
PREPARING FOR EMERGENCIES

James McQoy, Chair



Estuarine and Coastal Management •Tools ofthe
Trade. Proceedings ofthe Tenth National Conference
of TheCoastal Society. October 12-15.1986. New
Orleans. LA. Copyright byThe Coastal Society
1987.

SYNOPSIS OF IMPACTS FROM THE
1985 GULF OF MEXICO HURRICANES

Jerry Brashier andSusan B.Gaudry
Minerals Management Service
1420SouthClearriew Parkway

New Orleans. LA 70123

Johnnie W. Tarver
Departmentof Wildlife and Fisheries

Fur& Refuge Division
P.O. Boa 15570

BatonRouge,LA 70395

INTRODUCTION

In recent years, hurricanes have had a great Impact on offshore oil
development in addition to posing threats to residents of coastal regions
and causing extensive economic damage. Hurricane Camllle (1969) caused
262 deaths and record tidal surges of 22.9 ft. (6.9 a) in Mississippi.
Three offshore platforms were affected; the first was completely
destroyed, the second was severely damaged and removed from the offshore,
and the third platform suffered damages but was repaired and reused
in another area. The damage to these three platforms, plus 5,997 ft.
(1,828 •) of pipelines, exceeded $40 million.

Other hurricanes which have caused destruction to offshore development
are as follows: Hurricane Hilda (1964) destroyed six platforms;
Hurricane Carmen (1974) caused four pipeline breaks; Hurricane Eloisc
(197S) caused one pipeline break; and Hurricane Bob (1979) caused one
pipeline break (DcUald, 1982).

OVERVIEW OF 1985 HURRICANES

Tropical Storm Bob (July 1985) hit the Florida coast in the vicinity
of Naples/Ft. Myers with 50 mph winds and heavy rains totaling 11 inches
in a 24-hour period. No injuries wero reported and only minor damage
resulted to properties along the coast.

The southwest coast of Louisiana was hit by Hurricane Danny (August
198S) with guata of winds reaching 100 mph. Flash floods, tornadoes,
and power failures resulted which forced hundreds of people from low-
lying homes. No deaths resulted from the storm.
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The evacuation of more than 500,000 people from Louisiana to Florida
was the result of Hurricane Elena (September 1985). Although she caused
millions of dollars worth of property damage, no deaths or serious
injuries resulted. Winds were recorded up to 125 mph, and at least
10 tornadoes were sighted.

Hurricane Juan (October/November 1985) intensified so quickly that
the offshore oil and gas industry was unable to evacuate personnel
on many rigs and platforms. As a result, massive rescue of more than
140 people was performed by the U.S. Coast Guard. When the legs
collapsed on a Ponrod 61 drilling rig, 43 people evacuated into escape
capsules; however, one capsule swamped, which resulted in the death
of one crewman. By October 31, Hurricane Juan had come within 60 miles
of Hew Orleans. Seven lives were lost and 50,000 homes were flooded.

Hurricane Kate (November 1985) was the first November storm to hit
the U.S. coast in 50 years. About 100,000 people left their homes
before the storm hit the Florida panhandle. Sixteen people, including
10 in Cuba, lost their lives. Kate's winds were recorded at 75 mph
and up to 8 inches of rain fell in some areas.

Natural Resource Losses in the Central Gulf Area

Hurricanes and winter storms are major contributors to the destruction
of Louisiana's barrier islands. High wave energy and the associated
storm surges erode the land areas, particularly the shorelines.

The 1985 hurricanes resulted in hurricane levee failure and North Shore

beach erosion at Lake Pontchartraln; beach erosion of 25-75 ft., breach
ing, dune destruction, and backbarrier de-vegetation at Chandeleur
Islands; beach erosion of 25-75 ft., breaching and backbarrier de-vegeta
tion at Plaquemines barrier shoreline; beach erosion of 25-100 ft.,
breaching, dune destruction, seawall failure, partial hurricane levee
destruction, and backbarrier de-vegetation at Bayou Lafourche barrier
shoreline; beach erosion of 24-100 ft., breaching, dune destruction,
and backbarrier de-vegetation at Isles Demieres; beach erosion of 20-50
ft., breaching, and wildlife refuge damage at Teche Basin, and beach
erosion of 20-60 ft., breaching, and wildlife refuge damage at Chonier
Plain (Penland et al., 1986).

Impacts of Hurricane Danny on wildlife in the State of Louisiana were
heavy. Alligator nests and eggs were destroyed throughout the marshes
from Pecan Island to Pearl River, including north of Vermilion Bay,
West Cote Blanche Bay, East Cote Blanche Bay, and Atchafalaya Bay. Deer
on Harsh Island were severely impacted (50 percent loss) and an unknown
number lost at other wildlife refuges. Thousands of nutria and muskrat
carcasses along with raccoons, rabbits, and clapper rails were found
in the Louisiana coastal areas. It was estimated that 60 to 70 percent
of the nutria population was lost. Much of the vegetation, except
wiregrasa, was burned from high salinity water (Tarver, 1985a).

Hurricane Juan adversely affected the Louisiana shrimp industry.
Considerable debris and detritus were deposited on tho shrimping grounds,
resulting in losses to fishing gear and a loss of fishing time. The



storm dispersed the population of shrimp, caused premature immigration,
resulted in some shrimp mortalities, and resulted in a decrease in
shrimp landings (Chatry, 1986).

Ninety percent of the Alabama oyster resources were lost as a result
of Hurricane Elena. All major reefs—Cedar Point, Buoy, and Kings
Bayou—were impacted. The most productive reef. Cedar Point Roof
(Mobile County), was virtually destroyed. Estimates were that restora
tion of 1,184 acres of reef area by planting adequate cultch material
should result in replacement of the loBt oyster resources within a period
of 1.5-2.0 years, providing adequate spat set occurs (Tatum, 1985).

Damage estimates of the 1985 hurricanes off the Mississippi coast
resulted in the death of approximately 10,000 marine birds (primarily
eastern kingbirds, oven-birds, rails, herons, and egrets) and in a
massive nutria kill (Thomas, 1986).

Natural Resource Looses in the Eastern Gulf Area

Hurricane Elena affected the beaches and shores of the Florida
coast from Escambia County through Sarasota County, a shoreline distance
of about 494 statute miles. Balslllie (1985) performed a Type I erosion
value analysis relative to Hurricane Elena's effects on Florida beaches
and shores. This was an average for sampled profiles where only erosion
occurred. Through this analysis, it was determined that beach and coast
erosion volumes for Pinellas, Pranklin, Gulf, and Escambia Counties
ranged from 8.3 to 15.6 cubic yards per shorcfront foot of coast. The
average erosion was 10 cubic yards per foot.

