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ABSTRACT

The relative rise of sea level has played a significant
role in the loss of coastal wetlands, particularly in the
Chesapeake Bay. Coastal wetlands are threatened from their
seaward side by a future increase in the rate of sea level
rise, and from their landward side by development. Arc/INFO
Geographic Information System (GIS) technology was used to
estimate the wetland acreage that would be lost and/or
gained following an instantaneous one meter rise in sea
level. A potential shoreline scenario for Gloucester
County, Virginia was developed assuming the maintenance of
existing development and shoreline stabilization structures.
Virginia’s current tidal wetlands policy was examined for
ways to allow inland migration of wetlands resulting from a
sea~level rise. Under the existing policy, a one meter sea-
level rise would inundate 41% of the County’s tidal
wetlands.
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THE EFFECT OF A ONE METER
SEA-LEVEL RISE ON TIDAL WETLANDS IN
GLOUCESTER COUNTY, VIRGINIA



INTRODUCTION

In the last twenty years, the world has begun to
recognize the importance of environmental quality in
general, and coastal wetlands in particular. OTA (1984)
estimates that the United States has lost more than half of
its wetland acreage since European settlement. These areas
are valuable to both the economic and environmental health
of U.S. coastal areas for the functions that they perform.
Despite several state and federal programs designed to
prevent wetland destruction, such as the Virginia Wetlands
Act of 1972, losses continue as a result of human activity.
Added to these continuing losses, sea-level may rise rapidly
in the future in response to global warming and cause

further coastal wetland deterioration.

Global warming is argued to be likely to occur in the
next century due to a buildup of greenhouse gases (Hoffman
et al., 1983; Broecker, 1987; Ramanathan, 1988; Peltier and
Tushingham, 1989; Schneider, 1989). Atmospheric gases such
as water vapor (H,0), carbon dioxide (CO,),
chlorofluorocarbons (CFC’s), methane (CH,), nitrous oxides
(N,0) and other trace gases are collectively referred to as
the greenhouse gases. These gases accumulate in the
atmosphere and allow ultraviolet radiation to pass through

to the Earth’s surface where it is warmed and reradiated as



infrared energy. The greenhouse gases absorb most of the
reradiated heat energy and trap it in the lower atmosphere,
thereby acting as the panes of glass in a greenhouse.
Without the greenhouse gases that occur naturally in the
atmosphere, the earth would be approximately 33° C cooler

than it is today (Hansen et al., 1984).

Man’s activities, such as the combustion of fossil fuel
and deforestation, increase‘the levels of greenhouse gases
in the atmosphere. This increase is expected to drive the
climatic system out of equilibrium and cause more of the
radiative heating to remain near the Earth’s surface
(Ramanathan, 1988). Global warming could raise sea level
through the melting of ice sheets and terrestrial glaciers
and through thermal expansion of ocean water. The future
rate of sea-level rise is expected to be much greater than
recent historical rates and, therefore, poses serious
threats to coastal communities, including wetlands (Orson et

al., 1985; Titus and Seidel, 1986).

Coastal wetlands formed over the past several thousand
years through peat accumulation and sediment entrapment as
the sea level gradually increased. A rapid rate of sea-
level rise may not allow wetlands time to accrete substrate.
This puts wetlands at risk of being flooded, inundated by

salt water, and eroded. In a natural system, upslope



4
migration of wetlands onto adjacent lowlands could cccur and
perhaps form new wetlands. However, many of the adjacent
uplands already are or soon will be developed. Therefore,
it seems doubtful that the same acreage of wetlands will be
able to form as that lost. Factors affecting upland
suitability include the topography, development conditions,

and structures such as sea walls and bulkheads.

Many recent studies indicate an apparent global sea-
level rise of 10-15 cm over the last century (Gornitz et
al., 1982; Barnett, 1984; Davis, 1987). Despite these
studies, there is no scientific consensus that sea-levels
are rising or that the Earth will undergo global warming
(Lindzen, 1990). Even among those scientist who believe
global sea-level rates will increase rapidly in the future,
there is considerable scatter in their estimates. Barnett
(1984) points out that this variation is due to different
techniques used to estimate global sea-level changes, rather
than instrumentation error. Revelle (1983) predicts a rise
of 70 cm in the next century. Thomas (1986) estimates that
a rise of 110 cm seems the most likely, while Hoffman et al.
(1983) predict the rise to be between 144 and 216 cm.
Despite the range of estimates regarding future sea-level
rise, most researchers believe that sea-level is very likely
to rise by amounts considerably greater than it has during

the last century (Gornitz et al, 1982; Hoffman et al., 1983;



Revelle, 1983).

Coastal zone management has become increasingly more
important as the United States’ coastal areas have come
under increasing pressure from population growth and
development. Almost half of our nation’s population now
lives within 80 km (50 mi) of the coastline and this number
is expected to grow rapidly in the coming years (Culliton et
al., 1990). Scientists have given us ample time to develop
strategies to deal with the consequences of global warming,
if it does in fact occur. The best policy would seem to be
one that imposes minimal cost now and could be implemented
only if sea level rose enough to make it necessary.

This project focuses on management implications of an
instantaneous, one meter rise in sea level for Gloucester
County’s tidal wetlands. It is a practical exercise in the
application of ARC/INFO GIS technology to resource
management. A one meter rise in sea level is a mid-range
prediction for the next century (Kana et al., 1988a;
Villach, 1987; Titus and Seidel, 1986; Hoffman et al.,
1983). Gloucester County currently has about 3,043 Ha
(7,517 ac) of tidal wetlands according to Virginia Institute
of Marine Science (VIMS) Geographic Information System (GIS)
database. Ninety-six percent of these are saltwater marshes

(Moore, 1976). 1If sea level rises as predicted, there will



6
be a major shift in the locations of Gloucester County tidal
wetlands. The net change in tidal wetlands, rather than the
rate of change of sea-level rise is the concern of this
study. The processes affected by the rate of sea level
rise, such as erosion and accretion, were not taken into
account for this study. The area of tidal wetlands 1is
likely to be decreased dramatically by an instantaneous rise
in sea level. Although, in reality, sea-level rise would
take place gradually rather than suddenly, this project
provides a first approximation of wetland loss, given the

resources available.

The objectives of this research were to (1) digitally
depict an instantaneous one meter rise in sea-level, (2)
digitally depict the areas where potential upland migration
of wetlands could occur, considering elevation and
development, (3) estimate net loss of coastal wetlands that
would result from a shoreline vertical displacement of one
meter, (4) examine applicability of the state’s wetland
program to sea-level rise, and (5) estimate economic value
of protecting uplands from a sea-level rise through the use

of bulkheads and riprap.



