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: : : Qur atmosphere i largely trans-
NEW JERSEY _ . parent 1o lhc solu_r radiation that warms
the FEanh’s surface. But rather than
allowing all the warmth 10 he radiated
hack into space. clouds and certain
gases nawurally present in the atmo-
sphere act remarkably like glass ina
greenhouse, retaining part of the heal
by absorption and reradiacion (Figure
1). Without this natural phenomenon
known as the greenhouse etfect. the
Earth's surface temperature would be
60°F colder than it ix presentlv (Barth
and Titus 19841
Although human beings are not the
’ primary cause ol the greenhouse effect,
: . many of our activities may enhance it,
D ELAWARE DEL;}WRE \Y, thereby aliering global climale. Scien-
B TR T tists who behieve the climate halance
e / will shift teward warmer temperatures
P ste rising sea levels as a major conse-
quence of such a change. The intent ol
Cape May this report is 1o inform the readey of
how a rise in sea Jevel wmay affect the
state of Defaware. il indeed prediclions
of glabal warming prove cortect. Those
responsible for managing our natural
ATLANTIC OCEAN resources and deviloped communities
should neither ignore nor overreact o
potential scenanos for climaie warming
or sea-level rise. instead. they should
be aware of the range of possibiltties
lor the vears ahead as a baxis for pre-
cabtionary acliv.
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Figure 1. The Greenhouse Effect. Clouds and particles in the atmosphere reflecr about 30% of
the fncoming sedur excrey. The Earth's atmasphere and surfoce absorts anid re-cmit the remain-
ing 2005 . Clowds and greenbonse guses trap most of the Eartdes swefece radiation becanse i3 o
trmeer wavelength than radiviion from the sun, (Adapred from Graedel and Cruizen 71989,

(ireenhouse Gases

Carbon dioxide (CQ,) is the most pre-
valent gas contributing to the greenhouse
effect. The average concentration of CO,
in the atmosphere has increased from
290 1o 350 parts per million over the Last
100 vears (Graedel and Crutzen 1989).
Figure 2 shows the long-term increase in
CO, concentration measured a1 Mauna
Loa, Hawaii. over the past 3{ years. Two
major human sources of atmospheric
CO., are fossil fucl combustion and de-
forestation. Deforestation not vnly adds
CO, directly 1o the atmosphere through
burning. bat also removes the natural
€O, absorption thay plants supply.

Industry und agricuiture produce addi-
tional greenhouse gases such as methane
(CH b nitrous oxide (N,Q), and chloro-
fleorocarbons (CFCs). Although these
gases constitute a relatively small pro-
portion of the atmospherc. they are ex-
pected to have a major effect on climatic
warming because they trap heal so effi-
ciently. Sources of these gases include
production and use of fassil tuels. fer-
tilizers, aerosol sprays. relrigerants, and
toams. Landfills, livestock. rice paddies.
and deforestation by burning also con-
tribute significant amounts of these trace
creenhiouse gascs.

Global Warming

The general consensus among scien-
1ists is that an increase in the concentra-
tion of greenhouse gases will change the
global climate, Jikely warming it. How-
N

ever, vpinions on the rate and magnitude
of the change are highly vanable due 1o
uncertaintics about how various climatic
feedback mechanisms may affect the vl-
timate ouicome. These mechanisms are
aspects of chimate which would probably
change as a result of an imitial warming
and theretore affect the final equilibrium
temperawre, For example, the amount of
water vapor in the atmosphere could in-
crease with initial warming. resulting in
cven preater heat relention. Also, the re-
duction of polar ice caps would decrease
the amount of radiation reflected back 10
space. causing additional warming.

Two feedback mechanisms are not as
well understood: clouds and oceans. The
lack of information about how clouds
will be aftected by global warming and
about the ameount of heat the oceans can
absorb and disinibute lends a tremendous
degree of uncertainty 10 models and pre-
dictions of future global climate. Some
scicntists have proposed, for example,
that clouds may counteract the indicated
global warming by reflecting incoming
radiation trom the sun, resulting in no
change or even a cooling effect.