At tho St. Vincent NWR, tho 1985 Gulf of Mexico hurricanes resulted in
the death of five deer; tvo loggerhead sea turtle nests and both eagle
nests on the island were destroyed (Holloman 1986) . A dolphin was
temporarily stranded on tho beach and there were massive fish kills in
the freshwater lakes on the island. Many trees and understory vogota-
tion were destroyed or damaged. At the St. Marks NWR, seven eagle nests
were destroyed, fish were killed in an impoundment, and some trees were
destroyed or damaged (White, 1986).

Economic Looses in the Central Gulf Area

offshore losses to the oil and gas industries wero extensive. Some of
the losses follow: Bright (1985) reported thata Ponnzoil 6 inch pipeline
at South Pasa Block 78 broke three times during the 1985 hurricanes,
resulting in estimated repair costs of $800,000 from Hurricane Juan and
$1,600,000 from Hurricane Elena. Wallis (1985) estimated $36,000 for
replacement of three Southern Natural Gas motor station sheds and
$5,000,000 to replace and put back in operation an 18-inch pipeline at
South Pass Block 60. Linton (1985), with Chevron Pipeline Company,
estimated that Hurricane Juan resulted in a $1,000,000 mudslide pipeline
break at South Pass Block 78. Other Chevron Pipeline Company replace
ment/repair cost estimates for Louisiana onshore and offshore facilitiea
as a result of Hurricane Juan included: $368,800 for an oil treatment
terminal at Main Pass Block 69; $287,000 for a Fourchon oil treatment
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terminal; $220,000 for an oil storage facility at Bay Marchand; $4,000
for a business office/shop at Leevllle; $38,000 for an oil storage
facility at Empire; $83,000 for West Delta tank battery; and $81,000 for
personnel evacuation. Production platforms were damaged in several
offshore areas including South Timbalier, Ship Shoal, Eugene Island,
Vermillion, Dostin Dome, and Mobile. The Coast Guard (1986) reported
vessel casualty damage at almost $9,000,000 and $1,000,000 as a result
of Hurricanos Elena and Danny, respectively.

The seafood industry suffered total damages in excess of $54,000,000
as a result of the 1985 hurricanes (Dawley, 1986). In Louisiana, this
included damages to 50 seafood plants, 9 vessels, 1 machine shop and
the destruction of 1 plant and 4 vessels. This, including industry-
related damage, resulted in losses of $3,143,000 (Simpson, 1986). In
Mississippi, Hurricane Elena damaged 30 seafood plants and destroyed
another, damaged 8 vessels, caused considerable plant and equipment
damage to 3 local shipyards, and caused significant industry-related
damage, which resulted in total damage estimates of $2,386,500. In
addition, Tatua (1985) requested $1,492,088 in disaster funds to be used
in replanting three very productive oyster reefs in the coastal area of
Alabama. The economic loss from the 1985 hurricanes to the Alabama
oyster industry was $48,000,000.

The Louisiana Department of Wildlife and Fisheries summarized hurricane
impacts on Louisiana's wildlife refuges and management areas (WMA's)
as follows: Hurricane Juan damaged the Pass-A-Loutre HMA headquarters
and destroyed equipment there in the amount of $17,054; damaged the
Salvador WMA headquarters, destroyed equipment, and damaged a levee
and water control structure with a cost estimate of $73,000; and damaged
the Pointe-Au-Chien WMA headquarters, destroyed equipment, and damaged
levee and water control structures in tho amount of $539,797. Damage
cost estimates at the Marsh Island Refuge totaled $13,346,140 for
equipment roplacement, equipment repairs, levee and water control
structure repairs, and for miscellaneous repairs including the replace
ment of boundary signs and lost lumber. Losses at the Atchafalaya Delta
WMA for damage to the generator and storage sheds, equipment roplacement,
and loss of shell on a ring levee totaled $32,400. At tho State Wildlife
Refuge, the cost estimate was $918,840 for headquarters repairs, levee
and water control structure repairs, and miscellaneous damage repair.
Levee and wator control structure repairs, along with some miscellaneous
repairs, were estimated at $13,898,000 at Rockefeller Wildlife Refuge.
At St. Tammany Refuge the cost estimate was $1,161,000 for levee and
water control structure repairs. Restoration of the levee shoreline
at the Manchac Management Area was estimated at $1,650,000 (Tarver,
1985b).

Estimated costs for highway repair and related damages by the Louisiana
Department of Transportation and Development for Hurricanes Danny and
Elena were $453,640 and for Hurricane Juan $1,957,139 (Creagon, 1985).
Road/road-rolated repair coots in coastal Alabama for Hurricane Elena
were $561,000 for Baldwin County and $156,500 for Mobile County
(Poiroux, 1986.)



Hurricane Juan resulted in a $194,663,585 agricultural economic Iobs
in Louisiana. This included $174,934,146 for crops, $11,951,664 for
soybean quality loss, $5,686,500 for total inaovablcs (farm buildings,
mobile homes, service buildings, equipment and land damage), $450,250
for livestock, and $1,641,025 for aquaculture (Byrd, 1986).

The 1985 hurricanes resulted in impacts on schools, public offices,
and other facilities/operations in Louisiana. The American Red Cross
(1986) reported that it provided $8,000,000 in assistance to families
in south Louisiana as a result of Hurricane Juan and $400,000 as a

result of Hurricane Danny.

Hurricane Danny forced a major evacuation of the Mississippi coast.
It cost property owners in Mississippi an estimated $51,000 in damages.
Hurricane Elena was particularly devastating to the area, with damage
estimates of more than $500,000,000. Approximately $500,000 to $700,000
in damages, duo to flooding, were the results of Hurricane Juan (Sun
Herald, 1986).

Total cost estimates reported for 1985 hurricane damages to the coastal
counties of Alabama were: $336,969 for State agencies; $1,041,620
for Baldwin County, and $1,722,806 for Mobile County. These were
estimates for eligible applicants under the Public Assistance Program
(Bennett, 1986).

Economic Losses in the Eastern Gulf

Balsillie (1985) conducted Type II volumetric erosion values relative to
Hurricane Elena. These values included all profiles regardless of gain
or loss of beach/coast. From those values, it was suggested that the
lower Gulf and panhandle coasts of Florida resulted in $12,400,000 to
$22,900,000 of beach and coast erosion damages.

As a result of the damage to the Apalachicola oyster reefs from Hurricane
Elena, $1,570,000 was requested for emergency funding under Chapter 4.B.
of the Marine Fisheries Research and Development Act (PL 88-309) to
reconstruct natural oyster reefs (Simpson, 1986). Estimated losses in
potential oyster production in Apalachicola Bay's Cat Point Bar and
East Hole Bar exceeded $30,000,000. Estimated losses in potential dock-
side revenues from harvests exceeded $6,000,000 (Berrigan, 1986).

