell. Series A Projections. See Population Paper #47, “Population Projections

by States by Age, Sex, Race and Hispanic Origin: 1995 to 2025,

Table 19 Employment by Place of Work Projections for Louisiana.

Area 2000 2005 2010 2015 2025 2045

Total Employment 2,293.4 2,414.1 2,511.4 2,579.0 2,640.3 2,868.8
Farm 39.8 38.5 37.0 35.3 31.9 29.6
Non-Farm 2,253.6 2,375.6 2,474.3 2,543.7 2,608.4 2,839.2
Agricultural Services 26.2 29.2 31.7 334 35.3 39.8
Mining 51.5 49.0 46.8 44.8 41.4 36.9
Construction 141.5 148.0 153.3 156.4 158.3 170.7
Manufacturing 198.7 200.7 202.0 202.2 199.5 210.9
Transportation 126.6 130.4 133.2 134.8 135.1 144.1
and Public Utilities
Wholesale Trade 102.8 107.6 111.0 112.9 113.8 122.2
Retail Trade 385.0 403.7 420.1 430.4 439.0 477.7
Finance, Insurance 126.4 133.1 138.5 142.5 146.5 160.2
and Real Estate
Services 681.1 746.7 800.6 842.5 892.6 1,003.3
Gov't and Gov't 413.9 427.3 437.2 443.7 446.9 473.2

Enterprises

Source: Paul R. Campbell. Series A Projections. See Population Paper #47, “Population Projections

by States by Age, Sex, Race and Hispanic Origin: 1995 to 2025".
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Table 20 Employment by Place of Work Projections for Mississippi.

Enterprises

Area 2000 2005 2010 2015 2025 2045

Total Employment 1,407.5 1,473.1 1,526.6 1,562.3 1,591.2 1,732.8
Farm 52.1 50.3 48.3 46.1 41.6 38.7
Non-Farm 1,355.4 1,422.8 1,478.3 1,516.2 1,549.6 1,694.1
Agricultural Services 16.0 18.0 19.7 20.9 22.4 25.8
Mining 8.1 7.7 7.4 7.1 6.6 6.0
Construction 68.7 72.3 75.3 77.1 78.7 86.3
Manufacturing 277.0 282.7 287.0 288.9 287.3 306.1
Transportation and 60.9 64.2 66.9 68.7 70.2 77.3
Public Utilities

Wholesale Trade 50.9 53.0 54.5 55.3 55.4 59.7
Retail Trade 227.4 237.9 247.5 253.5 258.4 283.4
Finance, Insurance 64.6 67.7 70.2 71.9 73.6 80.5
and Real Estate

Services 326.3 358.1 384.5 404.9 429.3 486.5
Govt and Govt 255.4 261.1 265.4 267.8 267.7 282.5

Source: Paul R. Campbell. Series A Projections. See Population Paper #47, “Population Projections

by States by Age, Sex, Race and Hispanic Origin: 1995 to 2025”.

Table 21 Employment by Place of Work Projections for Texas (Thousands of Jobs).

Enterprises

Area 2000 2005 2010 2015 2025 2045

Total Employment 11,200.3 11,992.3 12,648.7 13,135.5 13,662.8 15,168.3
Farm 250.3 248.2 243.9 236.9 219.8 2104
Non-Farm 10,950.0 11,7441 12,404.8 12,898.6 13,443.0 14,958.0
Agricultural Services 142.9 162.4 179.0 191.6 207.3 241.9
Mining 245.2 234.4 224.6 216.0 200.7 180.1
Construction 617.6 658.2 692.2 715.5 738.9 820.3
Manufacturing 1,075.3 1,092.2 1,104.5 1,110.2 1,103.1 1,178.3
Transportation and 566.5 604.5 635.4 657.8 681.1 755.9
Public Utilities

Wholesale Trade 560.8 594.6 619.8 635.7 648.1 707.5
Retail Trade 1,902.2 2,027.8 2,138.9 2,215.9 2,295.3 2,550.5
Finance, Insurance 789.9 843.7 887.6 921.1 957.5 1,061.9
and Real Estate

Services 3,358.9 3,753.8 4,085.6 4,350.5 4,683.5 5,373.9
Gov't and Gov't 1,690.8 1,722.6 1,837.2 1,884.4 1,927.4 2,087.7

Source: Paul R. Campbell. Series A Projections. See Population Paper #47, “Population Projections by States by Age, Sex, Race and Hispanic Origin: 1995

to 2025”.
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Table 22 Total Average Annual Rate of
Change for Employment Projections to

2045.
Area 2000 to | 2010 to 2025 to

2010 2025 2045
United States 1.05 .46 .43
Alabama .98 42 .59
Florida 2.2 72 .67
Louisiana .95 .34 43
Mississippi .85 .28 44
Texas 1.29 .53 .55

Source: Paul R. Campbell. Series A Projections. See Population Paper
#47, “Population Projections by States by Age, Sex, Race and Hispanic
Origin: 1995 to 2025".

Table 23 Total Gross State Product Projections to 2045 (Millions of 1987 dollars).

Area 2000 2005 2010 2015 2025 2045
United States 6,025,600 6,635,000 7,219,400 7,754,500 8,723,700 | 11,455,400
Alabama 79,573.4 87,431.2 95,159.0 102,378.1 115,832.9 154,532.2
Florida 288,404.7 327,280.1 364,173.1 397,421.1 455,945.0 608,551.0
Louisiana 92,506.8 99,750.5 106,819.1 113,374.7 125,550.2 160,314.6
Mississippi 45,701.8 50,072.0 54,320.1 58,202.4 65,301.3 85,487.7
Texas 433,554.3 480,169.0 525,221.6 566,947.7 643,071.8 847,967.7

Source: Paul R. Campbell. Series A Projections. See Population Paper #47, “Population Projections by States by Age, Sex, Race and Hispanic Origin: 1995

to 2025”.
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Table 24 Gross State Products by Place of Work Projections for Alabama.

Area 2000 2005 2010 2015 2025 2045
Total Gross 79,573.4 87,431.2 95,159.0 102,378.1 115,832.9 | 154,532.2
State Product
Farm 1,677.3 1,839.1 1,977.5 2,083.3 2,243.3 2,735.6
Non Farm 77,896.1 85,592.1 93,181.5 100,294.8 113,589.6 | 151,796.6
Agricultural Services 570.7 690.5 808.4 917.5 1,116.0 1,603.7
Mining 1,549.0 1,692.3 1,802.4 1,916.4 2,070.9 2,374.0
Construction 2,562.8 2,675.0 2,792.4 2,891.3 3,079.1 3,839.6
Manufacturing 19,242.7 21,248.7 23,201.6 25,032.7 28,439.6 38,156.6
Transportation and 9,129.2 10,222.3 11,283.0 12,262.4 14,069.8 19.062.6
Public Utilities
Wholesale trade 5,190.8 5,803.9 6,385.9 6,912.4 7,889.2 10,712.6
Retail Trade 7,996.3 8,740.3 9,516.7 10,222.6 11,559.0 15,571.3
Finance Insurance, 10,331.6 11,387.6 12,455.5 13,485.9 15,453.2 21,021.7
and real estate
Services 11,486.0 12,920.8 14,314.0 15,617.6 18,020.6 24,522.5
Govt and govt 9,836.9 10,210.5 10,621.6 11,036.1 11,892.1 14,931.9
enterprises

Source: Paul R. Campbell. Series A Projections. See Population Paper #47, “Population Projections by States by Age, Sex, Race and Hispanic Origin: 1995
to 2025”.



Table 25 Gross State Products by Place of Work Projections for Florida.

enterprises

Area 2000 2005 2010 2015 2025 2045

Total Gross 288,404.7 327,280.1 364,173.1 397,421.1 455,945.0 608,551.0
State Product

Farm 5,214.7 5,793.5 6,275.1 6,633.2 7,143.2 8,629.3
Non Farm 283,190.0 321,486.6 | 357,898.0 390,787.9 448,801.8 599,921.7
Agricultural Services 3,419.3 4,131.3 4,833.1 5,480.9 6,655.7 9,543.7
Mining 745.8 794.1 846.2 892.6 979.7 1,231.3
Construction 12,773.9 13,806.3 14,777.5 15,570.7 16,907.3 21,245.3
Manufacturing 26,291.8 29,042.2 31,611.3 33,935.8 38,141.9 50,274.3
Transportation and 32,419.9 37,293.1 41,911.5 46,074.9 53,409.6 72,206.7
Public Utilities

Wholesale trade 57,756.6 66,075.5 74,101.7 81,187.2 93,619.8 126,308.4
Retail Trade 35,479.4 40,115.5 44,686.5 48,690.9 55,964.4 74,403.2
Finance Insurance, 55,298.1 63,073.7 70,505.1 77,397.2 89,715.8 121,159.9
and real estate

Services 63,315.5 73,216.4 82,538.7 91,012.3 105,763.3 142,152.8
Govt and govt 31,169.2 34,054.0 36,772.9 39,236.3 43,608.8 55,799.3

Source: Paul R. Campbell. Series A Projections. See Population Paper #47, “Population Projections by States by Age, Sex, Race and Hispanic Origin: 1995

to 2025".