However. the majority of researchers
agree that an increase in concentrations
of grecnhousc gascs will cavse warmning
of the Eanh’s atmosphere. Two National
Research Council studies predict a dou-
bling of CO. concentrations by the year
2100 {Climate Research Board 1979,
1982). These studies conclude that the
cquilthrium global surface warming from
a doubling of CO, will be between 2.7°F

and 8. 1°F. An Environmental Protection
Agency (EPA) stludy predicts a 3.65F rise
tn emperature by the year 2040 (Seidel
and Keyes 1983). The impact of trace
gases could shorten the time frame even
further. Other estimates tend to fall with-
in the range of the studies cited.

According to another 1983 EPA re-
port. the expected global warming will
be rapid relative 1o historical rates of
temperature change. In the last 2 million
yeurs, the Earth has never been more
than 4°-5°F warmer than it is today.
Since the Wisconsin glaciation peaked
18,000 years ago, the Earth has warmed
about 7°F and, in the last century. about
0.7°F. Warming in the next century could
be 10 times as rapid as the historical
warming trend (Hoffman, Keyes, and
Titus 1983).

Global Sea-Level Rise

If concentrations of atmospheric CQ,
and other greenhouse gases continue to
increase and do create larpe-scale global
warming. that warming is expected to
cause a rise mn global eustatic sea level.
Eustaric sea level reflects a change in the
volume of ocean water or the shape of
the ocean floor, while relative sea level
includes the effects of land movement
and sediment compaction as well as eu-
static change. Eustatic sea level is often
difficult to meuasure apan from relative
sea level.

Changes in globatl custatic sea level
due 10 global warming are dependent on
two factors: (1) occan iemperalure, which
affects the density and volume of water,
and (2) the amount of water in the ocean
basins. In the first case, as surface temper-
atures rise, the volume of water in the
oceans would increase by thermal expan-
sion. In the second case, warming of the
armosphere would result in discharge of
mehted, land-based, glacial snow and ice
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Figure 2. Monthly Average Carbon Diox-
ide Measurements af Mauna Loa, Hawaii.
The anuual fluctuations reflect seasonal
changes in CO, uptake by plants. {Adupied
Srom Keeling et al. 1989.)



mnto the sea. In addition, the amount of
scawater cauld be atfected by aliered pre-
cipitanon patterns resuliing from clima-
tic change. flnwever, patential changes
in the net wmount and distribution of rain
and snowfall are not yet predictable.

The basis for cXpecling a vise in aca
level lies in understanding past changes
in chimate and sea level, Throughout geo-
logic history. wanmer climatic penods
have indeed been accompanied by higher
stands of sea level. When glacicrs cov-
ered a larpe part of the northern hemi-
sphere 18,40) years ago. sea level was
about 300 feet below present (Hull and
Titus 1986} A number of published sea-
level curves confirm that since the end of
the last ice age (10-15.000 veuars ago},
worldwtde sea level has been nising.

Rescarch based on tide gauge data
from around the world indicates that
global sca level has risen 4-6 inches dur-
ing the last century. coinciding with a
temperature rise of 0.7°F (Hotfman,
Keyes, and Titus 1983}, The relationship
between global temperature and sea-
level rise during this period is illustrated
in Figure 3. Much of this rise in sea level
can be explained by climatic warming.
but a number of local conditions such as
relutive subsidence of land masses, river
flow, und weather vould alse have con-
tributed 1o this effect.

Local Sea-Level Variations

Ever since the global climate began 1o
warm at the end of the lasi glacial period
about 15.000 years ago, sea level has
been mising relative 10 the Delaware coast
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Figure 3. Relative Global Mean Tempera-
ture and Sea-Level! Trends for the Last
Century, ( Adapted from Hansen e al. 1981
Gornitz, Lebedeff, and Hansen 19825

(Figure 4. From about 8.000-3 700
vears hefore present. sea fevel rose ap-
proximately | foot/century. Since then,
with the exception of the last 100 years,
Delaware’s relative sea leve! has risen
less than & inchesfcentury, generally
close fo the world average (Kraft 1971).

Duriny the last century, however, mean
sca level along the U.S. East Coast has
risen faster than the world average. Rela-
tive seit level rose (1] inch/year in Phila-
deiphia and 0.15 inch/year in Lewes,
Delaware, between 1920 and 1980 (Hicks,
Debaugh, and Hickman 1983). Thesc
measurements exceed the global trend of
0.06 inch/year primarily because of subsi-
dence and sediment compaction within
the Atlantic Coastal Plain.