Hurricane Elena resulted in replacement/repair cost eatimates of $128,500
for the St. Vincent NWR. At the St. Harks NWR, cost estimates to repair/
replace items damaged by Hurricane Elena were estimated to be $49,000.
Hurricane Kate resulted in $40,000 worth of damage to the refuge (White,
1986). Cost estimates for damages to the Gulf Islands National Seashore
in Gulf Breeze, Florida, were in excess of $72,000. Uninsured damages
on Florida's state parks as a result of Hurricane Elena were estimated
at $702,664 (Barber, 1986). Hurricane Elena damages expected to be
covered by insurance on Florida's state parks were estimated at $52,684
(Barber, 1986).
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U.S. Highway 98 damage estimates wore $750,000 for Hurricane Elena and
$1,500,000 to $2,250,000 for hurricane Kate. The 1985 hurricanes result
ed in $2,500,000 to $3,000,000 in damages to the St. George Island Cause
way. Miscellaneous highway damages in Gulf County amounted to $50,000
(Spangenbcrg, 1986).

Conclusion

Tho 198S Gulf of Mexico hurricanes were both environmentally and eco
nomically devastating. In the Central and Eastern Gulf of Mexico areas,
coastal erosion and land loss were tremendous. Wildlife losses wero
fairly heavy in tho Central Gulf aroa but appeared to bo less in the
EasternGulf area. Oyster resources were heavily Impacted in the Central
Gulf area (Mobile Bay) as well as in the Eastern Gulf area (Apalachicola
Bay). The oil and gas industries suffered millions of dollars in losses
in the Central Gulf. Wildlife facilities and parks suffered heavy
economic losses in both areas. Likewise, highway damages in both areas
wore in the millions of dollars. Agricultural damagos wore heavy in
tho Central Gulf area. The 1985 hurricane season serves to underscore
the continued importance of sound evacuation procedures and safety
measures for the offshore industry, fishermen, wildlifo managers and
local residential coanunities.
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IMPROVED QUANTITATIVE ASSESSMENTS
OF ENVIRONMENTAL HAZARDS

Donald T. Resio
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One of the majorproblemsfacing decision-makers todayrelates to the lack of quantitative
guidancethat they receive fromscientistsandengineers. Measurements from varioussourcesare
frequently piecemeal anddo not provideanoverviewof theenvironmental concerns. Sophisticated
models aredeveloped and then appliedto only a small rangeof selectedconditions. Conflicting
hypotheses are oftenput forward based onthese sparce data andinterpretations of environmental
interactions. This often leaves the decision-making process primarilydictated by bureaucratic
considerations.

A statistical methodology for obtaining a better quantitative characterization of
environmental hazards is used to obtain improved quantitative estimates of risk. This statistical
technique is basedon aconvolution of spatial fields andcanbe usedto obtainimprovedestimates
of univariate and multivariate distributions of parameters. In turn, these distributions can be
integrated toobtain risksof threshold exceedance, durations of exceedance conditions, andrange
ofconditions leading up to the exceedance.

In overview of the FEMA-defined flood zones applied in southern Louisiana it was
shown that the older methods used to define these levels appearto be quite over-conservative.
Second, ananalysis of theuseof this technique to evaluate thehazards due to encountering spills
(oilor toxicmaterials) hasshownthatthese riskscanbequantitatively evaluated in a fashion that
can provideuseful guidanceto decision makers.

One of the majoradvantages of this new methodology lies in the increased ability to
predict environmental extremes. Inapplications tooffshore wave-related hazards in theGulfof
Mexico, it has been shown to provide approximately 10 times more information than a
conventional site-by-site analysis. Another advantage is inherent in theability of thistechnique to
estimatenonlinear multivariate relationships amongseveral environmental parameters. Standard
multivariate statistical methods (such as multiple regression, canonical correlation analysis,
principal componentanalysis, and factor analysis) areallbasedon linearalgebra andaredifficult to
apply in situationswhere interrelations arehighly nonlinear(such as the relationships between a
direction quantity and a speed quantity).
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LAND LOSS, ITS REGIONAL IMPACTS
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Abstract only

Two-thirds of the world's population and more than 40 of its largest cities are located in
coastal areas. In the United States 75% of the population lives in close proximity to the sea.
Human occupancy within 2 kilometers of the ocean shore is now increasing at more than three
times the national growth rate.

These cultural elements and associated physical forces are the shorelines worst enemy.
Together, they are also responsible for the loss of a considerable portion of America's wetlands.

In the United States,between 1955and 1975,estimatesof wetlandlosses rangedas high
as 220,000 hectares annually, most ofwhich was attributedto human activities. Louisiana may be
the best example of coastalproblemsin theUnited Statesbecauseits coastlinehas changedmost
often. Partsof the state'scoast aredisappearing at more than 30 meters a year.

With 41% of the country's coastal marshes, the destruction of Louisiana's alluvial
wetlandsis serious. Acceleratedby an estimatedsealevel rise of 1.2 mm/year and a subsidence
rate thatexceeds 40 mm/year at the Mississippi delta, Louisiana is losing some of its most valuable
land. Thestate annually loses 103J km2 of itscoastal marshes - every 49minutes another hectare
becomes open water. For the first time in recent history, the region is changing from an areaof
net land gain to an areaof net landloss. The landthatis lost is not site specific, but includes the
entire coast. No sections are spared.

The barrierislands areretreating,coastalhighways are falling into the Gulf of Mexico,
and, in general, the region's "first line of defense" against hurricanes is threatened. Further,
saltwater intrusion isendangering thearea's drinking water and aquatic habitats. The problem is
acute. Numerous local, state, and federal agencies have initiated "solutions" that include
everything from beach nourishment, tothe possibility ofredirecting the Mississippi inan attempt to
try to correct the problem. Nevertheless, the future will present some interesting problems, since
"high" land, already scarce, will be at a premium. The cumulative economic effect will be
measured in the billions of dollars.
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RELATIVE SEA LEVEL RISE AND SUBSIDENCE
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Introduction

Coastal erosion in Louisiana

Louisiana is experiencing the most severe land loss and barrier island
erosion problem In the United States (Fig. 1). Land loss rates in the

Mississippi River delta plain exceed 102 km2 per year (Gagliano et al.
1981). Louisiana experienced a decrease in total barrier island area of

about 37 percent, from 92.4 km2 to 57.8 km2 between 1680 and 1979 (Pen-
land and Boyd, 1981, 1982). Current predictions indicate the entire
Plaquemines Parish delta plain will be converted into open water within

52 years, based on a land loss rate of 35.73 km2 per year and that the
entire Terrebonne delta plain will be converted into open water within

102 years, based on a land loss rate of 27.7 km2 per year (Gagliano et
al., 1981). Between 1887 and 1979, the Terrebonne Parish barrier

islands decreased in area from 48.3 km2 to 18.3 km2. At a rate of 0.326

km2 these islands will be converted to submerged sand shoals in 56 years
(Penland and Boyd, 1981; Fig. 2). Rapid relative sea level rise induced
by delta plain subsidence and combined with a deficit of terrigenous
wetland sedimentation are the primary factors driving the rapid deteri
oration of the Louisiana coastal zone.

