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Chapter One

PLANNING FOR SEA-LEVEL RISE

The threat of global climate change is one of the major issues confronting the world as it enters
the 21st century.  We are faced with a variety of predictions that indicate that the human race cannot
continue to use up the earth's non-renewable resources at the current pace with impunity.  Some
experts hypothesize that the current pattern of resource consumption has set into motion a series of
interactions which are causing global warming.  One of the possible projected impacts of this
human-induced global climate change is an accelerated rise in global sea level.  

A very substantial international scientific research effort has been conducted during the last
decade to try to verify the phenomenon and project the impacts of global climate change. 
Meanwhile, policy makers familiar with various impact projections are anxious to move beyond the
problem-recognition stage to begin to develop constructive responses.  

The critical issue is how best to develop specific responses when many scientific issues remain
unresolved.  This report asserts that meaningful preparations can take place now, despite scientific
uncertainty, by carefully building upon what is already known.  It utilizes the following approach:

• at the outset, clearly identify what we know about sea-level trends in Maine,
what we know about global climate change and associated global sea- level change,
and what we believe to be the most likely impacts associated with accelerated
sea-level rise;

• seek "no regrets" strategies (which we will not regret even if there is no accelera-
tion in the rate of sea-level rise) which also address known threats and recognize
that sea-level rise is just one factor affecting land loss. 

• use a range of likely sea-level rise scenarios to evaluate vulnerability and develop
response strategies rather than limiting the analysis to a single projection;

• continue to participate in appropriate emission reduction strategies in an attempt
to mitigate likely impacts;

• assume that State and/or local governments will have primary responsibility for
mitigating local impacts of accelerated sea-level rise;
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• build into the process periodic review and adjustment of anticipatory sea-level rise
response strategies.

Each step in this approach is discussed in more detail below.

A.  REVIEW WHAT WE KNOW ABOUT SEA-LEVEL TRENDS IN MAINE,
      GLOBAL CLIMATE CHANGE AND ASSOCIATED IMPACTS

1. Historical Rates of Sea-Level Rise in Maine

Sea level varies significantly in both its vertical and spatial position over time.  Much of the
variation, such as that caused by the tides, results in no net change in the position of the shoreline.
However, geologists have recorded vertical movement of the sea between 25,000 years ago and the
present greater than 100 meters as a result of the waxing and waning of continental glaciers.1  

During the last fifty years, geodesists have observed tide gauges record a rise of the sea which
has averaged 2.4 mm/yr in New England.2  The exact reasons for this rise are still uncertain, but may
be caused by melting of small glaciers,3 thermal expansion of warming sea-surface water,4 land
subsidence,5 or a combination of all of these factors.6

The Maine Geological Survey has used National Ocean Survey tide-gauge readings to estimate
that Maine's rate of sea-level rise between 1940 and 1980 ranged from 1.1 mm per year in Kittery,
to 2.3 mm per year in Portland, to 3.2 mm per year in Eastport.7  If that rate continues unchanged into
the future, it translates to increases per century of 11 cm (4 inches) in Kittery, 23 cm (9 inches) in
Portland, and 32 cm (12 inches) in Eastport.  Maine's coast is currently experiencing significant local
submergence (decreased land elevation) due to lingering effects possibly caused by loading and
unloading of receding ice sheets.8  The rate of sea-level rise is supposed to be greatest in the Eastport
area because of more rapid land subsidence in that area;9 but this conclusion remains controversial.10

To keep this information about changes in sea-level in perspective, it is important to understand
that a vertical increase of 11 to 32 cm (4 to 12 inches) in the level of the ocean will translate to a
much larger horizontal migration of the high water line landward, depending upon the slope of the
adjacent land surface and the type of shoreline.  (See Figure 1.1)  At a minimum, with a one foot
rise, the shoreline will move at least as far inland as the previous one-foot topographic contour line.
On a very gently sloping coast, that contour line will be much farther inland than on a steep coast.

