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Introduction 
   

Tidal marshes are among the most susceptible ecosystems to climate change, especially 
accelerated sea level rise (SLR).  Sea level is predicted to increase by 30 cm to 100 cm by 2100 
based on the International Panel on Climate Change (IPCC) Special Report on Emissions 
Scenarios (SRES) (Meehl et al. 2007).  Rising sea level may result in tidal marsh submergence 
(Moorhead and Brinson 1995) and habitat migration as salt marshes transgress landward and 
replace tidal freshwater and brackish marsh (Park et al. 1991). 

 
The data contained in this report were derived from a broader study, "Effects of Sea level 

Rise and Climate Variability on Ecosystem Services of Tidal Marshes, South Atlantic Coast."  
The research team, led by Chris Craft (Indiana University) and funded through an EPA grant, 
used GIS and simulation modeling to predict the effects of different scenarios of accelerated SLR 
on tidal marsh area and delivery of select ecosystem services along the Georgia and South 
Carolina coast.  The basic rationale, methods and limitations of the approach as presented herein 
were described by Craft et al. (in review). 

  
Methods 
   

Changes in tidal marsh area and habitat type in response to SLR were modeled by 
Jonathan Clough using the Sea Level Affecting Marshes Model (SLAMM) that simulates the 
dominant processes involved in wetland conversions and shoreline modifications during long-
term sea level rise (Park et al. 1989; www.warrenpinnacle.com/prof/SLAMM).  SLAMM was 
developed as a model that integrates elevation-submergence and wave action-erosion.  SLAMM5 
also incorporates a salinity algorithm, based on freshwater discharge and cross-sectional area of 
the estuary, to model saltwater intrusion in river-dominated estuaries.  Model inputs included the 
USGS National Elevation Dataset (NED) (http://ned.usgs.gov), NOAA tidal data, and USFWS 
National Wetlands Inventory (NWI) data (http://wetlandsfws.er.usgs.gov).  SLAMM, a cell-
based model, was run at 28 m resolution based on NED characteristics within the study region.   

 
Model simulations were based on the SRES A1B mean (39 cm) and maximum (69 cm) 

increase in SLR in the next 100 years, with a time step of 25 years.  The SRES A1 scenario 
assumes rapid economic growth, low population growth and rapid introduction of new and more 
efficient technology (Church et al. 2001, Meehl et al. 2007).  The SRES A2 scenario, that 
assumes a lower rate of economic growth, fewer technological advances but greater population 
growth, predicts a similar increase in sea level rise during the next century (Church et al. 2001).  
A third scenario, based on a 100 cm increase, was also modeled. 
 

SLAMM accounts for localized conditions within its spatial domain, through the use of 
parameters such as tide range, historical trend, and NAVD-88 correction (see below table).  This 
provides for site-specificity of the SLR scenario being applied.  For example, while the global 
average of SLR is 1.8 mm/yr (Church et al. 2001), the measured rate of SLR (historical trend) 
around Wolf Island is 2.5 mm/yr.  Accounting for all of these localized conditions, the following 
SLR scenarios were used for Wolf Island NWR:  52 cm (A1B mean), 82 cm (A1B maximum), 
and 113 cm (corresponding to 1 m globally) by 21001. 
                                                 
1 About 13 cm of additional SLR is predicted based on the local conditions at this site vs. global SLR trends. 
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The table that follows includes the parameters used in the SLAMM Model Runs 
 
SLAMM Parameter Value Units
Initial Condition 1999 (yyyy)
NED Source Date  1975 (yyyy)  
NWI_photo_date 1983 (yyyy)
Direction_OffShore  E (N|S|E|W)  
Historic_trend  2.5 (mm/yr)  
NAVD88_correction  -0.21 (MTL-NAVD88 in meters)
Water Depth   2.0 (m below MLW; aggrading beaches only)  
TideRangeOcean  2.25 (meters: MHHW-MLLW)  
TideRangeInland  2.25 (meters)  
Mean High Water Spring  1.69 (m above MTL)  
Marsh Erosion  2.0 (horz meters/year)  
Swamp Erosion  1.0 (horz meters/year)  
TFlat Erosion  6.0 (horz meters/year) [from 0.5]
Salt marsh vertical accretion   1.9 (mm/yr)
Brackish March vert. accretion  4.3 (mm/yr)
Tidal Fresh vertical accretion 4.8 (mm/yr)
Beach/T.Flat Sedimentation Rate  0.5 (mm/yr)  
Frequency of Large Storms  25 (yr/washover)  
Use Elevation Preprocessor for 
Wetlands 

TRUE TRUE/FALSE

Notes: 
Historic Trend Source: http://www.co-
ops.nos.noaa.gov/sltrends/sltrends_states.shtml?region=ga  
Range Source: http://www.ngs.noaa.gov/cgi-bin/ngs_opsd.prl?PID=BR0078  
Water Depth means the average water depth 15 m off-shore. 

 
 
Limitations of the Approach 
 As with any study, there are caveats associated with the tools and approaches we used. 
Second, there are limitations associated with the data inputs used in the SLAMM SLR 
simulations.  For example, (NED) elevation data that covers the entire coast has moderate 
resolution. Third, the SLAMM model lacks feedback mechanisms that may come into play as 
SLR accelerates.  For example, increasing inundation of salt marshes may increase macrophyte 
production and lead to increased vertical accretion (Morris et al. 2002).  Conversely, increasing 
salt water intrusion into tidal freshwater marshes may accelerate decomposition, (Weston et al. 
2006), and lead to reduced vertical accretion. Despite these caveats, our approach provides first-
order and important insights into how accelerated SLR may affect tidal marshes and their 
delivery of ecosystem services in the future.  
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Results 
 
The results of the SLAMM model runs are presented below, with sets of two tables and a series 
of map graphics for each of the three global SLR scenarios: A1B Mean, A1B Maximum, and a 1 
meter increase. 
 