Previous sea level rise studies

Previous Investigations have documented that the analysis of tide gauge
records is a valid technique for measuring relative sea level rise and
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subsidence in Louisiana (Manner, 1952, 1954; Gornitz et al., 1982;
Hicks, 1978; Hicks et al., 1983; Pirazzoli, 1986; Penland et al., 1987a,
1987b). A comparison of early relative sea level rise rates for Louisi
ana indicates rates can be as high as 4.3 cm/yr (Swanson and Thurlow,
1973). This early study by Swanson and Thurlow (1973) utilized tide
gauge records from the Hisslsslppi River delta plain with a period of
record from 1959 to 1970 for a total of 11 years. A comparison of the
Swanson and Thurlow (1977) data set with other, more recent data sets
(Byrne et al., 1976. 1977; Hicks and Crosby, 1978; Gornitz et al.. 1982;
Oelaune et al., 1983; Penland et al-, 1987a, 1987b; Pirazzoli, 1986)
suggests that the 4.3 cm/yr relative sea level rise rate is anomalous
because the period of record used (1959 to 1970) is too short and
because it reflects a secular period of relative sea level rise. Typi
cally, the longer the period of record for a tide gauge station, the
lower the rate of relative sea level rise. This comparison indicates
that the period of record must exceed more than 2 complete lunar epochs
(18.5 yr) before the water-level time-series can truly begin to resolve
relative sea level rise and subsidence. Our investigation represents
the first systematic regional analysis of all National Ocean Survey
(NOS) tide gauge stations in Louisiana and the Gulf of Mexico using only
the long-term water level histories.

The National Ocean Survey (NOS) tide gauge network was analyzed in the
Gulf of Mexico in order to determine the rates of relative sea level
rise and subsidence impacting Louisiana and other Gulf Coast states.
The oldest NOS tide gauge in the Gulf of Mexico was established at Key
West in 1913 (Fig. 3). The oldest NOS tide gauge station in Louisiana
is the Eugene Island station, established in 1939.

NATIONAL OCEAN SURVEY TIDE STATIONS

Figure 3. Location diagram of the National Ocean Survey (NOS) tide
gauge stations used In this investigation.



Objectives

The first objective of this paper is to document the rate, distribution
and character of relative sea level rise and subsidence in Louisiana
based on the analysis of long-term tide gauge records. The second
objective is to compare the results of the Louisiana analysis with the
results of tide gauge analysis from Texas, Mississippi, Alabama, and
Florida in order to determine the regional variability of relative sea
level rise and subsidence in the Gulf of Mexico.

Tide Gauge Data and Analysis

Data base and analysis

The two NOS tide gauge stations located in Louisiana at Grand Isle (I)
and Eugene Island (II) are considered to have the best resolution of all
the stations in Louisiana. The tide gauges at these stations record
water-level measurements every six and sixty minutes, 24 hours a day, at
locations that have direct tidal exchange with the Gulf of Mexico. The
Grand Isle station (I) at Bayou Rigaud has a 31-year period of record
between 1947 and 1978. The period of record for the Eugene Island sta
tion (II) is 36 years between 1939 and 1974. The NOS provided summaries
of daily mean, high and low water levels at each station (Hicks et al.,
1983). This data base was averaged into summaries of mean monthly and
annual water levels. For each station, a time-series plot of the annual
water level history was constructed. A linear regression was performed
on the complete data set in order to produce a best-fit straight line
with a slope equal to the rate of relative sea level rise. A relative
sea level rise rate based on the entire record was produced. Next, the
tide gauge record was divided into two 18.5-year time intervals in order
to balance the effects of the lunar epoch. The lunar epochs were
defined as 1942-1962 and 1962-63 (Hicks, 1968). The same procedure was
then followed again for each lunar epoch as performed for the entire
record, which yielded a rate for relative sea level rise. This proce
dure was followed in order to detect either an acceleration or decelera
tion in sea level rise conditions between the lunar epochs and for the
entire record. The maintenance history for each station was reviewed in
order to remove any errors in the data due to re-positioning or damage
to the station. This same procedure was then performed again for NOS
tide gauge stations in Texas, Mississippi, Alabama and Florida. Tide
gauge stations with sufficient record included Port Isabel (III) and
Galveston (IV) in Texas, Biloxi (V) in Mississippi, and Pensacola (VI),
Cedar Key (VII). St. Petersburg (VIII), and Key West (IX) in Florida.

NOS Tide Gauge Results - Gulf of Mexico

Louisiana

The Bayou Rigaud tide gauge station (I) at Grand Isle lies behind this
barrier island on the Exxon Dock adjacent to Barataria Pass (Fig. 3).
NOS established a new station at the U.S. Coast Guard Station, renaming
it East Point after the Bayou Rigaud station was destroyed. It was re-
leveled in 1978. Between 1947 and 1978, relative sea level rose stead
ily at a rate of 1.03 cm/yr. Analysis of the water level histories
indicates that the rate of relative sea level has accelerated from 0.30
cm/yr to 1.92 ctn/yr.
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The Eugene Island station (II) is located on the Point Au Fer shell reef
system 8.0 km south of the prograding Atchafalaya River delta (Fig. 3).
In recent years this station is becoming more and more contaminated by
the Atchafalaya River flooding such as the spring floods of 1972 and
1973. Analysis of the entire record indicates a relative sea level rise
rate at Eugene Island of 1.19 cm/yr between 1939 and 1974 (Fig. 4).
Analysis of the lunar epochs indicates relative sea level rise has
accelerated from 0.95 cm/yr for the first epoch to 2.17 cm/yr for the
second epoch. Table 1 lists the statistics for the Grand Isle (I) and
Eugene Island (II) NOS tide gauge stations.

Texas

The Galveston tide gauge station (III) is located on the east end of
Galveston Island on the north Texas coast (rig. 3). This station is
connected to the Gulf of Mexico by the Houston Ship Channel. The period
of record is between 1908 and 1980 and the rate of relative sea level
rise for the entire period of record Is 0.62 cm/yr. The acceleration in
relative sea level rise is from 0.32 cm/yr for the 1942-1962 lunar epoch
to 1.17 cm/yr for the 1962-1982 lunar epoch (Fig. 4).

