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I’ll cover….

y Maine’s marsh migration analysis method – the why, how 
and when. 

y Marsh migration/change summary results for modeled 
time steps

y Most significant ‘limiting factors’ to predicting marsh 
migration/change using marsh migration modeling

y What would the state do differently if it were to repeat 
the marsh migration modeling exercise

y Anticipated or implemented policy changes as a result of 
this work



SLR scenarios selected for mapping

• Short Term: approximately 1 ft by 2050

• Long Term: 2-4 ft but potentially more by 2100; 

• We decided to examine scenarios of 1 foot, 2 feet, 3.3 
feet, and 6 feet on top of the highest annual tide (HAT).

• These SLR scenarios relate well to the National Climate 
Assessment, and also correspond well with evaluating 
potential impacts from storm surges that may coincide 
with higher tides today.  



Integrating Science into Policy:  
Adaptation Strategies for Marsh 

Migration

Funded by:



Our POSM Project Goals

y Minimal project goal:  
y increase pubic awareness on SLR and marsh migration

y Preferred goals: 

y Map the limits of the Highest Annual Tide on a state-wide basis in 
support of Shoreland Zoning purposes;

y Map potential marsh migration areas on a state-wide basis using a 
scenario based approach of future sea level rise, and determine what 
types of existing landcover might be impacted (MNAP).

y in six partner communities, use this data to work to develop and 
implement local partner-driven but transferable adaptation strategies 
for community resiliency and marsh migration.



# municipalities n μ σ RMSE 95% CI units

0.055 0.112 0.158 0.310 m
2.2 4.4 6.2 12.2 inches

Δ (LiDAR-RTK)

347522



“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.

Required in Maine’s Municipal Shoreland Zoning

Coastal wetlands

P.A. Slovinsky, MGS



Marsh Side Ocean Side
Coastal wetland

Highest Annual Tide (HAT) - “spring” tide, the highest predicted water 
level for any given year but is reached within several inches numerous 
tides a year

Mean High Water (MHW) – the averaged daily high water mark

Mean Tide Level (MTL) = average height of the ocean’s surface 
(between mean high and mean low tide).

Beach

P.A. Slovinsky, MGS

Using Tidal Elevations as Proxies for the Marsh…

Coastal Wetland - MTL to HAT

Tidal elevations are determined from nearby applicable NOAA National Ocean Service/CO-OPs tidal prediction stations 
(Old Orchard Beach)
http://tidesandcurrents.noaa.gov

Coastal wetlands generally exist between MTL and HAT.
Low marsh generally exists between MTL and MHW.
High marsh generally exists between MHW and HAT.

http://tidesandcurrents.noaa.gov/


There are 113 tidal prediction stations in 
Maine and nearby New Hampshire that 
were used as part of this analysis.

Each Tidal Station has a 
predicted HAT in ft, MLLW, for 

each year. 



Each year, MGS 
would calculate 
the HAT at the 113 
tidal stations for 
Maine DEP in 
support of Maine’s 
Shoreland Zoning 
Regulations.



In our mapping effort, the key was to 1) fill in 
data “gaps” where no tidal stations existed, 
and 2) convert predicted HAT values into NAVD 
so they can be compared with LiDAR land 
elevations.



VDATUM can be used to spatially estimate variability in the water’s surface 
by determining separations in different datums (i.e., MLLW to NAVD88).



Outputs:
HAT lines, SZ buffers, polygons, and rasters of 
potential inundation depths for different 
scenarios.



Some Assumptions and Limitations

• Our mapping differs from other states in that we use the Highest 
Annual Tide per Shoreland Zoning regulations, not MHHW.   In 
Maine, the HAT is between 2-3 feet higher than the MHHW 
level.   We are trying to both map the limits of existing HAT for 
Shoreland Zoning and visualize the impacts of SLR scenarios on 
potential wetland expansion and inundation, not necessarily 
map the actual limits of wetlands.

• We use a “bare earth” LiDAR DEM that represents a “snapshot” of 
topography that may have changed since the data was captured.

