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Abstract

Louisiana's billion dollar fur, fish, seafood, and waterfowl industry is
in jeopardy from increased coastal land loss and erosion. Physical marsh
deterioration, subsidence, and deficiency ofvertical accretion are resulting in
the breakup ofthe valuable wetlands and the growth ofestuarine bay systems,
producing high rates of annual wetland loss. These fragile estuaries and
wetlands, along with the protective barrier islands, have been diminishing at
alarming rates. Researchers predict that, in some areas, barrier islands will
become submerged shoals bytheYear2007, and wetlands will be transformed
into open bays and water bodies in50-60 years. Sea-level rise and subsidence
are two of the main driving forces behind coastal land loss in Louisiana. This
paper explains the reasons for the severe land loss problems faced in
Louisiana and the role relative sea-level rise plays in this losing battle.

Nine tide gauge stations maintained in coastal Louisiana byNOAA's
National Ocean Survey, and twenty tidal stations maintained by the Army
Corps of Engineers, have been analyzed to determine the relationship of
sea-level rise and subsidence in Louisiana compared to neighboring states in
thenorthern Gulfof Mexico. Eustatic sea-level rise in theGulfof Mexico has
been estimated atapproximately 0.23 cm/yr. Louisiana's relative sea-level rise
rates range from 0J cm/yr in the Chenier Plain and Pontchartrain Basin to
1.0 cm/yr in the Terrebonne delta region, where the Holocene deltaic
sediments thicken. The term relative sea-level refers to the combined effects
of eustatic sea-level and subsidence. Eighty percent of the sea level rise rates
in Louisiana are due to subsidence.

The Environmental Protection Agency and the National Research
Council are predicting increased rates ofsea-level rise to occur due to global
warming. Present mean rates of sea-level rise in Louisiana fall within the low
to middle of the predicted future range, which is more than five times the
current average for the entire Gulf ofMexico (EPA, 1988; NRC, 1989). With
these increased rates, coastal erosion and land loss will far exceed current
conditions, and other coastal environments could experience Louisiana's
crucial land loss problem.

Introduction

Louisiana has the distinction of being the only Gulf coastal state
formed bythe Mississippi River delta switching. Due tothedelta and barrier
island formation process, Louisiana also holds the distinction of having the
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highest rates of sea-level rise, subsidence, land loss, and shoreline erosion in
the northern Gulf of Mexico. Louisiana experiences 0.85 cm/yr of relative
sea-level rise, morethan five timesthe meanrate found in the Gulf of Mexico
and more than ten times the estimated global average rates of sea-level rise
(Ramsey and Moslow, 1987). Louisiana lost 73 km^in the Mississippi delta
region by 1974 (Britsch and Kemp, 1990) and experiences annual shoreline
recession rates of5-10 m/yr (Penland and Boyd, 1981; McBride et al., 1989).
Physical marsh deterioration, subsidence, and deficiency ofvertical accretion
in Terrebonne and Lafourche Parishes are resulting in the breakup of the
valuable wetlands and growth of the estuarine bay systems, producing high
annual wetland loss rates which could prove disastrous for the billion dollar
fur, fish, seafood and waterfowl industries. This paper identifies and explains
the reasons for the severe coastal land loss problems faced inLouisiana, and
the role relative sea-level rise and subsidence play in this losing battle.

Regional Geolopv

Depositional environments of theLouisiana delta plain were created
from the delta building processes and subsequent abandonment of the
Mississippi River. Delta building begins with prodelta platform formation,
followed by distributary progradation and bifurcation, which results in delta
plain establishment. This process continues until the distributary course is no
longer hydraulically efficient, when abandonment of the river's course occurs
infavor ofamore efficient route. The abandoned delta complex subsides and
coastal processes rework the seaward margin, generating a sandy barrier
shoreline backed by bays and lagoons (Kwon, 1969; Penland et al., 1981;
Penland et al., 1990). According to Frazier (1967), over the last 7,000 years,
the Mississippi River has built six major delta complexes consisting of more
than 18 smaller deltas. The modern delta (Balize) has been active for the
past 1000 years. Since the 1950's, the Atchafalaya River has carried 30% of
the Mississippi River sediment load. This increase in sediment flux has
created smaller delta formation at the mouth of the Atchafalaya River
beginning in the early 1970's. These delta building processes are responsible
for Louisiana's fresh and salt marshes, which together comprise the coastal
wetlands.

Coastal Land Loss

Rates of coastal land loss or coastal change asdescribed by Penland
et al. (1990) have been assessed throughout Louisiana's coastal zone.
According to Penland and Boyd (1981), the total barrier island area in
Louisiana decreased from 98.6 km2 in 1880 to 57.8 km2 in 1980. Britsch and
Kemp (1990) indicate coastal land loss rates increased from the 1930's until
1974, after which they began to decline. Coastal land loss has been extensively
investigated in Louisiana, (see, eg. Gosselink et al., 1979; Craig et al., 1980;
Wicker, 1980; Gagliano et al., 1981; Scaiffe et al., 1983; Davis, 1986; Coleman
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et al., 1986; Walker et al., 1987; and Coleman and Roberts, 1989). Although
there is general agreement on the causes ofwetland loss and coastal erosion,
it is difficult to determine the exact cause(s) in any specific place in the
Louisiana coastal zone.

Natural and Human-induced Land Loss

Land loss can be divided into two categories: that caused by natural
forces and that which is human-induced. Natural causes include phenomenon
such as sea-level rise, subsidence, downwarping of the geosyncline, storm
events, and salt water intrusion. Human causes include the dredging of
navigational canals, building of flood control structures, subsurface fluid
withdrawal, and produced water from oil and gas activities. In some areas of
the Louisiana coast, dredging ofnavigational canals and produced water may
be the dominant culprit; in other areas, the building of structures depriving
the marsh of needed sediment influx could be the more prominent cause.
How these natural and human-induced causes interact and impact each
environment are poorly understood. What is the leading cause of salt water
intrusion? Each of these factors must be carefully studied and understood
before management strategies can be adequately implemented. The one
process which effects the whole coastal zone is sea-level rise and subsidence.

Sea-level Rise

Sea-level rise is the driving force behind the land loss problem. Data
from nine tide gauge stations maintained by NOAA's National Ocean Survey
and twenty stations maintained by the U.S. Army Corps of Engineers have
been examined to determine therelationship of sea-level rise and subsidence
in Louisiana (Figure 1). Mean global sea level rise has beenestimated to be
0.12 cm/yr (Gornitz et al., 1982). In theGulfof Mexico, eustatic sea-level has
been estimated at 023 cm/yr (Gornitz et al., 1982; Ramsey et al., 1989;
Penland et al., 1989). The difference between eustatic sea-level rise and the
Gulf of Mexico sea-level rise can beattributed to regional tectonism and the
filling characteristics of the Gulf ofMexico basin. InLouisiana, thedifference
between eustatic sea level and relative sea level is subsidence. The rate of
relative sea level rise in Louisiana varies. Generally, in coastal areas where
the Holocene sediments are <20 mthick, sea-level rise averages 0.50 cm/yr.
Where Holocene sediments are >20 mthick, average rates of 1.0 cm/yr are
common.