Projections for
Future Sea-Level Rise

Scenarios for futurce global and local
scia-level risc have been developed by
various research leams using different
methodoelogies. Table 1 suommarizes the
results of some of these studies and pro-
vides @ means of compuring predictions
for global sea-level rise to those for local
seu-level rise at Lewes, Delaware, and
Ocean City, Maryland. All of these sce-
nurios refiect the fact that relative sea
level along the Atlantic coast is rising at
a faster raig than worldwide.

The current-trend estimates in Table |
depend on past rates of sea-level rise
coniinuing into the future. Under such
conditions, custatic global sea level is
predicted 1o rise 3-4 inches hy the year
2050, In the same pericd. sea level may
nse 12 inches at Lewes and 10 inches at
Ocean City,

The low-to-high scenario studies n-
carporaic a large number of variables
that can influcnce sea level. These in-
clude trace gascs, tossil fuel consump-
tion, global warming of 2.7°-8.1°F, the
diffusion ot heat into the oceans. and the
impact of snow and ice. A typical mid-
range prediction is that global sea level
will rise 21-31 inches by the year 2050
(Hoffman. Keyes, and Tits 1983). Con-
sequently, sea levels at Lewes and Ocean
City are expected to rise 30—40 inches
and 26-36 inches, respectively {Hull and
Titus 1986: Titus er al, 1983). Hoffrnan's
1986 revised estimates are fess extreme
far the first half of the 21st century.
While these researchers conclude that
sca-level rise will probably be some-
where in the middle range of estimaies,
they also concede the possibility thal sea
level a1 Lewes could nise by as much as
150 inches (12.5 feet) by the year 2100,
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Figure 4. A Relative Sea-Level Curve for
the Drelaware Coastal Zone. oty represent
discrete measuremenis of past aeu fevel
daicd by maiesh sediments. The steeper the
tine vonnecting rhe dots, the fuster the rate
of sea-level rive. (Adapied from Kraft, Bel-
knup. and Demarest 1987

Revelle’s estimates for the National
Academy ot Sciences {1983} include the
combmed effects of thermal expansion
and glabal meltwater. excluding Antarc-
tica. According to his predictions, sea
level will rise 28 inches globally and 40
inches at Lewes by the vear 2080

Impact of Sea-Level Rise

The Atlantic Coastal Phain, which in-
cludes most of Delaware. v characier-
ized by a gently sloping surface with
gradients of only several fect per mile
near the shore (Commitiee on Engineer-
ing Implications of Changes in Relative
Mean Sea Level 1987). A lurge percent-
age of land area in Delaware is les~ than
M) feet above sea level. The jow eleva
tion, the amount of land exposed 1o open
water, and the sedimentary nature of the
barmicr 1siands, beaches. lagoons, and
marshes along the coast mahke Delaware
vulnerable to cven a modest rise in sea
tevel. Sea-level nise 15 eapected 10 have
the following direct physicul effects on
Delaware: (1) shorehine retreat, (2) coasr-
al inundation, and (3} saltwater intrusion
into aquifers and the Delaware Extuan,

Shoreline Retreat

Histornically, sca-level rise and shore-
line retreat have been occurring aiong the
Delaware coast for the last 153,004 y ears.
According 1o palzogeagraphic reconstnec-
tions, the maximum position of Dela-
ware's Atlantic shoreline was approxi-
matkely 46 miles seaward of i1 present
position (Kratt. Belknap. and Demarexi
1987} The various coastal environments
tbeach. marsh. and lagoon have migrated
landward and upward in elevation us a
result of cousstal crosion.



The nature of the coastal environment
determines the manner in which erosion
or landward migration of the shoreline
occurs. In order for a barrier beach
maintain its size and elevation in the face
of erosion on its scaward side, sedimen
must accumulate on its landward side.
Thix is commonly accomplished along
the Delaware voast by dune formatien,
averwash processes, and the build-up of
fload tidal shoals in inlets. In all cases,
sand {rom the ovean side of the barrier
beach is transporied to the landward side
(Figure 5). During storms. when the most
substantial erosion occurs, waves breach
the dunes ot back-barrier area and carry
sand landward. This process is common
along the Delaware Bay coast and Jow-
Iying. oceanfront beaches.