Table 26 Gross State Products by Place of Work Projections for Louisiana.

enterprises

Area 2000 2005 2010 2015 2025 2045

Total Gross 92,506.8 99,750.5 106,819.1 113,374.7 125,550.2 160,314.6
State Product

Farm 895.3 980.9 1,054.2 1,110.3 1,195.9 1,461.3
Non Farm 91,611.5 98,769.6 105,764.9 112,264.4 124,354.3 158,853.3
Agricultural Services 476.7 570.7 661.8 744.7 892.5 1,255.4
Mining 1,147.8 11,008.5 10,955.4 10,973.8 11,165.4 11,989.6
Construction 3,858.0 4,051.3 4,238.7 4,390.6 4,658.9 5,655.7
Manufacturing 16,407.4 17,725.1 19,008.0 20,220.3 22,507.8 29,493.5
Transportation and 10,875.2 11,870.8 12,827.3 13,700.0 15,289.1 19,846.1
Public Utilities

Wholesale trade 5,488.1 6,129.1 6,722.0 7,249.4 8,200.1 10,791.8
Retail Trade 8,450.8 9,224.3 10,011.6 10,713.2 12,000.4 15,654.0
Finance Insurance, 13,045.2 14,365.6 15,652.6 16,870.7 19,137.9 25,230.4
and real estate

Services 13,118.4 14,616.8 16,021.3 17,297.1 19,554.6 25,371.0
Govt and govt 8,743.9 9,207.3 9,666.3 10,104.6 10,947.5 13,565.8

Source: Paul R. Campbell. Series A Projections. See Population Paper #47, “Population Projections by States by Age, Sex, Race and Hispanic Origin: 1995

to 2025".
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Table 27 Gross State Products by Place of Work Projections for Mississippi.

enterprises

Area 2000 2005 2010 2015 2025 2045

Total Gross 45,701.8 50,072.0 54,320.1 58,202.4 65,301.3 85,487.7
State Product

Farm 1,088.6 1,195.0 1,287.9 1,361.0 1,475.2 1,817.7
Non Farm 44,613.2 48,876.9 53,032.2 56,841.3 63,826.1 83,670.0
Agricultural Services 354.5 427.5 498.4 564.3 684.2 981.2
Mining 692.3 692.6 697.6 705.1 728.4 800.5
Construction 1,559.1 1,643.5 1,727.5 1,796.7 1,920.5 2,374.1
Manufacturing 11,636.6 12,872.0 14,063.8 15,167.0 17,193.8 22,902.7
Transportation and 6,370.7 7,073.3 7,746.4 8,358.7 9,467.5 12,548.0
Public Utilities

Wholesale trade 2,523.5 2,800.6 3,058.6 3,285.5 3,695.0 4,872.2
Retail Trade 4,885.3 5,320.9 5,770.2 6,168.9 6,902.7 9,070.2
Finance Insurance, 5,969.3 6,557.4 7,137.3 7,684.5 8,700.8 11,518.7
and real estate

Services 5,550.2 6,214.7 6,844.5 7,415.1 8,422.7 11,068.9
Govt and govt 5,071.7 5,274.9 5,488.4 5,695.5 6,110.4 7,533.5

Source: Paul R. Campbell. Series A Projections. See Population Paper #47, “Population Projections by States by Age, Sex, Race and Hispanic Origin: 1995

to 2025”.

Table 28 Gross State Products by Place of Work Projections for Texas.

enterprises

Area 2000 2005 2010 2015 2025 2045

Total Gross 433,554.3 480,169.0 525,221.6 566,947.7 643,071.8 | 847,967.6
State Product

Farm 5,973.9 6,689.4 7,319.7 7,824.2 8,614.0 10,781.5
Non Farm 427,580.5 473,479.6 517,901.9 559,123.5 634,457.8 837,186.1
Agricultural Services 2,884.9 3,512.2 4,134.8 4,715.4 5,779.9 8,392.6
Mining 25,410.1 25,370.6 25,473.4 25,715.3 26,453.0 28,744.3
Construction 15,763.9 16,760.6 17,721.3 18,531.7 19,968.6 24,861.2
Manufacturing 69,341.9 76,336.5 83,047.0 89,342.2 101,046.8 | 134,783.6
Transportation and 56,145.2 63,545.3 70,731.9 77,430.9 89,719.0 121,834.4
Public Utilities

Wholesale trade 32,727.8 36,947.2 40,870.9 44,380.3 50,667.3 67,601.6
Retail Trade 44,688.7 49,464.5 54,290.9 58,622.1 66,481.6 88,215.5
Finance Insurance, 65,747.7 73,854.0 81,750.8 89,235.0 102,996.9 | 138,640.4
and real estate

Services 73,002.1 83,050.5 92,498.4 101,182.5 116,546.3 | 154,992.6
Govt and govt 41,868.1 44,638.3 47,382.7 49,968.1 54,798.4 69,120.0

Source: Paul R. Campbell. Series A Projections. See Population Paper #47, “Population Projections by States by Age, Sex, Race and Hispanic Origin: 1995

to 2025”.
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Chapter 5

Gulf Coast Regional Climate

Zhu H. Ning, Project Director, Gulf Coast Regional Climate Change Impact
Assessment, Southern University, Baton Rouge, LA 70813;
Kamran Abdollahi, Professor, Southern University, Baton Rouge, LA 70813

5.1 General Climate
5.2 Observed Climate Trends
5.3 Future Climate Scenarios

5.1 General Climate of the Gulf Coastal
States

Alabama

Alabama has a mild climate. January temperature
averages about 52°F in the southern part of the state,
and about 46°F in the north. July temperatures aver-
age about 80°F throughout the state. Alabama’s
annual precipitation averages from about 65 inches
on the coast to 53 inches in the north. Snow falls in
the north, but is rare on the coast.

Florida

Most of Florida has a warm, humid climate simi-
lar to that of the other southern states. Florida’s
southern tip has a tropical wet and dry climate like
that of Central America and large parts of Africa and
South America. Nearly all of Florida’s precipitation
occurs in the form of rain. Florida has an average
yearly precipitation of 54 inches. An average of 32
inches falls in the rainy season, which lasts from May
to October.

Louisiana

Most of Louisiana has a hot, humid, subtropical
climate. It is one of the wettest states, with a yearly
average of 57 inches of precipitation. Southern
Louisiana has an average January temperature of
55°F, and a July average of 82°F. Hurricanes some-
times strike the coastal areas of Louisiana, causing
loss of life and damage to property.

Mississippi

Mississippi has a warm, moist climate with long
summers and short winters. In July, Mississippi tem-
peratures average about 81°F. Winds from the Gulf of
Mexico and frequent thundershowers cool much of
the state during the summer. January temperatures

average 46°F in Mississippi. Mississippi’s precipitation
ranges from about 50 inches a year in the northwest-
ern part of the state to about 65 inches in the
southeast. Hurricanes sometimes sweep northward
from the Gulf in late summer and fall.

Texas

The climate of Texas ranges from subtropical in
the lower Rio Grande Valley to moderately temperate
in the northwest. Along the Gulf of Mexico the coast
has a warm, damp climate. There, winds from the
Gulf reduce the heat of summer and the cold of win-
ter. Rainfall in Texas decreases from east to west.
East Texas averages 46 inches of precipitation a year.
Part of west Texas averages only 12 inches a year.

5.2 Observed Regional Climate Trends

The Gulf Coast regional temperature over the
20th century, according to data from the United
States Historical Climatology Network data set (East-
erling et al., 1996)
increased from the turn
of this century until the
1950s, when a significant
cooling took place. Since
that time a general warm-
ing trend has been
established again. The
largest warming during
the last century in the
Southeast of the US has
occurred along the Gulf
Coast region. Much of the
warming since the 1950s
has occurred in winter
(Fig 1).

Figure 1. Observed 20th
century temperature trend
in the Southeast and the
Gulf Coast region of the US.
The largest warming during
the last century has
occurred along the coastal
region. From NAST, 2002.
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Over that same time period, the annual precipita-

tion has increased some 20-30% and the past ten
years appear to be getting wetter (Fig 2). Dating
back to 1895, the wetness during the 1990s were
clearly noted (Fig. 3). Data for 1997 from the Nation-
al Climate Data Center indicated record wetness in
many parts of the Gulf Coast region, enhanced by
the strong El Nino event (Fig 4).

The El Nino event which has been creating
anomalous weather in many parts of the globe con-
tributed to 1997 being the warmest year of the
century taking into account land and sea surface
temperatures. El Nino has also contributed to the
excess moisture along the Gulf Coast region. The
Gulf Coast region precipitation departured for 1997
from 1961-90 normals is consistent with El Nino
projection.

Many of the regional climate change findings
over the past five to ten years can be summarized as
followings (Crowe and Quayle, in Ning et al. 2000):

Temperatures are increasing.