 
Site Wolf Island, GA 
Scenario A1B  
Parameters Mean, Protect Developed Lands 

Wolf Island Hectares of Cover by Year 
Cover Type Initial 2025 2050 2075 2100 
Undeveloped Dry 
Land 15.84 13.96 4.00 0.31 0.00 
Scrub-shrub 17.33 16.86 15.68 14.27 13.01 
Salt Marsh 1834.72 1802.81 1673.60 1480.82 1290.54 
Estuarine Beach 48.14 27.13 20.93 13.41 10.74 
Tidal Flat 9.80 14.19 32.46 54.33 69.54 
Ocean Beach 0.00 0.00 0.71 1.02 0.71 
Estuarine Water 171.30 257.07 349.90 495.96 613.87 
Open Ocean 0.00 7.60 55.90 93.06 154.76 
Brackish Marsh 56.06 13.56 0.00 0.00 0.00 

 
 
 

Wolf Island 

Init. 
Cond.  
(ha) 

Year 
2050 
(ha) 

Year 
2100 
(ha) 

Percent 
of Init. 
Cond.  

Percent 
Loss  
2050 

Percent 
Loss 
2100 

Undeveloped Dry Land 16 4 0 1% 75% 100% 
Scrub-shrub 17 16 13 1% 10% 25% 
Salt Marsh 1835 1674 1291 85% 9% 30% 
Estuarine Beach 48 21 11 2% 57% 78% 
Tidal Flat 10 32 70 0% (231%) (610%) 
Ocean Beach 0 1 1 0% N/A N/A 
Estuarine Water 171 350 614 8% (104%) (258%) 
Open Ocean 0 56 155 0% N/A N/A 
Brackish Marsh 56 0 0 3% 100% 100% 
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Scenario A1B Mean 
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Site Wolf Island, GA 
Scenario A1B  
Parameters Maximum; Protect Developed Lands 

Wolf Island Hectares of Cover by Year 

Cover Type Initial 2025 2050 2075 2100 
Undeveloped Dry 
Land 15.84 13.01 1.25 0.00 0.00 
Scrub-shrub 17.33 17.33 14.11 10.11 5.64 
Salt Marsh 1833.38 1716.02 1441.15 1061.54 668.52 
Estuarine Beach 47.82 26.81 19.44 11.45 7.37 
Tidal Flat 12.23 22.03 88.59 212.78 339.63 
Ocean Beach 0.00 0.00 0.78 0.24 0.00 
Estuarine Water 193.88 349.51 518.30 736.49 926.53 
Open Ocean 0.00 7.92 69.54 120.58 205.49 
Brackish Marsh 32.69 0.55 0.00 0.00 0.00 

 

 

 

 

Wolf Island 

Init. 
Cond.  
(ha) 

Year 
2050 
(ha) 

Year 
2100 
(ha) 

Percent 
of Init. 
Cond.  

Percent 
Loss  
2050 

Percent 
Loss 
2100 

Undeveloped Dry 
Land 16 1 0 1% 92% 100% 
Scrub-shrub 17 14 6 1% 19% 67% 
Salt Marsh 1833 1441 669 85% 21% 64% 
Estuarine Beach 48 19 7 2% 59% 85% 
Tidal Flat 12 89 340 1% (624%) (2677%) 
Ocean Beach 0 1 0 0% N/A N/A 
Estuarine Water 194 518 927 9% (167%) (378%) 
Open Ocean 0 70 205 0% N/A N/A 
Brackish Marsh 33 0 0 2% 100% 100% 
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Scenario A1B Maximum 
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Site Wolf Island, GA 
Scenario 1 meter SLR 
Parameters Protect Developed Lands 

Wolf Island Hectares of Cover by Year 

Cover Type Initial 2025 2050 2075 2100 
Undeveloped Dry Land 15.84 5.25 0.00 0.00 0.00 
Scrub-shrub 17.33 16.46 10.35 3.45 0.00 
Salt Marsh 1821.23 1609.87 1181.49 618.89 311.80 
Estuarine Beach 47.35 28.62 17.48 8.08 4.78 
Tidal Flat 14.74 47.75 213.01 465.85 470.71 
Ocean Beach 0.00 0.00 0.08 0.00 0.00 
Estuarine Water 222.26 437.08 649.54 909.52 1114.77 
Open Ocean 0.00 8.15 81.22 147.39 251.12 
Brackish Marsh 14.43 0.00 0.00 0.00 0.00 

 
 
 

Wolf Island 

Init. 
Cond.  
(ha) 

Year 
2050 
(ha) 

Year 
2100 
(ha) 

Percent 
of Init. 
Cond.  

Percent 
Loss  
2050 

Percent 
Loss 
2100 

Undeveloped Dry Land 16 0 0 1% 100% 100% 
Scrub-shrub 17 10 0 1% 40% 100% 
Salt Marsh 1821 1181 312 85% 35% 83% 
Estuarine Beach 47 17 5 2% 63% 90% 
Tidal Flat 15 213 471 1% (1345%) (3094%) 
Ocean Beach 0 0 0 0% N/A N/A 
Estuarine Water 222 650 1115 10% (192%) (402%) 
Open Ocean 0 81 251 0% N/A N/A 
Brackish Marsh 14 0 0 1% 100% 100% 
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Scenario 1 meter SLR 
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