LITERATURE REVIEW

Basis for Expecting an Increase in Sea-Level Rise

Throughout history our shorelines have changed their
appearance dramatically. Sea-level changes, due mainly to
glacio-eustasy or the volume of water trapped in continental
ice sheets, cause shorelines to retreat and advance over the
continental shelf. The last time sea-level was near its
present position was 30,000 to 50,000 years ago (Kennett,
1982; Fairbridge, 1989). This period was followed by one of
glacial growth, which lowered sea level to about 130 meters
below its present position, approximately 16,000 years ago
(Emery and Garrison, 1967; Milliman and Emery, 1968;

Fairbanks, 1989).

Values between 1.0 and 2.6 mm/year have often been
quoted as the present-day rate of eustatic sea-level rise
(Gornitz et al., 1982; Douglas and Herbrechtsmeier, 1989;
Gornitz, 1991). Meier (1990) cites a global average rate of
sea-level rise during the last fifty years of 2.4 + 0.9
mm/yr (240 mm/century). This value was obtained by
correcting tide-gauge data for the continuing glacial
isostatic adjustment. By radiocarbon dating of basal marsh,
swamp and shell deposits, and the use of tide-gauge data,
Davis (1987) estimates a historical rate of sea level rise

for the Chesapeake Bay region He estimates that the rate of



sea-level rise for this area has been 2.6 mm/yr (260
mm/century) since 1940. This rate would have to quadruple
in the next century, in order for sea- level to rise one

meter.

Changes in global sea-level, on time scales of a decade
to a century, are caused by three main processes: changes
in ice mass on land, changes in the temperature of ocean
water, and changes in the volume of water stored on land in
groundwater aquifers or surface reservoirs. The first two
processes are effected by climate change, hence the
connection between sea-level rise and global warming (Meier,
1990). It appears that sea-level rise is occurring at rates
that have not been approached for over 4000 years (Orson et
al., 1985; Wanless, 1989; Gable and Aubrey, 1990, Gornitz,

1991).

CO, and other greenhouse gases may double by the year
2030 compared to the concentrations present at the beginning
of the Industrial Revolution (Villach, 1987) and warm the
earth’s surface between 2 and 4° C (Titus and Seidel, 1986).
If the earth’s average surface temperature increases by 3° C
by 2050 and remains constant after that, sea level will rise
approximately 1m by 2100; a global warming of 6° C by 2100
could result in a sea level rise of 2.3m (Thomas, 1986).

Other estimates of sea level rise for the next century vary:



Hoffman et al. (1983) estimate an average global rise of
0.72m to 2.16m; Meier (1990) estimates 0.30-0.70m; 0.30-2.0m

is predicted by Revelle (1983) and the NRC (1987).

Impact of Sea-Level Rise on Coastal Wetlands

Wetlands have long faced pressures on their landward side
from development. Until fairly recently, wetlands were seen
as worthless swamps and seemingly their only value was the
possibility of their conversion to another use. Niering
(1989) estimates that when the United States was first being
settled there were approximately 87 million hectares (215
million acres) of wetlands. By the 1970’s, only about 40
million hectares (99 million acres) remained. In the last
twenty years people have begun to recognize the importance
of environmental quality in general, and particularly
wetlands. Coastal wetlands provide habitat space for
aquatic, avian, and terrestrial species. They are important
in nurturing the nation’s commercial and recreational
fisheries. They help control flood damage and reduce water
pollution. They also support many recreational activities,
such as bird-watching, canoeing (Conservation Foundation,

1988) .

If sea~-level does rise at the predicted rates, coastal
wetlands will be seriously affected. Most measurements of

historic sea-level show a slow rise that began 2000 to 4000
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years ago and was preceded by a faster rise (Emery and
Garrison, 1967). This slower rise of sea-level allowed the
formation of coastal wetlands as they were able to accrete
substrate and form peat. Radiocarbon dating supports this
theory. Research has revealed that most of our present day
coastal marshes generally formed no earlier than 4000 BP
(Redfield, 1967; Rampino and Sanders, 1981). Due to the
decline in the rate of sea-level rise about 4000 BP, tidal
marshes were able to accrete substrate at a rate equal to or
greater than coastal submergence, which allowed for
considerable salt marsh development and expansion (Orson et
al., 1985). The accumulation of sediment is crucial to
marsh development by maintaining surface elevation and
supplying a source of nutrients to the wetland plants. The
growth of coastal wetlands will continue as long as rates of
accretion are equal to or higher than that of relative sea-

level rise (Baumann and DelLaune, 1982; Orson et al., 1985).

There are three major ways a rise in sea-level could
disrupt existing coastal wetlands: inundation, erosion, and
saltwater intrusion. It is likely that many wetlands will
be converted to open water upon inundation, or flooding.
Coastal wetlands are generally less than one tidal range
above mean sea-level, thus if the sea rose one tidal range
overnight all existing coastal wetlands would drown (Titus,

1991). Periodic flooding is an essential characteristic of
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coastal wetlands, increasing the frequency and duration of
flooding could substantially alter these ecosystems. The
natural impact of a rising sea would be to cause the entire
ecosystem to shift landward, with dryland converting to the
transitional wetland vegetation flooded a few times a year,
transition wetlands converting to high marsh, high marsh
converting to low marsh, and low marsh converting to
mudflats and eventually open water (Gornitz, 1991). Sea-
level rise could increase the salinity of estuaries
(Williams, 1989). In many areas, the zonation of wetlands
depends as much on salinity, as on elevation (Hull and
Titus, 1986). A sea-level rise may force saline waters
farther up an estuary, where fresher water now exists.
Saltwater intrusion would proﬁébly change the type of
vegetation, but the area may still remain a wetland. The
effect of saltwater intrusion would be greatest on tidal

freshwater wetlands.