Regional temperature changes are several times
larger than the global average:

Daily minimum temperatures are increasing at
twice the rate of maximum temperatures and
several times the rate of global temperature
increase.

Increase for minimum is 1.5° F since 1950 (0.7°
F for maximum).

There is evidence for an enhanced hydrologic
cycle:

Decrease in daily temperature range
More atmospheric water vapor
More precipitation

More intense precipitation events
Stronger extratropical storms

There is no evidence for changes in hurricane
frequency or intensity.

A most serious consequence of climate change
during the past Century to the Gulf Coast environ-
ments is sea-level rise in response to melting of
some polar ice and thermal expansion of warmer
oceans (Muller and Grymes in Ning et al. 2000). The
historical data suggested sea-level rise of about 12
cm (5 inches) over the last 100 years, and a much
greater rise during the next 100 years. It must be
stressed that for the Gulf Coast region these are very
conservative estimates of local sea level rise, as con-
tinued deltaic and coastal subsidence is likely to
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Figure 2. Observed precipitation changes during the last cen-
tury are a patchwork of moderate increases and decreases.
From NAST, 2002
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Figure 3. A time series of Oct-Dec average precipitation of the
Gulf Coast region dating back to 1895. Note wetness during
the 1990’s. (From Crow and Quayle, 2000).
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Figure 4. Gulf Coast region precipitation. Precipitation depar-
tures for 1997 from 1961-90 normals. The last three months
wetness is consistent with El Nino projections. (From Crow
and Quayle, 2000).

significantly enhance the apparent sea-level rise
above global projections.

Sea-level rise has already had significant impacts
on coastal areas and these impacts are very likely to
increase (NAST, 2000). Between 1985 and 1995,
southeastern states lost more than 32,000 acres of
coastal salt marsh due to a combination of human
development activities, sea-level rise, natural subsi-
dence, and erosion. About 35 square miles of coastal
land were lost each year in Louisiana alone from
1978 to 1990. Flood and erosion damage stemming
from sea-level rise coupled with storm surges are
very likely to increase in coastal communities.

Along with the change and variability in temper-
ature and precipitation, the Gulf Coast region has
also experienced change and variability in extreme
weather events. For the past 10-20 years, this region



. Extreme weather events in the Gulf Coast region

Figure 5a

Figure 5. Extreme weather events and disasters in the Gulf
Coast region for the past 20 years. 5a, among all extreme
weather events in US, 34% of them happened in the gulf
Coast Region. 5b, types and frequencies of the extreme
weather events in the Gulf Coast region. Based on the data
from US Census Bureau, Statistic Abstracts 2001.

has experienced high frequency of weather related
extreme events and disasters. The data of 1980—-2000
(US Census Bureau, Statistical Abstracts 2001) indicat-
ed that of total 46 weather related extreme events
and disasters occurred in US, 16 of them (34%)
occurred in the Gulf Coast region, with 6 hurricanes,
4 flooding, 3 drought/heat wave, 2 tornado, and 1
tropical storm (Fig. 5 a and b).

5.3 Future Climate Scenarios

Climate has changed many times in the past, but the
current rate of change seems to be large and there
are enough similarities between observed changes
and expected changes due to increased greenhouse
gas. Based on climate perspectives studies and com-
puter models of climate, it now seems probable that
changes in regional weather patterns will accompany
global warming (Karl et al., 1997). Longer and more
intense heat could likely result in public health
threats and increased heat-related mortality, as well
as infrastructure stress like to electrical power out-
ages and structural damage.

Climate change will also affect the patterns of
precipitation, with some areas getting more and oth-
ers less, changing global patterns and occurrences of
droughts and floods. Similarly, increased variability
and extremes in precipitation can exacerbate existing
problems in water quality and sewage treatment and
in erosion and urban storm-water routing, among
others (Karl et al., 1997). Such possibilities under-

m Hurricane

o Tornado

m Tropical Storm|
m Flooding

0O Drought/Heat
Wave

Figure 5b

Figure 6. Scenario of the future
temperature in the region.
Model scenarios project rela-
tively uniform increases in
annually averaged tempera-
tures. However, the Canadian
model projects increases that
are twice as large as the Hadley
model. From NAST, 2000.

Figure 7. Scenario of the future precipitation in the region.
The Canadian model scenario for the 21st century indicates
near neutral trends or modest increases, while the Hadley
model projects increases of near 25% for the region. From
NAST, 2000.

score the need to understand the consequences of
humankind’s effect on climate.

Climate model projections exhibit a wide range
of plausible scenarios for both temperature and pre-
cipitation over the next century. Both of the principal
climate models used in the National Assessment proj-
ect warming in the Gulf Coast by the 2090s, but at
different rates (NAST, 2002). The Canadian model
scenario shows the Southeast including the Gulf
Coast region experiencing a high degree of warming,
which translates into lower soil moisture as higher
temperatures increase evaporation. The Hadley
model scenario simulates less warming and a signifi-
cant increase in precipitation (about 20%). Some
climate models suggest that rainfall associated with El
Nino and the intensity of droughts during La Nina
phases will be intensified as atmospheric CO,
increases (Fig. 6 and 7).

As the regional population and technology
increase, the global average temperature is likely to
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Global Eustatic Sea Level

Low, Mid, and High Cases Scenarios

o SEA-LEVEL RISE (cm)

Figure 8. Eustatic sea-level rise projections for scenarios of
low, moderate, and high cases based in IPCC 1996. From
Doyle, 2002, in Ning et al. 2003.

rise an additional 1.0° to 3.5°C by the year 2100. The
resulting sea level rise (Fig 8) could be devastating
for coastal areas. Sea level rise is more dramatic than
the global average along the Gulf Coast. The Hadley
model predicted an average sea-level rise of 8.4 inch-
es over next 100 years in the Gulf Coast region while
the Canadian model predicted 15.6 to 19.2 inches.
Coastal ecosystems and the services they provide to
human society are likely to be negatively affected by
sea level rise (NAST, 2000). Projected impacts are
likely to include the loss of barrier islands and wet-
lands that protect coastal communities and
ecosystems from storm surges, reduced fisheries pro-
ductivity as coastal marshes and submerged grass
beds are displaced or eliminated, and saltwater intru-
sion into surface and ground water supplies. The
extent of the ecological impacts of sea-level rise is
largely dependent upon the rate of rise and the
development that has occurred along the shoreline.
Other threats to these ecosystems come from
changes in rainfall in coastal watersheds which are
likely to alter fresh water inflows into estuaries, alter-
ing salinity patterns that determine the type and
distribution of coastal plant and animal communities.
There are few practical options for protecting natural
ecosystems as a whole from increasing temperature,
changes in precipitation, or rapidly rising sea level.
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Chapter 6

Coastal Ecosystems of the Gulf of Mexico and

Climate Change

R. Eugene Turner, Coastal Ecology Institute and Department of
Oceanography and Coastal Sciences, Louisiana State University, Baton

Rouge, LA 70803

6.1 Current Status and Stresses
6.2 Climate Variability and Change

6.3 Response/Coping/Adaptation Options Information and Research Needs in the Future

Summary

Coastal ecosystems in the Gulf of Mexico (GOM)
are an important national and regional resource
because of their many significant ecological
functions. They support diverse life forms,
including commercially-valuable fisheries
species, provide recreational opportunities,
storm protection, and are a home for millions
of humans. The stressors on coastal resources
have continued to increase over the last century
under the intertwined pressures of population
growth and intensified resource use. Now climate
change (temperature, precipitation, discharge, sea-
level rise, etc.) is an anticipated additional stressor in
this century, and with sometimes clear, but often
unclear, consequences.

This section provides a brief overview of some
of the important ecological aspects of the Gulf of
Mexico coastal ecosystems and major (but not all)
changes. Subsequent sections discuss four key eco-
logical behaviors that the anticipated future climate
changes will likely impact: estuarine salinity, salt
marsh sustainability, commercial fisheries (especially
shrimp), and low oxygen zones. Each of these is rep-
resentative of a key aspect of the health of the GOM
coastal ecosystems.

6.1 Current Status and Stresses

There are 31 major estuarine watersheds in the
GOM (Figure 1). The Mississippi River and the
Atchafalaya River (formed from the Red River and

—

Figure 1. The major coastal watersheds in the Gulf of Mexico.
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Table 1 Wetland area (km?) and open water area (km?) for 125 major estuaries in
the US. From Turner 2001.

Wetland Area (km?) Open Water Area (km?)

Average Average

Region N (% total) Range N (% total) Range
Northeast 13 252 (4%) 36 -616 14 395 (7%) 16 - 1419
Middle Atlantic 1 848 (11%) 57 - 4033 21 1103 (28%) 52 - 9920
South Atlantic 17 1399 (28%) 101 - 4579 20 619 (15%) 23 - 7638
Gulf of Mexico 26 1654 (28%) 80 - 8762 35 945 (41%) 5 - 5403
Pacific 14 332 (6%) 5.2 - 2343 33 236 (9%) 3 - 2411
All 81 1079 (100%) 5.2 - 8762 123 666 (100%) 3-9920

the diverted one-third of the Mississippi
River) drain 41% of the US. The other
estuaries are largely regional water-
sheds of much smaller size. The
coastal wetland and open water area
in the GOM is 28 and 41 % of the US
total, respectively (Table 1). Louisiana has 55%
of the total wetland area in the GOM, most of which
is marsh habitat (Table 2).