The Chenier plain is a series of ridges and mudflats located in the
western Louisiana coast (Russell and Howe, 1935; Howe et al., 1935).
Vertical sequences consist of basal and upper layers of marsh or bay mud
separated by intermediate layers of shoreface sand and mud (Penland and
Suter, 1989). Holocene sediments are only 0.15 m thick. Stations at
Cameron, Hackberry, and Calcasieu Lake were established in the 1940's.
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Relative sea-level rise averages 0.50 cm/yrin this region (Figure 2). Eastward
of the Chenier plain, the Holocene sediment package thickens. In the
Atchafalaya basin, relative sea-level rise rates are over IS cm/yr. The station
located at the Intracoastal Waterway in Calumet has the highest recorded
reading (1.77 cm/yr). However, the data indicates that these high rates are
skewed by the influence of the flood stages of the Atchafalaya River.
Terrebonne Basin lies east of the Atchafalaya. Here the thickness of the
Holocene greatly increases, to up to 200 m of marsh mud and interbedded
sandy layers. Water level readings at Houma, Greenwood, andEugeneIsland
indicate a 1.0 cm/yr rate of rise (Figure 2). This is double the rate found in
the Chenier plain. Grand Isle, Louisiana, located in the Barataria Basin, and
South Pass at Port Eads, in the active Balize delta, continue the trend with
average sea-level riserates of approximately 1.0 cm/yr (Figure 2). There are
two tidal stations on the east coast in the St. Bernard delta which are located
on the southern shore of Lake Pontchartrain-South Shore and Little Woods
(Figure 2). This area still lies on Holocene sediments and experiences a 1.0
cm/yr water level rise. However, on the Pleistocene terraces of the
Pontchartrain basin the water level rise rate drops once again to 050 cm/yr.

Louisiana experiences a mean rise in relative sea-level of 0.85 cm/yr,
derived from 20 tidegauges with a range 050 -1.8 cm/yr. This compares to
0.65 cm/yr at Galveston, Texas and 0.23 cm/yr in Pensacola, Florida. These
higher rates have been attributed to subsidence.

Subsidence

The difference between the Gulf of Mexico sea-level rise rate and the
relative sea-level rise is illustrative of subsidence. Subsidence in Louisiana can
be attributed to compaction of Holocene deposits. Subsidence refers to the
downward displacement of the delta plain surface with respect to a vertical
datum. The contribution of subsidence to relative sea-level rise can be
estimated from the tide gauge water-level time series by subtracting the
eustatic change from the sea-level rise rate calculated from the tidal station.
Eighty percent of the observed rates in water-level rise in Louisiana are
attributable subsidence (Figure 3). In Texas, roughly 30-50% of the
water-level riserate is due to subsidence. Eastof Louisiana, Mississippi and
Florida experience only the effects of eustasy.

Summary

Human and natural causes ofcoastal land loss in Louisiana have been
well-documented. However, the exact role played by each is still unknown.
One of the main driving forces behind coastal land loss and erosion problems
in Louisiana is sea-level rise. Louisiana experiences the highest rates of
sea-level rise and subsidence in the northern Gulf of Mexico. The NRC and
EPA predict higher rates of sea-level rise in the near future due to global
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warming. If these predictions prove true, Louisiana may be faced with even
higher rates ofsubsidence and salt water intrusion, resulting in greater rates
of coastal land loss.
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Figure 1. (A) Location of the National Ocean Survey tidegauge stations in theGulfof Mexico
(B) Location of the VS Army Corps of Engineers tidegauge stations in T/W'siana,
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Figure 2. Relative sea-level rise histogram for theUS. ArmyCorps of Engineers Louisiana stations.
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Figure 3. Contribution of subsidence to rales of observed sea-level rise in Lonisiana geomorphic regions
' and surrounding states.
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Coastal Erosion and Wetland Loss in Louisiana

Shea Penland

Louisiana Geological Survey

Abstract

The Mississippi River delta and chenier plains in Louisiana are
experiencing catastrophic coastal land loss rates exceeding 100 km2/yr.
Louisiana's coastal zone contains 40% of total U.S. wetlands; 80% of the
Nation's wetlands loss occurs here. The origin and stability of these coastal
environments are tied to sediments discharged by the Mississippi River
through the delta cycle process. Sediments accumulate in well-defined delta
complexes at approximately 800-1000 year intervals, followed byabandonment
and barrier island formation. The delta-cycle process that builds new delta
complexes, barrier islands, and cheniers is currently stopped by flood and
navigation control structures. These structures harness the flow of the
Mississippi River within a massive levee system, channeling most of the
sediments off the continental shelf. Deprived of sediments and subsiding
rapidly, Louisiana's wetlands arevanishing. Researchers have longrecognized
the catastrophic coastal landloss occurring andspeculated on the causes. The
chronic problem of wetland loss is well-documented, but poorly understood.
Over the lastdecade, two schools of thought have developed concerning the
relative roles of the causal factors producing the extreme rates of land loss
and change. One school of thought emphasizes the natural processes of the
delta cycle process; human activities are ranked as secondary in importance.
In contrast, the other view attaches primaryimportance to human activities;
natural processes are seenasofsecondary consequence. A review ofprevious
coastal land loss research indicates the only way to accurately determine the
relative roles of different types and processes of land loss is to develop a
classification suitable for quantitatively mapping the spatial distribution and
contribution of eachgeomorphic loss type to the total amount of land loss in
a given interval of time.

Introduction

Coastal erosion and wetland loss are serious and widespread
problems of national importance with long-term economic and social
consequences. Louisiana is experiencing the highest rates of coastal erosion
andwetland lossin the UnitedStatesand possibly the world. Rates ofcoastal
loss have increased from 10 km2/yr to more than 100 km2/yr over the last
century (Morgan and Larimore, 1957; Craiget al, 1980; Gosselink et al, 1979;
Wicker, 1980; Gagliano et al, 1981; Sasser et al, 1986; Adams et al, 1978;
Walker et al, 1987; Coleman and Roberts, 1989; Britsch and Kemp, 1990
Penland et al, 1990). Louisiana's barrier islands, whose presence creates and
maintains an extensive barrier-built estuarine system, protect the marshes and
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bays from offshore wave conditions and saltwater intrusion from the Gulf of
Mexico. These islands are vanishing, decreasing in area, and eroding at very
rapid rates (Peyronnin, 1962; Penlandand Boyd, 1981 and 1982; Morgan and
Morgan, 1983; McBride et al, 1989). The disappearance of Louisiana's
barrier islands will result in the destruction of the large estuarine bay systems
and the acceleration of wetland loss. Coastal land loss severely impacts the
state's fur, fish, and waterfowl industries, valued at an estimated $1 billion per
year, as well as the environmental quality and public safety of south
Louisiana's sea level citizens (Gagliano and van Beek, 1970; Turner and
Cahoon, 1987; Chabreck, 1988; Davis, 1983 and 1986). The region's
renewable resource base depends on the habitat provided by these fragile
estuarine ecosystems. Understanding the coastalgeomorphological processes,
both natural and human-induced, that control barrier island erosion, estuarine
deterioration, and wetland loss in Louisiana is essential in evaluating the
performanceof the variousrestoration, protection, andmanagement methods
currently employed or envisioned.