In the area south of Dewey Beach, the
Rchaboth Marsh grows on tidal shoals
formed by sand carried through a former.
now closed, inict (Maurmeyer and Carey
1985). Areas such as Rehoboth Beach

and Bethany Beach are situaued on head-
lands, not marshes or lagoons, Because
of the hard. rocky nawure of headlands,
these locations ure tess prone 1o overnwvash
and crode and, therefore. move landward
moere slowly.

Histori¢ tales of change along the
Delaware shoreline are iliustrated in Fig-
ure 6. These daa are based on analyses
of historic maps. charts, aertal photos,
and surveys from the mid-1800s 10 the
mid-1900s. Various locations along the
Delaware coast have been crading at av-
crage rates of 1-15 feet/year during the
last century. in general, the areas of great-
est erosion have been along Delaware
Bay where no wide beaches or barrier
islands exist as a buffer zone o dissipate
wave encrgy. Marsh surfaces are then in
direct comtact with wave acthion, and large
sections of marsh muds can be under-
mined. broken off, and carmied offshore
by impinging waves and currents.

Table 1

Scenarios of Sea-Level Rise
in Inches

YEAR 2000 2050 2080 2100
Gilobal
Current Trends 1 3-4 4-6 5-1
Hoffman ct ai. 1983
Low 2 9 - 22
Mid-Low 3 21 — 57
Mid-High 5 31 - 85
High 7 46 - 136
Hoffman et al. 1986
Low 1 8 - 22
High 2 22 - 145
NAS Estimate
{Revelle 1983) - - 28 -
Lewes, Delaware
Current Trends 5 12 17 19
Hall and Tims 1986
Low 6 18 - 36
Mid-Low 8 30 - n
Mid-High 9 40 - 99
High 1 55 - 150
NAS Estimate
{Revelle 1983} - - 40 -
Ocean City, Maryland
Current Trends 3 10 - -
Titus et ai. 1985
Mid-Low 5 26 - -
Mid-High 7 36 - -

Predictions for future erosion slong
the Delaware shoreline have been made
based on past rates of crosion, sediment
transport and deposition processes. and
vartous scenarios for sea-level rise. Ac-
cording to Hotfman, Keyes, and Titos
(19833, even a l-foot rise in sca level
would erode most sundy shorelines along
the Atlantic coast by at least 108 feet. If
sea-fevel rise rates of the last cemury
continue with no human intervention,
changes such as this could occur within
the next 100 vears.

Kraft. Belknap. and Demarest (1987)
have generated a map showing the pro-
jected Delawure ceastal zone resulting
from a 20-fout rise in sea level (Figure 7).
They also predicted the length of time
such a landward migration of the coast-
line would take given four different rates
of sea-ievel rise and no further human
intervention to hilt erosion.

"Three of the four scenarios are based
on average rates of sea-level rise that
have occurred during various periods of
Delaware’s past. The fourth and most
sudden scenario, the CO,;-greenhouse
scenano, is based on accelerating rates ot
sca-level rise rather than the continuation
of current trends. Although the ultimate
change in the shoreline is the same in all
four scenarios, the period over which the
change would occur varies from about
150 10 4,.80H) years.

According to Kraft and his colleagues,
a 20-foot rise in sea level would enlarge
the Delaware Bay via a shoreline retreat
of approximately 6 miles. The Atlantic
coast of Delaware would resemble the
present barrier isiand/marsh/lagoon sys-
temn but would migrate landward from
2 -6 miles and be somewhat compressed
due to the rising sea encountering higher
land clevations more quickly.

Kraft's study presents a worst-case
scenatio for sea-tevel risc, but it makes
an important point. If sea level along the
Delaware coast continues 1o rise at pres-
ent or accelerated rates. whether as a re-
sult of greenhouse warming or other fac-
tors, the impact could be great. The
“worst case” is within the realm of possi-
hility since sea level has met or exceeded
the predicted level several times in the
geological history of the region (Kraft,
orial communication).