Estuaries in the southeast/Gulf of Mexico region
tend to have lower freshwater turnover times than
other US estuaries (Figure 2). The time it takes to

Freshwater Turnover

10,000

1,000
100

10

1 AL
0 20 40 60 80 120 120
NE GOM NW
Figure 2. Variations in freshwater turnover times for US estu-

aries from the Northeast (NE) to the Gulf of Mexico (GOM) to
the Northwest (NW). (Adapted from Turner, 2001).

»
>
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turnover the freshwater content of these estuaries
could decrease further with climate change. In other
words, the flushing rate will increase. Further, some
chaotic and episodic climate changes are likely intro-
duced, e.g., drought and floods (Knox, 1993). As
wetland losses accumulate, then the flushing rates
may decrease as open water habitat increases and
the estuary deepens. A lower flushing rate (e.g., from
increased open water area) could lead to more harm-
ful algal blooms (because of a longer residence time)
or higher salinities (because of increased seawater

86

1956-78 loss
1956-78 gain
M 1978-90 loss
1978-90 gain

Figure 3.
Coastal landloss in
Louisiana. From the USGS in Lafayette, Louisiana.

mixing through the estuarine mouth. We do not
know if these factors will compensate for each
other and balance the effects of each so that equi-
librium is maintained.

Two major habitat changes whose management
will be further complicated by the anticipate global
climate changes are wetland losses and barrier
island erosion. Wetland losses are particularly
severe in the northern Gulf of Mexico (Figure 3)
because of a variety of human influences, including
hydrologic change, eutrophication, and impound-
ment. Louisiana’s wetland losses, for example, were
69% of the nation’s coastal wetland losses from

¢  m Severe
P Moderate
Relatively stable

Figure 4. Annual shoreline change in the Gulf of Mexico.
Adapted from USGS, 1985.



Table 2 Gulf of Mexico coastal wetland inventory (hectares). From NOAA, 1991.

Estuarine Forested and
Marsh scrub-shrub scrub-shrub Total % Total

Texas 183,900 1,100 3,000 188,000 14
Louisiana 723,500 4,100 1,900 729,500 55
Mississippi 23,800 400 - 24,200 2
Alabama 10,400 1,100 800 12,300 1
Florida 108,100 255,100 13,100 363,900 28
Total 1,049,700 255,100 13,100 1,317,900 100

1978 to 1990. Barrier islands form legal, physical and
hydrological boundaries of importance to both natu-

ral and economic worlds. Barrier islands in the GOM
are under considerable stress compared to the rest of
the US because of either their use or their instability,

including retreat (Figure 4).

6.2 Climate Variability and Change

Climate models predict an increase in temperature,
variations (higher and lower) in precipitation, and
higher riverine flow in major rivers. A summary of the
predicted precipitation, temperature, and streamflow
changes, by season expected to occur by the year
2100 as a result of global climate changes is in Table
3 (Swenson, Chapter 9). The scale of these changes is
sufficient to anticipate impacts on the coastal ecosys-
tems, although the magnitude and spatial distribution
of impacts is somewhat speculative, given the some-
times conflicting model outputs for regional

predictions. This uncertainty is an important area for
research attention, since the interpretation of climate
change impacts is driven by the magnitude of these
changes, some of which might be synergistic, and
others could be compensatory.

6.2.1 Estuarine salinity and climate change

Water turnover rates within the estuarine receiving
basin will have two important effects on the physical
environment of estuaries: the salinity regime will be
altered, and the constituents will be diluted. The dis-
tribution and magnitude of effects will be indirectly
realized through changes in estuarine salinity. A
higher freshwater inflow will lower estuarine salinity
and a lower net precipitation will raise salinities if all
other factors remain the same.

Salinity in the northern Gulf of Mexico estuaries
is influenced by (1) water exchange between the
estuarine entrance and the coastal zone; and (2) local
forcing (river discharge, precipitation) occurring

Table 3 Summary of predicted precipitation, temperature, and streamflow changes,
by season expected to occur by the year 2100. The predictions are from the Hadley
Model (HadCM2) as summarized by Ning and Addollahi (1999). Adapted from

Swenson, Chapter 9.

Season

Parameter

Texas

Louisiana

Mississippi

Alabama

Florida

Winter Precipitation 5-30% decrease no change no change no change no change
Spring Precipitation 10% increase no change 10% increase 10% increase no change
Summer Precipitation 10% increase 10% increase 15% increase 15% increase no change
Fall Precipitation 10% increase 10% increase 15% increase 15% increase no change
Winter Temperature 4° F increase <3° Fincrease | 2°F increase 2° F increase <3-4° F increase
Spring Temperature 3° F increase 3° F increase 3° F increase 3° F increase 3-4° F increase
Summer | Temperature 4° F increase 3° F increase 2° F increase 2° F increase 3-4° F increase
Fall Temperature 4° F increase <3° Fincrease | 4°F increase 4° F increase 3-4° F increase
Winter Streamflow 35% decrease unknown unknown increase unknown
Spring Streamflow 35% decrease unknown unknown increase unknown
Summer Streamflow 35% decrease decrease decrease decrease decrease

Fall Streamflow 35% decrease unknown unknown unknown unknown
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within the estuary proper. The Mississippi-
Atchafalaya discharge dominates the input in the
central portion of the Gulf, while the western (Texas)
and eastern (Mississippi to Florida) portions of the
Gulf are more heavily influence by local river flow
(Table 4). The northern Gulf of Mexico precipitation-
evaporation exhibits a general decrease in
precipitation from east (Florida) to west (Texas),
while surface evaporation rates generally increase
from east to west across the Gulf. The sum of these
two patterns results in an overall precipitation deficit

in the western part of the Gulf (and southern Flori-
da) and a precipitation surplus in the central portion
of the Gulf.

The results of various climate change model pre-
dictions suggest that there will be increases in
precipitation on the order of 10% for all of the Gulf
states, except Florida. The predicted changes for
streamflow are, in most cases, still uncertain. The
effect of climate change on Mississippi River dis-
charge is the most important consideration for the
Louisiana estuaries, whose salinity is strongly affect-

Table 4 Summary of the major and secondary freshwater sources influencing salini-
ties in the 26 northern Gulf of Mexico estuaries. The original data was taken from

Orlando et al. (1995).

Major freshwater

Other freshwater

Estuarine system source source
Texas Laguna Madre Rainfall (65%) Local riverflow (17 %)
Texas Corpus Christi Bay Local riverflow (92%) Rainfall (8%)
Texas Aransas Bay Local riverflow (54%) Rainfall (46%)
Texas San Antonio Bay Local riverflow Rainfall
Texas Matagorda Bay Local riverflow (25-80%) Rainfall
Texas Brazos River Local riverflow
Texas Galveston Bay Local riverflow
Texas Sabine Lake Local riverflow
Louisiana Calcasieu Lake Local riverflow
Louisiana Mermentau River Local riverflow
Louisiana Atchafalaya/Vermilion Atchafalaya River flow
Louisiana Terrebonne/Timbalier Mississippi River flow Rainfall
Louisiana Barataria Bay Mississippi River flow Rainfall
Louisiana Breton Sound Mississippi River flow Pearl River flow
Louisiana Pontchartrain/Borgne Local riverflow (90%) Rainfall (5%)
Mississippi Mississippi Sound Local riverflow Mississippi River flow
Alabama Mobile Bay Local riverflow
Florida Perdido Bay Local riverflow
Florida Pensacola Bay Local riverflow
Florida Choctawhatchee Bay Local riverflow
Florida St. Andrew Bay Rainfall
Florida Apalachicola Bay Local riverflow
Florida Apalachee Bay Local riverflow
Florida Suwannee River Local riverflow Groundwater flow
Florida Tampa Bay Local riverflow Rainfall
Florida Sarasota Bay Rainfall Local riverflow
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Figure 5. Time series plots of the combined annual mean
flow of the Mississippi and Atchafalaya Rivers (open square)
and plots of mean annual salinity from selected Louisiana
Wildlife and Fisheries sampling stations within three
Louisiana estuaries. River flow is in thousands of cubic feet
per second (cfs) with a 15,000 cfs offset and is turned verti-
cally to enhance visualization of the coherent patterns with
estuarine salinity. It shows the effects of the river discharge
variations on salinity in the estuarine bays. The relationship
is dependent on freshwater entering through the open
ocean passes during tidal excursions. Adapted from Wiseman
et al.,, 1990.

ed by salinity variations in the offshore waters (Fig-
ure 5). Boesch et al., (2000) present data indicating
that the Hadley model predicts an increase of ~5%,
and the Canadian Model predicts a decrease of ~35%
for the Mississippi River discharge from 2025 through
2034. They further state that the Hadley model pre-
dicts an increase of ~50%, and the Canadian Model
predicts a decrease of ~30% for the Mississippi River
discharge from 2000 through 2099, and sea level is
predicted to increase on the order of 30 centimeters
by 2100.