Coastal erosion and wetland loss are posing a growing challenge to
Louisiana and other Gulf Coast states as their population becomes
increasingly concentrated in and dependent upon coastal areas. The
Environmental Protection Agency (EPA) and National Research Council
(NRC) forecast that rates of sea level rise will increase over the next century.
This increase will dramatically accelerate coastal land loss (Barth and Titus,
1984; National Research Council, 1987). Because of its geologic setting, the
severe coastal land loss conditions found today in Louisiana provides a
worse-case scenario for the future coastalconditions forecast by the EPA and
NRC. More importantly, Louisiana's coastal problems document the
importance of understanding the processes driving coastal land loss. The
cooperative coastal research programof the U.S. GeologicalSurvey (USGS)
and Louisiana Geological Survey (LGS) strives to improve knowledge and
understanding of the processes and patterns of coastal land loss and of the
forecast of adverse impacts on people and resources in the coastal zone
(Sallenger and Williams, 1989). Many solutions to most coastal land loss
problems caused by geologic processes undulyemphasize stopping the result
of the process and do not give adequate consideration to the process itself.
This approach results in many engineering solutions that rely on costly brute
force rather than more sophisticated, less expensive approaches that are in
concert with natural processes defined by scientific study (Penland and Suter,
1988; Penland et al, 1989b). Lack of understanding of the processes also
leads to oversimplified concepts producing false hope that simple solutions
exist. The key objectives of the USGS and LGS cooperative coastal research
program are to provide good scientific information on coastal erosion and
wetland loss suitable for developing a strategy to conserve and restore coastal
Louisiana and to improve communication among scientists, engineers, and
decision makers. This paper summarizes the geologic framework in which
coastal erosion and wetland loss occurs in Louisiana. In addition, this paper
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discusses the controversy surrounding the causes of coastal land loss and the
relative roles of natural processes and human activities in this phenomenon..

Regional Geology

Delta Plain

The coastline of the northern Gulf of Mexico is dominated by the
Mississippi River. Since about 7,000 yr BP, the Mississippi River has built a
deltaic platform comprising numerous individual delta lobes and groups of
unrelated lobes known as delta complexes (Russell 1936; Fisk, 1944; Kolb and
Van Lopik, 1958; Scruton, 1960; Frazier, 1967; Coleman, 1988). The
delta-building process consists ofprodelta platform establishment, followed by
distributary progradation and bifurcation that results in delta plain
consolidation (Figure 1). This process continues until the distributary course
is no longer hydraulically efficient. Abandonment then occurs, initiating the
transgressive phase of the delta cycle. The abandoned delta subsides and
coastal processes rework its seaward margin, generating a sandy barrier
shoreline backed by bays and lagoons (Kwon, 1969; Penland et al, 1981).
Coastal land loss occurs naturally during this stage. Transgressions occur
repeatedly, both for delta complexes and delta lobes.

The contemporary delta plain can be subdivided into two distinct
categories, active deltas and abandoned deltas. Delta building occurs in20%
of the delta plain and is restricted to the Modern complex and the newly
active Atchafalaya complex. The Plaquemines delta of the Modern complex
is abandoned. The four remaining complexes, the Maringouin, Teche, St.
Bernard, and Lafourche, are all abandoned and have some type of
transgressive shoreline orshoal sand body developing. The Balize lobe of the
Modern delta complex is represented by the familiar "bird-foot" delta model.
The delta has prograded into deep water near the shelf margin and the
greater accommodation space results in the accumulation of hundred of
meters of sediment in one deltaic cycle. Mass movement of sediments is
extremely important in building the deltaic sequence. The Atchafalaya delta
complex emerged as a subaerial feature after the 1973 flood (van Heerden
and Roberts, 1988). According to Fisk (1952), the Atchafalaya has been a
distributary of the Mississippi River since the mid-1500's and by the 1950's
had captured about 30% of the Mississippi's flow. Because the route of the
Atchafalaya River to the Gulf of Mexico is some 300 km shorter than the
present course of the Mississippi River, Fisk (1952) predicted a relocation of
the main distributary to the Atchafalaya course. Asaresult, aseries oflarge
control structures has been built north of Baton Rouge, Louisiana to hold the
Mississippi River in its present position. Were itnot for these structures, the
Balize delta would probably have been abandoned by now and entered the
transgressive phase.
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As a delta is abandoned, marine processes begin to dominate the
system. Coastal land loss occurs and deltaic sand bodies supply coarse
sediment tothe nearshore current field. Anerosional headland with flanking
barrier spits develops, and anevolutionary process of barrier island formation
begins (Penland et al, 1988). The abandoned Bayou Lafourche delta
headland is the most recent example of this landform. Erosion rates on the
central headland average as much as 20 m/yr, reaching over 50 m/yr in
hurricane years (Ritchie and Penland, 1988). The Timbalier Islands to the
west of theBayou Lafourche headland, and Grand Isle to theeast, represent
Stage 1 barrier systems (Figure 2). The Plaquemines barrier shoreline
associated with the Modern delta complex is also a Stage 1 barrier system
(Ritchie et al, 1990). With continued subsidence, marine waters intrude into
the marshes behind the barrier islands, resulting in the formation of a saline
lagoon separating the barrier from the mainland marshes and forming Stage
2, the barrier island arc. The best examples of this are the Isles Dernieres,
derived from the Lafourche delta complex, and the Chandeleur Islands,
derived from the St. Bernard delta complex (Penland et al, 1985; Ritchie et
al, 1989). Further subsidence removes the coarser-grained distributary mouth
bar and channel deposits from the nearshore wave field, resulting in a
cessation of sediment supply to the barrier islands. Continued reworking by
waves and storms begins to erotk the barrier islands. The subaerial island
area decreases greatly as sands are !ost seaward to an inner shelf sand sheet,
landward byoverwash, and capture. Iin tidal-inlet sinks. This process iswell
illustrated by the evolution of the sles Dernieres. Ultimately, the barrier
system loses its subaerial integrity and forms Stage 3, an inner-shelf shoal
(Penland et al, 1989a).

Chenier Plain

The chenier plain isaseries of alternating ridges and mud flats, first
described by Russell and Howe (1935) and Howe et al. (1936). The term
"chenier" isderived from the French word "Chene" for oak; oaks grow onthe
crests of the higher ridges. The chenier plain stretches 200 km from west of
Sabine Pass, Texas, to Southwest Point, Louisiana (Penland and Suter, 1989).
The width ofthe deposit ranges from 20 - 30 km, with elevations of the ridges
varying from 2 - 6 m (Figure 3). Gould and McFarland (1959) used shallow
borings and radiocarbon dates to interpret the sedimentary fades and
stratigraphic history ofthe chenier plain. Transgressive and regressive wedges
overlie a soil zone that is also the Plcistocene-Holocene unconformity. The
wedge thickens from 3 - 6 m and is progressively younger seaward. Vertical
sequences consist of basal and upper layers of marsh or bay mud separated
byintermediate layers of shoreface sand and mud. Shoreface deposits either
grade upward into chenier sand shell orare overlain bybayand tidal-flat sand
and mud. A thin butextensive layer of organic-rich marsh sediments caps the
sequence.
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Shoreline composition and rate of seaward progradation of the
chenier plan were determined by proximity of the Mississippi River outlet.
Shallow-water mudflatswere rapidly deposited when the main distributaries
of the river lay in the southwest portion of the delta plan. When those deltas
wereabandoned, marine processes reworked the mudflats, concentrating the
coarsest material into chenier ridges. Periodic repetition of these processes
produced the alternating chenier ridge andmudfiat topography. Recent work
on mud-flat progradation associated with the development of the Atchafalaya
delta (Wells and Roberts, 1981) has shed somenewlight on the processes of
chenier formation (Wells and Kemp, 1981; Wells, 1986; Kemp, 1986). With
the Atchafalaya River delta complex at the western margin of the deltaic
plain, significant mudfiat progradation is occurring in the area west of
Freshwater Bayou and in the Cameron-Calcasieu area. Major mudfiat
progradation appears to be linked to the passage of cold fronts and
hurricanes.

