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Abstract This research assesses the vulnerability of coastal areas in the South eastern states of Mississippi and Louisi-
ana using climate risk information. Emphasis is on the issues, and evaluation of the trends. In terms of methods, the paper
uses GIS and descriptive statistics to map the trends. In the last several years, climate change impact continues to be felt in
the Southeast especially the coastal zones. It has been predicted by scientists that many people could be affected by the
impact of climate change risks in the Southeast coastal zones mostly from storms, high and extreme temperatures and oth-
ers. As one of the most sensitive and vulnerable systems, coastal zones’ areas of concern include sea level rise, land loss,
frequency of maritime storms, flooding and responses to sea level rise. Addressing the challenges associated with the
threats of climate change in coastal areas of Mississippi and Louisiana, requires periodic assessment of the risks using geo-
graphic information systems. Without access to sufficient climate risk information management tools to measure the pre-
cise vulnerability of coastal zones areas, the ability of emergency managers and cities to mitigate the dangers posed to in-
frastructure, human lives and the economy will be diminished. The results show a spatial diffusion and a growing risk in
vulnerable coastal areas in the two states. Utilizing climate risk data and GIS techniques to analyze the dangers faced in
coastal cities helps minimize their vulnerability. The paper suggests the need for constant assessment and mapping of the
risks.
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Of the climate change scenarios in place, two expect both
1. Introduction warmer temperatures and rising rate of sea level over the
next 100 years. Under that scenario, summer high tempera-
This research assesses the vulnerability of coastal areas in  {reg are projected to rise from 3 to 7 degree Fahrenheit and
the South Eastern states of Mississippi and Louisiana using  \yinter low temperatures to warm by as much as 5 degree
climate risk information and GIS. Empbhasis is on the issues,  Fahrenheit along the east and 10 degree Fahrenheit in the
and evaluation of the trends. The Southeast Gulf coast region  yest. This will bring a remarkable growth in the July heat
is endowed with ecological assets that support the region’s  |evel in the Gulf coast of the Southeast[1,2]. Accordingly,
economic wealth[1,2]. In the last decades, human activities  the global sea level rise will affect the Gulf coast shoreline
from the construction of dams to shoreline expansion have  §ue to its flat topography, regional land subsidence, wide-
considerably changed natural landscapes, streams, and eco- spread shoreline development, and vulnerability to major
logical processes. Pressures from human activities remain storms[6]. Elsewhere climate models predict 8 to almost 20
the most important agents of ecological change in the region  jpches sea —level rise along the Gulf coast in the next cen-
today[3]. As we move further into the 21* century, land-use tury[7]. Taking regional subsidence into account, the an-
changes are expected to rise as rapid population increases (icipated sea —level rise over the next 100 years could range
continue[4]. Global climate change, prompted by growing  from 15 inches in most of the Gulf Coast to as much as 44
concentration of carbon dioxide and other heat trapping jnches along the Louisiana / Mississippi Delta [1,2,8-10].

greeqhouse gases in the atmosphere, will combine with,. and Accordingly, in the last several years, climate change
amplify, other human pressures on theGulf Coast environ-  jmpact continues to be felt in the Southeast especially the
ments and the goods and services they offer[1,2,5]. coastal zones[11]. Tt has been predicted by scientists that

many people could be affected by the impact of climate
. change risks in the Southeast coastal zones mostly from
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coastal zones’ areas of concern include sea level rise and the
responses to it, land loss, frequency of maritime storms and
flooding[12,13,37,38].

To put the climate change parameters into perspective,
one needs to consider the trends in the past few years. At a
time when Hurricane Katrina left behind debris, downed
trees, and soil erosion in its path, the Mississippi Depart-
ment of Marine Coastal Preserves Program (DMR) was
faced with a daunting task. In the aftermath, the DMR
Coastal Preserves Program not only devoted available re-
sources to restoring and protecting the Mississippi Gulf
Coast’s sensitive habitats, but the challenges grew due to
the impacts of the storm[14]. Regrettably, the huge toll from
the disaster can be seen from the decimation of vital eco-
logical features known to provide habitats and refuge for
biodiversity and wildlife. These include the bayous, beaches,
dunes, marshes, pine savannas and coastal forests in the
area[15,16,17].

Other examples of notable impacts include the dangers
posed by big areas of fallen trees, shredded and tattered
marsh, and loads of debris covering huge areas, erosion of
beaches and small creeks congested with debris and fallen
trees. Furthermore, before Hurricane Katrina struck, Mis-
sissippi contained probably 3,000 acres of sea grasses. In
going by current estimations, between 60 to 90% of the
state’s sea grasses were either damaged or had vanished[15].

Louisiana as the home to the Globe’s seventh biggest delta
is losing 25 — 50 square miles annually. Coastal Louisiana
has already lost 1.2 million areas of wetlands this century
and is losing additional 24 square miles of wetlands each
year. Should climate change continue at the present pace, 70
percent of Louisiana’s remaining coastal wetlands would
vanish by the end of the century. This will threaten numerous
species. At the same time, continual sea level rise will con-
siderably change the shape of Louisiana’s coastline devas-
tating vital wetlands and letting saltwater seep into fresh
water bodies, including crawfish ponds. Higher sea levels
also imply higher storm surges that may arrive further inland.
Global warming is expected to accelerate this trend in the
coming decades making it even harder for waterfowl and
other wildlife to thrive in the state[18,19].

Southern Louisiana is the most endangered land in the US,
this has caused a net sinking of the land, which in turn causes
the wetlands on the Louisiana coast to recede inland as land
sinks from under them. As Hurricane Katrina has shown,
when these areas flood, they entrap residents and require
enormous time to dry. With climate change accelerating the
pace of ocean rise, it quickens the retreat of the wetlands and
that raises the vulnerability of New Orleans further[20,21].
Climate change is projected to increase sea level by 3-10mm
annually in the next five decades. This, combined with the
subsidence of the Louisiana’s deltaic coast, possibly will
result in sea level rise in the Gulf of Mexico from 60-180cm
higher over the next century than they are today.

Judging from the current land loss rate, by the year 2050
Louisiana will have lost an additional one million acres of
coastal wetlands[22]. In addition, the sea will continue to

move forward inland by as much as 33 miles during this
period, transforming previously productive wetlands into
open water and leaving New Orleans more exposed to sea
flooding and hurricanes[10]. Several authors in the literature
such as Greenland[23] (2005); [24]Alford (1985) and Simas
[25] (2001) have also reaffirmed the growing concerns on
the vulnerability of the State of Louisiana to the threats of
climate change, in terms of the risks to sugarcane production
in the producing areas as well as the evidence of river me-
ander scars and the impacts on coastal marshes.

In the absence of periodic applications of Geographic In-
formation Systems (GIS) as a decision support tool to gauge
vulnerability, decision makers risk overlooking the spatial
locations and severity of these problems. This can accentuate
the loss of lives in built environments and the degradation of
natural areas in coastal environments of the region where the
risk of climatic change runs high. The previous applications
of GIS through other studies in the Southeast region of the
US brought enormous benefits such as the spatial display of
the emerging vulnerabilities. However, none of those studies
focused solely on climatic variability and recurrent issues in
the states of Louisiana and Mississippi. This research will fill
that void in the literature. Detailed analysis through multiple
studies of other GIS based applications to environmental
change can be found under various years in the work of
Merem and Twumasi[26-29].