Statistical models (Swenson Chapter 9) were
developed describing the observed salinity at three
stations (a “coastal station”, a “mid-estuary station”,
and an “upper estuary station”) in the Barataria estu-
ary, Louisiana, in terms of the major forcing functions
(Mississippi River discharge, local precipitation, and
coastal water levels). The most successful models
used an autoregressive term in addition to the forc-
ing function values. These models were able to
account for 72, 74, and 63 percent of the observed
salinity signal at the coast, mid-estuary, and upper
estuary stations, respectively. The non-autoregressive
portion of the model accounted for 48, 41, and 16
percent of the observed salinity signal at the coast,
mid-estuary, and upper estuary stations, respectively.

The models were then used to predict the aver-
age salinity for each station using the data from 1990
through 2000 as an “index” period. The models
reproduced the average annual salinity at each of the
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Figure 6. Freshwater inflow and salinity in Gulf of Mexico
estuaries. Freshwater turnover is the estuarine volume divid-
ed by the freshwater inflow (from streams and precipitation)
into the estuary. Increasing freshwater inflow will decrease
the freshwater turnover time, leading to salinity reductions in
the estuary. Adapted from Turner, 2001.

stations. The potential salinity changes that might
occur with global climate changes in the forcing
functions were estimated by changing the forcing
functions during the index period to correspond to
various climate change scenarios (increased or
decreased precipitation and Mississippi River dis-
charge). The resulting change in the annual pattern
was then compared to the baseline condition. The
results yield a potential change of ~3 psu (= 3 ppt)
for the salt marsh, and ~1 psu for the intermediate to
brackish areas of the Barataria system.

A separate analysis of the relationship between
freshwater inflow and average salinity supports these
model predictions and inferences. A doubling of
freshwater inflow decreases the time it takes to
turnover the water volume of an estuary. The rela-
tionship between freshwater turnover (X) and salinity
(Y) for 26 Gulf of Mexico (GOM) estuaries is shown
in Figure 6. It suggests that halving the freshwater
turnover time (a doubling of freshwater inflow) will
result in a salinity decrease of only a few psu (on the
average).

The potential impacts of these changes are diffi-
cult to assess because the present climate models
give conflicting results on the expected changes in
runoff (there is general agreement on precipitation
changes). However, if changes are about 3 psu, then
the potential impacts would most likely be limited to
small scale vegetation community changes at the
boundaries of the major vegetation types. Larger
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Table 5 Classification for Gulf of Mexico estuaries based on salinity variability as it

relates to the character of the forcing functions. Listed, for each estuary type, is the
stability level the forcing function and salinity variability characteristics, and exam-
ple estuaries. Adapted from Swenson, Chapter 9.

Type Description

Characteristics

Examples

1 Stable

2 Variable 1

3 Variable 2

4 Variable 3

5 Stable

UAWN= UURWN= AWN =

A WN =

. Salinity controlled by one factor

. Lack of dominant and continuous freshwater sources.
. Salinity always at or near Gulf Salinities.

. Very low to low salinity variability at all time scales.

. Salinity controlled by multiple factors.

. Riverflow component important, tidal flow dominates.
. Medium to high variability at day-week time scales.

. Low variability at day-week time scales.

Low to medium salinity variability at yearly time scales.

. Salinity controlled by multiple factors.

. Riverflow and tidal flow are equal.

. Medium variability at day-week scales.

. High variability at day-week time scales.

Medium salinity variability at yearly time scales.

. Salinity controlled by multiple factors.

. Tidal flow component important, river flow dominates.
. Low variability at day-week time scales

. Medium variability at day-week time scales.

Low to medium salinity variability at yearly time scales.

. Salinity controlled by one factor.
. Lack of dominant saltwater source.

Tampa Bay, FL

Corpus Christie Bay, TX
Sarasota Bay, FL
Laguna Madre, TX

San Antonio Bay, TX
Terrebonne/Timbalier, LA
Aransas Bay, TX
Barataria Bay, LA
Apalachee Bay, FL

Suwannee River, FL
Perdido Bay, FL
Pensacola Bay, FL
Apalachicola Bay, FL
Mermantau River, LA

Sabine Lake, LA-TX
Mobile Bay, AL
Breton Sound, LA
Galveston Bay, TX
Calcasieu Lake, LA

Atchafalaya Bay, LA
Lake Pontchartrain, LA

A WN =

. Salinity values always quite low except for extreme events.
. Low salinity variability at all time scales.

Chandeleur Sound, LA
Mississippi Sound, MS

salinity changes would be needed in order to see
dramatic vegetation shifts in the coastal salt marshes.
The two climate models (Hadley and Canadian)
used for the basis for this study give conflicting esti-
mates of the potential changes in the hydrologic
cycle (Boesch et al., 2000). In general, there is low
confidence in the predicted precipitation changes on
a regional level (Adams and Gleick, 2000). This
makes it difficult to assess the impacts around the
Gulf of Mexico without detailed data from each estu-
arine system as was utilized in the Barataria
assessment. However, some general statements
regarding possible impacts can be made (Table 5).
Stable systems such as Laguna Madre, Texas, or
Atchafalaya Bay, Louisiana should not be affected by
changes in the forcing functions that may result from
global climate change, provided the changes are on
the order of those predicted for the Barataria estuary
(1 - 3 psw). These systems will only be effected by
extremely large changes in the environmental forcing
functions. The Types 2, 3, and 4 systems are the sys-
tems that would exhibit the greatest response to
climate change due to their dynamic nature. In these
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systems, however, a negative change in one forcing
function may be offset by a positive change in anoth-
er forcing function. For example, in the Barataria
System, a decrease in the local precipitation would
lead to an increase in estuarine salinity, however, an
increase in Mississippi River discharge occurring at
the same time could offset this hypothetical salinity
increase.

6.2.2 Sustaining salt marshes amidst climate
changes

Salt marshes, located at the seaward edge of the
estuary must maintain their relative elevational posi-
tion as sea level rises. If the plant is flooded too
often, then the soil salt marsh plants grow on may
become a hostile environment, and the plants will
become physiologically stressed. If the soils do not
accumulate enough organic and inorganic materials
to compensate for both sea level rise and for the
lowering of the marsh soil (subsidence), then the
marsh becomes open water. A healthy salt marsh
accumulates just enough sediment over several years
to survive the seasonal and annual fluctuations in
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Figure 7. The relationship between the vertical accretion rate
and the accumulated organic (left panel) and inorganic mate-
rial (right panel). The data are for post 1963/4 accumulations.
Adapted from data in Turner et al., 2001b.

water level. Most of this material is organic matter,
not inorganic matter. Inorganic material makes up
less than 5% of the soil volume in salt marshes. The
rest of the soil is water, which is held there by the
organic material. Thus the relationship between verti-
cal accretion and organic matter is stronger than
between vertical accretion and inorganic material
(Figure 7).

GOM salt marshes occupy a rather narrow range
(30 to 100 cm) within the intertidal zone, which is
smaller than on the East Coast (Fig-
ure 8). A small change in a plant’s

elevation can make a big difference 1.0

on whether or not its habitat is suit- 7] <now
able, especially for plants living cmy!

near the limits of its physiological

tolerances. GOM salt marshes 0.5

appear to be more susceptible to
changes in subsidence, and sea
level rise - a climate induced
change. The marsh, in other words,
is responsive to the seen (above

Global Sea level rise
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Figure 8. The relationship between the tidal range (X axis)
and the elevation range within which the emergent salt
marsh macrophyte Spartina alterniflora occupies. The tidal
range at different locations within the Gulf of Mexico varies
between 30 to 100 cm. Adapted from data in Mckee and
Patrick, 1988.

plants must make are for subsidence, which is domi-
nated by changes in the upper 2 meters (Turner
1991). The changes from global sea-level rise (pres-
ent and future) are usually less than half of this
subsidence rates (Figure 9). However, not all plants
occupy an ‘average’ position in the landscape. Plants
on the lower end of the tidal range shown in Figure
8 can be quite susceptible to even small changes in
their flooding frequency.

There are other factors that
interact with climate to influence
the survivability of salt marshes.
Some striking and novel results of
other effects on coastal marshes
arose from field experiments by Sil-
liman and Zieman (2001) who
demonstrated control of salt marsh
macrophytic vegetation by snails.
The common periwinkle, Littorina
irrorata, has a profound effect on

ground) and unseen (belowground)
environmental factors affecting
plant health.