There is the possibility that a rise in sea-level would
flood adjacent lowlands, creating new wetlands or that
wetlands would be able to grow upward by accumulating
sediment and organic material. However, the ability of
these two possibilities to negate a major loss of coastal
wetlands may be limited (Titus, 1991). There is no evidence
that wetlands could keep pace with the accelerated rise

expected in the next century (Kearney and Stevenson, 1985).
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Erosion of marshes would be expected to increase with
an accelerated sea level rise. Erosion of coastal marshes
could occur through increased incidence and severity of.
storm events and wave surges (Davidson and Kana, 1988),
although it is likely that most marshes will be submerged
long before extensive erosion occurs. Stevenson et al.
(1985b) noted that the formation ¢of interior ponds may act
as a probable mechanism of coastal wetland loss. Baumann
and DeLaune (1982) theorized that in Louisiana, coastal
marshes were being lost due to their inability to accrete
sediment as fast as the rise in mean sea level. They
attributed the situation to the combined factors of a global
rise in sea-level, high subsidence rates for the region, and
decreased sediment inputs. The inner portions of the salt
marsh were accreting at a slower rate than the rate of
submergence. The levee portions, however, were found to be
accreting at about the same rate as coastal submergence.
This resulted in the formation of ponds interior of the
marshes. Eventually the levee portions eroded and

disappeared also.

The same phenomena has been recorded for Chesapeake Bay
(Kearney ana stevenson, 1Y85; Stevenson et al., 1985a).
Submerged upland marshes in Blackwater Natiocnal Wildlife

Refuge, which were formed by the inundation of low-lying
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terraces, are subsequently being lost to surface and
creekbank erosion. These marshes soon may be Converted to
open water. Kearney and Stevenson attributed the situation

to low sediment input and high rates of coastal submergence.

Titus and Seidel (1986) suggest that the construction
of shoreline stabilization structures could be another
mechanism for wetland loss. Building these structures may
squeeze marshes out of existence, as sea level rises. Major
losses of estuarine marshes can be anticipated because of
shoreline protection structures. Construction of bulkheads
and seawalls to protect economic development may prevent new
marsh from forming and result in a total loss of marsh in

some areas (Titus and Seidel, 1986).

Bulkheads and seawalls are terms that are often used
interchangeably in referring to shoreline protection
structures. However, the two are not synonymous. Bulkheads
are retaining walls that primarily hold the soil and prevent
it from sliding. They also serve to provide protection from
wave action, however severe wave action usually is beyond
their capacity. Seawalls are massive structures that are
used to protect backshore areas from heavy wave action.
Their size generally places them beyond the range of low

cost shore protection and they are usually not necessary in
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sheltered areas (U.S. Army Corp of Engineers, 1981).

Bulkheads and seawalls often are used on shorelines
above the mean high water line to provide protection for the
upland. These structures usually are built as vertical
walls facing the sea. To be successful these structures
have to able to withstand the forces of incoming waves
during a storm, as well as overtopping, which permits a
significant amount of water to add to the passive load
exerted on the wall and can further result in a scouring or

eroding of the backfill (NRC, 1987).

Coastal marshes can be effective in preventing or
slowing the erosion of shoreline, at least in areas with a
wave energy climate that allows for their existence. While
they do not provide full protection, they dissipate wave
energy and allow for less massive and costly backup

protection (U.S. Army Corp of Engineers, 1981).

Management Implications of Sea-Level Rise

Several laws, on both the state and federal levels,
affect the regulation of wetlands. Through the framework
established by these, it is anticipated that a feasible
management plan can be constructed that would allow wetlands
to survive a one meter sea-level rise. The current

scientific uncertainties are compounded by the lack of
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uniformity and direction in the responses of federal
agencies and policy-makers. The federal government has not
yet provided clear policy guidance or incentives to state
and local governments regarding appropriate responses. It
is on these levels that future impaéts will be first felt.
Coastal communities have already faced difficult decisions
regarding development, the threat of sea-level rise only

exacerbates their decision making process.

Klarin and Hershman (1990) studied the responses of
state and local officials to the threat of sea-level rise.
They emphasize that it is important that these levels of
government address the issue because they will immediately
have to deal with the consequences. As pressures increase,
planners may be forced to make decisions and take action

before the scientific uncertainties are resolved.

The Virginia Wetlands Act (1972) provides the basis for
local and state control of tidal wetlands within the
Commonwealth. The operation of Virginia’s wetland program
is generally agreed to be well-administered and highly
successful. After the Act’s passage in 1972, losses of
Virginia’s tidal wetlands declined dramatically (Theberge,
1985). The Act allows local governments to manage their
wetlands through a wetlands zoning ordinance or control can

be forfeited to the Virginia Marine Resources Commission
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(VMRC) . Most localities choose to assume control and
appoint wetland boards to administer wetland policy and
review permits for activities affecting wetlands (Jones,
1976). The Virginia Wetlands Act’s management policy is to
"accommodate necessary economic development in a manner
consistent with wetlands preservation" (Va. Code Section
62.1-13.1). The Act supports a balance between economic and
preservation issues, however, it does not offer definitions
for "necessary economic development" and "wetland

preservation."

Titus (1991) offers an economically feasible approach
that would allow wetlands to migrate inland. Currently, no
one can definitely state how much sea-level will rise in the
coming years, or even if it will rise enough to threaten
coastal communities and ecosystems. The concept of
"presumed mobility," presented by Titus, allows development
to continue today, but only under the condition that owners
will not construct structures to protect their property as
sea-level rises and that they will abandon their property if
and when it becomes inundated. Presumed mobility allows
room for the existing uncertainty. Planners should begin
considering appropriate responses to an accelerated sea-
level rise, but an actual policy would not go into effect
until sea-level rose enough to deem it necessary. Presumed

mobility imposes minimal cost now and would save time and
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money if sea level did rise at projected rates.

This approach is similar in concept to North Carolina’s
current setback-line policies. The erosion rate is
recalculated for the entire coast every five years. Setback
is then calculated on a permit by permit basis using the
particular erosion rate for the area where the property
being permitted is located. In general, for residential
structures, the setback is 30 times the annual erosion rate
back from the vegetation line; for larger commercial
structures, it is 60 times the annual erosion rate back from
the vegetation line. These multipliers are considered an
approximation of the useful life of the structures involved

(Brown, 1987).

The state of Maine has already adopted a policy that
addresses the problem of sea-level rise. Development is
allowed to continue, however bulkheads are prohibited in
certain areas developed after 1987 to allow the migration of
wetlands. Although no other states have explicitly adopted
this strategy, most coastal states restrict bulkheads and
seawalls along the open coast, in order to protect beaches

(Titus, 1991).

Prior Studies

Although many people have examined the issue of how an
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accelerated sea level rise would impact coastal wetlands,
very few people have actually modelled their predictions.