2. Objectives and Organization

The research has four objectives. The first aim is to ana-
lyze the current issues in climate risks. The second objective
assesses the risks posed to the Southeast region while the
third objective is to evaluate the potential climate hazards in
the region. The fourth and last objective focuses on the
identification of mitigation measures and the design of a
decision support tool for policy makers. The paper is divided
into six areas with the first area focusing on the introduction
and background information. The second section describes
the aims and organization. The methods and the study area
description are covered in section three while the fourth
section presents the results and the evaluation of the trends.
The fifth section offers a discussion and findings of the re-
search. The sixth and last section provides a closure and the
future lines of action.

3. Methods and Study Area

The method used in the study stresses the applications of
Geographic Information Systems (GIS), spatial mapping and
descriptive statistics in assessing climate change vulner-
abilities of coastal counties in the study area of Mississippi
and Louisiana. Addressing the challenges associated with the
threats of climate change in coastal areas of Mississippi and
Louisiana, requires periodic assessment of these risks using
geographic information systems. Without access to sufficient
climate risk information management tools to measure the
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precise vulnerability of coastal zones areas, the ability of
emergency managers and cities to mitigate the dangers posed
to infrastructure, human lives and the economy will be di-
minished. The paper uses climate risk information and re-
lated statistics based on descriptive statistics and Geographic
Information Systems (GIS) to display the trends spatially.

The initial step involves the identification of variables
needed at the county and state levels from the various years.
These variables are needed to assess climate change hazards
at the county and state level. The variables consist of socio-
economic and environmental information including wetland
area, water area, land area of costal land, land area change,
percentage of land area, farm income, population, damages
from storms and hurricanes, number of hurricanes, their
impacts, and risk level. The design of spatial data needed for
the GIS analysis required the identification of appropriate
digital county boundary lines covering the study periods.
This entailed the assemblage of the electronic version of
available hydrological and land cover and base maps indi-
cating risks impacting the land base and the natural envi-
ronment of coastal areas in the state of Mississippi and
Louisiana for the different periods. This was made possible
by the retrieval of spatial data sets of shape and grid files
from the Mississippi Automated Resource Information
System (MARIS) in digital form using ARCVIEW GIS.
Other sources of data include NOAA, and the USGS.

Given that the official boundary lines between several
counties in the states stayed stable, it was possible to assign
consistent geographic identifier code to the respective units
in order to maintain analytical coherency. In the second stage,
basic descriptive statistics was employed to transform the
original data on environmental variables into relative forms.
The statistical output of the variables from the spatial units
were mapped and compared across time in ARCVIEW GIS.
The process helped delineate the spatial locations and pat-
terns of vulnerability, and the distribution of the risks within
the study area across time.

3.1. Study Area Description

The study area is the coastal areas of the Southeast states
of Mississippi and Louisiana on the lower edge of the maps
in Figure 1.0. The core cities in the coastal areas extend
through the Mississippi River and the Gulf of Mexico. The
Gulf of Mexico is characterized by the frequent occurrence
of hurricanes. Sizable hurricanes have made landing in the
Gulf Coast every year since 1994, with 26 named storms and
14 hurricanes occurring. The two states have a combined
population of about 7 million from the census figures of 2010.
Over the decades beginning from 1970 to 2010, the area has
witnessed consistent population changes with the decade of
2000, and the 2010 being a period with more increases in
population (Table 1.0). With the coastal areas of both states,
known for their natural attractions, they continue to be cen-
ters of large development often threatened by extreme cli-
mate. Generally, both coastal areas before hurricane Katrina
had a population of almost 2 million. The breakdown shows

a population of 1.4 million for coastal Louisiana and almost
half a million for South Mississippi coastal area[30].
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Figure 1.0. Condensed Maps of Louisiana and Mississippi

Table 1.0. The Population Trends in the Study Area

Louisiana

Year Population Percentage of Change

1970 3,641,306 11.8%

1980 4,205,900 15.5%

1990 4,219,973 0.3%

2000 4,468,976 5.9%

2010 4,533,372 1.4%
Mississippi

Year Population Percentage of Change

1970 2,216,912 1.8%

1980 2,520,638 13.7%

1990 2,573,216 2.1%

2000 2,844,658 10.5%

2010 2,967,297 4.3

The study area (Mississippi and Louisiana) has a humid
subtropical climate with long summers and short, mild win-
ters. In Mississippi, temperatures average about 85°F (about
28°C) between July and about 48 °F (about 9°C) in January.
The temperature varies little state wide in the summer;
however, in the winter, the region near Mississippi Sound in
the south is much warmer than the inland part of the state.
Annual precipitation normally increases from north to south,
with the regions closer to the Gulf being the most humid.
Accordingly, Biloxi in the south frequently has about
61 inches of rain (about 1,550 mm). With little amounts of
snowfall in northern and central Mississippi, the southern
part of the state sees it occasionally. Rainfall in Louisiana is
recurrent all through the year, even though the summer is
somewhat wetter than the rest of the year. There is a drop in
rainfall in October. Southern Louisiana gets far more abun-
dant rainfall, particularly during the winter months. Louisi-
ana experiences hot and humid summer, with elevated tem-
peratures from mid-June to mid-September averaging 90 °F
(32°C) or more and overnight lows averaging above 70 °F
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(22°0).

Louisiana is often impacted by tropical cyclones and is
very vulnerable to strikes by major hurricanes, mainly in the
lowlands around the New Orleans area[31]. The threats to
the area can be buttressed by the map showcasing various
categories of storm in 2005 and the tropical cyclone tracks
(Figure 1.1). The unique geography of the region with the
many bayous, marshes and inlets can make major hurricanes
overly damaging. See Table 2.0 for a breakdown of Louisi-
ana’s tropical storms and their impacts between 1994
through 2005. The area is also prone to frequent thunder-
storms, especially in the summer. The southern coast of

Louisiana remains the fastest disappearing areas in the world.

Rising waters and erosion induced by natural process and
human activities are resulting in daily land loss equal to 30
football fields. Tuning to other climate risks in the coastal
areas of Louisiana, it has been estimated that rainfall will
eventually decline along with soil moisture. In upland areas,
one model projects the area to get more rain; the other, drier
— as a result, the impacts of both scenarios merit an assess-
ment. The implication is that wherever drought level rises, so
does the threat of wildfires[1,2,8,9].
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Figure 1.1. The Paths of Tropical Cyclone for the Study Area in 2005

Sea level rise is expected to climb at a quicker pace over
the 21% century. By 2100, ocean levels could be 21-44 inches
in Louisiana, and 15 inches in Mississippi at levels much
elevated than today. This is based on a persistent common
subsidence rate of 8-31 inches per century and a mid-range
sea —level rise scenario in the Louisiana area[1,2,8,9].

While Mississippi’s climate has always been quite vari-
able and sometimes severe, climate change may deepen this
historical pattern[32]. The standard state temperature has
varied significantly over the past century with a warming

trend of about 1 degree Fahrenheit ever since the late 1960s.
Excessive rainfall events, mostly thunderstorms, rose during
the 20™ century. For Louisiana, where winter average rainfall

has risen slightly, summer totals have dropped[8,9].