Coastal Land Loss

Behind the protective barrier islands are extensive estuaries that are
rapidly disintegrating because of pond development, bay expansion, coastal
erosion, and human impacts (Morgan, 1967). The chronic problem of wetland
loss in Louisiana is well-documented, but poorly understood (Wicker, 1980;
Gagliano et at, 1981; Britsch and Kemp, 1990). Previous studies showcoastal
land loss has persisted and accelerated since the 1900's. Much speculation
and debate in the research, government, and environmental communities
surrounds theissue of coastal land loss, the processes causing coastal change,
and the appropriate strategy for coastal protection and restoration.

Coastal land loss refers to the set of processes that convert land to
water. Coastal change is a more complex concept, describing the set of
processes driving the conversion of one geomorphic habitat type intoanother
geomorphic habitat type. The processes of coastal land loss and coastal
change typically involves theconversion of vegetation wetlands to anestuarine
water body, followed by barrier island destruction and the conversion of
estuarine water bodies to less productive, open Gulf of Mexico conditions.
The coastal land loss process can besubdivided into two major types: coastal
erosion and wetland loss. Coastal erosion describes the retreat of the
shoreline along the exposed coasts of large lakes, bays, and the Gulf of
Mexico. In contrast, wetland loss is the development of ponds and lakes
within interior wetlands and the expansion of large coastal bays behind the
barrier islands and mainland shoreline.

Coastal Erosion

Louisiana is experiencing the highest coastal erosion rates in the
United States (Morgan and Larimore, 1957; Adams et al, 1978; Penland and

457



Boyd, 1981; van Beek and Meyer-Arendt, 1981; Morgan and Morgan, 1983;
McBride et al, 1989). In theU.S. Geological Survey's National Atlas of the
United States of America (1988), Louisiana appears on the coastal erosion
and accretion plate as the nation's erosion hot spot (Figure 4). Coastal
erosion rates in Louisiana average - 4.2 m/yr (S.D. =03), with a range of
+3.4 m/yrto -153 m/yr. The average Gulf of Mexico shoreline change rate
is -1.8 m/yr, the highest in the U.S. By comparison, the Atlantic Coast
erodes at an average rate of -0.8 m/yr, while the Pacific Coast is relatively
stable. In Louisiana, coastal erosion is concentrated in the barrier shoreline
that fronts the Mississippi River delta plain. The average coastal erosion rate
of-4.2 m/yr represents the long-term conditions exceeding 50 years averaged
together by per unit length of shoreline for 600 km of coast. This number is
not representative of the individual storm events that drive the long-term
average as well as the coastal erosion hot spots. Coastal erosion is not a
constant 365-day-a-year process; bursts of erosion are associated with the
passage of major cold fronts, tropical storms, and hurricanes (Harper, 1977;
Penland and Ritchie, 1979; Boyd and Penland, 1981; Dingier and Reiss, 1988;
Ritchie and Penland, 1988; Dingier and Reiss, 1990). Field measurements
have documented 20-30 mofcoastal erosion during asingle 3to4-day storm
event. These major storms produce energetic overwash conditions thaterode
the beach and reduce the barrier landscape into lower relief landforms
(Penland et al, 1989b). In addition to beach erosion, the total area of
Louisiana's barrier shoreline is decreasing rapidly. In 1880, the total barrier
island area in Louisiana was 98.6 km2; by 1980, this had decreased to 57.8
km -a 41% decrease in area at a rate of 0.41 km2/yr (Penland and Boyd,
1982).

The barrier shoreline system with the highest rate of coastal erosion
inLouisiana isthe Isles Dernieres, located in Terrebonne Parish (Penland and
Boyd, 1981; McBride et al, 1989). From 1890 - 1988, the Isles Dernieres
shoreline experienced an average of 1644 m of beach erosion at a rate of -
12.2 m/yr (Figure 5). The greatest amount of beach erosion was in the
central barrier island arcat Whiskey Island, where a totalof 2573 m of beach
retreat took place at an average rate of -19.1 m/yr. In 1890, the total area of
the Isles Dernieres was 3360 ha. By 1988, the island area hadshrunk to 771
ha, a decrease of 2589 ha (77%) in 135 years, at a rate of 26.4 ha/yr. The
first island in the Isle Dernieres barrier island arc forecasted tobedestroyed
bycoastal erosion is East Island in 1998 and the last isTrinity Island by2007.
The predicted loss of the Isles Dernieres bythe early 21st-century poses an
immediate threat to Louisiana, particularly Terrebonne and Lafourche
parishes. The destruction ofthese islands will dramatically impact thestability
and quality of the Terrebonne Bay barrier-built estuary and the associated
coastal wetlands.

Wetlands Loss
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Louisiana contains at least 40% of the total United States coastal
wetlands and is suffering 80% ofthe nation's coastal wetland loss (Figure 6).
Nationwide, excluding Alaska, Hawaii, and the Great Lakes states, coastal
marshes occupy an area of 46,971,000 ha; most occur in the Gulfof Mexico
and south Atlantic region of theUnited States. The northern Gulfof Mexico
contains 21^10,000 ha of coastal wetlands or 45.8% of the U.S. total
(Alexander et al, 1986; Reyer et al, 1988). The Atlantic coast accounts for
24,773,000 ha, or 52.7% ofthe Nation's total, and while only 1.5% or 688,000
ha are located along the Pacific coast. Louisiana's 11,928,000 ha of coastal
wetlands is equivalent to48% of all the coastal wetlands found in the 14 U.S.
Atlantic Coast states. Louisiana contains 55.5% of thecoastal wetlands found
in the northern Gulf of Mexico (11,928,000 ha of atotal of 21,510,000 ha).
Within Louisiana, the Mississippi River delta plain contains 995,694 ha of salt
marsh, fresh marsh, and swamp, representing 74% of the state's coastal
wetlands. To the west, the chenier plain contains 347,593 ha of coastal
wetlands, accounting for the remaining 26%. Cameron Parish on the chenier
plain encompasses the largest expanse ofsalt and fresh marsh in a single
parish~302,033 ha. On the delta plain, the 233,711 ha within Terrebonne
Parish is the region's largest expanse of coastal wetlands, followed by
Plaquemines Parish (167,980 ha), Lafourche Parish (118,224 ha), and St.
Bernard Parish (104,906 ha). Louisiana's wetland parishes constitute the
largest concentration ofcoastal marshes in the contiguous United States.

The current estimated coastal land loss rate exceeds 12,000 ha/yr for
the Mississippi River delta and chenier plains in south Louisiana (Figure 6).
Of this loss, 80% occurs in the delta plain and 20% in the chenier plain
(Gosselink et al, 1979; Gagliano etal, 1981). Previous studies indicate the
rate ofcoastal land loss has accelerated over the last 75 years. Rates of loss
within the delta plain alone have accelerated from 1735 ha/yr in 1913, to 4092
ha/yr in 1946, 7278 ha/yr in 1967, and 10,205 ha/yr in 1980 (Figure 7).
Forecasts made in 1978 suggested that Lafourche Parish would be destroyed
in 205 years, St. Bernard Parish in 152 years, Terrebonne Parish in 102 years,
and Plaquemines Parish in 52 years due to accelerating coastal land loss
conditions (Gagliano et al, 1981).

