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Study Area and Project Goals

Assess and rank the relative resilience 
of individual sites to sea level rise. 

Products

Maps and Datasetsthat allow users to 
assess an area of interest for its ecological 
resilience

A Report that explains the concepts of site 
resilience, how we measured it, and how to 
interpret the results. 

Resilience (6-ft. SLR)

2800 coastal 
sites

SAL = 1232
GOM = 1568

NE = 
10,736
coastal 

sites
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Using enduring 
geophysical featuresto 
identify sites that will 
represent biodiversity 
and be more resilient to 
climate change



Why Care about Tidal Habitats? 

They perform essential functions 
- Stabilize shorelines
- Buffer human communities from

flood and storm effects
- Serve as fish nurseries
- Cycle nutrients

Tidal Habitats are our mostproductive and 
diverse habitats

Hundreds of specially adapted species 
such as salt marsh grass, salt marsh 
aster, salt marsh skipper, clapper rail

Rare species such as salt marsh 
sparrow, black rail

Tidal flats provide resource areas for 
crabs and shorebirds  



Adaptation:
Up to 83% Net Loss of Existing Tidal Areas  

Current Tidal complex  880,228.7
6ft SLR Scenario          148,591.3
Net Loss                     731,637.4
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Sites: 1568 Tidal Complexes

Large
>10,000 ac. 

Small
200-1000 ac

Moderate
>1000 ac

48 Sites



Sites

Resilience Score

Each Site is scored 
based on its 
Resilience 
Characteristics

Below Average
Far Above Average

Average



Resilience Characteristics

Site Resilience= the capacity of a site  to sustain 
biodiversity and function under a changing climate

The site has the necessary conditions 
to facilitate adaptation and habitat migration.

No predictions about what will actually exist at the site.

PPPHYSICAL 
Å Large migration space  

Å Many tidal zones 

Å Large tidal complex 

Å High shared edge    

PPCCONDITION 
Å No anthropogenic barriers

Å Ample sediment supply 

Å Adequate water quality 

Å Freshwater flow    



Wild Dunes, South Carolina 

Resilient Coastal Sites: Physical 
Migration Space:
- Size
- Accessibility
- Shared Edge
- Tidal Zones

Does the site have 
physical space for the 
habitat to migrate into? Migration space



Migration Space

Image by Harold Burrell, VIMS

Migration space

Future

Current

Migration space= the area of adjacent low-lying land 
suitable for supporting tidal habitats in the future, 
and into which the current habitats could migrate as 
sea levels rise. 



Large migration space due 
to extensive unconfined low 
flats

Small migration space due 
to more confining 
topography

Landforms

Flats

Slopes

Hills/Hilltops

Migration Space is Physically Determined



Migration Space Delineation
Migration space derived from augmented NOAA SLR Viewer1 marsh migration data; 

We ŘƻƴΩǘ ǇǊŜŘƛŎǘwhat 
will be in the migration 
space

We retain the 
information on tidal 
zones for a metric 
capturing diversity of 
tidal zones

We simplify these 3 
classes into 1 
migration space



ÅNOAA= 2018 SLR Viewer marsh migration data for 6.5-ft SLR
ÅSLAMM= June 2015 GCPLCC SLAMM 2100 2-m SLR model 

http://warrenpinnacle.com/prof/SLAMM/GCPLCC/; 
resampled to 30 m for this comparison 

ÅUSGS= 2100 2-m SLR model with barriers, unadjusted 
(Enwrightet al. 2015) http://dx.doi.org/10.3133/ds969

Area not modeled in 
NOAA project (NOAA 

extent ends where red is 
not showing)

Becomes open water at 0.5-
FT SLR in NOAA 

http://warrenpinnacle.com/prof/SLAMM/GCPLCC/
http://dx.doi.org/10.3133/ds969


St. Andrew Bay (Lagoon)           Physical Characteristics

How much accessible migration 
space? (space for future marsh)

How many tidal zones are within 
it? (proxy for future habitats)

How much shared edge?
(ease of migration)

How large is the current complex?
(source of biotic material)

Physical Characteristics of a Site



Wild Dunes, South Carolina 

Results: Physical Score 
Migration Space:
- Size/Access
- Current Complex
- Shared Edge
- Tidal Zones

Does the site have 
physical space for the 
habitat to migrate into? 