What this means is that the
health of the salt marsh plant, espe-
cially belowground, is probably the
major factor determining whether
or not salt marshes can survive in
the face of rising sea level and the
sinking of the land upon which the
plant is embedded. Most of the ver-
tical adaptations that salt marsh

Figure 9. An example of the relative
water level changes in a salt marsh
due to subsidence from soil com-
paction and geological shifts and sink-
ing (dark fill), present sea level rise
(gray fill) and projected additional
future sea level rise resulting from
global climate change (unfilled). The
total relative water level changes
varies around the Gulf of Mexico,
from zero to >1.3 cmy™.

the health of the living salt marsh
plant by grazing periphytic algae
off the leaves that are damaged in
the process. This effect increased
with increasing nitrogen availabili-
ty. Presumably, predation on
periwinkles affects the amount of
damage done by the whole snail
population, and this predation
could be influenced by commercial
fishing pressure or interspecific
competition by crabs, birds and



fish (all of which might be influenced by climate). In
addition, nutrient availability, including too much
nitrogen, can increase the decomposition of the
belowground organic material (Morris and Bradley,
1999), perhaps leading to marsh collapse. Thus, the
survivability of salt marshes is not dependent on one
factor, but the interaction of many factors, including
those affected by global climate changes. These com-
plex relationships between habitat sustainability and
ecosystem health can be cumulative and long-term in
nature.

The upland side of the salt marshes is also sensi-
tive to flooding, and also other factors, reflecting the
interactive nature of multiple influences. For exam-
ple, Sasser (1977) documented how four brackish
and salt marsh plants were sensitive to both salinity
and flooding (Figure 10). A plant might exist, or not,
because of either too high a salinity, or an intoler-
ance to the in situ flooding regime.

6.2.3 Commercial Shrimp Harvests and Climate
Change

There has been considerable research on how tem-
perature and salinity govern estuarine communities,
especially species of substantial economic interest.
Estuaries are often called ‘nursery grounds’ because
of the role they play in providing juveniles a rela-
tively food-rich niche of reduced predation
pressure. A slight reduction in mortality while young
can be quite important in determining the size of
the adult population. Thus estuarine conditions have
been used to predict future harvest success. Empiri-
cally-defined analyses of species composition,
survival, or harvest over varying salinity and temper-
ature ranges in Gulf of Mexico estuaries have been
quite successful (e.g., Gunter, 1950; Gunter et al.,
1964, Copeland and Bechtel, 1974; Armstrong,
1982). Based on these analyses, it is quite clear that
the effects of climate change will be significant. The
temperature of slow moving or stagnant shallow
waters is strongly influenced by air temperatures,
which are postulated to increase by 3 — 5°F as
atmospheric carbon dioxide doubles. Estuaries with
limited mixing will be more stratified as temperature
rises (also affecting bottom water oxygen concentra-
tion), especially during summer.

The commercial shrimp fisheries of the northern
Gulf of Mexico are based on the capture of brown
and white shrimp, and much smaller quantities of
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Figure 10. The distribution of four species of emergent estuar-
ine plants described according to the flooding frequency and
average salinity at each site. Note the close overlap for some
species, and that a change in either salinity or flooding can
change the competitive outcome for two species trying to
occupy one location. Adapted from Sasser, 1977.

pink and red shrimp. The general life cycle of brown
and white shrimp includes an offshore spawning
stock. One female may release one million eggs,
which suggests a very high mortality rate. The free-
floating larvae make their way into coastal estuaries
and may have some ability to move vertically to
maximize differential current flows within a stratified
water column. Once in the estuary they live at the
wetland edge and within the wetland (depending on
water levels) where they grow large enough over
several months to eventually migrate offshore as
post-larvae or juveniles and be caught, eaten and/or
reproduce. The entire cycle from birth to harvest is
ordinarily 12 months.

The large annual variations in shrimp harvest
from year to year are associated with changes in
estuarine conditions when the juveniles are in the
estuary. Variation in estuarine salinity and tempera-
ture at the time of estuarine use by the shrimp is
documented world-wide for significant climatic influ-
ence on shrimp mortality (Table 7), although the
frequency and intensity of passages of meteorologi-
cal fronts, may also be important. Copeland and
Bechtel (1974) analyzed the salinity and temperature
preferences of several penaeid (shrimp) species in
estuaries of the northern Gulf of Mexico. They clearly
demonstrated the interactive optimal preferences by
shrimp for temperature and salinity, rather than lin-
ear relationships dominated by one factor. The result
is that several state fish and game agencies predict



Models of the effects of doubling sea-level rise on
coastal wetland loss in Louisiana.

A computer model of the coastal
Louisiana landscape was used to
explore the effects of climate
change on wetland loss rates (in
Reyes et al., Chapter 7). Two
watersheds were examined (Figure
11). One landscape (Western
Basin) had a prograding delta and
the other a regressive delta
(Barataria). The 6100 km* Barataria
estuarine system is located
between the natural levees of the
Mississippi River and Bayou
Lafourche. The Western Basin is
bordered by Freshwater Bayou on

a doubling of sea level rise (0.18
and 0.40 cm y', respectively). The
assumptions inherent to the model
have varying levels of confi-
dence, and there is no direct
experimental mechanism to

test their accuracy. Hindcast-

ing model results against

pre-1988 conditions is used,
therefore, to test the model’s
accuracy. A minimum useful-

ness of the model is to teach
scientists about the uncertain-

ties in the model’s

assumptions, and, to predict

Western Basin

Interestingly, land loss in the West-
ern Basin is predicted to be less
than 5 % from 1988 to 2058 (70

100 K 7 Mississippi River
scale New O
ew Orleans
Atchafalaya "
River

Cote Blanche Bay
Barataria Basin

Figure 11. Location of the two basins included
in the computer model of coastal land loss and
sea level rise changes.

the west and the Atchafalaya River
on the east and occupies about

the relative proportional
changes in the two basins,

6765 km*. The models attempted
to link habitat interactions within
these two basins across spatial and
temporal scales using three cou-
pled modules: a vertically
integrated hydrodynamic module;
a process-based biological module
of above and below ground pri-
mary productivity; and a module
for soil dynamics.

The models were run using
present sea-level rise rates and also

and to estimate the relative
changes in land loss with and
without a doubling of sea level
rise. The predictions (Table 6) sug-
gest that the two basins behave
differently, which the authors
attribute to the presence of the
Atchafalaya River debouching into
the Western Basin, in contrast to
the Mississippi River delta’s retreat
in the other site (located offshore
of the Barataria Estuarine system).

years), and also that coastal land
loss therein is unlikely to be dra-
matically affected by a doubling of
sea level rise. Land loss in the
Barataria Basin was predicted to
be 37% over the same interval, and
to increase by and additional 9% if
sea level rise doubles (and addi-
tional 25% above the rates with a
stable sea level rise).

Table 6 Results from a computer model that explores the effects on coastal wet-
land loss using two assumptions: with and without a doubling of sea level rise

(SL) from 0.17 to 0.4 cm y™.

From 1988 to 2058:

Western Basin
1988
projected without 2X SL rise in 2058
projected with 2X SL rise by 2058

Barataria Basin
1988
projected without 2X SL rise in 2058
projected with 2X SL rise by 2058

Total Land (KM?)

2157 6465
2057 6565
2056 6566
2971 2952
1866 4057
1604 4319

Open Water (KM?)

Land loss 1988-2058

4.64% Difference
4.68% + 0.05%
37.19% Difference
46.01% +8.82%
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shrimp fisheries harvest on
the basis of spring salinity
and temperature, or from
surrogate measures of salini- Location
ty, such as riverflow. An
example is the annual varia-
tions in the Gulf of Mexico
shrimp catch which are neg-
atively related to annual
variations in riverflow (Fig-
ure 12), implying a riverine
control on estuarine salinity.
The higher yield at the same
discharge in recent years
may be the result of the
greater fishing effort, gear
changes, improved fishing
knowledge, increased wet-
land 'edge' (resulting from
wetland fragmentation), eco-
nomic incentives, ofr,
improved reporting of the
actual catch. These predic-
tive efforts are successful
because larval recruitment
from the spawning sites off-
shore into estuaries is so
high that postlarval growth
and survival in the estuary are probably the most
important factors affecting the harvestable adult pop-
ulation size. Estuarine salinity and temperature
changes affect the variations in annual postlarval sur-
vival, perhaps for physiological reasons, or for the
indirect influences on food supply or predators. Nev-
ertheless, it is clear that variations in climate affect
fisheries yields.

Although postlarval growth and survival in the
estuary are the most important factors affecting the
harvestable adult population size from year-to-year,
the long-term yields are directly related to both the
quantity and quality of intertidal habitat. This conclu-
sion is supported by the strong linear relationship
between shrimp and the area of estuarine vegetation,
from Louisiana to Florida (Figure 13). There is no
obvious relationship between harvest and open estu-
arine water surface area, except for a possible
inverse relationship. In addition, the species of
shrimp caught are directly related to the kinds of
intertidal coastal vegetation within that hydrologic
unit. The implication of this conclusion is that habitat
changes in the estuary (e.g., from any source includ-
ing climate change) will affect shrimp yields.
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Table 7 Examples of the effects of climate on coastal penaeid
shrimp stocks. Adapted from Turner, 1989.

