
Project Funding from:

Project Partners:

Saco Bay Communities Working Together:  

Adapting to Sea Level Rise

Peter Slovinsky, Marine Geologist

Maine Geological Survey, Department of Conservation

Jonathan T. Lockman, AICP, Planning Director

Southern Maine Regional Planning Commission

2011 Maine Beaches Conference



Framing the Problem

Sea Level is RISING, regardless 

of the cause

By how much?  What will the potential impacts

be to the built and natural environments?



Why does sea level change? 

Global Sea Level Changesé

Thermal Expansion (the ocean heats up and expands as 

atmosphere warms)

Volumetric Increase (volume increases with water from melting 

glaciers and land-based ice sheets).

Relative Sea Level Changesé

Isostatic rebound (crustal response to glaciation)

Subsidence (sinking of the land mass)



Sea Level Since the Ice Age

ñModernò Beaches and Wetlands Form

(<1.0 mm/yr)

Dickson (1999)



Portland Tide gauge =  global ocean over last century 1.8 mm/yr (IPCC, 2007).

In Maine, this is the fastest in past 3000 years



Data courtesy of NOAA CO-OPS

2.1 mm/yr

(1947-2006)

2.0 mm/yr

(1929-2006)

1.9 mm/yr (1912-2011)

1.8 mm/yr (1926-2001)

Documented Sea Level Rise

Based on measurements, about 7-8ò 

(0.6-0.7 feet) of sea level rise has 

occurred along the Maine coast.



Adapted from the IPCC 3rd Assessment (Tech. Summary of Working Group I Report, Fig. 24, p. 74., 2001 )

1990 2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100

0.0

0.2

0.4

0.6

0.8

0.48 m (1.6 feet) by 2100
No inclusion of input from ice sheet processes!
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Satellite altimetry (1993-2011)global 

sea level 3.1 + 0.4 mm/yr

This is along the upper levels of 

current projections
http://sealevel.colorado.edu/







Rignot and others, March 2011 (AGU, in press):

éif current [Antarctic and Greenland]ice sheet melting rates 

continue for the next four decades, their cumulative loss could raise 

sea level by 15 centimeters (5.9 inches) by 2050. When this is 

added to the predicted sea level contribution of 8 centimeters (3.1 

inches) from glacial ice caps and 9 centimeters (3.5 inches) from 

ocean thermal expansion, total sea level rise could reach 32 

centimeters (12.6 inches). 

http://www.agu.org/news/press/pr_archives/2011/2011-09.shtml

Image from www.swisseduc.ch



Arctic Monitoring and 

Assessment Program

May, 2011 report

Global sea level is projected to 

rise by 0.9 to 1.6m (2.95 to 5.25 ft) 

by 2100, and Arctic ice loss will 

make a substantial contribution to 

this.

http://www.amap.no/swipa/



Maine Coastal Sand Dune Rules

(Chapter 355 NRPA)

In response, in the coastal sand dune system, in 2004, Maine 

decided to plan for 2 feet of sea level rise over the next 100 

years, which was a ñmiddle-of-the roadò prediction for global sea 

level rise.

P.A. Slovinsky, MGS



ñCoastalwetlandsòmeans 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 MaineôsMunicipal Shoreland Zoning

Coastal wetlands



So what legal and policy basis exists 
today in Maine to bring this issue to the 
local level?



aŀƛƴŜΩǎ /ƻŀǎǘŀƭ tƻƭƛŎƛŜǎ

Title 38 M.R.S.A sec. 1801: 
Ȱ4ÈÅ ,ÅÇÉÓÌÁÔÕÒÅ ÄÉÒÅÃÔÓ ÔÈÁÔ ÓÔÁÔÅ ÁÎÄ ÌÏÃÁÌ ÁÇÅÎÃÉÅÓ 

and federal agencies as required by the United States 
Coastal Zone Management Act of 1972, PL 92-583, 
with responsibility for regulating, planning, 
developing or managing coastal resources, shall 
conduct their activities affecting the coastal area 
consistent with the following policies to:

ȣ$ÉÓÃÏÕÒÁÇÅ ÇÒÏ×ÔÈ ÁÎÄ ÎÅ× ÄÅÖÅÌÏÐÍÅÎÔ ÉÎ ÃÏÁÓÔÁÌ 
areas where, because of coastal storms, flooding, 
landslides or sea-level rise, it is hazardous to human 
ÈÅÁÌÔÈ ÁÎÄ ÓÁÆÅÔÙȠȱ



aŀƛƴŜΩǎ /ƻŀǎǘŀƭ tƻƭƛŎƛŜǎ

·Adopted and Placed in Statutes in 1985, which is three 
years before the Growth Management Act passed, 
requiring municipal comprehensive plans.

·Obviously, planning for sea level rise is not a new 
ÉÄÅÁȣÁÓ ÔÈÁÔ ×ÁÓ άί ÙÅÁÒÓ ÁÇÏȦ  

·2ÏÎÁÌÄ 2ÅÁÇÁÎ ×ÁÓ ÔÈÅ 0ÒÅÓÉÄÅÎÔȣ



What Policies Has the State Adopted 
Lately?
·Resolves, Chapter 16, LD 460, 

Ȱ2ÅÓÏÌÖÅȟ 4Ï %ÖÁÌÕÁÔÅ #ÌÉÍÁÔÅ #ÈÁÎÇÅ !ÄÁÐÔÁÔÉÏÎ 
/ÐÔÉÏÎÓ ÆÏÒ ÔÈÅ 3ÔÁÔÅȱ 

·Adopted by the 124 Legislature, in the first session, 
Spring 2009.