Table 2.0. Louisiana Tropical Hurricanes and Storms

Year Name Impacts
17-foot storm surge in Florida, 8-foot
Hurricane Andrew, Cat. 4 | storm tide in Louisiana, 23 deaths
1992 across Florida, Cat. 3 upon | nationwide, $26.5 billion in damages
landfall in Louisiana nationwide; $1 billion in Louisiana
and $25.5 billion in Florida
Hurricane Danny, Cat. 1, . X .
. ¥ . 4 deaths nationwide, $100 million in
1997 Landfall in  Louisiana, i
K K total damages nationally
Tropical Storm over Florida
Tropical Storm Hermine, . .
1988 . . No information
Landfall in Louisiana
Excessive rain—up to 30 inches in
2001 Tropical Storm Allison, | places, 23 tornadoes across the
Landfall in Louisiana Southeast, 41 deaths nationwide. $5
billion in damages nationwide
i 3- to 4-foot storm tides, Heavy rains;
Tropical Storm  Bertha, . .
2002 X . 3-6 inches across Louisiana, No
Landfall in Louisiana .
monetary damage figures available
. 5-10 inches of rain across southeast
Tropical ~Storm Hanna, . .
2002 R . states, $20 million in damages na-
Landfall in Louisiana . A
tionwide
. 3- to 4-foot storm tides, Heavy rains;
Tropical Storm Bertha, . .
2002 . . 3-6 inches across Louisiana, No
Landfall in Louisiana .
monetary damage figures available
i 5-10 inches of rain across southeast
Tropical ~Storm  Hanna, L i
2002 . . states, $20 million in damages na-
Landfall in Louisiana . .
tionwide
2003 Tropical Storm Bill, Land- | 4 deaths, $50 million in damages
fall in Louisiana nationwide
Hurricane Ivan, Cat. 4, | 10- to 15-foot storm surge, 10-15
2004 Tropical storm across East | inches of rain, 25 deaths in the United
Coast that looped back to | States, $14.2 billion in damages
Louisiana nation
X Heavy rains, 6-foot storm surge, No
2004 | Tropical Storm Matthew . . .
information on damages available
4- to 6-foot storm surge, 33 tornadoes
X X across the east as system moved north,
Hurricane Cindy, Cat. 1, i
2005 i e Heavy rains across all eastern states, 1
Landfall in Louisiana o R
death, $320 million in damages
nationwide
10- to 20-foot storm surge in Louisi-
ana; storm surge penetrated 6 miles
inland in some locations of Louisiana,
. . 28-foot storm tide reported in Missis-
Hurricane Katrina, Cat. 5, L R L.
R sippi, 11-14 inches of rain in Dade
2005 Cat. 1 across Florida, Cat. 3 . .
X . County, Florida; 8-10 inches across
in Louisiana L
Louisiana, 33 reported tornadoes,
1,336 known deaths nationwide,
$40-120 billion in damages nation-
wide
4- to 7-foot storm surge (gauge); 8- to
Hurricane Rita, Cat. 5, Cat. | 12-foot storm surge (visual evidence);
2005 | 3 before landfall in Louisi- | 4- to 5-foot storm surge in Florida
ana Keys, 90 tornadoes, 7 deaths
$10 billion in damages nationwide
Tropical St T 2- to 4-foot storm surge, 3-5 inches of
ropica orm Tammy, . e .
2005 P . i 4 rain, $25 million in damages nation-
Landfall in Florida d
wide

Source : National Hurricane Center, Tropical Prediction Center, Archive of

Hurricane Seasons ; EDF 2011.
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Occasionally both states experience both substantial
flooding, especially during hurricanes. In a region known for
tropical storms, Mississippi experiences it once on average
of every of 12 years, the same thing holds for Louisiana.

A case in point is the visible damages suffered by both
states in 2005 August 25 when Hurricane Katrina obliterated
the coastal and inland portions of Louisiana and Missis-
sippi[8,9]. More so, tropical storms strike Louisiana nearly
once every four years or on average of once every four
years[9]. Along the Mississippi coast from St Louis Bay to
Pascagoula, sea level has risen at a rate of 8 inches over the
past 100 years. Louisiana’s rate of relative sea- level as the
highest in the United States has resulted in rising water lev-
els along its coast. The threats which span from Holly
Beach to New Orleans and to the Chandeleur Islands grew
by 40 inches over the past 100 years. This is attributed to a
combination of rising seas globally and local sinking of the
Land[9].

Current studies show that due to global warming, New
Orleans will be 10 feet below sea level in 2100. The city was
ranked by the Intergovernmental Panel on Climate Change
(IPCC), as North America’s most susceptible city to the
impacts of climate change due to its low elevation, land
subsidence and the predictions of more violent hurricanes,
widespread mosquito borne illnesses and growing sea level
rise. The sea levels are projected to rise 1- 4 feet over the
next 100 years. This will flood low lying cities like New
Orleans with damaging threats to the surroundings and its
citizens. Much of the area is presently 0.6 to Sm below sea
level. This is compounded by the fact that the city is bordered
by water from the north, east, and south[21].

4. The Results and Environmental
Analysis of the Risks

To demonstrate the vulnerability of coastal areas from
climate change, this section of the paper presents the results
of the environmental analysis under different climate risk
indicators (agriculture and water scarcity, agriculture and
forestry, coastal land loss, coastal development infrastruc-
ture and others).

4.1. Agriculture and Water Scarcity

As part of the GIS and spatial analysis under the rubric of
agriculture and water scarcity, the impending risks from
water scarcity in agriculture in both the states of Mississippi
and Louisiana are presented. The analysis highlights these
vulnerabilities using the top three crops. The GIS maps (in
Figures 2.0 and 2.1) show a scenario built on the water sup-
ply sustainability index in 2050 for the study area. The
maps are distinguished by four different classes separated
by the colours of dark red, mild red, yellow and white.
These colours denote four scenarios of extreme, high, mod-
erate and low risks scales of water supply. The assumption
is that climate change factors would impede access to con-

tinuous water supply for farmers in the top three agricul-
tural products; corn, soybeans, and cotton for Mississippi,
corn soybeans and rice for Louisiana within the farm pro-
ducing areas in general as well as those located on the
coastal areas of the two states. The agricultural crops under
focus in the analysis as mentioned before are the top three
cash earning staples worth billions of dollars annually in the
respective states where agriculture and allied sectors remain
major players in the economy.

Clearly stated, the analysis is not meant as a forecast that
water scarcity will ensue. But there is strong probability it
will most likely happen in the areas under analysis going by
present and future projections. This is based on changing
temperature and fluctuations in other climatic variables in
the Southeast region and across the United States in general
in the last several years. In the process, the counties are
grouped as ‘at-risk’ based on the following criteria: expected
demand for water from rain and snowmelt; expected requests
from groundwater; propensity to drought; rise in freshwater
pumpage; and rise in summer scarcity. Counties falling un-
der two of the criteria are grouped as “moderately at-risk”;
those grouped under three or more criteria are rated as
“highly at-risk”; and those grouped in four or extra levels are
grouped as “extremely at-risk.” Counties not meeting up to
two criteria are regarded as having low risk for water scarcity
(Figures 2.0 and 2.1)

In the case of Mississippi, it is evident, that the risk from
acute water scarcity for agriculture from the map does con-
vey the growing role of stress factors. These elements
unleashed by extreme weather could be a major challenge in
some parts of the state especially the Northern part known
for cotton production and the overwhelming use of irrigation
to boost farming. The predominantly coastal and southern-
most portion of the Mississippi in the Gulf region of the state,
based on the map also faces its own share of water scarcity
big enough to affect agricultural activity as well.