• Our simulations use a bathtub approach that doesn’t account for 
erosion, sedimentation, or dynamic influences like freshwater 
flow or waves. 



• In Maine, our 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.

• We use NOAA’s VDATUM to convert from MLLW to NAVD88 to 
translate elevations across water surfaces.  This helps adjust tidal 
predictions, but also adds additional vertical error (up to a 
published 13.2 cm per NOAA) to our datasets.

• Our state-wide analysis doesn’t look at wetland type conversion 
or wetland loss on a state-wide level.  This was done only in 
select areas for partner communities (Scarborough River marsh).

Some Assumptions and Limitations



• 113 NOAA CO-OPs Tidal prediction stations along the Maine and 
New Hampshire coastlines.

• GIS used to create a grid of 200-m spaced points.
• NOAA VDATUM tool used to calculate (at each point) the separation 

between MLLW and NAVD88, creating “variability” in the water 
surface based on variability in the datums.

• Data from each tidal station then interpolated along the coastline 
using VDATUM separations and HUC-10 watershed boundaries. 



The coastline was broken up into 
different segments for analysis.  HUC-
10 (Hydrologic Unit Code) 10 
boundaries were used to help 
constrain watersheds.



Example of VDATUM points 
on the water surfaces that 
were used to prediction 
values of tidal stations.  

HUC-10 boundary

Portland Tidal Station



HUC-10 boundary

Portland Tidal StationThe tool uses a “nearest 
neighbor” interpolation 
scheme to capture VDATUM 
points nearest to different 
tidal stations, and then adjust 
each VDATUM point based on 
the tidal station value.



Once Area of Influence is 
deemed to be correct, the 
analysis is completed and the 
HAT Tool outputs a polygon 
of areas below the Highest 
Annual Tide, which can be 
used as a proxy for the 
existing marsh surface.



The State’s National 
Hydrography Dataset (NHD) 
was used to erase rivers, 
streams, and oceans, leaving 
only existing areas below 
HAT.



Similar analyses were 
completed for scenarios of 1, 
2, 3.3, and 6 feet of sea level 
rise on top of the HAT.  Each 
layer was used to “clip” the 
subsequent one to create 
distinct “bands”.



Batson River, Goose Rocks Beach, Kennebunkport

A quick example of mapping results  

Scarborough River Marsh, Scarborough (detailed)



Batson River
Kennebunkport, ME



Comparison with
MNAP Mapping – “ground-truthing”

Batson River
Kennebunkport, ME



HAT Tool
(Existing HAT)

Batson River
Kennebunkport, ME



For general planning purposes only

HAT Tool
(Future Scenarios)

Batson River
Kennebunkport, ME



A detailed look:   
Scarborough Marsh



For general planning purposes only.



For general planning purposes only.



For general planning purposes only.



For general planning purposes only.



Conversion 
to 

open water

For general planning purposes only.



Take home point: Wetlands may convert to a low-marsh dominated system 
(high marsh expansion limited by steep sloped or developed uplands) and we 
may lose marsh to open water under higher scenarios.



1) MNAP completed updated statewide 
mapping of existing coastal wetlands 
using aerial-imagery, LiDAR 
interpretation, and ground-truthing

2) MNAP completed analysis of four 
Sea Level Rise Simulations

(1ft,  2ft,  3.3ft,  & 6ft)

- where do we expect marsh 
migration?

- what land cover types will be 
affected?

- how much is conservation land?

- how much is freshwater wetland?

Phase II:  MNAP’s Statewide Mapping Analysis



- minimum mapping unit:
~ 2.5 ac (avg. width >60 ft)
* fringing marsh is not included 

- Result = 22,408 acres 
mapped

Statewide Tidal Marsh Mapping
(Existing Conditions)



Using the HAT Tool, MGS mapped the limits of the existing 
HAT, and scenarios of 1, 2, 3.3, and 6 feet of SLR on top of the 
HAT.
.