New research results indicate coastal land loss persists at levels below
those measured in the 1970's. Britsch and Kemp (1990) conducted amapping
study of coastal land loss using 50 15' USGS topographic quadrangle maps
from the Mississippi River delta plain. Coastal land loss rate curves were
developed for each quadrangle and the delta plain. The 1932-33 U.S. Coast
and Geodetic Survey T-Shects served as the base for aerial photography
interpreted for the years 1956-58,1974, and 1983. Theresults showed coastal
land loss rates increased after the 1930's from 3339 ha/yr (12.89 mi2/yr) in
1956-58 to7257 ha/yr (28.01 mi2/yr) in 1974. After 1974, the coastal land loss
rates decreased to 5949 ha/yr (22.97 mi2/yr) in 1983 (Figure 8). The numbers
compared well with those measured by Gagliano et at (1981) through 1967;
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however, the maximum rate of land loss mapped in 1978 exceeded the
maximum rate mapped by Britsch and Kemp (1990) for 1974. The Britsch
and Kemp (1990) study again substantiated the catastrophic nature of the
coastal land loss problem in Louisiana.

Summary

Louisiana is experiencing catastrophic coastal land loss due to the
complex interaction of natural and human-induced causes. Controversy
surrounds the issues of coastal land loss and coastal restoration. State and
federal supported research on coastalland loss as well as events in Louisiana
have documented that themostcost-effective methods ofrestoring Louisiana's
coastal environments are those that work with or enhance natural coastal
geomorphological processes. Sediment and vegetation are the only tools that
will be effective in restoring Louisiana's coastal zone. The protection and
restoration of barrier islands, estuaries, and wetlands mustbe placed on the
same priority as navigation and flood control in order to ensure the future of
these important national coastal resources, the delta and chenier plains of the
Mississippi River.
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Figure L Frazier's (1967) model of the Mississippi River delta plain depicting the location of the
transgressivebarrier shorelines and shoals.
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Figure 3. The regional geomorphology oftheMississippi River chenier plain.
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Coastal Currents Offan Eroding Louisiana Barrier Island

Steven P. Murray, Myron Young, and Mark Wagner
Louisiana State University

Introduction

The dynamics of coastal currents on the inner shelf during winter
storms was studied off the Louisiana barrier islands (Figure 1). Along along,
straight coast in water depths of 0-10 m and under dynamical conditions
similar to this study, Murray (1975) has shown the close coupling and minimal
phase lag (order of afew hours) between wind driving and current response
The importance of baroclinic pressure gradients set up by large freshwater
inputs to the coast in accelerating currents in this near-coastal regime was
studied by Murray and Young (1985). The findings of both these studies
justified the neglect of long-shore gradients in the dynamical balance on long,
straight coasts. However, along acoast in asimilar dynamic regime, but with
closely spaced inlets, Blanton et al. (1989) found the long-shore sea surface
slope to be a key element among the forces controlling the nearshore current
held Understanding the long-shore pressure gradient inside the coastal
boundary layer, whether caused by long-shore gradients in bottom topography
wind stress, or coastal curvature, is now a fundamental objective b
understanding coastal currents. Some aspects of these problems are reviewed
in Pettigrew and Murray (1986) and Csanady (1982).

Two deployments of three current meter moorings were made over
the winter of 1987-88; the first from September to November, 1987, and the
second from February to May, 1988. Current meters were placed at the 7m
10 m, and 13 misobaths; all were within 7km of the coast. In addition, a
meteorological station and two pressure gauges for monitoring cross-shore
sea-level differences were maintained in the study area. The details of the
instrument deployments are shown in Figure 2. The only difference between
the two deployments was that the lower current meter at the offshore mooring
was absent in the first deployment.

... Th,e coordinate system used throughout is: x positive onshore, y
positive to left looking onshore, and z positive down.

Discussion

Since the objective was to understand the sub-tidal variability of the
currents local wind and current time scries data were processed with standard
40-hour low pass (LP) filters. Figures 3a-c presents vector (stick) diagrams

„ , „ 0re> m,dshore» and offshore currents oriented such that shore
J>araJki flow vectors orient vertically on the figure. Long-shore flow up~c^s7
to the northeast points vertically up on the figure. The local wind
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measurement is similarly presented in Figure 3d, except here the cross-shore
wind is oriented vertically up. Note that the currents are strongly polarized
by the presence of the coastal boundary, the flow being restricted to a
shore-parallel dominant mode. The wind vector is, of course, unconstrained
and exhibits the strong clockwise rotation associated with migrating low
pressure systems and cold frontal passages typicalof this location and season.

Visually, there is averystrongcorrelation between episodesof strong
currents both upcoast and downcoast at all three meter locations. As
expected,the outer currentmeter exhibits more rotaryenergythan the inshore
meter-attributable to distance from the coastand greater depth. The inshore
water prism is reacting as a slab to the local wind driving in this shallow
water.

Throughout most of the record, there is a strong correlationbetween
the long-shore component of the wind stress and the current response, albeit
with a significant time lag. There are several episodes during each
deployment, however, when an extremely strong current is clearly unrelated
to local wind forcing. Episode"A" in Figure 3 is clearly the most energeticof
the deployment, with current speeds reaching 40 cm/sec at the inshore meter
for over 40 hours. One likely explanation for these anomalous current events
is associated with the Mississippi River outflow plume. The axis of the
current stream exiting Southwest Pass is known from satellite observations to
dramatically shift its location almost like the discharge of an unrestrained
water hose. One mode often observed in satellite images is the Southwest
Pass plume deflected westerly into a clockwise circulation eddy that appears
trapped in the western lee of the Mississippi Delta. The paths of near-surface
drifters entrained in this plume eddy tracked in earlier studies in this area are
shown in Figure4. They illustrate the flowof the Mississippi River discharge
stream directly toward the coast near our study area. Particularly note in
Figure4a how the drifter abruptlychanges direction close to the 9 m contour
as it enters the shore-parallel coastal current, in agreement with our current
meter observations. While conclusive evidence is lacking, intermittent
impingement of the Mississippi River discharge stream directly onto the coast
is certainly capable of producing the extremely strong coastal currents shown
as episode A in Figure 3.

The Long-shore Momentum Balance

Time-series of the terms in the long-shore momentum balance were
calculated and compared. Using the coordinate system described previously,
the long-shore momentum is:

dv

dt
-fo.&zt &-dz- g^.-l -^

P J« dy dy p dz
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where u and v are the cross- and long-shore components, respectively, of the
current, dv/dt is the total derivative, f is the Coriotis parameter, g is gravity,
p is the density of water, n is the sea surface coordinate positive up from the
mean level, and r is the shear stress in the y direction.

Since our direct observations indicated that the density gradient term could
be neglected and that the current meter data appeared to be representative
of the depth-averaged flow, the vertically-averaged form of equation (1) was
used to compute the long-shore momentum balance:

The overbar denotes vertically-averaged quantities, h is the depth of
the water column, and r h and r arethe bottom andsurface shear stresses,
respectively, in the y direction. The shear stresses were calculated from the
usual quadratic expressions involving drag coefficients. Thus, all of the terms
in equation (2) are calculated from the data with the exception of the
long-shore slope.