To the south at the border of Texas and Mexico, the Port Isabel tide
gauge station (IV) is located on the mainland shoreline of Laguana Madre
at the south end of Padre Island (Fig. 3). For the period of record
between 1944 and 1979 the rate of relative sea level rise was 0.33
cm/yr. The acceleration in relative sea level rise is from -0.03 cm/yr
for the 1942-1962 lunar epoch to 0.86 cm/yr for the 1962-1982 lunar
epoch (Fig. 4).

Mississippi - Alabama

The Biloxi tide gauge station (V) is located on the mainland shoreline
of Mississippi Sound, landward of Ship Island (Fig. 3). This tide gauge
station is connected to the Gulf of Mexico by Dog Keys Pass. The period
of record is from 1939 to 1983. A relative sea level rise rate of 0.15
cm was determined for the entire period of record. A slight accelera
tion in relative sea level rise was determined at -0.20 cm/yr for the
1942-1962 lunar epoch to 0.08 cm/yr for the 1962-1982 lunar epoch (Fig.
4).

Florida

The Pensacola tide gauge station (VI) is located on the mainland
shoreline of Escambia Bay near the west end of Santa Rosa Island (Fig.
3). This tide gauge station is connected to the Gulf of Mexico by Per-
dido Pass. Analysis of the entire period of record between 1923 and
1980 indicates that the relative sea level rise rate is 0.23 cm/yr. The
relative sea level rise acceleration is from 0.05 cm/yr for the 1942-
1962 lunar epoch to 0.46 cm/yr for the 1962-1982 lunar epoch (Fig. 4).

The Cedar Key tide gauge station (VII) is located on an island between
Suwannee Sound and Waccassau Bay in the Big Bend region of Florida (Fig.
3). A relative sea level rise rate of 0.17 cm/yr was determined for the
entire period of record between 1914 and 1980. The relative sea level
rise acceleration rate was 0.13 cm/yr for the 1942-1962 lunar epoch to
0.31 cm/yr for the 1962-1982 lunar epoch (Fig. 4).



TABLE 1

REUTIVE SEA LEVEL RISE RATES
IN THE

NORTHERN GULF OF KEXICO:
NATIONAL OCEAN SURVEY TIDE GAUGE STATIONS

STATION

NUMBER

STATION
NAME

STATION
LOCATION

RECORD

PERIOD
FIRST
EPOCH

SECOND
EPOCH

ENTIRE
RECORD ACCELERATION

I Eugene Island Louisiana 1939-1974 0.95 2.17 1.19 1.22

II Grand Isle Louisiana 1947-1978 0.30 1.92 1.03 1.62

III 6a Weston Texas 1908-1980 0.32 1.17 0.62 0.85

IV Port Isabel Texas 1944-1979 -0.03 0.86 0.33 0.89

V Biloxi Mississippi 1939-1983 -0.20 0.08 0.15 0.28

VI Pensacola Florida 1923-1980 0.05 0.46 0.23 0.41

VII Cedar Key Florida 1914-1980 0.13 0.31 0.17 0.18

VIII St. Petersburg Florida 1947-1980 0.01 0.29 0.16 0.28

IX Key West Florida 1913-1980 0.10 0.40 0.22 0.30
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The St. Petersburg tide gauge station (VIII) is located on the northern
shore of Tampa Bay. This tide gauge station is connected to the Gulf of
Mexico by a series of tidal inlets along the Tampa Bay barrier shoreline
(Fig. 3). The period of record is from 1947 to 1980 and the analysis
indicated the relative sea level rise rate is 0.16 cm/yr. The accelera
tion in sea level rise was 0.01 cm/yr for the 1942-1962 lunar epoch to
0.29 cm/yr for the 1962-1982 lunar epoch (Fig. 4).

The Key West tide gauge station (X) is located at the extreme western
end of the Florida Keys in the southeastern Gulf of Mexico (Fig. 3).
The relative sea level rise rate of the period of record between 1913
and 1980 is 0.22 cm/yr. The acceleration in relative sea level rise was
from 0.10 cm/yr for the 1942-1962 lunar epoch to 0.40 cm/yr for the
1962-1982 lunar epoch (Fig. 4).

Regional Comparison

Gulf of Mexico - NOS tide gauge stations

In comparison with other U.S. Gulf Coast states, Louisiana is experi
encing the highest rate of sea level rise in the Gulf of Mexico. The
zones of highest sea level rise are associated with the Mississippi
River delta plain. The rates of relative sea level rise decrease to
rates comparable with the adjacent coastal states in the Chenier Plain
to the west and the Pontchartrain Basin to the east (Fig. 4). The
highest rate of relative sea level rise in Louisiana is at Eugene Island
(II) where the average rate is 1.19 cm/yr with an acceleration from 0.95
cm/yr to 2.17 cm/yr between 1939 and 1974. The NOS Grand Isle tide
gauge station (1) recorded a relative sea level rise rate of 1.03 cm/yr
with an acceleration from 0.30 cm/yr to 1.92 cm/yr. For Louisiana, the
total acceleration in relative sea level rise was between 1.22 cm/yr and
1.62 cm/yr.

In Texas, the rate of relative sea level rise ranges from 0.33 cm/yr in
Port Isabel (111) to 0.62 cm/yr at Galveston (IV). The Galveston rel
ative sea level rise rate is nearly identical to the Chenier Plain rate
in west Louisiana. The total relative sea level rise acceleration rate
ranges between 0.85 cm/yr for Port Isabel (111) to 0.89 cm/yr for Gal
veston (IV). From north to south, there appears to be a trend of
decreasing relative sea level rise. However, the acceleration of rela
tive sea level rise appears to be uniform on the Texas coast.

In the eastern Gulf of Mexico, the Mississippi, Alabama, and Florida
tide gauges recorded the lowest rates of relative sea level rise. For
Florida, the relative sea level rise rates ranged between 0.17 cm/yr for
Cedar Key (Vll) and 0.23 cm/yr for Pensacola (VI). For the period
between 1942 and 1982, the total acceleration in relative sea level rise
ranged from 0.18 cm/yr to 0.41 cm/yr. Biloxi (V) recorded the lowest
relative sea level rise rates in the Gulf of Mexico with an average of
0.15 cm/yr for the entire period of record. The total acceleration in
relative sea level rise was 0.17 cm/yr between 1939 and 1983.
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Subsidence

Eustatic correction factor

The contribution of subsidence to relative sea level rise can be
estimated from tide gauge water-level time series by subtracting out a
correction factor for the eustatic sea level rise factor froo a NOS rel
ative sea level rise rate. The difference is considered the contribu
tion of subsidence. The eustatic correction factor is based upon the
analysis of tide gauge records from a stable coastline relative to the
region and that the difference, termed subsidence, reflects the impact
of ccmpactional subsidence as well as any errors induced by station
maintenance and any localized effect. This second component is assumed
to be Insignificant. Therefore, the eustatic-corrected water-level his
tory is considered representative of subsidence.

