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“Coastal wetlands” means all tidal and subtidal lands; all areas
with vegetation present that is tolerant of salt water and occurs
primarily in salt water or estuarine habitat; and any swamp,
marsh, bog, beach, flat or other contiguous lowland that is
subject to tidal action during the highest tide level for each year
in which an activity is proposed as identified in tide tables
published by the National Ocean Service. Coastal wetlands may
include portions of coastal sand dunes.

Coastal wetlands (Maine NRPA §480-B.2.)

P.A. Slovinsky, MGS

Required in Maine’s Municipal Shoreland Zoning



Project Goals

 Map the limits of the Highest Annual Tide (HAT) 
using NOAA tidal predictions and VDATUM in 
support of Maine’s Shoreland Zoning regulations;

 Utilize the HAT as a proxy for the upper boundary of 
existing coastal wetlands and map potential marsh 
migration areas using a scenario based approach of 
future sea level rise;

 Determine what types of existing land-cover types 
might be impacted by marsh migration MNAP) 
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Some Assumptions and Limitations

• Our mapping uses the Highest Annual Tide per 
Shoreland Zoning regulations, not MHW.   In Maine, HAT 
is between 2-3 feet higher than MHW.   

• We are trying to map the limits of existing HAT for 
Shoreland Zoning and visualize the impacts of SLR 
scenarios on potential wetland expansion, not 
necessarily map the actual limits of wetlands. 

• Our simulations use a bathtub approach that doesn’t 
account for erosion, sedimentation, or tidal restrictions.



• LiDAR was flown at any tide so in some areas, LiDAR 
points were reflected by water (i.e., data collected at a 
higher tide), resulting in bad or no data in some areas.

• NOAA’s VDATUM was used to convert from MLLW to 
NAVD88 to translate elevations across water surfaces 
from NOAA tide prediction data.  This adds additional 
vertical error (up to a published 13.2 cm per NOAA).

• Our analysis doesn’t look at wetland type conversion or 
loss on a state-wide level.  

Some Assumptions and Limitations



Batson River, Goose Rocks Beach, Kennebunkport

Example of mapping results  



Batson River
Kennebunkport, ME



Batson River
Kennebunkport, ME



Batson River
Kennebunkport, ME



For general planning purposes only

Batson River
Kennebunkport, ME



• Model development

• Applications and Outreach

Marsh Migration





Marsh Migration



ME Landcover data
(based on 2004 imagery)



6ft SLR simulation 

w/ 3 land cover classes



Moody Beach, 
Wells

Englishman River, Roque 
Bluffs

SLR Simulation % Marsh 

Replacement

1 ft 17%

2 ft 30%

3.3 ft (1m) 46%

6 ft 77%

Maine Natural Areas Program, 2014



Coastal Resiliency Opportunities Work Group
“Identify areas that have the potential to accommodate the migration 
of coastal wetlands and supporting buffers in order to prioritize 
conservation actions and inform restoration planning that will 

support the migration, resilience, and/or transformation of coastal wetlands under a 1m SLR 
scenario.

Output may also be used by project partners or others to guide restoration or protection of 
habitat connectivity, prevent inappropriate development in high risk or high vulnerability areas, 

or increase conservation of natural areas that can protect human communities 
from storm surge and tidal flooding.”

Considerations:
-Ease of use and interpretation for practitioners, public, 
funders, landowners
-Easy to update/modify with new data
-Limit assumptions and extrapolations



Coastal Undeveloped Blocks: 1m SLR

Buffe
r

Future 
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Current marsh



Modeled new 1m SLR Habitats
Data sources:
-NWI
-MNAP mapped   
marshes
-MNAP mapped 
estuaries
-CMGE

-CMGE

Salt marsh

Non-tidal buffer

Freshwater tidal marsh Unknown tidal wetland

Sand or Gravel 
Beaches and Dunes

Rocky shoreline







250’ impervious buffer





Marshes in Planning

What the SLR and marsh migration models can 
show:
- Intersection of SLR with infrastructure (C/R 

nexus)
- Large, connected areas of future marsh and 

buffer (preventing stressors, providing habitat, 
ecosystem services)

- Stratification of sites statewide
- Prioritization



Marshes in Planning

How the models are being used: 
• One size fits all
• Part of decision making toolkit…Planning 

horizon, various conservation values, funding, 
landowner opportunity…

• MNAP, MGS Viewer 
• Maine-TNC Resiliency platform
• Application across multiple scales (examples)





Limitations

• Adaptive areas, not ‘resilient areas’

• Condition, size, landscape context of existing 
tidal wetlands not considered

• Accretion rates and low-marsh loss not well 
modeled





Marshes in Planning

Summary: 
• Sea Level Rise Simulations
• Marsh Migration opportunities
• Coastal Undeveloped Blocks
• Highly Resilient Coastal Areas (up next….)



