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Looking to the Future for Sustainability Solutions
Lands Vulnerable to Sea Level Rise Along Atlantic and North Carolina Coasts

(Titus and Richman, 2000)
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North Carolina Geological 
Provinces

Vulnerability to sea-level rise on 
the diverse Albemarle-Pamlico 
Peninsula is very high: about two-
thirds of the peninsula is less than 
1.5 m (5 ft) above sea level 
(Heath, 1975), and approximately 
30 percent is less than 0.9 m (3 ft) 
above sea level (Poulter, 2005). 
Shoreline retreat rates in parts of 
the peninsula are already high, up 
to 7.6 m (25 ft) per year (Riggs 
and Ames, 2003).Geological 
processes and features affect sea 
level rise for Dare. Dare lies within 
the Northern Coastal Province in 
North Carolina which consists of 
soft, unconsolidated sediments on 
gentle slopes. Its highly dissected 
coastline and offshore barrier 
islands indicates an eroding shore 
and sinking mainland. 
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Looking to the Past for Sustainability Solutions
The Mouzon map of 1755 and Price-Strother map of 1808

Early maps show the closing of Roanoke Inlet (outlet of the Albemarle Sound to the Atlantic Ocean) 
between 1780 and 1810. The Roanoke Marches still connect Dare peninsula to Roanoke Island
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Mean sea level trends calculated for the eight North Carolina stations. The stations with the longest data 
intervals (68 years at Wilmington and 56 years at Southport) have the narrowest confidence intervals. The 
trends range from 2.04 mm/yr at Southport to 4.27 mm/yr at Duck. The average for all eight North Carolina 
stations is 2.88 mm/yr. There appears to be a regional gradient with the trends increasing from south to 
north. This implies that the land is sinking more rapidly along the northern portion of the coastline. (NOAA 
Technical Report NOS CO-OPS 041)

Historical Trends in NOAA Coastal Water Level Stations 
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Global Change Impacts

The impacts of sea level rise and long-
term climatic changes to the frequency 
and severity of severe weather events 
pose risks to coastal ecosystems.

Lidar digital elevation data and receding 
shoreline on Dare County  peninsula 
illustrate future and current risks.
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The SLAMM Model
(Sea Level Affecting Marshes Model) 

Development Overview

• Intermittently under development since 1985

• SLAMM was developed with US EPA funding by Dr. Richard A. Park 
(Park et al. 1986)

• SLAMM2 was used to simulate 20% of the coast of the contiguous US 
for the 1991 EPA Report to Congress  

• SLAMM3 was developed in 1993, applied to Puget Sound and Florida
(Geocarto International, 1993)

• SLAMM4 was produced in 1998, cell size resolution vastly improved, 
Windows GUI and mapping component added

• SLAMM5 developed with 3-year US EPA STAR grant  



Slide 8

Model Process Overview

• Inundation:   Calculated based on the 
minimum elevation and slope of the cell.   

• Erosion:  Triggered given a maximum 
fetch threshold and proximity of the 
marsh to estuarine water or open ocean.

• Overwash:  Barrier islands undergo 
overwash at a fixed storm interval.  
Beach migration and transport of 
sediments are calculated.

• Saturation:  Migration of coastal swamps 
and fresh marshes onto adjacent 
uplands-- response of the water table to 
rising sea level.

• Accretion: Vertical rise of marsh due to 
buildup of organic and inorganic matter 
on the marsh surface.  Rate differs by 
marsh-type.

•Cells with elevation, slope, aspect, wetland type
•Cell size can be variable but many DEMs have 30 m resolution
•Cells will track movement of multiple land-type categories
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IPCC Sea Level Rise Scenarios

• Model incorporates 
IPCC Projections as 
well as fixed rates of 
SLR

• Global (Eustatic)
Rates of SLR 
are corrected
for local effects 
using long-term 
tide gauge trends

• Sea level rise 
scenarios for DCBR 
were selected to 
bracket the range of 
sea level rise 
responses and 
includes an extreme 
glacial melt scenario
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Dare County Peninsula NVC Alliances
and Atlantic White-Cedar (8,827 acres)
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IPCC Scenario A1B Minimum: 0.13 m Rise by 2100
Air Force Dare County Bombing Range

