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Processes that Maintain Coastal Wetlands Despite Rise in Sea Level 
(published as “The Working Group on Sea Level Rise and Wetland Systems, Conserving coastal wetlands despite 
sea level rise.  Eos 78:257-262, 1997.”) 

 
Many of the world's coastal wetlands have 
suffered significant losses during this 
century.  This is a concern because coastal 
wetlands provide valuable services, such as 
flood protection and fisheries production, to 
a global human population that is 
increasingly concentrated near the coast and 
dependent on its resources.   Some 
destruction of wetland areas can be expected 
to occur as a consequence of the continual 
reworking of the coastal zone by dynamic 
geologic processes.  However, off-setting 
creation of new wetland areas has not kept 
pace with recent losses.  Human activities 
also have a role in wetland loss, both by 
their direct impacts on coastal wetlands and 
indirectly through their influence on 
hydrologic and geologic processes in the 
coastal zone (Boesch et al. 1994, Day et al. 
1995).   
 
The United States is committed to 
conserving and restoring its coastal 
wetlands, and ambitious restoration 
programs are now underway in Louisiana 
and south Florida.  The effectiveness of 
these and other efforts to conserve coastal 
wetlands depends on our ability to forecast 
how coastal wetlands will respond to long-
term environmental trends and to the local 
and regional impacts of human activities.  
To do this, we must first understand the 
basic dynamics of coastal wetland 
ecosystems and the rules that govern their 
evolution in the landscape (Dickinson 1995).  
This article briefly summarizes current 
knowledge in these areas based on the past 
10 years of research mostly in the wetlands 
of the Gulf of Mexico and Atlantic coasts of 
North America.  The dynamics and 
evolution of wetlands along these coasts is 
strongly influenced by the gradual rise of 

sea level that has occurred during the last 
half of the Holocene period and continues to 
the present.  Rising sea level drives wetland 
evolution by changing the hydrology, 
hydrodynamics, and sediment dynamics of 
the coastal zone.  However, the dynamics 
and evolution of coastal wetlands are also 
influenced by their response to discrete 
stresses imposed by the impacts of human 
activities, storms, and short-term 
fluctuations in sea level. 
 
Sea Level 
The long-term rise in sea level establishes a 
background rate of change for the entire 
coastal zone.  The change in relative sea 
level (RSL) captures the net effect of global 
sea level rise and vertical displacements of 
the coastal zone, for example due to 
subsidence or uplift.  Long-term trends in 
RSL, as measured by tide gage records, 
generally show a rise of 2 to 4 mm/year over 
the last 50 years or so for locations along the 
Atlantic coast of the U.S. (Stevenson et al. 
1986).  At the upper extreme, some areas of 
coastal Louisiana have experienced a 10 
mm/year rise over the same time due to 
subsidence arising from the consolidation of 
deltaic sediments of the Mississippi River 
(Boesch et al. 1994).  Global warming is 
expected to increase the long-term, 
background rates of sea level rise.  The EPA 
estimates that by year 2050 global warming 
will be responsible for a 100 mm rise in 
RSL, in addition to the increases in RSL 
expected by extrapolating current trends 
(Titus and Narayanan 1995, Table 9-1).  
 
Relatively large fluctuations in RSL occur 
on time scales ranging from a few months to 
a few years.  A general feature of tide-gage 
records of RSL is that short-term rates of 
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change often exceed the long-term trend, 
Figure 1.  This raises the possibility that 
changes in coastal wetlands also occur in 
response to the larger, high frequency RSL 
signal.  A number of processes contribute to 
the short-term fluctuations of RSL.  Surface 
elevation in the wetland changes measurably 
in response to processes occurring within the 
sediment, such as accretion, changes in the 
sediment water balance, mechanical loading 
by storm tides, and the annual cycle of root 
growth and decay (Cahoon et al. 1995).  
Coastal sea level fluctuates in response to 
climate phenomenon, like the El-Nino, and 
short-term rates of change in tide gage 
records sometimes exceed 20 mm/year for 
as long as 2 or 3 years at a time. 

 
Accretion 
Any attempt to forecast the evolution of 
coastal wetlands must take into account their 
basic nature as self- regulating, ecological 
systems.  Self-regulation arises from an 
ecosystem's ability to respond to outside 
forcing through changes in the ecosystem 
itself and in its interactions with its 
environment.  Coastal wetlands accumulate 

sediment by accretion, with the result that 
they increase in elevation over time relative 
to stable features of the coast.  Negative 
feedback between the process of accretion 
and the wetland's elevation, measured 
relative to local sea level, regulates wetland 
elevation so that it tracks long-term changes 
in sea level (Nyman et al. 1993).  When 
wetland elevation is low relative to sea level, 
frequent inundation by tides enhances the 
supply of suspended sediment and nutrients 
to the wetland.  This stimulates accretion by 
sedimentation.  As well, the enhanced 
nutrient supply supports abundant growth of 
vegetation, and this contributes to accretion 
through the production of roots and 
rhizomes and by trapping suspended 
sediment for incorporation into new wetland 
sediment.  If the elevation of the wetland 
increases relative to sea level, tidal 
inundation becomes less frequent; accretion 
slows; and the rate at which wetland 
elevation increases is reduced. (Figure 1.5) 
 