Creole Bayou
MS:   24,232 acres
MS:   2.1 SD =  FAA
TC:     15,137 acres
TC:      2.3 SD = FAA
SE:      61% = SAA
TZ:     0.06 SD = SAA

Score= Far Above Avg.



Objective:Ensure migration space is of adequate size

To get a positive score 

Criterion 1: MS size must be greater than average relative to its coastal shoreline region
Criterion 2: Average migration space size at least as big as existing complex 

AND predicted to increase in size, 
ANDnot on a barrier island with a downward trend in size

Migration Space Size Threshold

most migration space visible at 
this scale is above average in 
size

Many very small bits of 
migration space

Gulf of Mexico 
=  1568 sites
Criteria: 294



Wild Dunes, South Carolina 

Resilient Coastal Sites: Condition   
Does the site have 
the condition 
characteristics 
needed to facilitate 
habitat migration?

% Developed
Edge

Water
Quality

Sediment
Balance

Unaltered 
Flow



% Developed Upland Edge

ESI Armored Shoreline

Tidal Complex

Development/Roads

Developed Upland Edge: 
% of tidal complex upland edge flanked by development or roads  

Developed upland 
edge = 27%

Tidal Complex with Developed Areas  and 
Armored Shoreline (red)



Sediment Balance

Difference between
- sediment needed for 

coastal wetlands to keep 
pace with current SLR 
rates

- the actual total suspended 
matter concentration 
from  satellite data 
(http://globcolour.info). 

Big thanks to Dr. Schuerch for 
the data! 

Balanced

Deficit

http://globcolour.info/


Water Quality 
National Rivers and Stream Assessment water quality index is response variable

(total nitrogen, total phosphorus, and turbidity)

Johnson, Z., S. Leibowitz, AND R. Hill. Revising the index of watershed integrity national maps. SCIENCE OF THE TOTAL ENVIRONMENT. Elsevier BV, 
AMSTERDAM, Netherlands, 651:2615-2630, (2018).https://doi.org/10.1016/j.scitotenv.2018.10.112

National map of 
the watershed 

regulation of water 
chemistry 

(WCHEM) for 
version 2.1 (EPA 

STREAMCAT 
Johnson et al. 

2018)

Water Quality Score 
of Migration Space
(unstratified)  

https://doi.org/10.1016/j.scitotenv.2018.10.112


Flow Alteration
¦ƴŀƭǘŜǊŜŘ ŦǊŜǎƘǿŀǘŜǊ ŦƭǳǎƘƛƴƎ ƻŦ ŀƭƭ /{wΩǎ

Risk of flow alteration in 
upstream watershed 

EPA 
STREAMCAT:  
Percent of 
Normal 
volume of all 
reservoirs 
per unit area 
of watershed 
(cubic 
meters/squa
re km) 



Wild Dunes, South Carolina 

Resilient Coastal Sites: Condition   
% Developed
Edge

Sediment 
Balance

Water
Quality

Unaltered 
Flow



Wild Dunes, South Carolina 

Resilient Coastal Sites: Condition   
Does the site have 
the condition 
characteristics 
needed to facilitate 
habitat migration?

% Developed Edge                                                        Sediment Balance

Water Quality                                                                 Unaltered Flow

NLCD development and roads Schuerch2018

EPA STREAMCAT water chemistry index 2.1: N, P, TEPA STREAMCAT  Water Stored by Dams



Wild Dunes, South Carolina 

Results: Condition Score  
Does the site have 
the condition 
characteristics 
needed to facilitate 
habitat migration?



Resilient Coastal Sites: Condition   

Physical Score                                                               Condition Score 

Integrated Resilience Score 



Coastal Shoreline Regions

Open Bay

River Dominated
East

Lagoonal

River Dominated
West