With about 76 at risk counties vulnerable to climate
change impacts at different levels in the area, note a big
concentration of the extreme forms of potential scarcity in
the six major northern agricultural producing counties of
Bolivar, Leflore, Washington, Sunflower, Humphries and
Panola. The high levels of water scarcity risks on the other
hand as the map shows, are scattered in 24 counties of the
state within different geographic locations with much of it
more visible in 11 northern counties, 6 in the central region
and 8 in the southern area along the Mississippi Gulf area.
The thing about this trend is its presence in the areas along
coastal counties of Jackson, Pearl River, and Stone. This is
followed by the moderate type of water scarcity threat
stretching through a vast area of 45 counties covering all
areas of the state including the two major southern coastal
counties from Harrison to Hancock. Added to these, are the
six low risk areas with minor probabilities of anticipated
water scarcity as projected for 2050. The areas in the low risk
category seem scattered in isolated patches from Northern
Mississippi to the southern region of the state (Figure 2.0).
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In Louisiana, of the 52 at risk counties, one was classified
as extreme, 19 high, 32 moderate and the remaining 12 under
the low risk conditions. The only extreme category as shown
in the map emerged in the Southwest part of the state at St
Martin. Those in the high category appear evenly split in
terms of spatial concentration among Northern and Southern
Louisiana. The conditions for the high form of apparent
water shortage in agriculture were not only quite visible
along the southern part of Louisiana where 10 counties met
the criteria, but they are also spread along a similar scale on
the nine Northern counties from Grant to Morehouse, East
and West Carol. The 34 counties classified under the mod-
erate risk levels showed a major presence in all regions of the
state with much of that apparent in the Northwest and central
Louisiana. Apart from two low risk counties in the North, the
remaining 10 counties in the category appeared in Southern
Louisiana as well (Figure 2.1).
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Figure 2.0. Projected Climate Change Impacts On Water Access In
Mississippi (Source: Tetratech 2010)
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Figure 2.1. Projected Climate Change Impacts On Water Access In Lou-
isiana (Source: Tetratech 2010)

In the case of Louisiana and Mississippi, the probability
for water shortages in those at-risk counties will evidently
threaten current agricultural operations and practices, and the
local commerce. This is evident from the distribution of farm
revenues for the 3 major crops in agricultural production in
Louisiana’s 52 at-risk counties in the 2007 fiscal year. In that
period, the overall farm revenue reached about
$1,010,000,000. This includes about $323,000,000 from
corn, $181,000,000 from rice and $152,000,000 from soy-
beans. In Mississippi, the monetary value of crop production
in the state’s 76 at-risk counties stood at approximately
$1,470,000,000 in 2007. This represents about $414,000,000
worth of corn, $397,000,000 worth of soybeans and
$318,000,000 worth of cotton.

Aside from rice and cotton, the agricultural products as
projected in both places remain fairly identical. From the risk
levels presented in the tables, it appears that many Missis-
sippi counties will meet the extreme climatic thresholds
linked with water scarcity than those in Louisiana as pro-
jected for the 2050 period if current trends hold. Furthermore,
the revenues from Mississippi’s at risk counties about $1.7
billion dollars stayed a bit higher than the $1.1 billion gen-
erated in Louisiana during the same period. For more in-
formation on this, refer to Appendices A and B.

4.2. Agriculture and Forestry

Agriculture and forestry are both enormously important
industries in both states .While in Louisiana they contribute
over 10 billion each year to the state’s economy, the state of
Mississippi earned about $7.1 billion from forestry most
notably the managed shortleaf and loblolly pine. Each is very
sensitive to climate change. In the delta region, where drier
conditions are expected, rice farming will likely decrease,
given its sensitivity to increased salinity. Under the drier
conditions, extra irrigation will be essential to maintain the
production of cotton, soybean, sorghum, hay, sugar cane and
vegetables. Considering that soil fertility levels in the face of
elevated Cy, can only raise productivity with sufficient ac-
cess to irrigation. It becomes imperative that agro-forestry
production would diminish immensely at present levels in
the absence of adequate irrigation water. The managed short
leaf and loblolly pine tree forests in Louisiana which con-
tributed $7.1 billion in 1997 are at risk to drought and fire in
areas projected to go arid. With elevated temperature, the
capacity of trees to take in carbon wanes. Savannahs and
grasslands in both states will increase at the expense of for-
ests, mostly in areas further inland from the coast if drier
climate scenarios were to play out. Wetter climate conditions,
on the other hand would boost the productivity of hardwoods
at the expense of softwoods, but also favour the influx of
forest pest such as Southern pine bark beetle[33].

Additionally, agriculture in the southern part of the state
would probably feel the greatest impacts of sea-level rise.
This would affect the hydrology of low-lying coastal soils.
Rice farmers in coastal parishes would be affected enor-
mously by sea-level rise and elevated risks of salinity in
groundwater. While warmer temperatures could boost citrus
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production in Plaquemines and St. Bernard Parishes, coastal
land loss and salt-water intrusion would continue to ad-
versely impact farmers in the area. With livestock account-
ing for 33% of the agricultural value in Louisiana, they are
quite vulnerable to drought and other extreme climate con-
ditions. Cattle farming in Vermillion Parish were plagued in
September of 1998 by swarms of mosquitoes after a
long-drawn-out down pour. The same flood water on which
the mosquitoes hatched not only destroyed pasture grass, the
rye grass essential for winter pasture became endangered by
brackish water as well[34]. See Figure2.2 for the locations.

4.3. Coastal Land Loss

Over the last two centuries, navigation channel dredging,
oil and gas exploration and production, land reclamation,
and the building of industrial facilities have damaged the
Louisiana coastal region. This has resulted in primary and
secondary wetland losses. These actions have impeded fresh
accretion, lessened freshwater inflow and amplified saltwa-
ter intrusion. Other problems such as the impacts of accel-
erated wave energies on delicate interior marsh substrate
have damaged growing vegetation, which would otherwise
have held sediments and produced organic matter. Project-
ing future trends using the current land loss rate, by the year
2050, Louisiana will have lost over one million acres of
coastal wetlands; this is bigger than the State of Delaware.
At the same time, the Gulf of Mexico will continue to move
forward inland at the rate of 33 miles during this period.
This would gradually transform functional wetlands into
open water that would keep major towns, like New Orleans
and Houma, vulnerable to open waves and violent storms of
the Gulf of Mexico[20].
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Figure 2.2. Location of Climate Change Impacts In Agriculture, Forestry
and Areas Vulnerable to Land loss, Sea Level Rise and Coastal Develop-
ment Infrastructure Impact
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Figure 2.4. The Location of Impaired Watersheds In Southern Mississippi

Figure 2.3 highlights a spatial distribution of actual and
projected land gains and loss in coastal Louisiana between
1932 through 2050 in red, yellow, light green and dark green.
The actual and projected land loss in red and yellow seem
fully concentrated along the southwest and southeast portion
of the state. Note also that minor patches of gains and an-
ticipated gains remained visible in the same geographic
locations in the map. The map legend indicates that there
exists ample diffusion of the land loss prompted by climate
change. This is much evident in the Terrabone Bay area,
Grand Isle and the Brenton Sound area of the study area.
Another twisting to the trends is that while there seemed to
be more losses than gains, the projected land losses in space
outnumber the gains by a much wider margin.

See also the pace at which the loss of south Louisiana
shorelines and the drifting of coastal land into the sea is
occurring. Note also that much of the projected coastal land
loses identified in red and yellow are within the areas located
around the coastal counties adjacent to the Mississippi river
portion of the state and the turbulent Gulf of Mexico prone to
violent storms. For additional information, see Appendices C
and D on the land distribution and the losses along the coast.
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Figure 2.3. Projected Coastal Land Loss In Louisiana (Source: USGS)

On wetland loss in coastal Mississippi, it has been shown
that before 1990 over 1,000 acres of Mississippi’s coastal
marshes were destroyed. Between 1930 and 1973, these
marshes were drained for commercial and housing uses.
Ever since 1973 due to the promulgation of the Mississippi
Coastal Wetlands Protection Law and the development of
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the Mississippi Coastal Program, coastal wetland loss in the
state has dropped immensely. Current statistics show that in
1973, Mississippi had 66,108 acres of salt marshes and just
about 823 acres of freshwater marshes. Today it is esti-
mated that the state contains 64,000 acres of vegetated
coastal wetlands[35]. See Figure 2.3 for the location of
these Marshes in Coastal Mississippi. These areas are en-
dowed with enormous coastal environmental resources that
are essential life support systems.