A study was done in 1986 to evaluate the impacts that sea-
level rise would have on the Charleston, South Carolina area
in the year 2075 (Kana et al. 1988a). The study surveyed
twelve wetland transects to determine the elevations of
particular parts of the marsh, frequency of flooding and
vegetation at various elevations. From these field surveys
the authors developed a composite transect representing an
average profile of the area. Using these data and estimates
of sedimentation rates, they estimate the shifts in wetlands
and net loss of marsh acreage associated with three possible
scenarios of sea-level rise for the year 2075. The three
possible scenarios are the current trend, a high (1.58 m or
5.2 ft) and low (0.9 m or 3.0 ft) scenario for sea-level
rise. The model also takes into account peat formation
along with sedimentation, both of which could possibly
offset the effects of a sea-level rise. They do not include
subsidence rates in their model. Upland areas are
classified as being not protected, completely protected, or
two intermediate classes of protection. Kana et al. (1988b)
conducted a similar study for the Tuckerton, New Jersey
area. The methods were the same as those used in the
Charleston study. The results for the two studies were
similar. The wetlands in both areas had been able to keep

pace with the historical rate of sea level rise (30 cm or 1
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ft per century), however a 0.9 to 1.5 m (3-5 ft) rise in
the next century would almost certainly exceed their ability

to keep pace and result in a net loss of marsh acreage.

Park et al. (1989) have created a simulation model to
analyze the effects of a sea level rise on coastal wetlands.
The model, Sea Level Affecting Marshes Model (SLAMM),
predicts the effects sea level will have on about 20% of the
contiguous United States. Ninety-three U.S. Geological
Survey (USGS) 7.5 minute topographic maps, also known as
quadrangles, at a scale of 1:24,000 were chosen, using an
unbiased systematic sampling. The maps had been separated
into cells. For most coastal sites with low slopes and
extensive lowland and wetland areas, a cell size of 500m by
500m was used; this coarse-grained resolution typically
covered four quadrangles. For sites with steep slopes or
heterogenous development, a fine-grained resolution was
used. Cell sizes for the fine-grained resolution
quadrangles were 250m by 250m; this resolution was typically

restricted to one quadrangle.

Each cell was represented by information on elevation,
vegetation, percentage of cover in various classes,
development and presence of protective engineering
structures. Eleven cover classes were distinguished, such

as: wupland, freshwater marshes, saltwater marshes, mangrove
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swamps, and open water. These classes were determined using
Landsat MSS data and high-altitude color-infrared
photographs. The model shows the effect of accelerated sea
level rise for sites in incremental steps for 115 years or
more. The model was considered for use in this project.

The model was eventually rejected because the scale of this
project is much smaller than intended for use in the model.
The researchers took large areas, cells, and generalized
data, such as elevation and development, across them.
Problems were also found in wetland designations for this
area. SLAMM depicted mangrove swamps for part of Gloucester

County.



RESEARCH SITE BACKGROUND

Gloucester County, Virginia (Figure 1) was chosen as
the study site for several reasons. First, the data
necessary to perform this assessment were available for
Gloucester County. Second, Gloucester County has
approximately 3,036 Ha (7500 ac) of tidal marshes that could
be affected by a rise in sea level, including several large
expansive tracts such as the Guinea marshes, 308 Ha (760
ac); Purtan Islands marshes, 304 Ha (752 ac),; and Catlett
Islands marshes, 78 Ha (193 ac). Gloucester County provides
an interesting study area because the shoreline includes
steep and shallow slopes that allow for a range of wetland
retreat and invasion options. Also, the county’s shoreline

runs the gradient from densely developed to undisturbed.

21
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METHODS

A Geographic Information System (GIS) is a computer-
based system of hardware and software designed for the
storage, retrieval, and analysis of geographically
referenced data. GIS’s have the ability to store and
display data as maps and allow for the performance of
spatial analysis. The GIS lab at the VIMS, Comprehensive
Coastal Inventory (CCI), uses ARC/INFO software. ARC/INFO
by Environmental Systems Research Institute (ESRI) is the
GIS system that has also been adopted by the USGS, the

USEPA, and various state and local governments.

Map data kept in ARC/INFO is divided into two parts.
One part stores the map features in two dimensions and the
other stores map attributes, such as county, land use, etc.
The ARC portion stores the map data and the INFO portion is

used to manage the database information.

To meet the objectives of this project, several
resources and tools were utilized. Currently the CCI
database includes the shoreline, tidal marsh inventory,
adjacent upland land use, 5 ft (1.5 m) contour line, and
shoreline stabilization structures for Gloucester County.

The shoreline coverages were digitized directly from USGS

23



topographic maps at 1:24,000 scale. The most recent Tidal
Marsh Inventory (TMI) for Gloucester County was published in
1976 (Moore, 1976). The TMI was the source used to create
digital files in the ARC/INFO Geographic Information System
(GIS) database for tidal wetlands in Gloucester County. The
TMI maps are traced onto USGS 7.5 minute quadrangles and
then digitized using ARC/INFO software package. The Bank
Erosion and Verification Study (Hardaway and Kimball, in
prep.) and 1990 aerial photographs provided information on
adjacent upland land use. The Bank Erosion and
Verification Study, along with the VIMS Permit Database were
used to gain information on shoreline stabilization
structures. The 5-ft contour line was digitized from USGS
topographic maps at 1:24,000 at the Council on the
Environment. More detailed information on the use of these

coverages follows.

ARC/INFO GIS digitized maps were adjusted to estimate
the loss of coastal wetlands that would result from an
instantaneous one meter rise of sea level. Currently in
Virginia, a vegetated tidal wetland is defined as "all that
land lying between and contiguous to mean low water and an
elevation above mean low water equal to the factor 1.5 times
the mean tide range at the site of the proposed project..."
(Va. Code Section 62.1-13.2). An average tidal range for

Gloucester County is 0.67 m (2.2 ft) according to tide
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charts for this area (NOS, 1991). This places the current
mean high water line at approximately 0.30 m (1.0 ft) above
mean sea level. If sea level suddenly rises 1.0 m (3.3 ft),
the mean high water and mean low water lines will just about
change accordingly. Figure 2 illustrates how the

assumptions were made.



FIGURE 2

Lines used for the assumption of shifting ecosystems
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As these lines shift, the distribution of wetlands
shifts concomitantly, keeping in mind that marsh
colonization would occur only after some lag period. Using
the Virginia Wetlands Act definition of a tidal wetland, the
legal upper limit of tidal marshes is 0.67 m (2.2 ft) from
mean low water. Assuming the same tidal range and legal
definition the new upper limit of tidal marshes will be
approximately at the same location as the 1.5 m (5 ft)
contour line. As Figure 2 illustrates, the actual upper
limit would be closer to the 1.6 m (5.5 ft) contour, however
because the 1.5 m (5 ft) contour line had already been
digitized it was used. Using this framework, the resulting
extent of tidal marshes will lie between the current upper
extent of tidal marshes and the 1.5 m (5 ft) contour line.
The projected area of tidal wetland loss can be calculated

by using ARC/INFO software.