MNAP then used this data to complete additional 
GIS analysis to inspect potential marsh migration 

areas on a statewide basis.

Limits of existing HAT

Potential Wetland Expansion



Remember, we have ~22,400 acres of existing wetlands.  This 
analysis does not account for wetland loss.



Data filtering:  Where is marsh migration most 
likely to occur?
Removed:  “fringing” marsh areas

non-estuarine areas



Remember, we have ~22,400 acres of existing wetlands.  This 
analysis does not account for wetland loss.



What data is most relevant for planning?
How much is already conservation lands?

How much is developed vs not developed?

How much is freshwater wetlands?





Conserved Lands – Coast wide



With fringing areas and non-estuarine areas removed





Summary Findings

• Based on our state-wide analysis, there is some room for wetlands to 
migrate in response to SLR, though many existing wetlands are “at 
capacity” and limited by steep sloped uplands or development.

• For the most part, coastal wetlands will be migrating either into adjacent 
freshwater wetlands or currently “undeveloped” uplands (natural or 
agricultural). This accounts for about 90% in each scenario.  The majority of 
“developed” land that might be impacted is made up of road networks.

• Results of our analyses are being used by MEDOT in a pilot FHWA project on 
infrastructure resiliency, by IF&W for updating the State Wildlife Action 
Plan, and by MCHT for conservation purposes.

• At the local level, partner POSM communities are using results to develop
local adaptation strategies that work in their communities (i.e., increasing 
knowledge, comprehensive plan chapters, economic studies, climate change 
guidance documents).  To do this, data had to be presented in GoogleEarth
format, which was much easier for communities to work with.



Summary Findings
• Our relatively simple GIS-based “bathtub” highest annual tide/sea level rise 

mapping is unique in that it supports regulatory (Shoreland Zoning) and 
future sea level rise planning purposes.  We are different in using the HAT!

• Limiting factors in our analysis included a lack of accretion rate data, a lack 
of including the influence of freshwater flow on marsh migration, and lack 
of tidally controlled LiDAR data.

• What would we do differently?  Compare our results with SLAMM in a pilot 
study area.  Map the lower boundary movement and different marsh types, 
as possible, on a state-wide scale.

• Next steps?  We will be releasing 2015 HAT mapping data through an online 
tool, in addition to the different sea level rise/marsh migration scenarios.

• We anticipate moving forward with a change in Shoreland Zoning 
language to use the Highest Astronomical Tide instead of the Highest 
Annual Tide.

• We are currently completing field ground-truthing using RTK-GPS of the 
tool’s mapping results.



www.greatbay.org

oMechanics

o Products

o Opportunities  

o Action



www.greatbay.org



www.greatbay.org

1, 084 square miles

Covers 9% of NH 

49 municipalities (39 NH and 10 ME)
Species Richness



www.greatbay.org

• Protection from flooding 
• Protection from coastal erosion
• Aesthetic, Recreational & Educational 

values
• Self-sustaining ecosystems

• Plant growth to support food webs
• Secondary production for wildlife
• Plant structure provides habitat 
• Support of biodiversity
• Removal of sediments/nutrients
• Carbon storage



www.greatbay.org



www.greatbay.org

0.5m (1.6ft), 1.2m (3.9ft), 2m (6.6ft)                   2025, 2050, 2075, 2100



www.greatbay.org

LiDAR based on 2011 data collection



www.greatbay.org



www.greatbay.org

Hampton-
Seabrook

Direct coast 
line

Harbor 
entrance

Piscataqua 
River Little Bay Great Bay Tributaries

1986
1986, 

northern tip 
2001-2004

2001-2004 2001-2004 2001-2004
Half 2001-
2004, half 

1986

Both 1986 
and 2001-

2004



www.greatbay.org

Please help us with your field knowledge



www.greatbay.org



www.greatbay.org

o Mechanics

o Products

o Opportunities  

o Action



www.greatbay.org

o Mapping products (quantitative to come)

o Uncertainty Analysis
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www.greatbay.org