Species Effect on yields

Model predictions for climate change in the
northern Gulf of Mexico suggest that both tempera-
ture and riverflow will increase. The present
relationship between riverflow and commercial
yields is negative (Figure 12). The short term effect
of higher discharge rates will be a decrease in overall
yields, therefore. There may be some adjustments as
the estuarine watershed vegetation changes with
lower salinities. The longer term prospects are, how-
ever, even worse. This result will because of the
consequential dependency of the shrimp on the
intertidal vegetation. It might seem that the fresher
part of the estuary will move inland. However, the
elevation gradient increases in many parts of the Gulf
of Mexico, which will cause a squeezing of space for
intertidal habitat. The result of these interacting
forces will be lower shrimp yields for the same
amount of fishing effort. The implication of the rela-
tionship between riverflow and shrimp yields shown
in Figure 12 is that a 30% rise in river discharge
might result in a 15 to 20 % reduction in shrimp
yields in the northern Gulf of Mexico.
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Figure 12. The relationship between the annual yields of
shrimp in the Gulf of Mexico and discharge of the Mississippi
river. The 95% confidence limit for the y value of each linear

regression is shown. Temperature is also an important covari-
able. (Adapted from Turner, 1992).

6.2.4 Hypoxia and climate change

Hypoxia occurs when the oxygen content of bottom
waters fall below 2 mg 1. This cut-off point is the
empirically-defined limit below which shrimp and
fish are usually absent. Anoxia occurs where there is
no oxygen in bottom layers.

What Causes Hypoxia

Two principal factors lead to the development
and maintenance of hypoxia in coastal waters: (1) a
physically stratified water column, and, (2) decompo-
sition of organic matter in the bottom layer. The
water column must be stratified so that the bottom
layer is isolated from the surface layer with the result
that normal diffusion of oxygen from surface to bot-
tom layers is reduced. Fresher waters derived from
rivers and seasonally-warmed surface waters are less
dense and reside above the saltier, cooler and more
dense water masses near the bottom. This isolation
reduces the reaeration of oxygen from atmosphere to
surface layer to bottom waters. The stratified system
may be interrupted by wind-mixing events, notably
tropical storms and winter cold fronts.

The decomposition of organic matter in the bot-
tom layer consumes oxygen, but stratification
prevents an equilibrium concentration that is suffi-
cient to maintain oxygen concentrations sufficient to
support many life forms, including fish and shrimp.
The source of this organic matter is mostly from phy-
toplankton growth in surface water. Phytoplankton
not incorporated into the food web and fecal materi-
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Figure 13. The relationship between intertidal vegetation and
penaeid shrimp yields from the estuaries of the northern Gulf
of Mexico (adapted from Turner, 1977).

al generated via the food web sink into bottom
waters where they are decomposed by aerobic bacte-
ria, and oxygen is depleted. The concentrations and
total loads of nitrogen, phosphorus and silica influ-
ence the quantity and quality of phytoplankton
community and, ultimately, the flux of phytoplank-
ton-derived organic matter.

The relative influence of the physical features of
the system and the progression of biological process-
es varies spatially and over an annual cycle. In the
northern Gulf of Mexico the physical and biological
processes are complexly inter-related and directly
linked with the dynamics of rivers, atmospheric
sources, and groundwater.

Where is Hypoxia/Anoxia in the Gulf of Mexico

Decreased concentration of dissolved oxygen
(=hypoxia) occurs in many parts of the world’s
aquatic environments. Hypoxic and anoxic (no
oxygen) waters have existed throughout geologic
time and presently occur in many of the ocean’s
deeper environs, but their occurrence in shallow
coastal and estuarine areas appears to be increasing,
most likely accelerated by human activities (Diaz and
Rosenberg, 1995).

The second largest zone of coastal hypoxia (=
oxygen depleted waters) in the world is found on
the northern Gulf of Mexico continental shelf
adjacent to the outflows of the Mississippi and
Atchafalaya rivers (Figure 14). The mid-summer bot-
tom areal extent of hypoxic waters (< 2 mg 1"! O,, or
ppm) in 1985 — 1992 averaged 8,000 to 9,000 km?,
but increased to 16,000 to 20,000 km? in 1993 - 1999
(Rabalais and Turner, 2000). The estimated extent
was 12,500 km? in mid-summer of 1998, and 4,400
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km? in 2000 and reached a record size of 20,700
km? in mid-summer 2001 (Rabalais 2001). Hypoxia
is not found just a thin lens overlying bottom sedi-
ments, but occurs well up into the water column
depending on the location of the pycnocline(s).
Depending on the depth of the water, hypoxia may
encompass from 10% to over 80% of the total water
column, but is normally only 20 to 50% of the water
column. At the high end of this range, hypoxic
waters may reach to within 2 m of the surface in a
10-m water column, or to within 6 m of the surface
in a 20-m water column.

Hypoxia or anoxia is also found in most of the
Gulf of Mexico estuaries (Figure 15). When hypoxia
occurs in Mobile Bay or nearby coastal waters, fish
can be trapped along the shore where they are easily
capture (and sometimes moribund). These events are
called “Jubilees” if the fish are moribund when cap-
tured, but not dying. Jubilees also happen in
Louisiana along barrier island beaches.

Some Biological Effects of Hypoxia

The hypoxic zone off Louisiana is often referred
to as the “Dead Zone” in the popular press and liter-
ature. The term “dead zone” refers to the failure to
capture fish, shrimp, and crabs in bottom-dragging
trawls when the oxygen concentration falls below 2
mg 1" in the water covering the seabed (Leming and
Stuntz, 1984; Renaud, 1986). The numbers of stressed
or dying benthic infaunal organisms within the sedi-
ments increase substantially when the oxygen levels
remain low for prolonged periods (Rabalais et al.
2001). Higher up in the water column and in the sur-
face mixed layer, however, there is sufficient oxygen
to support sizable populations of swimming fish and
crabs. Also, there are anaerobic or hypoxia-adapted
organisms that survive in sediments overlain by
hypoxic or anoxic waters, so that the term “dead
zone” is not entirely applicable to the whole of the
area designated “hypoxic” (several chapters in Rabal-
ais and Turner, 2001). Still, the area is large,
approaching the size of the state of Massachusetts in
2001, and garners public attention primarily because
of the loss of catchable fish and shrimp.

Mass mortalities are likely if they are trapped
against the shore by a large anoxic water mass.
Heavy mortalities occur in the benthic infauna and
species diversity is drastically reduced when ambient
oxygen concentrations decrease below 0.5 mg 1!
(Gaston, 1985; Boesch and Rabalais, 1991; Rabalais
et al. 1993, 2001). There is some recovery of the
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Figure 14. Hypoxia in bottom waters during the summer west
of the Mississippi River delta. Graphics provided by N. N.
Rabalais and colleagues and are described in Rabalais et al.,
1999.
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Figure 15. Estuaries in the Gulf of Mexico that have a record
of periodic hypoxia or anoxia.

benthic community after hypoxic events are over.
However, the overall structure of the benthic com-
munity is shifted in species composition and age
structure, to a smaller-sized, lower biomass, poly-
chaete dominated fauna. An increase in areal extent
and severity of hypoxia will decrease recovery rates
and also reduce food resources (infauna) for recolo-
nizing demersal groups, such as the commercially
important penaeid shrimps. Further, alterations in
benthic community structure will have implications
for sedimentary processes, benthic pelagic coupling,
and energy flow. Major alterations in benthic com-
munities due to hypoxia stress, especially a
reduction in diversity and biomass, will certainly
alter the productivity base that leads to fishery
stocks. Further, fishers have to travel farther to catch
the migrating fisheries stocks that avoid hypoxic
areas, thus reducing net economic returns.
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Figure 17. The percent monthly occurrence of low winds (< 5
knot wind speeds, 1974 — 1984) and the historical record of
the total number of “jubilees” in Mobile Bay by month from
1946 — 1971. Adapted from Turner et al., 1987.

Climate Change and Hypoxia

Freshwater discharge and seasonal atmospheric
warming control the strength of stratification neces-
sary for the development and maintenance of
hypoxia. The combined long-term average annual
discharge for the Mississippi and Atchafalaya Rivers
to the Gulf of Mexico is 19,920 m? s (1930 — 1997
period) (Bratkovich et al., 1994; Goolsby et al.
,1999). The long-term peak flow occurs in March,
April and May, and the long-term low flow is in sum-
mer and early fall. Although flow is reduced in
summer, large-scale circulation patterns facilitate the
retention of the fresh water on the shelf (Rabalais et
al. 1999). There is significant interannual variability in
discharge, but the long-term average discharge for
the lower Mississippi River is remarkably stable near
14,000 m® s! (Turner and Rabalais, 1991; Bratkovich
et al., 1994). Less obvious is a statistically significant
and increasing trend in the Mississippi River dis-

charge for 1900 — 1992 as measured at Tarbert Land-
ing (Bratkovich et al. 1994). It appears to be due to a
tendency for increasing discharge in September
through December. This period, however, is much
less important in the coastal ocean than spring and
summer in the timing of important biological
processes that lead to the development of hypoxia or
the physical processes important in its maintenance.
If a longer period of annual discharge were consid-
ered, e.g., for the early 1800s to present, the trends
since the 1950s are obvious but are concealed within
high interannual variability and no long-term change
over a century and a half (Rabalais et al., 1999).