However, while this simple method of estimating land loss from the slope of the land surface
may be useful for sheltered estuaries or wetlands, it greatly underestimates land loss along eroding
coastal bluffs or sandy shorelines.  Coastal bluffs retreat at highly variable rates, depending on
complex factors.11  Sandy shorelines are also characterized by complex migration processes which
result in land loss many times greater than the vertical rise in sea level;12 some studies have estimated
the landward movement of the shoreline per century to be in the magnitude of 100 to 300 times the
vertical rise over that same period.13  So, for example, a 23 cm (9 inch) vertical rise in sea level over
the next century along a sand beach could translate into a movement of the shoreline landward in the
magnitude of 23 to 69 meters (75 to 225 feet) per century. 
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Figure 1.1.  Small vertical changes in water level shift coastlines dramatically on gently sloping coasts but cause only
minor shifts on steep coasts.  Source:  U.S. Geological Survey, COASTS IN CRISIS, Washington, DC (1990). 

2. Accelerated Sea-Level Rise as a Result of Global Climate Change

The continued rise of the sea at the present rate (discussed immediately above) poses many
problems along developed shorelines.14  However, even greater concern has been raised for the
potential impact of a still more rapid rise of the ocean than is presently occurring.  Some scientists
are predicting that the rate of sea-level rise will accelerate as a result of global climate change
associated with the "greenhouse effect."15

The greenhouse effect, also referred to as global warming, is described as the presence of
increased concentrations of human-induced gases, such as carbon dioxide and methane, in the
atmosphere.  These gases trap heat re-radiating from the earth's surface and raise the earth's
atmospheric temperature.  This, in turn, could increase the rate of sea-level rise due to further
expansion of the sea's surface layer and glacial melting.16  Thus to accurately project sea-level rise
under conditions of global climate change, an additional increment must be added to local historical
rates to reflect a global increase in ocean volume.

Scientific knowledge about possible global climate change and the associated increase in sea
level is still at a very rudimentary stage.  Recent studies tend to assume that best projections indicate
a rise of approximately 1 to 3 feet by 2100, while earlier studies assumed a rise of 2 to 7 feet by
2100.17  One of the more recent estimates put a "best guess" at 48 cm (approximately 1.5 feet) higher
than present by the year 2100.18  (See Figure 1.2)  

Because there is still a wide range of uncertainty associated with projections of global climate
change and resulting sea-level rise, scientists cannot provide coastal managers with a single number
which represents the projected accelerated sea-level rise attributable to global warming.  Instead, to
assess possible impacts, coastal planners have to use a range of scenarios designed to be broad
enough to encompass the range of likely outcomes. These scenarios are discussed in more detail in
section C of this chapter.
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Figure 1.2.  Estimates of future sea-level rise (modified from Wigley and Raper, 1992). L, M, and H refer to low,
medium and high estimates of future sea levels.

3. Possible Impacts of Accelerated Sea-Level Rise 

Given projected increases in sea level due to a combination of local and global changes, the next
step of the analysis is to try to integrate possible scenarios with information about probable impacts.
It is not yet possible to make precise predictions of the magnitude and specific array of future
impacts of global warming.19  However, researchers have begun to develop lists of possible impacts,
and have begun to separate the probable from the merely possible.  They have also begun to
recognize that the baseline health of the coastal zone may have significant bearing on the ability of
the region to adjust to a change in sea level.

During the last several decades, coastal regions of Maine have experienced very significant
growth in the number of residents and recreational visitors.20  This development pattern has resulted
in a variety of problems including the degradation of coastal habitats, user conflicts resulting from
spatial limitations, coastal pollution due to increasing volumes of municipal wastes and other point
and nonpoint sources of water pollution, and coastal erosion and flooding due to insufficient
allowance for natural coastal processes.  Accelerated sea-level rise will tax those natural systems
which provide protection against the sea (e.g., sand dune systems, wetlands) and will accentuate
problems caused by or symptomatic of degradation of those systems.