Analysis shows (Figure 5) that the local and advective accelerations
and the Coriolis term are 1-3 orders of magnitude smaller than the wind
stressand bottom friction terms. Additionally, forextensive periods(e.g., see
events labelled A and B in Figure 5) these two terms are clearly out of
balance. A strong long-shore wind stress, thus, is not producing a
correspondingly strong current (and bottom shear stress) to balance it. A
likely candidate to complete the force balance is the unmeasured long-shore
surface slope n/ y, as the Mississippi Delta, only 50 km to the northeast,
provides a cross- shore wall to enhance long-shore set up and set down. To
test this idea, the long-shore slope term can formally be calculated as a
residual from the momentum balance at each current meter location. Figure
6 stronglysupports this interpretation as the suspected slope terms are of the
right order of magnitude (10"6), always oppose the wind stress, and are in
good agreement between instrument sites.

Modelling

To further investigate the role of the Mississippi Delta as a
cross-shore wall in the local coastal current, we have begun a simple 2-D
modelsimulation of the area. Preliminary results assuming a fixed waterlevel
around the edges of a 60 x 60 km area with a 7 m/sec long-shore wind are
encouraging. Current speeds in the model at the instrument site are
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reasonable compared to the field data (Figure 7) and a setup of 2-3 cm
amplitude (Figure 8) trapped in the corner is formed by the coast and the
cross-shore wall. A shift in wind direction or drop in wind speed causes an
abrupt collapse of the set up zone, producing current fluctuations not unlike
those observed by the current meters.

Summary

Current meter observations on the inner shelf west of the Mississippi
River show the coastalcurrent to be dominated by the strong winds associated
with frontal passages. Currents are polarized to run parallel to shore with
minimal cross-shore components. Episodes of the strongest current speeds
(40-50 cm/sec) lastingover two daysappearunrelated to wind drivingand are
thought to be caused by the direct impact of the Mississippi River outflow
onto the coast. Momentum balance computations suggest the cross-shore wall
formed by the Mississippi Delta plays an important role in the local current
dynamics. Preliminary results from a 2-D model of this corner region support
these ideas.
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Figure 3. Vector stick diagram of currants and local wind.
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Abstract

Data management techniques have begun to focus on spatial
information. With the introduction of minicomputer-based interactive graphic
systems, these computer-driven "tools" have emerged over the past two
decades as powerful aids to data acquisition and administration. Known by
such names as geographic information systems (GIS) and automated mapping
and facilities management (AM/FM), this technology is now in a state of
transition as microprocessors, personal computers, workstations, networks,
linkagesto mainframes, and other developments havechangedthe way people
look at the environment. Information cannow be layered, like the pages in a
book, to see interrelationships.

This type of technology is most useful in Louisiana's eroding,
subsiding, and deteriorating coastal lowlands. Forty-One percent of the total
U.S. tidal marsh average is located in Louisiana. GIS technology can play a
key, indeed pivotal, role in assessing and monitoring coastal change in
Louisiana, and elsewhere. Spatial, textual, and graphic information can be
translated into a machine-readable format and retrieved in a number of ways
to help manage the coastal zone efficiently. The technology becomes a
coast-wide link in data management. Decisions are regionalized, not
compartmentalized by political subdivisions.

Introduction

The world's coasts have served man's needs since prehistoric times.
This littoral band has functioned as a settlement site, a source of livelihood,
a centerfor water-oriented recreation, inspiration, employment opportunities,
and as a diversified ecosystem that encouraged humankind to utilize the sea's
resources to meet industrial and food needs (Walker, 1981). To successfully
manipulate coastal property has required considerable engineering expertise.
Swamps and marshes needed to be cleared, drained, and reclaimed. Mosquito
problems had to be corrected. Disposal of sewage and trash was a difficult
issue that was often not solved in a rational manner. Hurricanes and other

natural hazards needed to be monitored, predicted, and evacuation plans
implemented.In manycoastal regions, counteracting subsidence and sea level
rise was an issue. Cities, towns, villages, and hamlets had to be designed to
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successfully survive the dynamics of the coastal environment. These
components of contemporarysocietyhaveadversely effected the wetlands.The
problem is their destruction. Since the 1950s, more than 4.4 million ha of U.S.
coastal wetlands have been lost due to human activity and natural processes
(Frayer et al., 1983).

The coast represents the land/water interface ~ the end of one
landscape element and the beginningof another. On a micro-scale, all coasts
are different. Moreover, most of the world's 450,000 km of coastline has been
modified to meet the population's needs. For more than 2000 years,
humankind has manipulated the coast. It was, and is, the focal point of
considerable human activity. As a geographic/geologic element, the coast is
limited in its ability to absorb engineering modifications. It is a delicate
environment, its form constantly changing and evolving. Drainage and
reclamation measures brought the wetlands under the control of agricultural
and urban interests. However, in the process a vitaland irreplaceable natural
resource was lost. Prior to the National Environmental Policy Act (NEPA),
this was the accepted practice, since most wetlands were considered waste
lands, best reclaimed for supermarkets, parking lots, residential housing, or
other uses. After passage of the NEPA and development of a new body of
science associatedwith wetlands,coasts,and associated ecosystems, it became
apparent these regions were far more important in their natural state than
paved over with asphalt.

The Abused Coastal Zone Is Under Stress

Coastal change, natural and human made, is a national and
international issue. For example, on 8 September 1900, a hurricane struck
Galveston, Texas. Property damage exceeded $25 million and more than 6,000
people died. The storm surge was estimated in excess of 4.5 m. At least 3,600
homes were destroyed in an areaof approximately 607hectares.Ten thousand
people, of a population of 38,000, were made homeless (Davis et al., 1987).
The city did not want a disaster of this magnitude to reoccur, so in 1902 a
solid-concrete seawall was begun and engineers decided to raise the city's
elevation. The latter provided added protection from storm surge and aided
local drainage from the seawall to about half way across the island. Five
hundred city blocks were involved in the grade-raising project. Everything was
raised, streets, signs, water and gas lines, sidewalks, and flowers in the front
yard. Permanent structures were elevated at a cost of $1000 each, with an
average depth of Till of 2.3 m. The seawall and elevation project has helped
protect the city, but where the seawall ends several new condominiums are at
risk (Davis, 1951; Davis el al., 1987). Erosion is of concern along the entire
Texas coast. The seawall's success is limited to its length.

At Encinidas, California, the coast eroded more than 300 m between
1883 and 1980. The cliffs arc unstable. Two city blocks have disappeared, but
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people continue to build in this hazard zone(Kuhn and Shepard, 1981). In the
San Francisco Bay area, dewatering of the soils that constitute the
alluvium-rilled Santa Clara Valley has caused considerable subsidence. In the
South Bay communities of Alviso and San Jose, 4 m of subsidence was
recorded in 1969. Land once above, isnowbelowhigh tide or meansealevel.
Onoccasion, sand bags have tobeused to protect thehighways from flooding
(Fowler, 1981; Poland, 1981; Poland, 1984; Ireland et al., 1984; Dolan and
Goodell, 1986). To reduce flooding, levees ring part of the Bay. Local
governments have spent about $9 million on these flood-control embankments.
Anestimated 44 km2 ofland below sea level is now protected. In addition, a
major salt company has spent a substantial sum maintaining levees in
conjunction with 78 km2 of salt ponds to counter Z4 m of subsidence. An
ancillary benefit to communities bordering these levees wasa reduction in the
landward movement of the Bay's saline water (Poland, 1984).