Thank you!

Kristen.Puryear@maine.gov
Peter.A.Slovinsky@maine.gov

Additional resources:

With special thanks to:

mailto:Peter.A.Slovinsky@maine.gov






















Point                  Transect            Landscape      



Point                  Transect            Landscape      

Supports site specific

restoration decisions

Supports land acquisition 

and regional restoration 

decisions





Highest Quality

Lowest Quality

Site RISMA Score

Assonet 0.91

Barringt 1.76

Jacobs P 1.90

CSP 2.11

Seapowet 2.65

Coggesha 2.69

Nag 2.86

Galilee 3.01

ProvPt 3.12

Chase Co 3.20

Mill Cov 3.49

100 acre 3.82

Round Hi 3.86

Smith Co 4.15

Palmer R 4.47

Satchues 4.53

Mary's C 5.05

Island R 5.07

Potowomu 5.34

Jenny 5.72

Stillhou 6.35

Narrow R 6.54

Fox Hill 6.91

Succotas 8.09

Avondale 8.25

Quonnie 9.32

Winnapau 9.75

Ninigrit 9.83

SSAM-1 site
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A

B

The yellow line represents the high / low marsh interface at two marshes at Great 

Bay. Site A is relatively healthy with an extensive high marsh plateau, but site B is 

becoming flooded and topology prevents migration inland. 

Early warning of 

marsh loss.

Landscape wide 

validation of SET 

data.
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Modeling Sea-Level Rise in Massachusetts’ Wetlands
Communicating Results to Encourage Action

NROC/NALCC Science Delivery Workshop:

Using Technology and Emerging Practices to 

Improve Tidal Marsh Habitat Resiliency

NOAA Fisheries, Gloucester, MA

April 4, 2017



• Brief project overview

• Communicating results with examples

• Modeling and data considerations

• Current applications and those to explore

Modeling Sea-Level Rise in Massachusetts’ Wetlands
Communicating Results to Encourage Action



Project Objectives

Understand potential for coastal 
wetland habitat conversion/loss 
under multiple scenarios of SLR

Identify and assess 
opportunities for and 
barriers to marsh migration

Engage stakeholders to better incorporate 
wetlands into adaptation strategies and 
planning efforts



Four scenarios with estimates of SLR by 2100
United States National Climate Assessment (Parris et al. 2012), adjusted for local subsidence

Projected Scenario Total Sea Level Rise (Boston)

Lowest 0.249 m (0.82 feet)

Intermediate Low 0.706 m (2.32 feet)

Intermediate High 1.385 m (4.54 feet)

Highest 2.164 m (7.10 feet)

2011 2030 2050 2070 2100

Project Timescale

Sea-Level Affecting Marshes Model (SLAMM)

Marsh Equilibrium Model (MEM)*

M o d e l s  u s e d :

Project 
Panels



Communicating Results

Products

• Project website

• Summary and comprehensive reports

• Esri Story Map

• GIS and non-spatial data sets

Outreach

• Conferences and symposia (50-200 attendees)

• Stakeholder meetings (e.g., ConCom Network meetings; 10-50 attendees)

– Focus on potential regional and local impacts

– Target areas for adaptation or restoration



-150

-100

-50

0

50

100

150

A
n

n
u

al
 C

h
an

ge
 in

 A
re

a 
(H

a)

Average annual change in area by decade* from 

2011-2100 for Cape Cod project panels. 

Macrotidal areas*

Microtidal areas*

2011 2100

Regularly-Flooded Marsh 

(Low Salt Marsh)

Irregularly-Flooded Marsh 

(High Salt / Brackish Marsh)

Transitional Marsh /

Scrub-Shrub

Time Period (Decade) for Select SLAMM Classes

Examples for  Communicat ing Results



North River
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North River
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Potential Upland Marsh Migration w/in 100 ft Buffer
South Shore | 2030-2100

Intermediate High SLR Scenario
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Examples for  Communicat ing Results



Examples for  Communicat ing Results

Upland Land Use / Land Cover Distribution Within Potential Migration Areas
South Shore | 2030-2100

Intermediate High SLR Scenario
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Westport River - East