Gornitz et al. (1982) analyzed more than 190 tide gauge stations world
wide. Through this investigation a global relative sea level rise rate
of 0.12 cm/yr was determined. For the Gulf of Mexico, a relative sea
level rise rate of 0.23 cm/yr was computed. This Gulf of Mexico rate is
identical to the relative sea level rise rate determined for the Pensa
cola (VI), Florida NOS tide gauge station. This relationship indicates
Pensacola Is technically stable relative to the Gulf of Mexico basin.
The difference of 0.11 cm/yr between the global and Gulf of Mexico rela
tive sea level rise rate is attributed to the effects of a geosyncline
downwarping, compaction of Tertiary and Pleistocene deposits, and
regional tectonics.

Gulf of Mexico - NOS tide gauge results

Using the Grand Isle (11) and Eugene Island (I) NOS tide gauge stations
and the 0.12 cm/yr eustatic and 0.23 cm/yr Gulf of Mexico corrective
factors of Gornitz et al. (1982), the contribution of subsidence ranges
between 0.80 cm/yr and 1.07 cm/yr in Louisiana (Fig. 5). The Grand Isle
(II) and Eugene Island (1) corrected tide gauge data for the Gulf of
Mexico indicate a contribution of 0.96 cm/yr and 0.80 cm/yr, respec
tively (Table 2). The Eugene Island (I) and Grand Isle (II) eustatic-
corrected tide gauge data indicate a contribution of 0.91 cm/yr and 1.07
cm/yr respectively. As mentioned before, these tide gauge stations lie
on the Mississippi River delta plain in Louisiana (Kolb and Van Lopik,
1958). These are the highest rates of subsidence in the Gulf of Mexico
(Fig. 5).

In the eastern Gulf of Mexico, a comparison of the eustatic correction
factors indicates that the coasts of Mississippi, Alabama, and Florida
are not subject to subsidence as formed in Louisiana. The relative sea
level rise rates range between 0.15 cm/yr and 0.23 cm/yr. These rates
are equivalent to the 0.12 cm/yr global eustatic and 0.23 cm/yr Gulf of
Mexico eustatic correction factors of Gornitz et al. (1982), indicating
that compactional subsidence is not a major coastal process affecting
the eastern Gulf of Mexico. Eustatic processes are driving relative sea
level rise in Mississippi, Alabama, and Florida.

In Texas, the relative sea level rise rates from Port Isabel (III) and
Galveston (IV) exceed the eustatic sea level rise rates, which indicate
that this coast is experiencing the effects of subsidence. The rate of



TABLE 2

SUBSIDENCE RATES
IN THE

NORTHERN GULF OF MEXICO:
NATIONAL OCEAN SURVEY

EUSTATIC-CORRECTED TIDE GAUGE RESULTS

STATION
NUMBER

STATION
NAME

STATION
LOCATION

EUSTATIC-CORRECTED:
GULF OF MEXICO (0.23)

EUSTATIC-CORRECTED:
GLOBAL (0.12)

I Eugene Island Louisiana 0.96 1.07

11 Grand Isle Louisiana 0.80 0.91

III Galveston Texas 0.39 0.50

IV Port Isabel Texas 0.10 0.21

V Biloxi Mississippi -0.08 0.03

VI Pensacola Florida 0.00 0.11

VII Cedar Key Florida •0.06 0.05

VIII St. Petersburg Florida -0.07 0.04

IX Key West Florida -0.01 0.10
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relative sea level rise is 0.33 cm/yr at Port Isabel (III) and 0.62
cm/yr at Galveston (IV). Using the Gornitz et al. (1982) eustatic-
correctlon factors the contribution of subsidence ranges between 0.1
cm/yr and 0.5 cm/yr. In contrast with Louisiana, subsidence is not the
major driving process of relative sea level rise, although it is an
important component.

Conclusions

1. Analysis of National Ocean Survey tide gauge records from 9 stations
along the U.S. Gulf Coast indicates that Louisiana is experiencing
the highest rates of relative sea level rise in the Gulf of Mexico.
Maximum relative sea level rise rates ranged between 1.03 cm/yr and
1.19 cm/yr. Texas ranked second with rates ranging between 0.33
cm/yr and 0.62 cm/yr followed by Florida with rates between 0.16
cm/yr and 0.22 cm/yr and then Mississippi-Alabama with a rate of
0.15 cm/yr. The NOS tide gauge stations detected an acceleration in
relative sea level rise throughout the Gulf of Mexico, with the
highest increase of 1.62 cm/yr found in Grand Isle, Louisiana. The
amount of sea level rise acceleration appears to be proportional to
the rate of relative sea level rise for the entire period. Acceler
ation amounts range between 0.18 cm/yr and 1.62 cm/yr for two lunar
epochs.

2. Subsidence rates determined from the NOS tide gauge records using
the eustatic-correction factors for the Gulf of Mexico and the globe
indicated Louisiana is experiencing the highest subsidence rates
along the U.S. Gulf Coast. The maximum subsidence rates in Louisi
ana ranged between 0.80 cm/yr and 1.07 cm/yr. Texas ranked second
with subsidence between 0.10 cm/yr and 0.50 cm/yr. Subsidence rates
in Mississippi, Alabama, and Florida suggest that these coastal
zones are stable with respect to the Gulf of Mexico eustatic-
correction factor. However, using the global eustatic-correction
factor the subsidence rates range from 0.03 cm/yr to 0.11 cm/yr.

3. The maximum rates of subsidence apply only for the Mississippi River
delta plain in Louisiana and indicate that contribution of subsi
dence to relative sea level rise ranges between 81 percent and 90
percent. In Texas the contribution for compactional subsidence is
30-81 percent and in Mississippi. Alabama, and Florida it is 0-48
percent, depending on the eustatic correction factor used.

4. The regional pattern of relative sea level rise and subsidence
observed for Louisiana and the other U.S. Gulf Coast states is
controlled by the thickness of the underlying Holocene sediment at
each tide gauge station location. The highest rates of relative sea
level rise and subsidence are associated with the Mississippi River
delta plain where the Holocene section reaches a maximum thickness
of about 200 m (Kolb and Van Lopik, 1958). East and west of the
delta plain, the thickness of the Holocene section decreases to
thicknesses of less than 20 m and in some cases pinches out com
pletely, as in Florida. The rates of relative sea level rise and
subsidence decrease concurrently east and west of Louisiana.