Coastal Inundation

The second direct physical impact of
sea-level rise on [Delaware’s shores iy
coastal inundation. A large portion of the
Delaware coast is fringed by low-lying
wetlands. Coastal marshes comprise about
13% of the state’s arca. Tidal marshes



are arcias of vegetation that have adapied
to repeated. periodic flooding. They play
an important roje not only in an ecolog-
ival sense but also in storm protection,
recreation. and pollution centrol. The
marshes of Delaware provide a habitat
and nursery area for a variety ol animals
vital to the foed chain. They also act as a
“sponge,” pratecting the coast from
storm tluods. Wetlands provide a setting
for a number of recreational activities in-
cluding fishing and bird watching. Finally.
tidal marshes serve s a natural water
filter, trapping pollutants during surface
water runoft atter heavy precipitation.
Because marshes are highly sensitive
to local tidal elevations and durations
and water-quality conditions, they will be
one of the habitats most impacted by sea-
level rise. Figure 8 illustrates the evolu-
tion of a Delaware Estuary-1ype marsh as
sea level rises. At present rates of sea-
level rise. sedimentation and vegetative
growth can maintain the surtace area of
most wetlands chrough a natural process
of landward and upward migration. If sca
level rises more quickly than the marsh
can grow, the marsh area will shrink,
leaving only the most landward edge.
Given enough time and space. new marsh
could form landward. However, in arcas
where development and structucal pro-
tection of human communities exist ad-
jacent to wetlands, landward migration is
not possible, and the marsh will be lost.

{~" An EPA study predicts that Delaware
Bay salt marshes may persist and even
expand at the expense of undeveloped
land or freshwater marshes throughout
most of the 21st century {Tilus 198R).
However. this scenario is based on mid-
range estimates of sea-fevel rise. assumes
no development of the arca behind pres-
ent marshes, and varies with individual
location. On the other hand, an escalat-
ing rate of sea-level rise and continuing
ernsion increase the liketihood of a loss
of the major salt marshes in the long
term, Even brackish coastal marshes may
well be gone in 1,000-1.500 years (Kraft.
oral communication). Coastal areas at
slightly higher elevations not inundated
by rising sea levels will be more suscep-
tible to flonding from storm surges.

The impact of potential sea-level rise
on coastal wetlands in Delaware will de-
pend on the rate of sea-level rise and the
manner in which the coastal zone is man-
aged. Because of the time lags involved,
decisions being made today will deler-
mine whether or not marsh ecosystems
will be able to form inland in adaptation
to future sca-level rise.
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Figure 5. Profiles of the Changing Delaware Coast. Sedimear transpurl aned deprsition
processes move hdavrier beaches landward as sea level rives. Dushed fines in the present umid
tuture profiles show the posirion of previous shoretines. The fower prifile profecis sie change
aci mnpanving a 20-foor rise in vea level, the same level shown in an ceried view fn Frgore 7.
tAdupted from Kraft. Belknap, and Demarest 1987

Saltwater Intrusion

The third physical impact of sca-level
rise would be saltwater intrusion. As sea
level in Delaware has risen over the last
15000 years, what was once a highly dis-
sected freshwater river system has been
invaded by the marine reaim to form the
Delaware Estuary. A comtinued rise in
sea level will cause sait water to move
gven farther landward and intrude upon
aquifers. tidal rivers, and estuary systems.

Salinity int an estuary ranges from sca-
water at the mouth to fresh water near
the head of the tide. If all ather factors
are constanl, a rise in sea level generally
results in increased sult concentrations
up the cstuary. Decreased precipilation
patterns. such as occurred in Delaware
during the 1960s drought. can have a
similar impact. The saltwater influx is in-
creased in the fist case, while the fresh-
water force is decreased in the second.

A 1979 siudy by Hull and Tontorielio
determined the salimity increase induced
in the Delaware Estuary by a S-inch nse
in sea level by the year 2000, They con-
cluded that the ncreased salinity in the
estuary over this short time period could
be offset by freshwater augmentation
from a medium-size reservoir, However,
a 1986 study by Hull and Titus implied
that accelerared rates of sea-level rise.
even a moderate 24-36 inches by 2030
(equivalent to the mid-range. low estimate
for Lewes, Delaware) would greatly in-
crease salinity problems in the estaaty.

The areas of Delaware most vulner-
ablc 1o saltwater intrusion of ~urface and
groundwaters are the lunds adpacent 1o
Delaware Bay and the by~ ndally in-
fluenced tributaries. the headlands abut-
ting the Atlantic Ocean. amd the cities of
Rehoboth Beach. Bethany Brack and
Fenwick Lsland. The two greatest impacly
of further salinity intrusion on Delaware

5
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wiil be a reduction in the availability of
fresh water and the contamination of eco-
systems essential (o sport and commer-
ctal fishing and shelifishing.