Shoreline change is notconfined to theUnitedStates; it isworldwide.
InJapan, more than 45% of thecountry's coast is protected by large cement
structures called tetrapods. Theshoreface isbeing armored; theJapanese have
installed at least 90,000 of these units, each weighing about 4.4 tons. In some
cases, small islands have beensurrounded by armor units to protect no more
than six families. At acost ofup to$l,000,000/m, the Japanese are apparently
willing to spend whatever is required to protect their fragile, eroding coast
(Walker, 1981b).

In England, coastal cliffs are eroding rapidly. Flooding in London
became so acute that a series of large protection gates were constructed
across the Thames River to prevent flood waters from inundating the city.
Along the Atlantic coast of France, cliff erosion is sogreat that many World
War II bunkers, built on thecliffs, are now in the surfzone. In Spain, coastal
erosional rates are quite variable (Marques, 1986). Venice, Italy, surrounded
bywater, has learned toendure high water, or acqua alta. Since 1872, average
acqua alta levels have increased at least 40 cm (Pirazzoli, 1983). The level
intensity, and frequency of this phenomenon has accelerated; consequently,
temporary, elevated boardwalks are becoming the city's sidewalks (Davis,
1986).

Regardless of the engineering solutions, coastal real estate is
threatened. Between 1850 and 1950 at least 270 million m3 of earth eroded
from Chesapeake Bay's Virginia shoreline (Byrne and Anderson, 1977; Kerns
et al., 1980) - enough material to cover the District of Columbia to a depth
of 12 m. The Bay's shoreline is currently retreating ata rate of 0.6 m to 2.4
m annually. Along the Bay's Maryland shore, more than 10,000 ha eroded
away between the mid-1800's and 1947 (Byrne and Anderson, 1977; Kerns et
al., 1980; Maurmeyer, 1985). Along parts of the Ocean City, Maryland
shoreline there are segments where erosion averages 0.6 m/yr (Leatherman
and Dubois, 1983). Called the "Miami Beach of the North," the city is losing
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its beach. Groins and other bulwarks provide solutions, but they are expensive.
One groin cost an average of $300,000 and Ocean City, Maryland has one
groin for every 335 m of shoreline (Monte, 1988).

Mankind has manipulated New Jersey's and New York's shorelines
so completely that little natural shoreline remains. Protected by shore
defenses, the area nevertheless continues to erode (Vaccaro, 1981).Along the
1000 km stretch between New Jersey and North Carolina, the shoreline is
eroding at an average of 1.5 m/yr (Dolan et al., 1979; Dolan and Hayden,
1980-81). On the west coast, the annualrate of retreat is about 0.9 m (Orme
and Orme, 1988).On the east coast, more than 25% of Florida's beaches are
in a critical state of erosion (Davis et al., 1987). Awareness of coastal issues
has become international in scope. Solutions require a diverse collection of
data. The computer provides an avenue into the required databases. This
approachassists in making decisions based on multifaceted information. This
technology has certainly aided Louisiana in its appraisal of its coastal
problems.

Louisiana's Coastal Zone: Managing and Monitoring Coastal Change

Louisiana is part of the Mississippi River's alluvial empire. Over the
last7000years, the state'swetlands were created from sediments derived from
the 31 states and two Canadian Provinces within the Mississippi's drainage
basin. In any given year, the river carries from 0.75 - 1.25 million tons of
suspended material. This substantial sediment load has historically been
deposited in the coastal lowlands, creating a marsh/swamp complex larger
than the states of Connecticut and Delaware combined. Louisiana's near

featureless marshes and adjacent water bodies span the entire coast. The low
lying marshes vary in width from 25 km to 80 km and a less than 4 m
difference exists in height between the marsh and adjacent natural levees,
chenicrs, and beaches. With 41% of the country's marsh ecosystems, the
region is defined by elevation and the absence of trees (Gosselink, 1980).
Where the land is at least 45 cm above sea level, a cypress/tupelo swamp will
often be evident. The marsh, on the other hand, is a conspicuous lowland -
literally a sea of grass (Valiela and Vince, 1976). These environments are
valuable, but vanishing, natural resources.

Earlyinvestigators determinedthat Louisiana's marshesarc a product
of the wandering distributaries andalluvial processes of the Mississippi River.
With each channel change, river-borne sediments were diverted into new
areas, creating the deltaic and chenier plains (Coleman and Gagliano, 1964).
This swath of coastal property provides a habitat for more than two-thirds of
the Mississippi Flyway's wintering waterfowl, a large portion of North
America's fur and alligator harvest, more than 20% of the country's
commercial fisheries, approximately one-third of the country's natural gasand
nearly one-fourth of its petroleum (Davis, 1982). The world's greatest pipeline
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network moves these mineral fluids to processing plants that support a
national and international industrial infrastructure. In addition, the size of the
wetlands, coupled with the barrier islands, serves as an effective barrier
against the full force of a hurricane.

These wetlands are disappearing at a rate of more than 100 km2/yr
(Gosselink et al., 1979; Gagliano et al., 1981; Penland and Boyd, 1981; Turner
and Cahoon, 1987; Penland et al., 1990). Their destruction is explained
partially by natural processes - subsidence and sea-level rise (Ramsey and
Penland, 1989). Humans have relatively little control over these natural
events. The human elements, specifically those levee-building activities that
locked the Mississippi River into a controlled conduit, have altered flow
regimes, sediment patterns, and vegetative assemblages that created, and
continue to contribute to, the land loss predicament.

Prior to 1950, the Mississippi River carrieda stable load of about 485
million tons of suspended material each year. After 1950, the quantity of
sediments reaching the delta declined nearly 50%. The balance of the
sediment load is funnelled through the basin andchanneled off the continental
shelf, lost to thenearshore sediment budget. Thus, the coast is deprived of the
material necessary to build newland at a rate slightly greater than subsidence
(Baumann et al, 1984). The problem is directly related to man's interference
with the flow regime of the Mississippi River, compounded by the effects of
compaction, sealevel rise, subsidence, saltwater intrusion, anderosioncreated
by natural and human-induced processes. Land building by river-flood-flow
deposition has been replaced by extensive and rapid wetland loss.

Subsidence, coupled with the rising eustatic sea level, creates
submergence conditions. Marsh surfaces cannot accrete rapidly enough to
keep pace with relative sea level rise. Estimates suggest that the contiguous
United States lost more than 220,000 ha of wetland annually between 1955
and 1975; most of this loss is attributable to man's activities. Currently, land
loss rates have decreased slightly, largely due to reductions in agricultural
reclamation. This trend benefited upland wetlands, but is insignificant in the
coastal zone, where land loss issues remain critical. In Louisiana, on average,
one hectare of coastal wetlands is lost every 49 mmutes, or the equivalent of
about 36 ha a day, or 278 m2 every minute. In its simplest sense, Louisiana's
coastal zone is presently out-of-balance. A great natural catastrophe is
occurring; land is disappearing rapidly. For Louisiana's coast, marsh losses
exceed 12,000 ha annually. Land building has been replaced by a loss of at
least 100 km2/yr (Salinas, 1986).

When coupled with a rise in relative sea level estimated to be 1.04
cm/century, the wetlands are in serious danger (Baumann and DeLaune,
1982; Boesch et al., 1983; Nummedal, 1982; Barth and Titus, 1984; Ramsey
and Penland, 1989). By comparison, since 1954 approximately 400,000 ha of

489



coastalmarshes, at a rate of 15,000 ha/yr have been lost in the United States.
In Louisiana, morethan 400,000 ha, 4040 km2 have beeneradicated in the last
90 years. Half of this has occurred since 1950 and has affected the many
interlocking subsystems that make up an estuary's productive habitat. This is
crucial, as the estuary represents a transition zone between freshwater and
marine ecosystems that provides critical habitat for fish, shellfish, and other
wildlife (Davis, 1982).