The cost of protecting uplands against a sea-level rise
through the construction of bulkheads and seawalls was also
estimated using ARC/INFO. The length and type of shoreline
stabilization structures for the primary waterways in
Gloucester County were digitized and coded for the Bank
Erosion and Verification Study (Hardaway and Kimball, in
prep.). Land use adjacent to the shoreline was also
categorized and coded. Maps for this study were prepared by

looking at oblique aerial videos and transferring pertinent
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information to corresponding USGS 7.5 minute quadrangles.
Because structures were coded according to type and county,
this information could be stored in ARC/INFO. This study
provided information on shoreline stabilization structures,
as well as adjacent land use, for the primary waterways of
Gloucester County that was used to determine where wetlands
would or would not be able tc migrate inland due to
development. Also, the information about types and lengths
of structures was used to estimate the cost to landowners of
rebuilding, assuming the projected sea-level rise would

cause structures to be rebuilt.

For areas not covered in the Bank Erosion and
Verification Study, 1990 aerial photographs were used to
assess the land use adjacent to the shoreline. These were
the most recent photographs available and were selected to
obtain an up to date picture of development in the County.
However, because these photographs were taken vertically,
rather than obliquely, stabilization structures could not
accurately be identified. A developed area was considered
any area with a structure close enough to the shoreline
likely to be defended. One thousand feet was the
approximate resolution of this development assessment. In
other words, only gaps greater than 1,000 feet between
developed areas were recorded. This information was

transferred to the appropriate USGS 7.5 minute quadrangles,
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digitized, and coded.

Structures in Gloucester County’s smaller tributaries
were identified through the VIMS Permit Database. Only data
for the years 1988 and 1989 were available from the Permit
Database. The Permit Database contains applications for
waterfront construction that may affect wetlands. The
applications define the type and length of structure
intended.

Gloucester County’s shoreline was identified as having
either high, medium, or low wave energy, according to the
Chesapeake Bay Shoreline Erosion Study (U.S. Army Corps of
Engineers, 1990). The basis for this classification is
average wave height striking the shoreline (low=1 ft;
medium=2.5 ft; high=4 ft). Each category of wave energy is
associated with a different cost for a particular shoreline
stabilization structure. The higher the wave energy for a
particular part of the shoreline, the more it would cost to
build a bulkhead or seawall there because it would have to
withstand greater forces. Figures for the cost per foot of
structure for each wave energy category were obtained from a
local construction firm (Clifford, pers.comm. 1992). The
length of existing structures are known and it was assumed
that these structures would have to be rebuilt if sea-level
suddenly rose one meter. The lengths were multiplied by the

estimated costs for the structures to estimate a total cost
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of protecting uplands if sea-level rose.

It was assumed that all currently developed areas would
be protected against a sea-level rise. For example, if
tidal marsh currently exists in front of low lying
development, it was assumed that the development would be
protected and the tidal marsh would be squeezed out. This
information was entered into the ARC/INFO database to create
a possible shoreline scenario for Gloucester County.
Sedimentation, peat formation, and subsidence rates were not

taken into account for this project.

The legal review for this project was limited to the
Virginia Wetlands Act. Afterﬁassessing the impact of a sea
level rise on Gloucester County’s tidal marshes, the legal
framework set up by the Act was reviewed. The objective of
this exercise was to see whether or not the existing state
program could provide a mechanism for preserving tidal

wetlands faced with a sea-level rise.



RESULTS

Gloucester County currently has about 3,043 ha (7,517
ac) of tidal marsh. After adjusting the GIS data files to
simulate a one meter instantaneous rise in sea-level, only
1,800 ha (4,445 ac) remained. Essentially, all existing
wetlands were assumed to be flooded by the rise and 1,800 ha
(4,445 ac) of upland were suitable for colonization of
marshes. Colonization could not take place overniéht, sSo
the immediate loss would be all existing wetlands. Only
after a lag period of marsh growth would marshes begin to
reappear. This loss of 1,244 ha (3,072 ac) represents a net
loss of forty-one percent of Gloucester County’s tidal
wetlands. In other words, there is less land available for
wetlands to migrate onto than their current acreage. Table
1 provides lengths of developed and defended shoreline areas
in Gloucester County on a quadrangle by quadrangle basis.
Table 2 illustrates how wetlands responded to the one meter

Ssea-level rise.

Wetlands were assumed to be prohibited from migrating
onto adjacent uplands if there were low-lying development,

existing erosion control measures in place, or if the slopes
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the County’s wetlands, 1,035 ha (2,556 ac). Gloucester
County has several large expanses of wetlands that would be
greatly reduced if sea-level rose. Tracts such as the
Catlett Islands, Guinea Marshes, and Purtan Island would be
greatly reduced in size. These areas are threatened, not so
much by development, but because they have a very low
elevation and there are no uplands available for

colonization.

Erosion control structures are considered a threat to
wetland migration. Bulkhead and riprap were considered the
most prohibitive structures to wetland migration. Often,
bulkhead and riprap are built landward of existing marsh and
present a wall that wetlands cannot pass. For this reason,
this study concentrated on these two types of structures. By
combining data from the Shoreline Erosion Study and the
Permit Database, lengths of existing structures in
Gloucester County were obtained. The Shoreline Erosion
Study, using 1990 obfique video, categorized primary
shoreline according to types of structures and upland land
use. The Permit Database information was utilized only for
areas not included in the Shoreline Erosion Study. The
Permit Database contains requests for permits for building
shoreline structures that affect wetlands. Only data from

the years 1988 and 1989 were available because subsequent



Table 1

Gloucester County Shoreline Data

QUAD SHORELINE (M) DEVELOPED (M) | DEFENDED (M)
Achilles 288,749 89,325 4,888
Claybank 99,541 18,066 4,449
Gloucester 9,899 0 0
Gressitt 118,167 3,892 1,115
New Point 13,479 0 0
Comfort
Saluda 26,368 5,018 265
Ware Neck 73,120 42,099 324
Williamsburg 1,245 637 445
Wilton 17,839 10,566 0
Yorktown 1,765 1,330 1,601
TOTAL 650,172 m 12'0, 933 m 13,087 m
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Table 2

TIDAL MARSH DATA FOR GLOUCESTER

COUNTY ASSUMING A ONE METER SEA-
LEVEL RISE
USGS QUAD Current Resulting Resulting Wetlands
Wetlands Wetlands Loss Affected
(ha) (ha) (%) By
Develop-
ment (%)
Achilles 1,375 1,102 20% 20%
Claybank 479 152 68% 60%
Gloucester 68 16 76% 68%
Gressitt 688 200 71% 50%
New Pt. 43 0 100% 0%
Comfort
Saluda 138 138 _— 25%
Ware Neck 228 172 25% 25%
Williams- 0.8 0.4 % 50%
burg
Wilton 23 18 22% 10%
Yorktown 0 0 0 0
TOTALS 3,042.80 1,798.40 41% 34%
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years had not yet been entered into the database.