Most fresh water in Delaware is ob-
1ained from public groundwater supplies
and private wells. The city of Wilming-
1on receives most of s water from Bran-
dywine Creek. If other variables remain
constant. these sources are threatened by
potentizl salinily increases.

In the northern section of the state,
where the Delaware River flows adjacent
0 the outcropping Potamac Aquifer sys-
tern, there s good hvdraulic connection
between the tidal river and the aqguifer.
This means that waler flows freely be-
tween the river and the aquifer. Water-
uality data from the ULS. Geological Sur-
vey revedls groundwater in the aquifer is
being depraded by infiltration of river
water and localized leaching of waste
disposal sites (Phillips {987), Rising sea
level would aggravate this sifuation.

The Potomac Aquiter is both a coastal
aquifer and one which is recharged by a
river in cenain areas. Figure 9 itlusirates
saltwaler intrusion in 2 coastal aguifer
whose water table slopes seaward. Due o
density differences. a laver of fresh water
floats on top of the denser salt water.
which forms an intrusion wedge. When
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Figure 6. Historic Rates of Shoreline Change Along the Delaware Coast. (Adapted from

sed level rises, the wedge interfuce shifts
landward and upward. If the aquifer is
pumped so that groundwater levels fall
below mean sea level, which can occur
during drought conditioms or vveruse, the
aquifer will be recharged by ocean or
estuaring water.

Sea-level rise could affect the salinity
of wells dritfled in Delaware's coastal
aquifers in two ways. First, as the fresh-
waler/saltwater boundary moves land-
ward and vpward. wells drilled near the
coast which are presenily pumping fresh
watcr may be contaminated by the in-
truding saltwater wedge. Second. the Po-
tomac Aquiter, which has good hydraulic
connection along the Delaware River Es-
tuary. will be recharged by mwose saline
water as the saltwater/freshwaler inger-
face moves farther up-estuary.

The second major impact of sea-level-
induced salinity intrusion will be con-
tamination of fragile ecosystems in the
Delaware coastal zone. Plants and ani-
mals living in the relatively clean babitats
of the lower estuary and sensitive 1o sali-
nity variations will be forced up the es-
tuary where pollution and other indus-
trizl harards are greater. The up-estuary
migration of brackish and saltwater spe-
cies will be accompanied by the simtlar
retreat of freshwater species.

Salinity changes accompanying a rel-
atively slow rise inoses level have contri
buled o i decline in the Detaware Bay's
oyster population Hull and Tortoricilo
1979 ). Ovsters wolerate wide salinity vag-
ations. but as salinity increases they be-
come more susceplible to infection by
MSX. a devastating microparasite. Other
species, especially less sali-alerant spe-
cics, may suffer severely from salinity
changes in ways difficult to foresee.

Groundwater quatity and estuary pop-
ulations have already bheen affected by
saltwater mtrusion related to a gradual
rive in sen level and drought. If sea-level
rise continues at current rates or accel-
erates. Delaware’s hydrologic system
and the highly sensitive ecosvstems of
the Delaware Estuary will likely deteri-
orate further. Policy makers must decide
whether to attempr to adapt 1o salinity
changes or atiempt to prevent them.

Summary and Conclusions

Scientists penerally agree that higher
concentrations of greenhouse gases in
the atmosphere will change global cli-
mate. While it is not yet understood how
climatic feedback from clouds and oceans
will affect the equilibrium surface tem-
perature, the majority of swdies indicate
that global wanning witl occur even after
consideration of the numerous feedback
mechanisms that might negate such an
cftect. The rate and magnitude of ths
change arce still uncertain. but the ultimate
impaci of warmer atmospheric tempera-
tures includes global sca-level rise result-
ing from thermal cxpansion of scawater
and melting of land-hased snow and ice.

During past geologic periods. coaler
climales have coincided with a drop in sea
tevel, and warmer trends have brought
about rising seas. Parl of this sea-level
varistion was due 1o climatic changes, but
other factors like land movement and pre-
cipitation paitemns could have contributed,
Duc to the uncertainty of future climate
change, sca-level predictions are often
made in low-10-high scenario formats. All
of these predictions assume af least a con-
tinuation af current upward trends.