Both natural and human-induced processes arc responsible for this
landlosswithinNorthAmerica'slargest andmost productive deltaic/estuarine
environment. Louisiana's coastal zone isan excellent example of the problems
associated with shoreline and wetland loss. The state's alluvial wetlands serve
as a contemporary illustration of coastal modifications (subsidence, erosion,
and saltwater intrusion) that will, to some degree, be a part of all coastal
states within the next 50 years.

Managing Our Coastal Inheritance

In many ways, coastal environments are the United States' most
valuable geographic/geologic features. Within this low-lying band of coastal
propertythere hasbeen increased population pressure. Almost one-halfof the
country's total population live in coastal areas. If current projections are
accurate, the coastal population in some states will more than double in the
next decade (Culliton et al, 1990). The nation's coastal areas include some of
the most rapidly growing and densely populated counties (parishes) in the
United States. In the conterminous United States, these political units
represent only 11% of the country's land area, and yet are witnessing
phenomenal growth - a growth pattern that is going to notably increase
population densities. With the fragile nature of coasts on one hand and the
dynamic, oftenviolent, behavior of winds andwaves on the other, thesepeople
are at risk.

Public consciousness about coastal environments has increased
substantially sincethe 1970's. Over the last decade, oil spills suchasthe Exxon
Valdez, medical wastes on east coast beaches, red tides in Florida, shellfish
bed closures, overfishing, kelp forest destruction, coastal erosion, and wetland
losshavebeen publicized widely. These area few of the issues that augmented
the public's awareness of the profound and widespread nature of coastal
issues. Concomitant with the boost in civic involvement, and the adoption of
coastal issuesby national and regional environmental organizations, systematic
monitoring of a vast assortment of statistically appropriate information has
been assembled by numerous governmental organizations.

Environmental protection has become the watch word and standard
bearer of a new coastal consciousness. The rush to the shore has been so
intense that the nation's estuaries are under stress (Mitchell, 1975). Coastal
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dwellers have turned many estuarine areas into "giant cesspools" (Morrissey,
1988). With passage of the Coastal Zone Management Act, the coastbecame
an entity of political concern. The Act prompted states to begin a systematic
analysis of their coastal resources, as the Act's three major goals are to
preserve, develop, and use coastal areas in an orderly manner. Data became
critical. Managing that data became a multiagency task, requiring extensive
computer manipulations. Using ERDAS, ELAS, MOSS, ARC/INFO, and
other hardware/software packages, Louisiana's Coastal Zone Management
Division became an earlyconvertto the advantages ofgeographic information
technology in assessing coastal-related issues. Alongwith the state'smapping
efforts, the Louisiana Geological Survey was amassing considerable data. In
July, 1984, the Coastal Geology Section began to use helicopters to monitor
coastal change. These aerial video surveys represent a visual record/archive
of the coast. Every year, and after every hurricane or major storm period, the
Survey has flown the coast. Eleven flights have been made, compiling an
important data set. These data and the analysis of shoreline change became
the focal point for developing geographic information system capabilities.

The Usefulness of Geographic Information Systems (GIS)

In response to Louisiana's coastal-land-loss crisis, the United States
Geological Survey(USGS) developed acooperative research initiativewith the
Louisiana Geological Survey (LGS) to investigate the critical processes of
barrier islands and wetland loss. This state/federal effort focused on
understanding the coastal land-loss problem from human, geomorphic,
stratigraphic, and process points of view. Along with this program, several
state and federal agencies were studying and mapping additional elements.
The product of these intensive research endeavors is one of the country's
largest multidisciplinary and multifaceted wetland's databases. Considerable
information has been generated and archived in numerous forms. Digital
maps, high-resolution seismic profiles, vibracores, aerial videotapes,
standardized bibliography, sequential satellite images, tabular records, high
and low altitude photography, and field surveys make up the information
repository. Most of these data are stored manually on incompatible
geo-processing systems. Unfortunately, much of the digital information is
unknown to other agencies, inaccessible due to format, or simply not in a
compatible form. Moreover, considerable material has been processed into
digital formats on different projections, at a variety of scales, and on a diverse
array of hardware and software. To help organize this material into a
user-friendly format, the USGS has committed funds to help establish, over
the next five years, the Louisiana Coastal Geographic Information System
Network (LCGISN).

The purpose of LCGISNis to take the widerange of available coastal
information and consolidate it into aneasily retrievable form, despite format,
platform, software, and method of storage. The intent is to put information
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into the hands of people to whom it has traditionally been unavailable. This
is a distinctively different approach, as LCGISN is concerned with
disseminating geographic information, regardless of the type of media
involved. The distributive network is not limited to a single medium, but
designed to link media into a coherent network.

Over the past decade, demand for spatial analysis of geographic,
resource, and environmental data has increased dramatically. With the
continuous enlargement of the user community, and the profusion of data
developed, collected, and manually stored byenvironmental agencies, along
with contrasting data formats among GIS platforms, some coordination,
networking, and data transformation standards are required to easily access
the mounting volume of data. Data collected in 157 counties and parishes
within six states (Texas, Louisiana, Mississippi, Alabama, Florida, and a small
section of Georgia that drain into the Gulf of Mexico) is substantial. Each of
these political units could benefit from easy access to data management in a
GIS (Reyer et al, 1988). Networking the GIS platforms offers a forward-
looking and progressive means to fill this need, along with a way to
substantially improve the application of our acquired knowledge to
environmental problems across political boundaries.

The purpose of a GIS is to prepare, present, and interpret facts
pertaining to the earth's surface, using computer hardware and software
specifically designed for the acquisition, maintenance, and use of map data.
Geographic data is reorganized and manipulated in a computer into a
single-factor overlay. Once in the system, overlays can be custom tailored to
meet a user's needs.

Over the past decade, demand for superimposing layers ofgeographic
resource and environmental data has grown. Spatial analysis demands of
these data have led to creation and development of geographic information
systems. Expansion within the GIS field now includes a number of
traditionally unrelated disciplines. From these new working relationships,
research conducted within the public and private community has created
extensive data sets.

As software and hardware markets become more competitive, spatial
analysis and geographic information storage and retrieval technology will
improve. New, smaller, and faster hardware is appearing on the market
monthly and "beta tested" software is proliferating. Several competing GIS
hardware/software packages exist; all have different data structures, file
formats, and capabilities. Providing easy access to geographic information is,
therefore, a problem. The technology has developed faster than our capability
to link, in a cost effective manner, the various GIS units into a practical
interconnected computer-drive structure. Underlying the need for better
geographical information management isthe expanding volumeof information
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in a machine-readable format. Even asmall quantity of digital data, without
a suitable clearinghouse, is difficult to manipulate. Satellites and other
airborne platforms are generating immense volumes of digital information,
thousands ofnew flight lines ofaerial photographs; gigabytes ofenvironmental
data are accumulated rapidly. The need to encourage the rapid retrieval of
this information, by diverse users, led to development of LCGISN - a
hardware/software interface that can assist the coastal community to integrate
the vast array of expanding databases into a fine-tuned network.
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