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Coastal Areas will be Impacted 
During 21st Century

 Pattern of long-term sea-level rise
 Extreme sea-level events caused by 

storms and waves



The Problem

• Loss of coastal wetlands 
due to submergence

• Wetlands cannot 
migrate upslope 
because of human 
infrastructure or 
geomorphology





Study Area



SEA-LEVEL AFFECTING 
MARSHES MODEL

• SLAMM 6 Version
• Simulates the processes involved in wetland conversion 

and shoreline modification under long-term sea-level rise
• uses changes in sea-level with inundation, erosion, 

overwash, saturation, and accretion to predict changes 
from one wetland type to another

• 0.39 m (11.2 inch), 0.69 m (27 inch), 1 m and 1.5 m rise 
by 2025, 2050, 2075 and 2100

• Performs analysis at current diking conditions and 
without dikes in place

• A complex decision tree incorporating geometric and 
quantitative relationship is used to represent transfers 
among coastal wetland classes



Improvements to NWF Analysis

 Used LIDAR data 
 Better ‘dike layer’ definition
 Separate analysis of major estuary 

systems
 Added analysis of Gray’s Harbor
 Simpler wetland classification
 Examining uncertainty in SLAMM 





Detailed SLAMM Land Categories
• 23 Categories derived from National Wetlands Inventory

Dry Land: Developed and Undeveloped

Swamp: General, Cypress, & Tidal

Transitional Marsh: Occasionally Inundated, Scrub Shrub

Marsh: Salt, Brackish, Tidal Fresh, Inland Fresh, Tall Spartina

Mangrove: Tropical Settings Only

Beach: Estuarine, Marine, Rocky Intertidal

Flats: Tidal Flats & Ocean Flats

Open Water: Ocean, Inland, Riverine, Estuarine, Tidal Creek



Nearshore Zones

Habitat Type in 
NWF Report

Cowardin et al. (1979) 
Classification

Nearshore Zone

Estuarine Beach Estuarine intertidal 
unconsolidated shore (sand) 

Low Tidal

Tidal Flat Estuarine intertidal 
unconsolidated shore (mud)

Saltmarsh Estuarine intertidal emergent Saltmarsh

Transitional Marsh Estuarine intertidal scrub 
shrub

Transitional

Brackish Marsh Estuarine intertidal emergent

Tidal Swamp Palustrine forested or scrub 
shrub (tidal modifier)

Freshwater Tidal

Transitional Fresh Marsh Palustrine emergent
(tidal modifier)

Riverine Tidal Riverine aquatic bed
(tidal modifier)



Low Tidal



Saltmarsh



Transitional



Freshwater Tidal



Bellingham Bay ,Initial Condition



Bellingham Bay, 2100 A1B 
Max Dikes



Samish, Padilla, Skagit, Port 
Susan Bays, Initial 

Condition



Samish, Padilla, Skagit, Port 
Susan Bays, 2100 A1B 

Max With Dikes
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North Puget Sound

Habitat Type Current 
Conditions 

0.69 SLR

Low Tidal 10,623 8,723

Saltmarsh 5,701 5,836

Transitional 637 2,133

Freshwater 
Tidal

1,569 937



Site 2, 2100 A1B Max No Dike

Gray’s Harbor, 
Initial Condition



Site 2, 2100 A1B Max No Dike

Gray’s Harbor, 
2100 A1B Max 

with Dikes



Grays Harbor
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Gray’s Harbor
Habitat Type Current 

Conditions 
0.69 SLR

Dikes in Place

Low Tidal 37,646 12,271

Saltmarsh 2,758 3,716

Transitional 1,135 6,373

Freshwater 
Tidal

6,993 5,317



Willapa Bay, 
Initial Condition



Willapa Bay, 
2100 A1B Max 

with Dikes



Willapa Bay
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Willapa Bay
Habitat Type Current 

Conditions 
0.69 SLR

Dikes in Place

Low Tidal 50,268 16,889

Saltmarsh 7,806 7,307

Transitional 1,972 6,046

Freshwater 
Tidal

1,653 724



Lower Columbia, 
Initial Condition

Willapa Bay, 
2100 A1B Max without D



Lower Columbia, 
2100 A1B Max 

with Dikes



Lower Columbia
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Lower Columbia
Habitat Type Current 

Conditions 
0.69 SLR

Dikes in Place

Low Tidal 5,545 5,433

Saltmarsh 5,975 4,848

Transitional 810 2,103

Freshwater 
Tidal

6,370 5,654



Opportunities to Adapt



Opportunities to Adapt



“Addressing this issue is urgent only because 
there are inexpensive opportunities to solve the 

problem now – opportunities that will be 
prohibitively costly if we wait until housing 

developments replace our shorefront farms and 
forests"

James Titus 1998



Low Tidal 

Wetland Classes

Salt Marsh Transitional 
Marsh

Freshwater Tidal



Lower Columbia, 
Initial Condition

Willapa Bay, 
2100 A1B Max without D



Lower Columbia, 
2100 A1B Max 

with Dikes



Lower Columbia, 
2100 A1B Max 
without Dikes



Lower Columbia
Habitat Type Current 

Conditions 
0.69 SLR

Dikes in Place
0.69 SLR

Dikes Removed

Low Tidal 5,545 5,433 9,703

Saltmarsh 5,975 4,848 13,990

Transitional 810 2,103 4,218

Freshwater 
Tidal

6,370 5,654 5,587











ADAPTING TO SLR
Landscape Scale

 Understanding long-term regional changes
 Shorefront easement programs centered 

on agricultural lands
 Shoreline Management Act
 Floodplain Management
 Hydraulic Code



North Puget Sound
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Landowner Interest



Easements
(Incentive Based)

Existing Levee Future Levee



ADAPTING TO SLR
Project Scale

 Predicting long-term changes at the 
project scale (will the project’s evolution 
help offset habitat loss at the larger scale)

 Providing upslope migration opportunities 
at the project scale



North Puget Sound
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THE ‘IDEAL’ PROJECT

 Adds low tidal or freshwater tidal habitat 
in the long-term (2100)

 Providing transitional marsh habitat not a 
priority



Uncertainty Analysis Integration for Coastal Wetlands Conservation Planning



Elevation/Slope Data

IPCC Model
SLR Projections

Pct Impervious Data

Dike Condition Data

Earthcover Data SLAMM Model Earthcover Predictions

SLAMM Model Working Principle and Uncertainty Sources
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New SLAMM Uncertainty Component

• Ducks Unlimited has funded creation of a new 
SLAMM uncertainty component that allows 
for site-specific information about model 
uncertainty.

• Coding is underway 

• Product expected to be available in early 2011



Conservation Risk – Uncertainty above Expected SLR Projection



Select Site of Interest

• SLAMM Uncertainty Viewer integrates with 
available GIS layers or allows user to draw 
polygon of interest



View uncertainty results on “plot” basis to 
support decisionmaking
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Providing Nature A-Right-of-Way

No Net Loss
Of Coastal Wetlands

Conservation Programs

PolicyScience
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