The projected global climate changes in the Gulf
of Mexico includes higher temperatures, altered sea-
sonal variations in river discharge and precipitation,
and increased precipitation and (probably) Mississip-
pi River discharge. Both increased temperature and
freshwater discharge will affect the size and severity
of hypoxic water masses in the Gulf of Mexico. Cli-
mate changes in the Gulf of Mexico will affect both
of these factors, and often in a negative way. An
example of the interrelationship between temperature
(which is directly related to organic-decomposition
rates), stratification and hypoxia is shown in Figure
16. Hypoxia in Charlotte Harbor is most likely to
occur at higher temperatures and during periods of
water column stratification. A lack of wind mixing of
the water column may also encourage the likelihood
of hypoxic events. Jubilees in Mobile Bay, for exam-
ple, occur during the summer when wind speed is
relatively low (Figure 17).

6.3 Response/Coping/Adaptation
Options Information and Research
Needs in the future

The preceding discussion illustrated several ways in
which the anticipated climate changes will affect
coastal ecosystems. The physical structure of coastal
systems may be changed through alterations in salini-
ty and temperature, and by habitat changes resulting
in the replacement of emergent vegetation with open
water. These changes can affect fisheries. Further,
nutrient reduction strategies meant to reduce the
severity and frequency of hypoxic events can be
compromised by increased riverflow.

The seemingly direct consequences of climate
change, therefore, are not the only stressor on
ecosystems. Anthropogenic stress from one factor
(e.g., sea level rise) can be additive to existing stres-
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Models of Climate Change Effects on Hypoxia

Because model projections for the
Mississippi River runoff are highly
variable, the assessments of future
climate change scenarios for the
northern Gulf of Mexico are com-
plicated. The Canadian and the
Hadley model projected a 30%
decrease and a 40% increase,
respectively, by the year 2099. Jus-
tic (Chapter 8) developed an
eutrophication model to describe
changes in surface and bottom
oxygen concentrations within the
core of the Gulf of Mexico hypox-
ic zone. A plot of the model
results and the actual data are
shown in Figure 18. A sensitivity
analysis revealed that the model is
highly sensitive to external forcing,
yet sufficiently robust to withstand
order of magnitude changes in the
nitrate flux of the Mississippi River.
Model simulations suggest
that altered freshwater and nutri-
ent fluxes would have important
implications for water column sta-
bility, net productivity and global
oxygen cycling in the northern
Gulf of Mexico. A doubling of
atmospheric carbon dioxide would
lead to higher temperatures,
increased runoff and longer, more
severe and larger hypoxic zones in
the northern Gulf of Mexico (Fig-
ure 19). Nominal model simulation
for the period 1954-2000, for
example, predicted 19 years with
moderate hypoxia (< 2 mg O, I')
and 16 years with severe hypoxia
(<1 mg O, I'). A 30% decrease in
the Mississippi River discharge for

the same period would have sig-
nificantly reduced the number of
years with moderate and severe
hypoxia to 8 and 4, respectively.
For a scenario with 4°C increase in
the average annual temperature
and a 20% increase in the average
Mississippi River discharge, the
model predicts 31 year with mod-
erate and 26 years with severe
hypoxia. Importantly, model simu-
lations suggest that pronounced
hypoxia would not develop if the
nitrate concentrations would had
remained unchanged with respect
to the period 1954 — 1967 (0.61 mg
N ). Thus, depending on future
climate change scenarios and
nutrient control strategies, hypoxia
in the northern Gulf of Mexico
may become more or less severe.

Model simulations indicated
that bottom water hypoxia in the
northern Gulf of Mexico has inten-
sified in recent historical time, as a
probable consequence of
increased net productivity and an
increase in the vertical flux of the
organic carbon. Apparently, the
long-term increase in riverine
nutrient fluxes has been the pri-
mary factor controlling this
historical decline in oxygen con-
centrations. Nevertheless, the
influence of climatic factors on
nitrate flux has been significant
and may further increase as a
result of global climate change
(Figure 20).

In contrast to a relatively high
degree of confidence associated

with the projected temperature
increases, the effects of global cli-
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Figure 18. Observed and predicted
monthly averages of surface (0-10 m)
and bottom (10-20 m) oxygen concentra-
tions at station C6 for the period June
1985 — November 1993. From Justic,
Chapter 8.

mate change on hydrological cycle
are less certain, particularly on
regional scales. The annual Missis-
sippi River runoff, for example,
was projected to decrease by 30%
for the Canadian model, but
increase by 40% for the Hadley
model by the year 2099. Model
simulations further suggest that
altered freshwater and nutrient
fluxes would have important
implications for water column sta-
bility, net productivity and global
oxygen cycling in the northern
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Figure 19. Seasonal changes in the inte-
grated subpycnoclinal oxygen content
(10-20m) at station C6 in the core of the
hypoxic zone. Observed monthly aver-
ages for 1985 - 1992 and 1993 are com-
pared to a Monte-Carlo simulation for a
2xCO, climate. The 2xCO, probability
plot is comprised of 2880 points. From
Justic et al. 1996.

Gulf of Mexico. Direct and indirect
fisheries losses would likely be
exacerbated if hypoxia expands in
space or time as a result of global

climate change.

The results of this model sug-
gest that a large-scale reduction
(~30%) in nitrogen concentration
of the Mississippi River would
eventually diminish the severity of
hypoxia in the northern Gulf of
Mexico. Nevertheless, the areal
extent and the severity of hypoxia
are very sensitive to climate-
induced changes in freshwater and
nutrient fluxes. If, for example, the
Mississippi River discharge increas-
es by 20%, as predicted in some
climate change model scenarios,
then a reduction in nitrate flux in
excess of 20% would be required
only to prevent the eutrophication
from worsening. Consequently,
nutrient control efforts for the Mis-
sissippi River watershed that are
based solely on achieving a specif-
ic reduction in the non-point
source loading, may have a limited
success in controlling the eutrophi-
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Figure 20. Box-plots showing nitrate flux

(N-NO; flux) statistics for 1954 — 1967, 1968

— 1982, and 1983 - 2000, as well as projec-
tions for a 2xCO, climate based on a 20%
increase in the Mississippi River runoff
(Miller and Russell 1992). From Justic,
Chapter 8.

cation and hypoxia in the northern
Gulf of Mexico.

sors (e.g., eutrophication). In this context, managing
the consequences of climate change become more
complicated, not less complicated (Figure 21).
Human activities cause some parts of the climate
change “problem”; but the resulting implications for
ecosystems and climate change are also tied to each
other, and then to new types or amounts of human
uses.

Climate Change
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Figure 21. The effects and feedbacks in the interacting sys-
tems of climate, ecosystems and human societies. Adapted
from Mulholland et al. 1997.

A long-term and integrated perspective is help-
ful, in this regards. Tt is widely understood that
restoration of habitats is more difficult than sustain-
ing them, at least from a non-political point of view.
Climate change impacts are generally understood to
add to, not subtract from, the total suite of coastal
ecosystem stressors. Thus, preventing habitat change
and loss is more cost-effective than rehabilitation and
restoration.

However, it is also prudent to consider that some
stressor impacts can be rolled back, but only
reduced. Sea-level rise, for example, will probably
continue, but at a lower rate than expected as a
result of the anticipated from global climate changes.
Under these circumstances, prevention is not
enough, and future adjustments should be planned
and anticipated. That type of planning and adjust-
ment requires a substantial improvement in our
knowledge and experience. The highlighted issues
brought forth in this review suggest that this
improvement should include long-term and compre-
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hensive (integrated) programs that promote under-
standing of:

(1) wetland soil sustainability within the context of
the entire organic and inorganic framework,
and how the marsh ecosystem is affected by
multi-year exposure to varying nutrients, altered
food webs, and freshwater inflow management
meant to provide single-problem solutions -
e.g., oyster harvests or salinity management.

(2) the interactions between the social/political
structure and function and the ecosystem attrib-
utes. The involvement of educators, social
scientists, and natural scientists is required to
find successtully-implement solutions to these
complex problems.

(3) scenario testing approaches to strategically ana-
lyze the anticipated problems before their
impact overwhelms abilities to react. Some
approaches might involve computer modeling,
others experimental field testing of contrasting
methods, and still others comparative analyses
of social and natural systems outside of the
immediate region.

(4) control and management options for land use,
harvest management, and water quality, with
attention to the evaluation of unusual events
(and subsequent management pressures) and
competing resources claims.

(5) mechanisms and models of how build a better
“tool kit” which has alternative options and sup-
port to try things, with the knowledge that, for
some resources, we will only get one chance to
fix the problem before it is unmanageable. We
must be open to all kinds of solutions.
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