www.greatbay.org



www.greatbay.org



www.greatbay.org



www.greatbay.org

o Mapping products (quantitative to come)

o Uncertainty Analysis

o Restoration opportunities



www.greatbay.org

2100
(SLR 2m / 7ft)



www.greatbay.org

Restoration – Taylor River

Tidal restriction in place Tidal restriction removed2100

SLR 2m / 7ft



www.greatbay.org

Restoration – Taylor River

2100

SLR 2m / 7ft

Approximately 
12 acres of salt marsh



www.greatbay.org

o Mapping products (quantitative to come)

o Uncertainty Analysis

o Restoration opportunities

o Habitat quality and adaptation potential



www.greatbay.org

o Mapping products (quantitative to come)

o Uncertainty Analysis

o Restoration opportunities

o Habitat quality and adaptation potential

o Priority lands for conservation



www.greatbay.org

• Landscape scale components of SMI

• Natural Heritage data & bird species richness

• Potential to migrate inland (proximity to low lying 
undeveloped land)



www.greatbay.org



www.greatbay.org

Marsh Study Units – easily transferable 
methodology

• External boundary defined by 
maximum extent SLAMM model at 2m 
SLR

• Internal

• Center line major rivers and roads

• Natural breaks in salt marsh 
continuity along shore



www.greatbay.org

Conservation Opportunities to Support Marsh Migration Inland 

2012

SLR 2m / 7ft



www.greatbay.org

Conservation Opportunities to Support Marsh Migration Inland 

2100

SLR 2m / 7ft
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Conservation Opportunities to Support Marsh Migration Inland 

2100

SLR 2m / 7ft
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Conservation Opportunities to Support Marsh Migration Inland 

2100

SLR 2m / 7ft



www.greatbay.org

Conservation Opportunities to Support Marsh Migration Inland 

2100

SLR 2m / 7ft

• Tiered prioritization
• Statewide comparison



www.greatbay.org



www.greatbay.org

Workshop for land protection      
professionals. Feb 2015



www.greatbay.org

o Mapping products (quantitative to come)

o Uncertainty Analysis

o Restoration opportunities

o Habitat quality and adaptation potential

o Priority conservation lands

o Demonstration sites
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www.greatbay.org

oMechanics

o Products

o Opportunities

o Action



www.greatbay.org

NWI Update



www.greatbay.org

Locally relevant, 
statistically robust
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www.greatbay.org

o Mechanics

o Products

o Opportunities  

o Action



www.greatbay.org



www.greatbay.org

• 4 municipalities



www.greatbay.org

o Priority lands for conservation

o Restoration opportunities



www.greatbay.org

o Priority lands for conservation

o Restoration opportunities

o Infrastructure mitigation / planning

o Policy - buffers



www.greatbay.org

2012



www.greatbay.org

2050



www.greatbay.org

2075



www.greatbay.org

2100



www.greatbay.org

• 37 municipalities



www.greatbay.org

o Mapping products

o Statistical assessment acreages of change 

o Lot assessed values



www.greatbay.org



www.greatbay.org

Locally relevant, 
statistically robust
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www.greatbay.org

Example Infrastructure

2012

SLR 2m / 7ft



www.greatbay.org

Example Infrastructure

2025

SLR 2m / 7ft



www.greatbay.org

Example Infrastructure

2050

SLR 2m / 7ft



www.greatbay.org

Example Infrastructure

2075

SLR 2m / 7ft



www.greatbay.org

Example Infrastructure

2100

SLR 2m / 7ft



www.greatbay.org

Buffers – horizontal 

2012



www.greatbay.org

Buffers - vertical

2012



www.greatbay.org

Buffers

2012



www.greatbay.org

Buffers – horizontal change over time (100ft)

2012

SLR 2m / 7ft



www.greatbay.org

Buffers – horizontal change over time (100ft)

2050

SLR 2m / 7ft



www.greatbay.org

Buffers – horizontal change over time (100ft)

2100

SLR 2m / 7ft