 

 
A key to understanding the basic dynamics 
of coastal wetlands is knowing under what 
conditions this feedback mechanism fails to 
operate.  As long as negative feedback 
occurs, the wetland will tend to maintain its 
elevation relative to sea level and avoid 
either submergence or invasion by upland 

Figure 1: Variation in RSL can be characterized as 
short- term fluctuations occurring on the scale of 
months to years, superimposed on a long-term trend.  
These data from Key West are typical.  The long-
term trend is about 2 mm/year, but the record 
contains periods during which the rate of rise 
averaged over several years is more than 10 times 
the long- term rate. (Data from NOAA) Figure 1.5 (not included in published version) 
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species.  The ecosystem cannot maintain 
itself if accretion is not regulated, and rapid 
deterioration and loss of the wetland are 
then possible.  It appears that this is 
occurring at some locations in coastal 
Louisiana where events have conspired to 
induce persistent flooding of the sediment 
surface (Nyman et al. 1993).   Under such 
so-called "waterlogged" conditions, the 
productivity of the vegetation is suppressed 
and accretion is reduced rather than 
enhanced, which exacerbates the 
waterlogged conditions further. Maintenance 
and recovery of the wetland is possible only 
if there is an adequate supply of mineral 
sediment to maintain accretion rates by 
sedimentation.  Prolonged inundation and 
reduced sedimentation are suspected, 
unintentional consequences of the 
construction of canals and spoil banks 
during oil and gas exploration in the 
Mississippi Delta (Boesch et al. 1994). 
 
Another issue is whether there is a 
maximum rate of accretion that can be 
sustained in a given wetland, and if so what 
factors determine that rate.  There is some 
empirical evidence for the existence of an 
upper limit on the accretion rate.  Measured 
accretion rates for wetlands along the Gulf 
of Mexico and Atlantic coasts of the U.S. 
generally equal or exceed the local long-
term rise in RSL.  However, accretion lags 
behind RSL at a few locations in the 
southeastern U.S. and in coastal Louisiana, 
apparently limited there by some factor or 
factors.  Stevenson et al. (1986) relate the 
failure of accretion to keep pace with sea 
level to the small tide range in these 
wetlands and changes in the sediment 
budget of the coastal zone that have 
occurred since the wetlands were first 
formed.  For example, the flux of sediment 
supplied to the coastal zone by the 
Mississippi River was reduced by about 
50% between 1963 and 1982 following the 

construction of several large reservoirs in its 
basin (Boesch et al. 1994, Day et al. 1995). 
 
Recent research on the structure of coastal 
wetland sediment suggests that accretion 
may be more directly affected by the rate of 
production of organic matter by the wetland.  
Organic matter forms the major structural 
component of coastal wetland sediments, 
accounting for over 90% of the sediment 
volume, even in the relatively high mineral 
content sediments of a northeastern U.S. salt 
marsh (Bricker-Urso et al. 1989, Nyman et 
al. 1993).  Based on the assumption that 
accretion is controlled by the in situ 
production of organic matter, Bricker-Urso 
et al. (1989) estimate the maximum 
sustainable rate of accretion to be about 16 
mm/year, a figure that is comparable to the 
20 mm/year upper range of short-term rates 
of rise in RSL mentioned above.  Tide range 
and available sediment supply may affect 
accretion indirectly through their influences 
on the supply of nutrients needed to 
maintain the growth of the vegetation. 
 
Landscape Dynamics 
The structure of a coastal wetland reflects 
the hydrology, geomorphology and 
hydrodynamics of its setting and the 
characteristics of the tides and sediment 
transport that derive from these factors.  
Coastal wetlands occur in the transitional 
region between terrestrial upland on one side 
and estuarine or shallow, marine waters on 
the other.  These endpoints bound the 
wetland ecosystem both geomorphically and 
hydrologically.  The terrestrial boundary is 
characterized by mineral soils, infrequent 
flooding, and low-energy fluxes of fresh 
water.  The estuarine boundary is 
characterized by sediment type, frequent 
inundation, salinity and high-energy flows 
driven by storm events and lunar tides.  This 
gradient in environmental conditions 
strongly influences the structure of the 
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wetland ecosystem.  The different species of 
vegetation arrange themselves into spatially 
distinct associations, e.g. freshwater swamp, 
high salt marsh, and low salt marsh, 
according to each species' tolerance for 
flooding frequency and salinity (Brinson et 
al. 1995).  Changes in the internal structure 
of the wetland over time are influenced by 
the strong association between the 
vegetation and environmental conditions. 
 