Gloucester County shoreline is subjected to wvarying
wave energies. The Western Bay Shore and the main reach of
Mobjack Bay are defined as high energy shoreline. Primary
shoreline along the York and Piankatank Rivers is defined as
- having medium wave energy. Most smaller tributaries are
defined as having low energy (U.S. Army Corp of Engineers,
1990). The energy category of a shoreline dictates the
type, size, and cost of structure necessary. Existing
erosion control structures were assumed to be overtopped or
otherwise rendered useless if sea level rose one meter.
Assuming all existing bulkheads and riprap would need to be

rebuilt, this cost was calculated (Table 3).

Maps of each 7.5" quadrangle are appended. Each
quadrangle is shown as it is today and as predicted after a

sea-level rise of one meter.



Table 3

COST TO
REBUILD STRUCTURES
USGS Quad | Energy Type of Structure Projected
Regime ) Cost
Bulkhead(ft) Riprap(ft)
Achilles H)'gh 9,738 2,253 $ 1,409,510
Medium 2,996 1,046
Claybank Medium 12,901 1,568 $ 945,485
Low 125 0
Gloucester no structures
Gressitt High 1,986 1,422 $ 365,630
Medium 250 0

New PL. no structures
Comfort
Saluda Medium 270 600 $ 56,550
Ware Neck Medium 940 — 122 $ 69,030
Williamsburg Medium 1,461 0 $ 94,965
Wilton no structures
Yorktown High 3,219 2,032 $ 533,550

TOTAL 33,886.00 9,043.00 $ 3,474,720

based on the following estimates provided by Riverworks, Gloucester County:

Cost Per Linear Foot Energy Category
High Medium Low
Bulkhead $90 $65 $40
Riprap $120 $65 $30
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DISCUSSION

The results indicate that, as expected, a shoreline
displacement due to a one meter rise in sea level would
cause a drastic decrease in the area of coastal wetlands.
The inundation of adjacent dryland would enable new wetlands
to form in many areas. However, much of this adjacent
dryland is or soon may be developed. As stated before, by
only protecting currently developed areas, thirty-four
percent of the county’s wetlands would be squeezed out of
existence. There is no existing legal authority to prohibit
the development of lands likely to be inundated. Therefore,
the actual loss of coastal wetlands due to this squeezing

effect would probably be much greater than estimated.

This project has resulted in a first estimate of what
would happen to Gloucester County’s coastal wetland if sea-
level rose one meter, given the available resources. To
arrive at the results a number of assumptions had to be
made. An instantaneous sea-level rise was assumed because
the only reference points available in digital form were
shoreline, upper extenﬁ of tidal marsh, and 5-foot contour
line. The available data did not allow for the
incorporation of such variables as accretion, sedimentation,

or submergence rates.
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The way that wetland systems respond to a rising sea

"evel is partially dependent upon the accretion and
subsidence rates of the area. The marsh system would drown,
convert to open water, if rates of coastal submergence
exceed the marsh’s ability to accrete vertically. Typical
accretion rates for this area are between 1 and 2 mm/yr
(Orson et al., 1985; Armentano et al., 1988). If sea- level
rose one meter over the next century, the rate of accretion
would less than one-fifth that of coastal submergence. For
this reason, it was assumed accretion rates would be
negligible in keeping the marsh surface from being converted

to open water.

Marsh systems may remain stable if the input of
sediments equals the rates of coastal submergence, so that
marsh surface elevations are maintained. If plant
productivity and sedimentation rates increase sufficiently,
the marsh could expand even during periods of a rapid rise
in sea level. Increasing concentrations of atmospheric
carbon dioxide have been linked to globél climate change.
Because plants utilize CO, for photosynthesis, increasing
concentrations could affect their level of productivity.
Curtis et al. (1989%a; 1989b) studied the response of marsh
plants to elevated CO, concentrations. They found that the
primary productivity of C, marsh plants, for example, some

sedges, would be likely to increase if CO, levels increase
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drastically. However, for C, plants, like Spartina patens

and Distichlis spicata, there was no effect of CO, on

growth.

Sedimentation rates depend partly on land-use
practices. Land-clearing practices since Colonial times
have greatly increased sedimentation rates along the coast
and could be responsible for marsh expansion in many areas
(Froomer, 1980). Conversely, significantly reduced
sedimentation rates may initiate increases in wetland losses
(Orson et al., 1985). Future land-use patterns in Gloucester
County will affect the area’s sedimentation rates. If
property owners are permitted to construct erosion control
structures to protect their property from a rising sea
level, the sedimentation rate for this area will be reduced
and most likely increase the loss of wetland area. However,
if these structures are prohibited, sedimentation may be

instrumental in offsetting some of the wetland losses.

Holdahl and Morrison (1974) determined that the
Chesapeake Bay area is subsiding at rates ranging from 1.2
mm/yr to 4.0 mm/yr, with local variability. These rates

would only be compounded by a rapid rise in sea level.

For these and other reasons, the projected loss of

wetlands is only an estimate. Other factors also would
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affect the migration of wetlands. The shoreline
configuration would change, due to erosion, with a gradual
rise in sea level allowing areas currently not capable of
supporting marsh growth to begin. Conversely, areas that
currently support marsh growth might have their
configurations changed such that marsh growth could not
continue. For example, the underlying soils may not be
conducive to marsh growth. These factors would most likely
cause the area of marsh resulting from a sea level rise to

either exceed or fall short of the predicted estimate.

Changes in vegetation ultimately would occur due to
increased salinity intrusion, and the few existing tidal

freshwater marshes probably would disappear.