Accordingly, wetlands in several parts of coastal Missis-
sippi are eroding at an alarming proportion. Waves produced
from boats and storms wash away the surface edges of the
marshes and weaken their root systems forcing outer edges
of the marsh to slough off into the adjoining water way. The
marshes of Point Aux Chenes Bay in Jackson County are
eroding away much faster than any other marsh area in the
state. This Bay system began as a delta of the Escatawpa
River. Centuries past, the Escatawpa River by the Pasca-
goula River was diverted away from the area. With sedi-
ments no longer dumped therein, the discarded delta started
to sink and erode away, leaving a receding barrier island
system to shield the left over marshes. The Grand Barrier
Islands have since then washed away and the entire marsh
bay shoreline remains under violent barrage by the velocity
of wave movement[34]. See Figures 2.2-2.3 for the location
of these features and the areas under threat in Coastal Mis-
sissippi.

Consequently, coastal wetlands are being negatively im-
pacted by both residential and industrial development. Res-
idential operations include the construction of piers, boat
slips and ramps and bulkheads. Commercial industrial op-
erations consist of marinas, casinos, boat yards and seafood
protection plants. The demand for beachfront development
brings along with it the probable destruction of coastal wet-
lands. Non-point source pollution emanating from inade-
quate home septic systems installed adjacent to wetlands
stands as a recurrent issue along the coast. The runoff com-
ing from these systems frequently empties into coastal wet-
lands and pollutes oyster beds and recreational waters.

In 2005 during Hurricane Katrina when many watersheds
suffered serious impairments due to point source and
non-point source pollutants, the ecosystem functions of
various streams in the area were not only on the verge of
collapse, but they experienced serious stress. Note that the
locations of these impaired sites on the map in Figure 2.4 are
glaringly visible in the counties of Hancock, George, Jack-
son, Stone and Harrison. These counties are adjacent to the
Mississippi sound portion of the coast along the Gulf of
Mexico with a history of turbulent waters.

4.4. Coastal Development, Infrastructure and Sea Level
Rise

As development and economic activity in coastal areas has
increased, so, too, has societal vulnerability to coastal haz-
ards. Global climate change will likely exacerbate that vul-
nerability. Essentially, the area South of New Orleans, which

is highly developed for residential, industrial and tourism
activities coupled with the international seaports of New
Orleans and Baton Rouge, operating also as important
transportation hubs with other smaller docks remain vul-
nerable. While much of the coastal fringe of Louisiana and
Mississippi is rural and not overly developed, their low-lying
areas face growing challenges from sea level rise. These
areas not only contain toxic release inventory sites that are
hazardous, but there are numerous oil wells, refineries, off-
shore platforms as well that could be swept away. Addi-
tionally, accelerating sea level rise due to global warming
will heighten the pace of erosion in the area. This is already a
major threat to residences, roads and other infrastructure
along the shorelines of Louisiana’s barrier Islands such as
Grand Isle.
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Figure 2.5. Anticipated Coastal Wetlands Submersion at 1 to 3.3 feet
relative sea level by 2100 For Louisiana (Source: NRDC 2011)
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Figure 2.6. The Locations of Toxic Release Inventory sites in coastal
mississippi

Accordingly, Gulfport, Biloxi, and other seaports and
coastal communities in Mississippi which are highly devel-
oped for residences, industry and tourism are also at risk.
Similarly, the anticipated change as a result of erosion, also
threatens Mississippi’s barrier Islands such as the Ship Island
and the mainland coast near Gulfport and Biloxi.

Accelerating sea level rise will also increase storm surges
as hurricanes become intense. Consequently, bigger eco-
nomic losses from storms, as well as higher restoration and
protection expenses costs would rise in the coming years.
Should barrier islands and wetlands disappear as shields
during major storms, storm surge heights of 3-6 feet could
reach as far inland as West bank communities across the
river from New Orleans. With the gravity of these threats
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looming, current storm protection measures could be greatly
overwhelmed. This is further compounded with the projected
drifting of the coastal deltaic areas in 2050. As shown on the
map and captured in different colours of dark red and orange,
Louisiana deltaic coastline wetlands would experience se-
vere submersion. Areas such as New Orleans could see sea
level rise of 4.6 feet. The risks are compared with the current
levels of the coast on a scale of 1 to 3.3 feet relative sea level
by 2100. Note that areas such as New Orleans and Lake
Pontchartrein are within 1-3.3 feet below sea level (Figure
2.5). Such high risks for New Orleans, puts the state at the
highest level of sea level submersion in the nation.

Another point as mentioned before is that the problems
seemed compounded by the growing presence of large
numbers of toxic release inventory sites in South Missis-
sippi’s coastal counties. Of all these counties, as the map in
Figure 2.6 shows, the numbers for Hancock and Harrison
estimated at 7-10 and the 6-4 sites appear to be at the
maximum level compared to the other areas. The implica-
tions from the climate risks perspective hinges on the dan-
gers to the infrastructure housing these sites from the threats
of very violent storms such as Hurricane Katrina which made
landing in 2005. At that time, numerous neighbourhoods and
habitats impacted by the disaster were deemed contaminated
and non-functional due to the barrage of run- offs from
damaged facilities. In most cases, effluents and floating
debris were guttered everywhere in many abandoned com-
munities. This became a great nightmare for counties and
emergency management officials who wrestled with the task
of restoring already contaminated landscapes. The risks
posed to natural areas in the coast were so highly daunting
that they impeded initial efforts towards recovery. Conse-
quently, all these constituted very serious problem for the
recovery of battered communities and costal habitats in a
seemingly fragile ecosystem already over stretched beyond
its carrying capacity.

Another level of vulnerability which merits attention is the
level of damages inflicted on oil infrastructure and the po-
tential reoccurrence of these threats in future as well. Both
states and their coastal areas are part of a major regional hub
for oil and gas industry in the country. With numerous oil
and gas wells, fields and off shore platforms and refineries
present. A critical look at the maps (Figures 2.7-2.8) of oil
and gas facilities in Mississippi and Louisiana, show that
they are located on the deadly paths of much of the hurri-
canes that have ravaged the Gulf of Mexico region for dec-
ades. Being a recurring predicament for both states, to some
degree, amplifies the vulnerability of the infrastructure and
refineries in the counties and the sectors depending on them
for revenue. When Hurricane Katrina struck, the oil sector
infrastructures standing on the path of the storms were so
highly damaged that they impacted the interstate and re-
gional shipment of oil and gas products to consumers in
various areas of the country.

Several months after the disaster, the partial shutdown of
the industry and shipping triggered limited supply and an
overwhelming demand. Surely, the resultant spills and pol-

lutants from the damaged platforms and refineries were also
littered and carried from offshore and on shore to the built
and natural environments with huge ecological costs that
disrupted other industries including fish farming. With the
frequency of extreme climate evident in the region, it is
conceivable that this risk would likely grow in the coming
decades. Accordingly, Figures 2.7 and 2.8 highlight oil and
gas wells and their infrastructure locations in the states. See
that some of the network of these wells and their activities
are scattered around the coastal areas on the lower edge of
the maps. The dangers posed to the surrounding ecology in
these counties from climate risks unleashed from inclement
weather patterns in the areas over the years are absolutely
visible.