The major impacts of fiture sea-level
risc ot Delaware will be shoreline retreat,
coastal inendation. and saltwater intro-
sion. The effects of existing rates of sea-
level nise on erosion, wetland loss, and
salinity increases have already hecome
obvious in the state. The ability of naturat
and managed systems to adapt 1o change
is dependent on rates of climate deviation
and sea-level variation as well as human
intervention. Ecosystems such as barrier
islands and wetlands do have the natural



ability to move in response to rising and
talling seas unless the change is tou rapid
or development intredes. Tidally intlu-
enced surface witers and freshwater aqui-
fors are restricled in heir ability to adapt
to sei-level rise and increasing salinitics.
More hunsan intervention and montoring
techniques may be needed 1o maintain
their viability.

If sea level continues o rise at current
rates or ageelerates as a result of green-
house warming, the fale of our coastal
ecesysiems and freshwater resources will
depend on planning and management
decisions. Researchers are continuing the
guest for better computer models and
sources of solid. long-ternt climate data to
aid decision makers in this task. Rela-
tively new tcchnologies such as high-

speed supercompuiers and satetfite im-
agery are being applied to the rofe played
by clouds and oveans.

Dean (1991) suggests that scientisls
and cpgincers make the following re-
sponses 10 the problem of a probable but
uncertam change in sea level:

(1} Strive 10 understand the naiural system
by authoritatively documenting the
long-term ergsion rates and other
coastal responscs characteristic 10 sca-
level nse.

1 Altlempt to eliminate human-induced

coastal erosion.

Quantify the hazard level faced by

1.5, shorelines in a manner that can

serve as a hasis for regulation and per-

sonal decision making.
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Figure 7. A Projection of Delaware's Coastal Zone Geography Accompanying a Rise of Sea
Level to Approximutely 20 Feel. The projected coast (grav shaded areas) is based on sea levels
equivalent to those in several interglaeial periods ever the past 2 milfion vears. This prijection
could occur again wnder four different scenarios: in {0=200 vears witlh extreme predictions of
climate warming. in 1.300 vears should seu level continue 1o rise at raies we have had over the
past S ovears; in 2900 vears gt rates simifur to the past 900 years, and S 800 vears of the
average rate of the past 2,000 vears. tAdapied from Kraft, Belknap . and Demavest 1987 )

4) Continne research on early detection
of sea-level trends and ctfects,

In the meantime. certain actions can
be taken today that would protect coastal
ecosystems if sea level rises and yet cost
the public and individual property own-
ers almost nothing if sea level dovs not
reach scientists” expectations. We can al-
low property owners to use coastal low-
lands as they choose now but set up a
legal nrechamsm to ensure that the land
is abandoned if and when sea level rises
enough ta inundate it. To implement this
policy of “presumed mobilitv.” govern-
ments could prohibit bulkheads. alter
deeds on coastal property 10 require even-
tual abandonment as the sea rises, or
convert land ownership into Jong-term
leases (50-104 vears) or conditional
leases that expire when the sea rises
enough to inundate the propenty. The
latter approach has ofien been used by

f 5000 Years Ago ]

(a)

Sea Level

Today
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Current Sea

Il Leve!
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Future Sea
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Figure 8. Evolution of a8 Coastal Marsh
as Sea Level Rises: Two Future Scenarios.
fa) Coastal marshes lave kepi pae with the
e rate of sea level vise that fun chuvdter

Ezed the bast several thotoand vears,

thy Thus, the arca of marsh hay evpanded
over e as iew dauds Jaeoe been fonoscured.
fei B B the future. sea level rises fasier than
the abiltiy of rhe niarsh 1o heep puce. Hie
marsh will contract.
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Figure 9. Saltwoter Intrusion in a Coastel Aguifer. As

the saftwater intrusion wedge, which

evends under the frevhwater aguifer, advanees fandwurd and upu'(fr{d with r:'.Tinz sed fevel.
s ostutl wells may begin pumping solt water, (Adapted from Burth and Firus 1984

the Natiomal Park Service to take over
private property when the current owner
dics (Titus, 1991). Some desails do re-
main 10 be worked oul. However, imple-
mentation of » presumcd mobility policy
could help assure luture environmental
vishility while eliminating the need for
development restrictions und avoiding
the high cost of swmlden property aban-
donment, Today’'s decisions must make
sense eculogicatly und economically for
the present and the future.
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