5. The rates of relative sea level rise are accelerating in Louisiana
and the other U.S. Gulf Coast states. This acceleration is
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proportional to the rate of relative sea level rise observed for the
entire period of record at each station. These acceleration rates
forecast that coastal Louisiana will experience a 1.5-2 m rise in
sea level over the next century. These acceleration rates are con
sistent with the forecasts of the National Academy of Sciences and
the U.S. Environmental Protection Agency of accelerated relative sea
level rise due to the greenhouse effect (Hoffman et al., 1983).
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LAND LOSS IN LOUISIANA: IS RETREATTHE ANSWER?

James B. Edmonson
Terrebonne Parish Consolidated Government

P.O. Box 2768

Hourna, LA 70361

Statement of Preplan
Louisiana is losing vast acreages of coastal habitat. At the current
rate of loss, 55 square miles per year, an area the size of Rhode Island
will be lost in 22 years (Breaux, 1986). Several parishes (counties) are
slated to be eliminated in less than 100 years, Plaquemines in 47 years
and Terrebonne in 98 years (Wicker, 1980). If the nation were to lose
these lands to a foreign nation, an act of war would be declared. Yet,
the Gulf of Mexico has engaged in a successful campaign which marry
believe goes unnoticed by most (Landry, 1985).

Louisiana'3 problems began with the taming of the Mississippi River at
the turn of the century, and the take-off of the mineral extraction
industries in the 30's. Controlled by guide levees, the Mississippi
River now carries its life sustaining fresh water and sediment to the
depths of the Gulf and the delicate balance between land and sea has been
critically disrupted. Slowly, the interdistributary basins subnerge
below the surface of the sea, unable to be replenished with sediment. On
another front, the salty waters of the Gulf intrude northward into
aquatic habitat, along drilling slip access canals and pipeline
corridors, stripping the area of vegetative cover before seccessions of
species can take place (Davis, 19B4). These ranaining mud flats
literally are washed away in months. Spoil banks thrown up along access
canals impond water within the marsh causing many areas to drown, leaving
vast areas of open water in a once unbroken marsh (Lafourche-Terrebonne
Soil and Hater Conservation District, 1986).

Accelerated by an estimated Gulf global sea level rise of .09 inches per
year and a subsidence rate of .36 inches per year, Louisiana is losing
its most valuable land (Penland, In Press). Every 49 minutes another
hectare becartes open water (Davis, In Press). For the first time in
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recent history, the region is experiencing net degradation rather than
net progradation. Ihe land lost is not site specific but includes the
entire coastal zone, which in certain areas, extends over 60 miles
inland. The barrier islands are retreating an average of 50 feet per
year and diminishing in size by .20 mi2 per year (Penland, 1985).
Coastal highways are falling into the Gulf of Mexico, once productive
agricultural land and villages have sunk below the surface of the sea
and, the regions first line of defense against hurricanes is threatened.
Further, connunity drinking water surface intakes, situated 50 miles
inland, have been contaminated by salt in concentrations in excess of
14,000 ppn (Btaonson, 19B5).

Over the last 15 years years, these problems have been well documented by
the academic camtunity. More recently, state and local governnent and
private industry have begun to engineer and construct wetland protection
and restoration projects. However, the financial means to truly protect
these vast acreages of valuable wetlands are beyond the capabilities of
state and local government. Further, decades of oil and gas subsidies,
which negated the tax payers burden to operate and maintain civic
services and infrastructure, has resulted in an apathetic public attitude
about civic responsibilities. These responsibilities concern the
delivery of flood protection measures and community services, erosion and
pollution control, and the intregal role each citizen plays in the
environmental future of a coastal connunity. Presently, a large gap
exists between the progress made by the research and engineering fields
and the understanding, support, and funding of protection, conservation
and enhancement measures by local, state and federal government.
Ultimately, the protection of coastal resources and the carrnunities whose
economic base exists because of these resources is a civic
responsibility.

With such an acute problan, government officials and coastal scientists
are often asked several questions. Are these resources worth protecting?
Why should the public pay for the protection of these resources? And,
why do coastal Louisianians not just retreat fran the coast? The
remainder of this paper will address these questions.

Retreat Fran the Coast

Retreat? Yes indeed, we are retreating. Coastal Louisianians are
undoubtedly the most experienced when faced with retreat fran the
advances of the sea. Since the early 1800's, residents of coastal
Louisiana have been forced to vacate areas, such as Fort Beauregard, Last
Island and Sea Breeze. Being fishing, fanning and trapping folk
historically, this retreat is often subtle as the Inhabitants of the
mfmtal zone cling to their lifestyles and economic base.

Today, as has been practiced historically in Louisiana, retreat takes the
foam of both vertical and horizontal movenent. Horizontal retreat is the
relocation of non-water dependent services to higher ground away from the
encroaching Gulf waters or into flood protected fastlands. Vertical
retreat is the elevation of structures and flood proofing of same.
Retreat in coastal Louisiana is not a sudden occurrence, however. Both
vertical and horizontal retreat occur most often and in the greatest
frequency subsequent to a major storm event. For instance, the number of
building permits issued which addressed the elevation of structures in
January of 1985 (Pre-Hurricane Juan) was 67. ihe number issued In
January of 1986 (post Hurricane Juan) was 367 (Forerun, 1986). It is at



these times that the increase in vulnerability caused by the slowly
eroding land base becomes most evident and drastic. For several months
following these major storm event periods, it has been observed that many
residents will relocate further north or towards higher ground by
building new holies. Also, the number of existing or newly constructed
structures elevated increases. In virtually all cases however, the
retreat is minimal and generally contained within thecoastal zone.

There are two primary reasons why a major retreat out of thecoastal zone
will not take place in South Louisiana. First is the location of the
primary resource extraction Industries within the coastal zone. The
second reason is the nature of the existing infrastructure. The delta
plain of the Mississippi River is rich in both renewable and nonrenewable
resources. The extraction of these resources is a primary industry. The
significant resources extracted within the coastal zone include fur and
fish as renewable resources and oil and gas as nonrenewable resources.
The fur and fish industries are wetland dependent and are also family
oriented operations. The oil and gas extraction industries arevery site
specific and material source dependent.

Because the fishing industry is composed of thousands of independent
family owned operations, as a means to reduce costs, the families live on
the lower reaches of the natural levee ridges. They park their trawlers
in front of their home on the bayous so that access to themarsh and gulf
waters is easy and cost effective. In addition, the opportunities to
"add-on* costs to pay for increase travel time, carmuter services or
infrastructure requirsnents is not presently as feasible, as in other
areas of the country. This is because little value is added to the
product locally whether itbe in the fish and fur industry or the mineral
extraction industry. For example, within the fishing industry, 60%
of the shrimp catch is not processed at all. Of this amount, 89% is
shipped out of state for processing (Weschler, 1986). Although not as
drastic, this can also be seen within the mineral extraction industry.
Resources are extracted within the wetlands and the outer continental
shelf and moved via pipeline to the petro-chenical industries located to
the north along the Mississippi River industrial corridor. Therefore,
due to the primary nature of these extractive industries and the fact
that little value is added on site, laborers of these industries and
support services are located as close to the resource to be extracted as
possible as a means of cost reduction.