109109109109109109109109109109109Brackish Marsh

4037322717865111Estuarine Open 
Water

111114120125131136138139143143143Inland Open 
Water

00000000000Tidal Flat

00003777000Salt Marsh

705506354241159104663928172Marsh 
Transition

3,3203,3233,3263,3283,3313,3323,3333,3343,3343,3343,334Inland Fresh 
Marsh

14,55014,74614,89315,00315,08115,12915,15915,18115,18315,19415,205Forested 
Wetland

3132333436424853696973Undeveloped 
Upland

21002090208020702060205020402030202020101982

YearLand Cover 
Class (ha)
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IPCC Scenario A1B Minimum: 0.13 m (0.43 feet) Rise by 2100
Dare County Peninsula and Surrounding Area

113116121126132137142146149154158Tidal Swamp

58111315161819202020Inland Shore

9,3079,2999,2909,2829,2759,2709,2659,2619,2589,2539,351Brackish Marsh

6464646464646259554810Open Ocean

14,85014,78314,69712,3289,0767,3504,2951,6081,5651,3111,288Estuarine Open 
Water

23468121623244646Riverine Tidal 
Water

1,2691,3071,3461,3931,4451,4921,5431,6181,6441,5681,569Inland Open Water

0000002591552Ocean Beach

0082525712,2642310Tidal Flat

67788899313233Estuarine Beach

2642742872,5705,7107,3208,1127,5968,242326111Salt Marsh

42,86038,64134,14829,42224,88420,67016,68718,75415,44116,6033,916Marsh Transition

2428333536363737373739Tidal Fresh Marsh

6,3786,4406,5006,5586,6146,6606,7066,7406,7686,8327,024Inland Fresh Marsh

216227241255267277285290294304326Cypress Swamp

75,02378,58782,37086,37490,21093,63196,60198,049100,02499,481107,632Forested Wetland

17,70318,27818,91219,55920,23520,97721,94223,76424,41331,93936,370Undeveloped 
Upland

2,1622,1842,2052,2262,2422,2532,2612,2662,2692,2762,301Developed Upland
21002090208020702060205020402030202020101982

YearLand Cover Class 
(ha)
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80858994100105107108108108109Brackish Marsh

7,4395,8564,0252,2781,04241213222221Estuarine Open 
Water

626366708195110124000Inland Open 
Water

28741750127311219470142142143Tidal Flat

1,3801,4501,7421,9691,387708237143220Salt Marsh

1,2801,3791,4481,7371,9631,383706235142632Marsh Transition

2,5592,7192,8813,0743,2063,2863,3123,3253,3313,3333,334Inland Fresh 
Marsh

5,7756,8948,1089,35810,95712,83314,18714,87415,07115,14715,205Forested Wetland

4691418262935686873Undeveloped 
Upland

21002090208020702060205020402030202020101982

YearLand Cover 
Class (ha)

IPCC Scenario A1B Maximum 0.7 m (2.3 feet) Rise by 2100
Air Force Dare County Bombing Range
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IPCC Scenario A1B Maximum: 0.7 m Rise by 2100
Dare County Peninsula and Surrounding Area

4112035567792106119132154Tidal Swamp

00000029141720Inland Shore

2,3803,4824,7246,5527,4298,0288,3228,5268,6478,7019,253Brackish Marsh

6766666565656464646448Open Ocean

122,093109,63495,29079,70964,32050,41429,4508,0901,7831,7381,311Estuarine Open Water

00000013172046Riverine Tidal Water

9849879971,0141,0591,1491,2381,3481,5291,5771,568Inland Open Water

000000000015Ocean Beach

1,6022,6642,7241,8872,4911,14410,3767,4148161Tidal Flat

112234678832Estuarine Beach

9,77911,40514,28516,40514,75015,19611,70824,26813,57613,493326Salt Marsh

7,5979,42011,28714,12717,93017,14018,27115,03027,74819,41216,603Marsh Transition

0000021026353637Tidal Fresh Marsh

4,3674,6284,8725,1775,4995,8536,1406,3946,5396,6536,832Inland Fresh Marsh

505974100133169194226259279304Cypress Swamp

13,64018,24824,22331,49940,90453,50865,32277,95186,51993,17899,481Forested Wetland