A loss of forty-one percent of the County’s wetlands
would have definite impacts on water quality. Wetlands
remove organic and inorganic nutrients and toxic materials
from the water that flows across them (Schubel and Kennedy,
1984). The less wetland area for water to filter through,
the more of these pollutants would remain in the water.
Coastal wetlands act naturally to reduce erosion and if left
intact and allowed to migrate inland, fewer erosion control
measures would be necessary. A drastic reductioﬁ in coastal

wetlands would also have negative impacts on the fauna that

use these grounds for spawning, habitat, shelter and food.
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Wetlands support many commercially important mammals and
fish. Wetland habitat is also necessary for the survival of
endangered and threatened species of plants and animals.
Wetlands in Gloucester County are home to many of these,

such as.the bald eagle (Haliaeetus leucocephalus), piping

plover (Charadrius melodus), red turtlehead (Chelone

obligqua), and three-angled spikerush (Eleocharis tricostata)

(VDGIF, 1991).

This project has been a simplistic analysis of just one
of the potential consequences of global climate change,
namely increased sea level. A global change in climate
would be accompanied by several other consequences, all of
which could affect wetlands’ ability to survive. Possible
changes could include increased frequency, duration, and
intensity of storms, and increased water temperatures. An
important result of an increase in the number, length and.
severity of storms would be an increase coastal erosion.
Coastal wetlands act naturally to minimize erosion along
shorelines. Because many of them would be lost to rising
sea levels, so would much of this protective barrier.
Increased erosion rates could affect the fate of wetlands in
many ways. If wetlands accrete sediment at a rate equal to
that of sea-level rise, they may be able to maintain their
position in the landscape. If the accretion rate outpaces

sea-level rise in a wetland area, the wetland may be
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converted into dryland. Or, if accretion is much slower
than sea level rise, wetlands will be converted to open
water. Also, shoreline stabilization structures built in
response to increased erosion rates could prevent sediments

from reaching wetlands.

Increased water temperatures would be partially
responsible for an increase in storm events, as it is
necessary to supply energy for the generation of storms.
Pollutant effects may become more severe at higher water
temperatures and less wetland acreage would be available to
filter toxins. An increase in water temperature may effect
the distribution of wetland and aquatic vegetation, as well
as provide conditions necessary for exotic species to

outcompete native ones.

As discussed previously, an increase in carbon dioxide
levels may affect the productivity of certain C; marsh
plants, but would probably have little affect on the
productivity of C, plants. So there is little hope that
wetland plant productivity would be stimulated markedly as

carbon dioxide levels rose.

Coastal Structures

The estimates of riprap and bulkhead for Gloucester
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County are unavoidably underestimates. The Shoreline
Erosion Study was produced by researchers simultaneously
viewing oblique aerial video taken in 1990 of primary
waterway and marking a USGS 7.5" minute Mylar quadrangle as
to the type and length of structures present. This
provided an objective approximation of structures in
existence. The Permit Database, located at the VIMS, was
used to estimate the length of bulkhead and riprap not
located on primary waterway. Because the Permit Database
contained only 1988 and 1989 applications to build
structures that would affect wetland areas, the numbers
obtained from this source are alsc underestimates, as any
structure built before or after this time was not included.
Also, only the requests were available, the final products
may have differed somewhat. It is also possible that the

Sstructures may never have been constructed.

The total cost for property owners to rebuild existing
structures would near $3.5 million, using 1992’s estimates.
This estimate is already an underestimate due to the gaps in
available data regarding existing shoreline structures. The
estimate increases even more if one takes into account that
wave energy, as well as the cost of materials and 1labor,
would likely increase by the time rebuilding would be

necessary.
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Coastal Wetland Policy

The legal purview of this research was limited to the
Virginia Wetlands Act of 1972, which defines the State’s
policy regarding tidal wetlands. In it, Virginia declares
wetlands as irreplaceable and essential natural resources.
The policy states that a continued loss of Virginia’s
coastal wetlands will greatly contribute to the pollution of
our waterways, will diminish the abundance of the State’s
marine and inland animals and waterfowl, finfish, shellfish
and flora, will increase the costs and hazards associated
with floods and tidal storms, and will accelerate erosion
and the loss of lands productive to the economy and the
well-being of our citizens. The Act further states that
Virginia’s public policy is to preserve wetlands, to prevent
their despoliation and destruction and to accommodate
necessary economic development in a manner consistent with
wetlands preservation. (Virginia Code,Chapter 2.1-13.1.

1972).

From the declaration of policy, it could be assumed
because sea-level rise is a potential and genuine threat to
coastal wetlands, that the state would want to act to
prevent their widespread destruction. As this study has
shown, sea level rise would significantly reduce the area of
coastal wetlands in Gloucester County and presumably would

have a similar effect on other coastal counties in the
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state. Recognizing that credible scientific data indicate
that coastal wetlands could suffer severe losses from a
rapid rise of sea level, preservation of wetlands could be
interpreted in a future, as well as a present, tense. Such
an interpretation would require a much broader

interpretation of the Act than past and current efforts.

Section 62.1-13.6 of Virginia’s Wetland Act provides
for the creation of wetland boards "In and for any county,
city or town which has enacted or enacts a wetlands zoning
ordinance pursuant to this chapter...," otherwise the
Virginia Marine Resource Commission assumes the duties of
locality’s wetland board. Currently, the law establishes a
permitting system for activities, other than those
explicitly listed in the Act, that would take place in tidal
wetlands. Under this system a person who desires to use or
develop any wetland, other than for those activities
permitted must submit an application to the board, or the
Commission. Among other documentation, the application must
include a detailed description of the proposed activity and
a map showing the area of wetland affected. The Act is
currently interpreted to read that wetlands boards have
authority only over activities that occur within the
boundaries of a jurisdictional tidal wetland, and not
activities that occur outside of this boundary, yet may

still exert an effect on a wetland.
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However, the Act may be interpreted in such a way that
new legislation would not necessarily need to be creéted in
order to prevent the construction of erosion control
structures. 1In Section 62.1-13.5:9, the Act describes the
factors, upon which the boards shall base their decision.
They are testimony, either for or against the permit
application and the impact of the development on the public
health and welfare as expressed by the policy and standards
of the Act. This Section goes on to say that if the
"anticipated public and private benefit of the proposed
activity is exceeded by the anticipated public and private
detriment or that the proposed activity would violate the
purposes and intent of the Act" the board shall deny the

permit application.