·Stakeholder Process led to the production of a report, 
as required by this resolve, in early 2010:

Ȱ0ÅÏÐÌÅ ÁÎÄ .ÁÔÕÒÅ !ÄÁÐÔÉÎÇ ÔÏ Á #ÈÁÎÇÉÎÇ #ÌÉÍÁÔÅȡ 
Charting Maine's Course - A report to the Joint 
3ÔÁÎÄÉÎÇ #ÏÍÍÉÔÔÅÅ ÏÎ .ÁÔÕÒÁÌ 2ÅÓÏÕÒÃÅÓȱ



Strategy B.4.2  - Develop a Series of Models 
for Adaptive Land Use Planning for 
Decision -Makers at all Jurisdictional Levels 
(page 42)

Ȱȣ-ÕÎÉÃÉÐÁÌ ÁÎÄ ÒÅÇÉÏÎÁÌ ÄÅÃÉÓÉÏÎÓ ÍÕÓÔ ÂÅ ÂÁÓÅÄ ÏÎ ÃÌÉÍÁÔÅ 
change risk assessment to inform both existing development and 
ÇÒÏ×ÔÈ ÍÁÎÁÇÅÍÅÎÔȢ -ÁÉÎÅȭÓ 'ÒÏ×ÔÈ -ÁÎÁÇÅÍÅÎÔ !ÃÔ 
currently requires towns to address marine resources, water 
resources, critical natural resources, transportation, municipal 
facilities, and future land use in their Comprehensive Plans.  
Each has a clear nexus to climate change adaptation. Models 
and planning tools should distinguish between existing 
developed areas, those that may be considered for development, 
and rural areas. 



Saco Bay ï

Where Maine has 

focused its efforts: 

Saco River

Scarborough

River

Goosefare

Brook



Data Development, Outreach, Education, and Partnership Development 

Coastal Hazard Resiliency Tools Project
State Agencies ïRegional Planning Commission - Municipalities

Year 3, Moving on to Year 4!



Sea Level Adaptation Working Group
Developing a Regional Approach

Direct Participation:

Science/Technical Support:

Additional

Support Funding:



Sea Level Adaptation Working Group

Steering Committee

ÅMet numerous times over summer of 2010 to develop an 

Interlocal Agreement outlining the creation of a Working 

Group and its potential duties and action plan.

ÅReceived approval from each municipal council.

ÅFunded by Regional Challenge Grant (SPO) and local 

matches

Working Group

ÅComprised of two assigned members from each community; 

and an SMRPC planner; with technical support from MGS.

ÅIncludes Coastal Citizens and Municipal Planners

ÅMet during 2010/2011 to complete a Vulnerability 

Assessment and Action Plan that were submitted to 

municipal councils for approval.



Major Assumptions:

· 2 feet of sea level rise will occur over the 
next 100 years.  The two foot sea level 
rise scenario does not include the 
effects of freshwater runoff from rain 
events . 

· The two foot sea level rise scenarios 
assume that the land surface will remain 
static and will not be altered due to 
erosion or accretion.

· For assessing impacts of sea level rise on 
coastal wetlands, specific tidal 
elevations were used as proxies for 
different marsh surfaces. 

· The Highest Annual Tide and the 1978 
Storm flood elevation were used as a 
basis for simulating impacts to 
infrastructure.

· For assessing impacts to road 
infrastructure, it was assumed that 
inundation of a road surface resulted in 
that road being impassable and did 
not necessarily assume that the road 
would be damaged . 



Conditions Simulated ςVulnerability Assessment

Highest Annual Tide (HAT), sometimes called the ñspringò tide, is the highest predicted 

water level for any given year but is reached within several inches numerous tides a 

year.  

1978 Storm is the highest recorded water level at the Portland Tide Gauge which 

occurred on the February 7, 1978 Noreasterô Storm.

For each scenario, 2 feet of projected sea level rise was added to each tidal 

elevation for simulation of potential impacts to natural resources, buildings, and 

infrastructure.



So how do we simulate the potential impacts of sea 
level rise on the natural environment and built 

infrastructure?



Using the Sea Level Rise Simulation Tool

Steps:

1) Groundtruth LiDAR data for representing ground 

conditions using RTK ïGPS (very accurate).

2) Determine Tidal Elevations as proxies for existing 

marsh surfaces

3) Demonstrate accuracy in simulating existing 

conditions using tidal elevations to define marsh 

habitats and inundation

4) Simulate potential impacts of sea level rise on:

a) Marsh Habitat

b) Existing Infrastructure

5) Identify areas potentially suitable for marsh migration 

and at-risk built infrastructure



Marsh Habitats

Scarborough River, Scarborough

Saco Bay



LiDAR 

Data
(FEMA 2006)



Marsh Side Ocean Side

Coastal wetland

Highest Annual Tide (HAT) - ñspringò 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 average normal high water level.  

Mean sea level (MSL)= average height of the oceanôs surface (high and low tide).

Beach

P.A. Slovinsky, MGS

Step 2: Setting the Stage with Tidal Elevations

Open Water - below MSL
Low Marsh - MSL to MHW

High MarshïMHW to HAT

Marsh Area Assumptions:



Assessing Potential Impacts to Wetlands

Assumptions made:

Coastal Wetlands exist from mean sea level to highest 
annual tide

-0.35 ft to 6.35 ft NAVD

Low marsh exists from mean sea level to mean high 
water

-0.35 ft to 4.10 ft NAVD

High marsh exists from mean high water to highest 
annual tide

4.10 to 6.35 ft NAVD

Topography stays static



Step 3: Simulate Existing Conditions