™
® ABANDONEDWELLS
‘ D ABANODONED AND UNAPPROVED
180 000 240 pOO B OILAND GAS WELLS
ers

[ mississippi
Figure 2.7. Figure The Location of Oil Wells In Missssippi

-or

"'o ‘o "
ao

0 30,00060,000 120 0O

*  QIL AND GAS WELLS

[0 L& PARISHES
Figure 2.8. Location of of Oil and Gas Wells In Lousiana

14
Decimnal Degiees




10 Edmund C.Merem et al.:

Using GIS and Climate Risks Information to Analyze the Vulnerability

of Coastal Counties in Louisiana and Mississippi

KATRINA DAMAGE
Katrina Damage [source: FEMA 10 sap 05) |

Damage Level (source: FEMA 10 sop 05) | ¥

M carastroptic [lllrLoop
EXTENSIVE MODERATE

| [ i saTuRATI

Waveland/Bay St. Louis, MS|

20 Mies
R S T O U D S — |

Figure 2.9. Damage Assessment of Southern Mississippi in 2005 After
Hurricane Katrina. (Source :FEMA, 2005)
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Figure 2.9 provides additional dimension and highlights
of the extent and forms of damages inflicted on Missis-
sippi’s Gulf coast counties of Harrison, Hancock and Jack-
son in the month of August 28 2005 during Hurricane
Katrina. The damage assessment scale ascribed to each area
consists of catastrophic in red, extreme in orange, flood
risks in pink, limited damage in green, and moderate dam-
age in yellow. See that the damages of catastrophic propor-
tions in red were more along the coastal waters of Missis-
sippi sound adjoining the Biloxi /Ocean Springs areas of
Harrison county on the lower corridor of the map on the
right. Extreme damages were not only evident along the
Bay St Louis area, and Waveland, but there were notable
cases of flooding as well.

Consider the human side of this vulnerability by examin-
ing the population concentration in space as shown on the
map in Figure 2.10. Both coastal Mississippi and Louisiana
are attractive places and destinations for the general public.

With their natural attractions and resultant influx of popula-
tions in these areas, both the natural and built environments
are under enormous pressures from land development to
meet the demands in the coastal counties. Considering how
the proliferation of inclement weather in the area also cor-
relates with the exposure of citizens and their properties to
disasters as shown in the previous map. The population map
(of Coastal Mississippi and the rest of the state) in Figure
2.10 shows the presence of high population distribution
along Mississippi’s, coastal counties and the urbanized areas.
With the population numbers grouped under different classes.
Those classified over the 50,000 mark and above are in areas
of coastal Mississippi known for immense development
activities where extreme climate risk factors inflict recurrent
damages to the environment. See Appendix E for more in-
formation on the remaining portions of the environmental
analysis.

5. Discussions and Findings

From the analysis, coastal areas in the study area remain
quite vulnerable to the threats of changing weather patterns
unleashed from climate change. This continues to be felt in
various forms along the Southeast region especially the
coastal zones of Louisiana and Mississippi[37,38]. This
section of the paper offers a synopsis of the findings and the
results of the data analysis. Overall, the study area has ex-
perienced numerous cases of changing weather patterns
along the coastal environment. This is evident with recurrent
cases of storms and cyclones as shown in the study area
analysis[37,38]. Regarding, the issue of anticipated water
shortage in agriculture, the paper shows that at- risk counties
in Louisiana and Mississippi will not only be threatened, but
their current agricultural operations and practices, and the
local commerce remains highly vulnerable by 2050 should
the scale of anticipated climate change scenario hold.

Another thing to glean from spatial distribution of these
risks in 2050, is the vicinity of the at risk counties to the
major aquifers of the state as well. With the current de-
mands and pumpage levels of ground water for agricultural
activities becoming overly high in the states due to compet-
ing demands from the other sectors of the economy, includ-
ing residential, industrial and the others. The adjoining
aquifers and underground water bodies face the threats of
salt water intrusion. This would likely compound the prob-
lems in areas where farm products and the ecosystem have
low tolerance for the excessive levels of salt water intrusion
most likely to emerge from rising temperatures in these
areas.

From the analysis, coastal land loss is another area of
concern in the study area of Louisiana and Mississippi. If
global warming continues at the current rate, 70 percent of
Louisiana’s remaining coastal wetlands will be gone by the
end of the century. This will endanger many species and the
sensitive habitats that provide these creatures critical refuge.
More so, continued sea level rise will dramatically alter the
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shape of Louisiana’s coast line destroying more critical
wetlands and letting saltwater seep into fresh water bodies,
including crawfish ponds. Higher sea levels also mean
higher storm surges that reach further inland. In addition, the
Gulf of Mexico will continue to advance inland as much as
33 miles during this period, turning previously functional
wetlands into open water. This will keep major towns and
cities, such as New Orleans and Houma, exposed to violent
storms from the Gulf of Mexico.

The state of Mississippi has many diverse upland and
wetland habitats; but nowhere in the state can you find
habitats, that are more functionally important than the dy-
namic coastal wetland habitats located along the beautiful
Mississippi Gulf coast in Hancock, Harrison and Jackson
counties. Considering the role of the ecosystem in providing
habitats for biodiversity, the south Mississippi coastal areas
have also experienced their own share of wetland loss. These
habitats are also under the threats of human activities as well
as climate change risk factors as well. The marshes of Point
Aux Chenes Bay, Jackson County are being eroded away
faster than any other marsh area in the state of Mississippi.
This poses a major threat to the stability of the coastal eco-
system.

The problem of the study area is further compounded by
the growth in infrastructure development within the coastal
counties prone to the threats of the rising sea levels and sea
surge prompted by hurricanes and costal storms. Just as the
facilities hosting toxic release inventory are at risk due to the
frequency of violent storms and storm surge, so are the oil
and gas facilities, wells and offshore platforms in the area. In
2005, both natural and built environments in coastal areas of
Mississippi and Louisiana were severely obliterated by
Hurricane Katrina. Future climate projections for the area
show that, the intensity of these hazards would grow much
stronger in the coming decades with the continuous exposure
of the coastal areas to further risks[37,38]. Furthermore,
fresh water ecosystem, aquaculture and fishery and human
health in coastal areas of the study area are all at high risk
from climate change factors now and in the coming years.

Judging from the extent of spatial distribution of the trends
and the risk levels projected for the coastal areas of the two
states, it is evident, that addressing the challenges associated
with the threats of climate change in coastal areas of Mis-
sissippi and Louisiana, requires periodic assessment of the
risks using geographic information systems. From the spatial
mapping of the trend using GIS, the results show a spatial
diffusion and a growing risk in the vulnerable coastal areas
of the two states.

Much of the damages suffered during hurricanes showed
more concentration in the coastal areas of the study area.
Projected losses of coastal marshes, and land stayed firm in
the areas adjoining coastal zones of both states. In other
words, there seem to be a coastal flavour to the impending
risks from climate change projected for the area. Without
access to spatial data sets and mappings made possible
through GIS, the ability to predict and locate these risks
across space would have been difficult. Therefore, utilizing

climate risk data and GIS techniques to analyze the dangers
faced in coastal cities of the study area helps emergency
planners in making quick judgments about mitigation
measures. This helps in minimizing the vulnerability of the
areas herein analysed. In terms of future lines of action and
recommendations, the paper suggests the need for continu-
ous assessment, education, emergency planning, regular
tracking of climate change and mapping of the risks in the
years ahead.

In light of this finding, the practical use of a mix scale
approach involving primary data and GIS helped track the
extent and location of environmental vulnerabilities
prompted by climate change factors. The utility of GIS in
tracking coastal climate risk factors stands an update to the
current literature. This is essential in the assessment of risks
in coastal ecosystems such as the Southeast region of Mis-
sissippi and Louisiana. Considering that minor efforts were
made in the past to examine climate change issues and the
risks to the Southeast regional ecosystem, GIS technology as
used in this paper has fulfilled a useful purpose in mapping
the current problems and the impending risks and the critical
spots in the study area. Accordingly, the paper stands as an
effective tool for climate risk management and environ-
mental monitoring in a coastal ecosystem. Integrated data
analysis using climate risk information and GIS facilitated
the analysis of spatial diffusion of climate risk factors
threatening the coastal areas of Louisiana and Mississippi.