Any interpretation of the Virginia’s Wetlands Act that
differs from the current is likely to be challenged heavily
in court. Although the current wording of the Act could
provide for future preservation of Virginia’s coastal
wetlands, it is unlikely that it would be effective in doing
so,. The Act’s current interpretation of tidal wetlands
does not include lands likely to be inundated in the future.
It could be argued that the legislative intent of the Act
was not to regulate potential wetlands, only existing

wetlands.
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The State can either decide to take action or do
-thing to prevent this loss of coastal wetlands. This
. .2dy has been an examination of what would happen if the
state took no action on the issue. By taking no action,
development and the construction of bulkhead and riprap
would continue and the predicted losses would concurrently

increase.

If the state decides to take an action that limits
property owners’ use of their land without some form of
compensation the action could be challenged as a "taking."
The Fifth Amendment of the U.S. constitution states, "nor
shall private property be taken for public use, without just
compensation." Arguments over the definitions for "taking,"'
"public use," and "just compensation" have been in the
courts since 1791, when the Amendment was added to the
Constitution as part of the Bill of Rights. Prohibiting all
development probably would be unconstitutional if
uncompensated. Conversely, purchasing property from
landowners could not be seen as a takings, as long as the

landowners were willing to sell the land.

In the 1980 land-use case of Agins v. Tiburon, the
Court decided that land-use controls could be considered a
taking if the property owner were denied all economically

viable use of his property or the control did not



48
substantially advance a legitimate governmental interest.
However, a much older concept known as the "nuisance
exception" states that no taking occurs when activities that
are deemed "injurious to the health, morals, or safety of

the community" are prohibited (McQueen, 1992).

There are several options available if the State made
the decision to take action. In order to prevent
development of these lands, the government or conservancy
groups could buy lands likely to be inundated. This thion
seems unlikely because of the uncertainty still surrounding
the timing and magnitude of future sea level rise and the
enormous cost that would be involved. Assuming the current
cost of waterfront property in this area is $10,000 per
acre and up, then the cost to purchase the potential new
marsh areas would be at the least $44,000,000. It is also
possible that just certain critical areas could be bought
and protected. Both of these options seem preferable to
regulations that would prevent landowners from developing

their land without some form of compensation, and therefore

may not be seen as a taking.

Titus (1991) presents an approach that is a combination
of doing nothing and taking action. "Presumed mobility"
would shift the risk of sea level rise from the environment

to property owners by institutionalizing the presumption
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that development will have to make way for migrating
ecosystems. This choice has the advantage of minimally
interfering with activities today, but takes a "wait and
see" approach. Presumed mobility allows landowners use of
their property today as they choose, but on the condition
that it will be abandoned if and when sea level rises enough
to inundate it. There are several ways to begin
implementation of this policy in Virginia. The Commonwealth
could prohibit the majority of bulkhead and riprap
construction (St.Amand, 1991) to protect property, as the
State of Maine has done. Although this option may not be
popular among property owners, it does not preclude all
economically viable uses of their property. The state could
also convert property rights to long-term or conditional
leases, which would expire in 100 years or whenever sea
level rose enough to inundate the property. The ownership
then could be granted to either the public or conservancy
groups. This could be accomplished by having the property
purchased through eminent domain and leased back to current
owners or for newly developed lands, making it a development
condition for building on coastal lowlands. Again, this
option would not be takings because compensation would be

offered to landowners.

The Commonwealth also has the option to change its

wetland policy rather than try to work around one that was
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not intended to address the issue of sea level rise. One
option for the state could be to redefine what it calls a
wetland. Perhaps land that is likely to be inundated could
fall under the same regulation as land that currently is
wet. This would require some regulatory control over
private lands that currently border tidal wetlands. Another
option would be for the state to expand its focus to include
long-term concerns, such as adjacent land use and sea-level
rise. By doing this the state would be recognizing that
wetlands are not isolated systems immune from offsite
activities. This would be a very progressive step for
Virginia to make in the name of effective wetlands
management. Again, although this would provide the state
with some guidance, it would fgquire regulation of lands
that currently are not wetlénds. This type of broad land
use control may not be palatable to most Virginians, but it
may provide the best solution to a complicated problem.
Perhaps only critical areas could be identified and
regulated. This option would create a system of wetland
reserves. That option also provides room for a large margin
of error, in who defines areas as critical or not, and how
many of, or how large those areas would be. Although
Virginia’s current wetlands policy has been deemed
effective, 1t is unlikely it would remain so faced with the
issue of global warming. The efficacy of a static

management policy should be questioned when it attempts to
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manage a system that is not.

Although the legal review of the project was limited to
the Virginia Wetlands Act, at least one other piece of
legislation could impact coastal management in the future.
The Chesapeake Bay Preservation Act (CBPA) was ratified by
the Virginia General Assembly in 1988 (Code of Virginia,
1988). ©Under the CBPA, each county in Tidewater Virginia is
charged with designating its own Chesapeake Bay Preservation
Areas. Within these areas, development must be regulated so
that the water quality of the Chesapeake Bay and its
tributaries will not be adversely effected. The CBPA
therefore set up a framework for regulating coastal zone
development. The CBPA could be useful in discouraging or
preventing the development of areas likely to be inundated

by a rise in sea-level.



CONCLUSIONS

This study has been a preliminary attempt to assess the
loss of coastal wetlands Gloucester County, Virginia could
expect as a result of a one meter sea-level rise. A loss of
41% of the County’s wetlands may lead to various other
losses, such as, a decrease in the County’s biodiversity,
its commercial fish harvests, and coastal infrastructure.
Concurrently, the County would probably experience an
increase in coastal lowlands flooding, saltwater intrusion
into aquifers, and the pollution of coastal waters. All of
these effects would arise due to the loss of coastal

wetlands and their functions.

Although there is little that Gloucester County alone
could do to prevent a rapid rise of sea-level, the County
could begin considering the impacts that such a rise would
have on its resources. By doing so, Gloucester County could
identify appropriate responses in order to prevent some of
the deleterious effects of a rapid sea-level rise. To
ensure that coastal development and natural resources are
sustainable, decisions on response strategies should be
based on long-term, as well as short-term, costs and

benefits.
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Legislation currently in effect may be useful in

preventing some of the predicted losses. However, neither
thelvirginia Wetlands Act, nor any other program currently
in use, was created to address the unique problem of sea-
level rise. Using current legislation may only be minimally
effective and regulations specifically addressing the issue
will be necessary. Lawmakers and planners need to address
which policy option is the most feasible for the coastal

Commonwealth.

This project has shown that by taking no action to
encourage wetland migrations inland, at least one county and
presumably many other coastal counties in the state would
lose much of their tidal wetlands acreage. Politically and
economically it is much wiser to plan for these possible
changes, so that if and when they occur the State will be

ready to respond.
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