The nature of the existing infrastructure also causes a problem with
retreat. Even though Louisianians have been historically accustomed to
retreat, they have in fact become more permanently fixed within the
coastal zone. Beginning in the 40"s and 50's, which some believe began
with the influx of petroleum workers fran Texas and Oklahana, there has
been a proliferation in the construction of ranch hones on concrete
slabs. Prior to this period, the majority of construction was elevated
on piers. Once a home is built on a slab, the structure becomes
permanently fixed to the landscape and it is not feasible to raise the
structure as a means to reduce flood damange. With entire subdivisions
of hones built on slabs, it has become necessary bo construct forced
drainage systems, including protection levees, drainage canals and pump
stations.

Residential development is not the only construction that has become
fixed within the coastal zone. The extraction industries, by
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construction of ice houses, packing plants, pipe yard service supply
companies, machine shops, fabrication yards and transportation support
services have been located and established well within the coastal zone.

Retreat will be difficult for Louisianians. Although retreat is
environmentally induced the call for retreat canes at the same time as
the national importance of the resource base has increased.

Value of Resources

Are these resources worth protecting? Yes, these wetlands need to be
protected because of their value, not only as an economic resource base,
but also for the habitat and recreational values that they provide. In
1984, the value of Louisiana's reported seafood landings were as follows:
Shrimp, $141,740,000.00; other species, which include crab, oysters,
drum, trout, snapper, red fish, croaker, tnacherel, mullet, pompano and
catfish was $38,945,000.00; and Menhaden was $196,623,000.00 (Weschler,
1986). Louisiana's fur industry annually yields between $2 and $24
million. The recreation industry annually is valued at $175 to $200
million and the oil and gas industry annually is valued at approximately
$500 million (Davis, 1984). The total of these values is
$1,069,308,000.00. It is obvious that oil and gas is a resource of
national concern. The author contends that the fish and fur industries
are of national concern also unless we continue to increase the import of
these resources from foreign nations.

Cost of Protection

What will it cost to protect these resources? To manage the marsh,
maintain the barrier islands and protect the inhabitants within the
coastal zone that are responsible for extracting resources of national
concern will cost $873 million. This is based on the following estimated
costs for Terrebonne Parish, which is the largest parish by land area
within Louisiana. Marsh managanent, $10 million; limited hurricane
protection, $165 million; drainage, $44 million; and barrier islands, $50
million. This totals $291 million. Terrebonne's coastline is
approxiaately one-third of the total coast of the Mississippi and
Atchafalaya delta complexes. The extrapolation of Terrebonne's cost
results in the aforementioned total for the deltas. As you can see, the
cost of protection, although expensive, will rapidly be returned in the
value of the resources of which will be protected. A great deal of
thought and money has been spent locally which has led to these
managanent decisions to stay within the coastal zone and protect its
resources. Although the ultimate destruction of the delta plain may be
envitable, it is felt that any delay which oan result through proper
managanent of these resources will be well worth the return
economically.

As an example of efforts madeby local government concerning this matter,
one parish, Terrebonne, has conducted the following studies: Sand
Resource Inventory, Marsh Value Study, Oyster Contamination study,
Subsidence Study, Soil Survey, Sea Level Rise Study, Habitat
Characterization Study, Barrier Island Reconstruction Study, Use of
Dredge Materials and a Drainage Study. In addition, the parish has
developed an extensive education program, which utilizes billboards,
hand-outs and phamplets, and the development of an eighth grade school
curriculum concerning the parishes resource base and its erosion
problems. The parish has also engaged and expended millions of dollars
on marsh management facilities, drainage facilities and barrier island



reconstruction projects.

Conclusion
South Louisianians are here to stay and the nation continues to be
dependent on her resources. Therefore, I challenge government,
educational institutions and citizens with the following recommendations:

Areawide wetland manqanent
Coastal Zone Managanent in Louisiana is a permit processing program which
is primarily site impact specific. Although the program is based on
environmental management units within parish boundaries, these small
units bound within these policial boundaries fail to address areawide
wetland basin managanent. If Louisiana is to ever control land loss and
implement enhancement measures, an areawide approach to thewetlands must
be established. Drainage basins would be the most appropriate division
of areawidewetland managanent.

Revised land use controls and enforcement

Many problems associated with flooding and flood control are caused
directly by inadequate land use controls and/or the enforcement of same.
Land use control measures must be revised to prohibit slab foundations,
set first floor elevations, and flood proofing. In addition, regulations
must address the appropriate delivery of utility services within the
coastal zone.

Control oil and gas industry exploration techniques
Louisiana's wetlands can no longer withstand the uncontrolled dredging of
access canals throughout the marsh. Even though state and local
governnents have been successful in reducing the length of new access
canals, pressure must be brought bo bear on the exploration companies.
New drilling techniques such as multiple directional drilling from one
access point must be strictly enforced.

Develop national resource extraction impact program
Since the nation is dependent on Louisiana's oil and gas resource and,
the extraction of these resources has caused irreplacable damage to the
wetlands, the federal government should establish a resource extraction
reclamation program for oil and gas. Reclamation programs presently
exist for coal, sulfur, copper and iron ore. It is time that reclamation
of oil and gas extraction in wetlands also be addressed.

Expand fisheries resources
Louisiana has been luled to sleep with the "get rich quick" mentality of
oil and gas. This is a non-renewable resource tightly controlled by
outside influences. Louisiana mustwake-up and explore avenues to expand
its valuable renewable fisheries resource. Once the oil and gas is gone,
if we haven't destroyed all the wetlands in the process, fisheries, if
well managed, will always be here.

Values added and underutilized species
To increase the economic value or the fisheries industries, Louisiana
must increase processing of these products within the state. Addition
ally, the states fishermen must learn how to catch, process and market
many species of fish that for years have been considered trash.

Develop limited hurricane protection system
Even with the billions of dollars of resources extracted from coastal
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Louisiana, society cannot afford to 100% protect these areas from
hurricane impacts. We must instead design protection systems for regular
storm events, elevate structures, flood proof, and evacuate for major
storm events.

Introduce civics and coastal education programs
The general apathy of the public on government operations and the
problens associated with living on a coast is caused primarily by the
lack of education in these matters. Civics and coastal education
programs must be reintroduced into the classrooms.
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