Conditions at the boundaries constrain the 
evolution of a coastal wetland within the 
coastal landscape.  For example, an increase 
in RSL has foreseeable consequences for the 
positions of the terrestrial and estuarine 
boundaries.   Brinson et al. (1995) describe 
four modes of coastal wetland evolution in 
response to rising RSL.  These are based on 
all possible combinations of either 
progradation or erosion at the estuarine 

boundary and migration or stalling at the 
terrestrial boundary, Figure 2.   
 
In the first mode, Figure 2a, a supply of 
suspended sediment is available that enables 
the wetland to expand laterally into open 
water areas even as wetland accretion, in 
response to rising sea level, drives the 
migration of the wetland inland over a 
shallowly sloping, upland topography.  The 
second mode, Figure 2b, corresponds to the 
response at a sediment-poor coastal setting 
where the estuarine boundary retreats due to 
erosion, and a general landward shift in the 
position of the wetland occurs over time.  
The two remaining modes, Figures 2c and 
2d, are characterized by "stalling" in the 
migration of the wetland's terrestrial 
boundary due to a steeply sloping upland 
topography or a man-made structure such as 
a revetment or a dike. 

 

Figure 2:  Four modes of wetland response to rising sea level are defined by extremes in landscape slope and 
sediment supply: (a) High marsh encroaches on terrestrial forest by migrating overland; tidal creeks and lagoon 
margins prograde toward the estuary because sediment is abundant.  (b) Similar to (a) except that marsh-ward 
erosion occurs because sediment supply is low.  (c) Similar to (a) but steep slope stalls overland migration.  (d) 
Similar to (c) but erosion occurs. (From Brinson et al. 1995)  
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Coastal wetlands change through a 
stochastic process that allows for an infinite 
number of possible evolutionary pathways 
within each of the four modes outlined 
above.   Coastal wetlands are subjected to a 
number of stressors, i.e. herbivory, wrack 
deposition, ice and freezing temperatures, 
and storm events that affect flooding and 
salinity.  A change occurs when the 
combined impact of one or more stressors 
exceeds the innate capacity of the wetland to 
maintain itself.  Conditions at the boundaries 
control the overall direction of change.  For 
example, cypress and tupelo are 
characteristic vegetation of freshwater 
swamps.  Mature trees tolerate extended 
flooding, but the seedlings require periods of 
dry-down to become established (Conner 
1994).  An ageing stand of mature trees can 
survive long after changes in the hydrology 
of the site have eliminated the possibility for 
the establishment of seedlings and 
regeneration of the stand.  In this state, a 
storm that kills the trees precipitates a 
change from freshwater swamp to either 
high or low marsh, or it can also lead to a 
catastrophic loss in wetland area by rapid 
conversion of the site to open water.   
 
In this example, the changes in the 
hydrology of the site prior to the storm set 
the direction of ecosystem change.  These 
may have arisen from the cumulative effects 
of rising RSL, but human activities such as 
diking for agriculture, mosquito control, or 
waterfowl management, are frequently the 
cause of such changes as well.  The path 
taken by the ecosystem, ending either in 
marsh or open water, depends on the timing 
of the stress imposed by the storm and 
interactions among the components of the 
ecosystem, i.e. the different species of 
vegetation.  In general, forecasting the fate 
of coastal wetlands requires knowledge of 
the boundary conditions that control 
conditions such as flooding and salinity 

within the wetland as well as knowledge of 
the history and internal dynamics of the 
ecosystem. 
 
Restoring Coastal Wetlands 
Opportunities to reverse the trend of coastal 
wetland loss lie with the human activities 
that now exert a pervasive influence on the 
hydrology, hydrodynamics and sediment 
balance of the coastal zone.  There is 
growing appreciation of the, largely indirect, 
impacts that activities such as flood control 
and dredging have on coastal wetlands, 
particularly coastal wetlands in major river 
deltas (Boesch et al. 1994, Day et al. 1995).  
Regulating activities that have an obvious, 
direct impact on coastal wetlands, such as 
filling and draining, is a significant first step 
toward preventing further losses.  However, 
the benefits of these efforts will be short-
lived unless we also address the impacts of 
human activities on conditions at the 
terrestrial and estuarine boundaries of 
coastal wetlands.  This will require measures 
such as modifying control structures on 
rivers and managing dredging practices to 
restore sediment supplies, managing the 
discharges of fresh water to regulate salinity, 
and modifying channels to regulate the 
influence of tides on water levels and 
currents (Day et al. 1995).  Effective 
planning and execution of these measures 
requires that we understand the dynamics 
and evolution of coastal wetland ecosystems 
well enough to be able to forecast their 
response to our actions.  
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