6. Conclusions

This research began by assessing the vulnerability of
coastal areas in the Southeastern states of Mississippi and
Louisiana using climate risk information. The paper identi-
fied the prevailing issues, and evaluation of the trends. To
analyze the trends, the project adopted the mix scale meth-
ods of GIS connected to descriptive statistics to map the
trends. Based on the analysis, it is evident that, the study
area’s coastal regions continued to experience the risks
posed by climate change impact. The extent of these risks in
the Southeast states of Mississippi and Louisiana especially
the coastal zones can be manifested by the intensity of an-
ticipated hazards to ravage both the natural and built envi-
ronments in the area and the current frequency of hazards.

The current and anticipated vulnerabilities for the South-
east coastal zones of Louisiana and Mississippi would stem
from a variety of risk factors. This would mostly come from
storms, coastal land loss, loss of barrier islands, flooding,
high and extreme temperatures and sea level rise. Other risk
factors embody damages to fresh water ecosystem due to salt
water intrusion, water scarcity in agriculture, threats to hu-
man health, and the growing hazards from coastal devel-
opment infrastructure in geologically unsteady terrains along
the shorelines[38].

Addressing the challenges associated with the threats of
climate change in coastal areas of Mississippi and Louisiana,
requires periodic assessment of the risks using geographic
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information systems. Without access to sufficient climate
risk information management tools to measure the precise
vulnerability of coastal zones areas, the ability of emergency
managers and cities to mitigate the dangers posed to infra-
structure, human lives and the economy and the environment
will be diminished. The results show a spatial diffusion and a
growing risk in vulnerable coastal areas in the two states[38].
Utilizing climate risk data and GIS techniques to analyze the
dangers faced in coastal cities of the study area helps mini-
mize their vulnerability. The paper offered numerous sug-
gestions including the need for continuous assessment and
mapping of the risks.

The practical applications of a mix scale approach in-
volving Geographic information Systems (GIS), spatial
mapping along with climate risk data, as analytical tools

have added another dimension to the literature. This tool has
been effective in detecting the vulnerabilities of coastal areas
of Louisiana and Mississippi to the dangers of change and
degradation partly prompted by coastal development, human
activities and natural factors. While the analysis showed
some interesting results for the Southeast coastal region of
the US. It is evident that descriptive statistics, climate risk
data and spatial mapping and GIS quickened the detection of
the geographic diffusion of the risks of water scarcity, wet-
land loss, coastal development infrastructure, the degrada-
tion unleashed from storms, sea level rise and others. In
closing, it is our belief that successful implementation of
some of the strategies outlined herein could lead to effective
climate risk management in the South east region[38].

Appendices
Appendix A Water Shortage Index For Louisiana
Louisiana Water Shortage Risk and Top Crop Production by County Value of All Crops in
Value of Top 3 Louisiana Crops, 2007 ($1,000) At Risk Counties
County Risk Level - $1.0000
Corn Soybean Rice ’
East Carroll High 47,981 $21,454 $10,407 $93,974
Morehouse High 49,328, $8,847, $10,648, $89,677
Tensas Moderate $33,339 $3,499 $0 $82,870
Madison Moderate $40,418 $10,642 $2,029 $70,498
Rapides Moderate $4,781 $4,960 $3,022 $63,863
Franklin High $40,180 $5,437 $0 $62,978
Acadia High $125 $10,209 $44,874 $56,238
Jefferson High $0 $5,149 $46,178 $54,225
St Landry Moderate $7,316 $21,587 $17,043 $53,455
Catahoula Moderate $13,621 $4,989 $2,927 $52,725
Ritchland High $29,373 $5,906 $0 $52,419
Avoyelles Moderate $4,322 $16,723 $7,344 $52,039
Concordia Moderate $14,723 $10,122 $3,313 $45,894
West High $10,391 $4,868 $1,616 $31,410
Evageline Moderate $366 $4,064 $18,951 $27,363
Caddo High $10,846 $708 $0 $24,637
Tagiapahoe High $0 $0 $0 $14,191
Quachita High $5,547 $839 $0 $11,851
Louisiana Water Shortage Risk and Top Crop Production by County Value of All Crops in
County Risk Level Value of Top 3 Louisiana Crops, 2007 ($1,090) At Risk Counties
Corn Soybean Rice $1,0000
Washington Moderate $922 $0 $0 $9600
Red River Moderate $5938 $902 $0 $9073
St High $0 $0 $0 $6685
Allen Moderate $55 $244 $6299 $6676
Lafayette Extreme $331 $691 $1223 $6367
Calcasieu Moderate $0 $0 $4409 $5698
Caldwell Moderate $728 $1018 $0 $5287
Iberville High $0 $2969 $0 $4159
Grant High $1029 $1599 $0 $3790
Iberia Moderate $0 $1791 $128 $2872
Bossier High $0 $1320 $0 $2742
Beauregard Moderate $295 $1099 $943 $2623
East Baton High $196 $0 $0 $2153
Lincoln Moderate $503 $176 $107 $1,997
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Louisiana Water Shortage Risk and Top Crop Production by County

Value of All Crops in
Value of Top 3 Louisiana Crops, 2007 ($1,000) At Risk Counties
County Risk Level $1,0000
Corn Soybean Rice
Livingston High $0 $0 $0 $782
St Mary Moderate $0 $571 $0 $747
East Moderate $377 $0 $0 $711
Clarborne Moderate $0 $0 $0 $305
Benville Moderate $0 $0 $0 $295
St James Moderate $0 $0 $0 $280
Winn Moderate $0 $0 $0 $271
Webster Moderate $0 $0 $0 $174
Sabine Moderate $0 $0 $0 $112
St Helena Moderate $0 $0 $0 $82
St Benerad Moderate $0 $0 $0 $77
St Charles High $0 $0 $0 $73
West Moderate $0 $0 $0 $35
Vernon Moderate $0 $0 $0 $29
Jackson Moderate $0 $0 $0 $22
Union Moderate $0 $0 $0 $16
Lasalle Moderate $0 $0 $0 $12
Appendix B Water Shortage Index For Mississippi
Mississippi Water Shortage Risk and Top Crop Production by County Value of All Crops in
Value of Top 3 Mississippi Crops, 2007 ($1,000) At Risk Counties
County Risk Level $1,0000
Corn Soybean Cotton
Bolivar Extreme $27,100 $57,524 $35,464 $180,719
Washington Extreme $42,906 $44,714 $21,005 $139,007
Sunflower Extreme $39,411 $41,418 $18,439 $129,704
Coahoma High $24,562 $27,818 $48,174 $119,489
Leflore Extreme $37,879 $27,954 $37,142 $114,254
Tallahatchi High $24,551 $29,798 $10,434 $79,276
Yazoo Moderate $41,827 $7,373 $22,832 $72,068
Sharkey High $25,116 $19,438 $21,380 $67,477
Humphreys Extreme $15,371 $17,501 $19,244 $62,136
Tunica Extreme $9,055 $17,604 $0 $46,223
Quitman High $6,537 $17,405 $7,574 $46,017
Calhoun Moderate $3,242 $3,708 $6,882 $43,115
Holmes Moderate $17,446 $8,502 $16,413 $42,517
Panola Moderate $11,317 $6,864 $5,223 $30,690
DeSoto High $3,321 $9,366 $3,420 $24,796
Issaquena High $12,762 $7,636 $0 $20,961
Tate High $3,944 $4,345 $4,572 $16,931
Madison High $8,776 $961 $2,849 $14,163
Monroe Moderate $5,505 $5,064 $945 $13,128
Lee High $3,173 $7,471 $2,291 $12,938
Chickasaw Moderate $2,722 $2,934 $977 $12,937
Carroll Moderate $4,013 $2,410 $6,142 $12,721
Warren Moderate $5,872 $2,649 $3,300 $12,655
Hinds Moderate $6,504 $1,037 $0 $9,050
George High $387 $0 $837 $8,692
Pearl River High $0 $0 $0 $8,521
Marshall High $1,951 $2,562 $747 $8,034
Pontotoc High $2,829 $2,385 $660 $7,416
Lowndes Moderate $4,184 $1,304 $0 $6,074
Yalobusha High $1,447 $1,348 $2,197 $5,995
Jefferson Moderate $1,679 $279 $3,204 $5,164
Union High $1,490 $3,551 $0 $5,138
Grenada Moderate $1,004 $1,057 $2,845 $4,932
Tippah Moderate $2,281 $2,057 $0 $4,855
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Mississippi Water Shortage Risk and Top Crop Production by County Value of All Crops in
. Value of Top 3 Louisiana Crops, 2007 ($1,000) At Risk Counties
County Risk Level Corn Soybean Cotton $1,0000
Webster Moderate $0 $0 $3,702 $4,727
Montgomery Moderate $1,501 $398 $2,522 $4,700
Alcorn Moderate $2,676 $1,504 $0 $4,255
Jones High $52 $0 $0 $4,158
Prentiss Moderate $0 $2,212 $1,276 $3,754
Lafayette High $681 $462 $1,736 $3,449
Clay Moderate $1,205 $944 $0 $3,427
Attala Moderate $1,168 $0 $2,079 $3,409
Lamar High $96 $0 $0 $3,306
Wayne Moderate $0 $0 $0 $3,285
Rankin High $1,375 $631 $416 $3,179
Clarke Moderate $48 $0 $0 $2,854
Covington Moderate $0 $194 $0 $2,531
Benton Moderate $867 $1,462 $174 $2,519
Claiborne High $2,265 $0 $0 $2,309