6,0717,9449,90111,80813,65315,44916,92518,59021,14122,66331,939Undeveloped Upland

1,6111,6961,7821,8661,9552,0492,1262,1942,2382,2582,276Developed Upland

21002090208020702060205020402030202020101982

Year
Land Cover Class (ha)
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0173063798797104107109Brackish Marsh

12,98811,7669,8817,7995,1192,52960658431Estuarine Open Water

2133445859647191000Inland Open Water

4666671,1348001,2469124971141141143Tidal Flat

1,0391,0081,4072,4012,2322,9192,3311,024640Salt Marsh

1,4981,0391,0021,3852,3692,2162,9122,3211,0162642Marsh Transition

1,4852,1732,3832,4532,5112,7703,0553,2553,3123,3273,334Inland Fresh Marsh

1,3702,1793,0083,9385,2647,3719,29611,99514,22914,95415,205Forested Wetland

0012361325546773Undeveloped Upland

21002090208020702060205020402030202020101982

YearLand Cover 
Class (ha)

Eustatic Sea Level Rise Scenario: 1.5m (4.92 feet) Rise by 2100
Air Force Dare County Bombing Range
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Eustatic Sea Level Rise Scenario: 1.5m Rise by 2100
Dare County Peninsula and Surrounding Area

000111306389107154158Tidal Swamp

00000002122020Inland Shore

11291597462,2664,3027,0178,0418,3929,2539,351Brackish Marsh

7470686766656564644810Open Ocean

151,500141,525127,937109,43486,07536,0549,0981,8861,8061,3111,288Estuarine Open Water
000000015164646Riverine Tidal Water

9409549709749871,0221,1441,4601,5031,5681,569Inland Open Water

3100000001552Ocean Beach

2,5454,6164,3016,6207,13431,6457,67181610Tidal Flat

1111123673233Estuarine Beach

4,3147,88713,86516,16822,82025,45250,77814,55013,951326111Salt Marsh

2,8124,3077,77813,35314,92321,47924,17152,42234,74116,6033,916Marsh Transition

000000110303739Tidal Fresh Marsh

2,6433,2773,8474,2574,7105,1445,6776,0986,4206,8327,024Inland Fresh Marsh

0429466399154196239304326Cypress Swamp

2,5824,2966,91411,78320,93631,87648,53665,91880,65599,481107,632Forested Wetland

1,6071,9572,9375,2198,51311,20513,85317,34320,07131,93936,370Undeveloped Upland

1,2141,3211,4391,5781,7411,8712,0152,1372,2162,2762,301Developed Upland

21002090208020702060205020402030202020101982

Year
Land Cover Class (ha)
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Specific sea level rise mitigation strategies that the US Fish and 
Wildlife Service and Nature Conservancy have recommended 
include: 

• Conducting a hydrologic assessment and management plan
• Installing tide gates adjacent to the sound and river and gated culverts in 

interior ditches so that brackish water does not flow inland through them, 
• Establishing salt tolerant cypress trees and other vegetation in areas that are 

expected to become brackish wetlands, 
• Construction oyster shell reefs and re-establishing brackish marshes along 

the Dare County peninsula in eroded areas where it is absent and areas that 
are likely to become wetlands in the future, 

• Creating corridors that run from the shoreline inland which could facilitate 
habitat migration,

• Establishing submerged aquatic vegetation beds offshore to reduce 
shoreline erosion.
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Restoration Challenges for Atlantic white-cedar

• Seed germination and seedling establishment 
under altered surface hydrology

• Lack of wildland fire for natural stand 
replacement

• Hardwood competition (aerial hardwood 
herbicide application)

• Tide driven saltwater intrusion and overwash
from storm events

• Wind damage from increased severity and 
frequency of storm events