Buzzards Bay West
Intermediate High SLR

Static accretion

2100
Marsh Migration 

Potential2100

12 m

-2 m

5 m

Lidar DEM

2100

2011

Marsh-Upland Border

D R A F T



Westport River - East

Buzzards Bay West 
Intermediate High SLR

Static accretion

Select SLAMM Classes 

Trans. Marsh/Scrub-Shrub

Regularly-Flooded Marsh

Irregularly-Flooded Marsh

Tidal Flat

Marsh Migration 

Potential2100

D R A F T

C O A S T A L  
S Q U E E Z E



Communicat ing Results:

Model ing & Data Considerat ions

• Model inputs

– Accretion / surface elevation change





Communicat ing Results:

Model ing & Data Considerat ions

• Model inputs

– Accretion / surface elevation change

– Tidal restrictions



Tidally restricted waterbodies included as 

subsets in SLAMM simulations. 

Tidal restrictions could be 

reversed through:

• Human intervention (e.g., 

restoration, culvert removal)

• Natural/anthropogenic widening

• Erosion

• Change in water levels as sea-level 

rises (e.g., overtopping)

Set a restricted vs. unrestricted 

threshold at 2050 for model 

simulation.



Communicat ing Results:

Model ing & Data Considerat ions

• Model inputs

– Accretion / surface elevation change

– Tidal restrictions

– Sea-level rise projections



Potential Wetland Distribution by 2100 Under Four SLR Scenarios
Parkers River, Yarmouth

Low ~ 0.8 ft Int Low  ~ 2.3 ft Int High  ~ 4.5 ft High  ~ 7.1 ft



Communicat ing Results:

Model ing & Data Considerat ions

• Model inputs

– Accretion / surface elevation change

– Tidal restrictions

– Sea-level rise projections

– Wetland map data vs. SLAMM conceptual model



2011 Initial Wetlands: Pre-Calibration



2011 Initial Wetlands: Post-Calibration



Applications: Monitoring and Assessment

Guide site selection for long-term monitoring of tidal marsh 
trends at sentinel sites; develop indices of integrity/resilience.

Field-based

• Track changes in plant community and structure, ecotones, hydroperiod
and other physical parameters.

Remote sensing-based

• Satellite and drone (proof-of-concept) mapping of marsh features for 
resilience/vulnerability assessments; potential to move from indices of 
biological integrity to indices of physical integrity; pair with historical 
trends analysis.



Other Applications of SLAMM Results

• The Trustees of Reservations

– Prioritize land acquisition.

– Outreach to benefactors and other stakeholders.

• Herring River Restoration Project

– Inform more site-specific model runs in analyzing adaptive management scenarios.

• MassDOT hydrodynamic modeling for vulnerability of critical infrastructure

– SLAMM results input for potential land cover change.

• Great Marsh Resiliency Planning Project

– Educate constituents and incorporate wetland vulnerability into planning decisions.



Potential Applications to Explore

• Incentivize marsh migration projects through Commonwealth grant programs (land 

acquisition, conservation restrictions, resilience/adaptation projects, etc.).

• Scenario analysis for maximizing marsh migration potential under multiple 

management options.

• Prioritize restoration sites and adaptation approaches (improved hydrology, 

elevation capital, marsh migration, etc.).

• Identify and pursue policy enhancement opportunities (CZM Program Policies).

• Species conservation via future updates to MA NHESP’s BioMap2 coastal 

adaptation data set.



Warren Pinnacle Consulting, Inc. – SLAMM 6.2

James Morris, University of South Carolina – MEM 5.4.1
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Questions or comments?

marc.carullo@state.ma.us



Salt Marsh Migration Modeling in 
RI: Outreach, Partnerships and 

Next Steps
NROC / NALCC Science delivery workshop

April 4, 2017







Sea Level Affecting Marshes Model 
(SLAMM)





Municipal Outreach
• Workshops held in 21 coastal communities during 

and after model development

• Attendees included municipal planners and other 
staff, board members, land conservation 
organizations

• Opportunities for coastal adaptation and land 
conservation identified 

• Maps made available by town on CRMC website



Jamestown: “Opportunity Map”

Make it a causeway?

Town owned golf course.  Used for 
tertiary treatment 

Change to The Great Creek.  NOT 
Called ZEEKS creek

One or two culverts

State Road.  It was on TIP but didn’t 
get funded. 

Relocate access to water 
treatment plant.  Would need to 

work with TNC/LT change 
easements for access to the 

water treatment plant. 