Appendix C

Land Area In Costal Louisiana Physiographic Province
Year Land Water
1956 15,154.1 14,462.6
1978 12,916.3 16,704.6
1985 12,590.0 17,026.7
1988 12,672.0 16,943.8
1990 12,587.4 17,029.3
1998 11,934.7 17,682.0
1999 12,351.7 17,265.0
2000 12,038.3 17,578.4
2001 12,222.2 17,394.5
2002 12,204.1 17,412.6
2004 12,173.0 17,443.7
2005 11,605.8 18,010.6
2006 11,660.2 17.956.5

Source: (USGS 2008)

Appendix D

Land Area In Costal Louisiana Physiographic Province

Year Area Change Percent Area Change
1956-1978 -2,237.8 -64.0
1978-1990 -328.8 -9.4
1990-2001 -365.3 -10.5
2001-2004 -49.2 -14
2004-2006 -512.8 -14.7
1956-2006 -3.493.9 100.0

Source: (USGS 2008)

Appendix E

Fisheries and Aquaculture

Mississippi is home to the most lucrative aquaculture op-
eration in the United States, producing food fish, bairfish,
shrimp, crawfish and Oysters with an annual value of $290
million. The state’s fishing industry is also ranked the second
biggest among the five Gulf states which is mostly reliant on
stable coastal wetlands and clean coastal waters[9]. Just as
Mississippi, Louisiana has a lucrative fish and sea food in-
dustry. The state’s aquaculture industry, known for the
production of food fish, bairfish, shrimp, crawfish and Oys-

ters is ranked seventh nationally in the US. Coastal Louisiana
often called the crayfish hub of the globe is extremely sen-
sitive to fluctuations in the availability of fresh water and to
salt water seepage into crayfish ponds[8].

The growing pace of sea level rise and drops in precipita-
tion in coastal areas will amplify the risk of permanent or
occasional salt water intrusion into these ponds, thereby
drastically affecting production in both states. Based on the
existing climate models, there would also be higher salt
concentrations, less nutrient input, less flushing and overall
less quality water in the near shore waters in these areas as
well. If the salt tolerance level of organisms in marshes,
mangroves and sea grass-beds is surpassed, fluctuations in
the food web and possible drop in fish and shell fish harvest
would occur in both states. Should wetlands migration occur
inland as sea level rise continues, the production of estuarine
dependent fisheries, such as shrimp will either grow or drop
depending on the dimension and quality of the new habitat
across time[9].

Fresh Water Resources

The current populations in the study area have been put at
2.8 million for Mississippi and 4.5 million for Louisiana.
Both numbers are projected to increase to about 3.1 million
by 2025 and 5 million in 2020 respectively. The states
freshwater resources will be more and more used up for city
development, agricultural irrigation, the containment of salt
water intrusion into coastal aquifers, and aquaculture and the
preservation of healthy ecosystems will be critical. These
competing demands on limited freshwater will trigger fresh
water resource challenges[9,8].

In coastal areas, the threat to freshwater resources will
come from the combined effect of salt water intrusion due to
sea level rise and the projected decrease in rain fall. Salt
water intrusion also threatens freshwater withdrawals from
the Mississippi River and other areas such as Bayou La-
fourch. As global warming continues, more climate extreme
events will accelerate frequent runoffs likely to over stretch
sewage systems. This would result in the pollution of surface
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and coastal waters with grave consequences for public hy-
giene and the fishing sector. Where salt water intrudes into
coastal ground water source as a result of sea level rise, fresh
water resources could be at risk. Similarly, saltwater intru-
sion into fresh water marshes also impedes vegetation with
low salt tolerance in a manner that alters the composition and
functional capability of the ecosystems. Higher water tem-
peratures will alter aquatic ecosystems by changing aquatic
food webs and the ecosystems. Such extreme temperatures
will impact water quality by reducing the amount of dis-
solved oxygen with extreme cases of fish death[9,36]. In fact,
increased salinity since the 1950 has resulted in the decline
of bald cypress forests in Louisiana[3].

Human Health

Health problems linked to global warming come from a
multifaceted mix of interacting human and ecological factors.
While these are chiefly critical for seniors and other suscep-
tible groups, air and water quality, seafood safety and storm
related concerns pose a major risk for most residents and
visitors. With the July temperature level expected to inten-
sify mainly in Southern United States. Urban areas such as
Baton Rouge, New Orleans, Shreveport and Jackson Mis-
sissippi are principally at risk to extra heat waves. Both states
would experience rising number of heat related casualties
especially among senior citizens and the populations at the
margin. In fact, poor and young people who are unable to
protect themselves from heat waves would have hard times
surviving. Rising temperature will also trigger bigger pro-
duction of ground level ozone, which, when mixed with
elevated levels of air pollutants and higher pollen counts,
could seriously diminish air quality[8].

Metro areas such as Baton Rouge, already cited as in
non-compliance with federal air quality standards, will
probably experience far more bigger problems. On Louisi-
ana’s coast, viral and bacterial contamination of shell fish
has frequently caused sicknesses resulting in the closure of
vital fisheries. The protozoan Perkisnsus marinus stands as
the most deadly pathogen menacing the Gulf’s important
oyster industry. The frequency of P marinus has been linked
to salinity and temperature, with low temperatures and sa-
linities inhibiting infections and higher temperatures and
rising salinities usually escalating it. Climate change will
probably create favourable conditions for the breeding of P
marinus. This will in turn threaten the stability of marine
ecosystem in the study area[8§].
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