Town bought development 
rights





RI Salt Marsh Assessment
(2011-2012)

• 39 Marsh units 
assessed units 
within 29 marshes



Cole Ekberg, M.L., Raposa, K.B., Ferguson, W.S. et al. Estuaries and 
Coasts (2017)





Tools in the Toolbox: Intervention 
Actions

• Land Conservation / Land Use Planning

• Removal of barriers to future migration

• Hydrologic modification

• Elevation enhancement with sediment

Least intensive

Most intensive



Rhode Island Coastal Wetland Restoration 
Strategy

• Will describe current state of salt marshes, stressors and 
predicted impacts of climate change and sea level rise

• Will describe available management actions to address impacts 
and preserve functions

• Will provide guidance for prioritizing projects, use of resources 
for wetland restoration and conservation



www.beachsamp.org



Example Project: 
RIDEM Seapowet
Point Restoration

Reconfiguring land use to 
enhance habitat and allow for 
migration with sea level rise











Thanks!

Caitlin Chaffee

Coastal Policy Analyst

RI Coastal Resources Management Council

www.crmc.ri.gov



Applying SLAMM to CT’s Shoreline
Dave Kozak CT DEEP/ Marco Propato, Warren Pinnacle Consulting

?Time 

Barn Island Wildlife Management Area, Stonington, CT



CT’s  SLR - Marsh Management Goals/Questions
Where Do We Direct Limited Conservation $ ?

1. ID most and least resilient/sustainable marshes ?

2. Sustained by migration?  LARGEST and most likely areas?

3. Marsh composition (high v. low) change?

4. Marshes most capable of supporting high marsh?

5. Barriers to largest marsh migration areas?

6. Feasibility of modifying barriers to migration?

7. Muni’s response to road flooding-a  regulatory ‘hook’?



CT / LIS SLAMM Enhancements

• Uncertainty analysis 

• Roads and road-flooding module

• Tidal restrictions 

• Additional hydro-enforcement

• Connectivity assessment



Likelihood Year 2055 East River Marsh Migration (all SLR)

Legend

Likelihood of New Marsh 2055

GRIDCODE

1 - 65

66 - 100

Marsh Type-Existing Marsh Footprint

SLAMM Description

Regularly-flooded Marsh

Irregularly-flooded Marsh

Transitional Salt Marsh

Tidal Fresh Marsh

Why Consider Uncertainty To Target Marsh Migration Areas?

Year 2055 East River Marsh Migration (high SLR)



Hydrologic enforcement



Muted tide areas

 Estimate wetland boundary elevation
 Derive GT using inverse  of GT vs WBE relationship



SLAMM Tidal Muting and 
Connectivity

restriction

connectio
n



Road Modifications and Marsh 
Migration



SLAMM Road Flooding 
Verification



Road Modifications and Marsh 
Migration

Saye Street, Old Saybrook, CT 



Global Change Biology (2016), doi: 10.1111/gcb.13398

Upslope development of a tidal marsh as
a function of upland land use
SHIMON C. ANISFELD , KA T H A R I N E R . C O O P E R and ANDREW C. KE MP

School of Forestry and Environmental Studies, Yale University, 370 Prospect St., New Haven, CT 06511, USA

Abstract

To thrive in a time of rapid sea-level rise, tidal marshes will need to migrate upslope into adjacent

uplands. Yet little is known about the mechanics of this process, especially in urbanized estuaries,

where the adjacent upland is likely to be a mowed lawn rather than a wooded natural area. We

studied marsh migration in a Long Island Sound salt marsh using detailed hydrologic, edaphic,

and biotic sampling along marsh-to-upland transects in both wooded and lawn environments. We

found that the overall pace of marsh development was largely unaffected by whether the upland

being invaded was lawn or wooded, but the marsh-edge plant communities that developed in

these two environ- ments were quite different, and some indicators (soil salinity, foraminifera)

appeared to migrate more easily into lawns.

In addition, we found that different aspects of marsh structure and function migrated at different

rates: Wet-land vegetation appeared to be a leading indicator of marsh migration, while soil

characteristics such as redox poten- tial and surface salinity developed later in the process. We

defined a ‘hydrologic migration zone’, consisting of elevations that experience tidal inundation

with frequencies ranging from 20% to 0.5% of high tides. This hydrologically defined zone which

extended to an elevation higher than the highest astronomical tide datum captured the biotic and

edaphic marsh-upland ecotone. Tidal inundation at the upper border of this migration zone is

highly vari- able over time and may be rising more rapidly than mean sea level. Our results

indicate that land management practices at the upland periphery of tidal marshes can facilitate or

impede ecosystem migration in response to rising sea level. These findings are applicable to large

areas of tidal marsh along the U.S. Atlantic coast and in other urbanized coastal settings.

Keywords: foraminifera, indicators, Long Island Sound, migration, sea-level rise, soil salinity
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