In addition, depending upon the degree of sea-level rise and local conditions, scientists predict
that new problems will be added to those already caused by intensive use of coastal areas.  These
new problems may include:

1)  changes in the location of the terrestrial-aquatic boundary;
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2)  increased frequency and inland extent of flooding;
3)  loss of coastal wetlands;
4)  accelerated dune and beach erosion;
5)  loss of significant habitat for commercially important species;
6)  saltwater intrusion into groundwater; and
7)  greater upstream intrusion of salt-water wedges.

In turn, these impacts on the natural environment may also:

1)  destroy or undermine structures in developed areas;
2)  damage the infrastructure; and 
3)  disrupt the local economy, particularly natural resource-dependent sectors.

The vulnerability to these possible impacts is assessed in greater detail in Chapters Two and
Three of this report.  

B.  SEEK "NO REGRETS" STRATEGIES WHICH ALSO ADDRESS

      KNOWN THREATS AND RECOGNIZE THAT SEA-LEVEL RISE

      IS JUST ONE FACTOR AFFECTING LAND LOSS

Representatives of the United States Environmental Protection Agency, the United Nations
Environment Programme, the World Meteorological Organization, and the international Intergovern-
mental Panel on Climate Change (IPCC), assert that despite scientific uncertainty about the global
climate change, the magnitude of the potential negative impacts makes it incumbent upon govern-
ments to develop response strategies without waiting for conclusive proof of causation or complete
unanimity in the scientific community.  For example, the IPCC Coastal Zone Management Subgroup
has adopted the following statement:

It is urgent for coastal nations to begin the process of adapting to sea level rise not because
there is an impending catastrophe, but because there are opportunities to avoid adverse
impacts by acting now, opportunities that may be lost if the process is delayed.  This is also
consistent with good coastal zone management practice irrespective of whether climate
change occurs or not.21  

Due to the scientific uncertainty about global climate change and lag time before most impacts will
be felt (if they occur at all) most of these representatives are not advocating immediate concrete steps
to armor the shoreline or otherwise get ready for a change in sea level.  Rather they emphasize
relatively low-cost strategies which not only make sense to minimize any adverse impacts of
accelerated sea-level rise, but which would also make sense (e.g., which the government would not
regret taking) even if sea level does not rise at an accelerated rate.  For example, these strategies may
be justified because they increase the ability to survive coastal storm events of the intensity currently
experienced with less damage or because they strengthen the resiliency of coastal resources.  The
focus of this report is on identifying these types of "no regrets" strategies.

In seeking these "no regrets" strategies, it is important to recognize that there are many
interacting variables that can lead to coastal land loss.  (See Figure 1.3)  Projections of shoreline
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Figure 1.3.  Interaction of agents affecting land loss.  Arrows point toward the dependent variables.  The number of
arrows originating from or terminating at a particular agent indicates the relative degree to independence or interaction.
For example, human activities are independent of other agents, but they affect sediment budget, coastal processes,
relative sea level conditions, and perhaps climate (from Morton [1977]).

Source:  O.H. PILKEY, ET AL.  COASTAL LAND LOSS.  (Wash., DC: American Geophysical Union, 1989) at 6.

change as a result of sea-level rise caused by global climate change represent just one variable.  The
local impact will depend on the interactions of all of these variables.  Furthermore, even if
projections are wrong and global climate change does not cause a substantial rise in sea level, the
other factors may cause significant land loss.

The factors affecting land loss are identified as:

1) relative sea-level changes (including not only eustatic (world-wide) sea-level changes
which might be attributable to global climate change, but also tectonic and compactional
subsidence and oceanographic sea-level changes);

2) coastal processes (waves and currents, with highest and most intense levels of wave
and current energy affecting the coast during intense storms such as hurricanes and
northeasters);  

3) alterations in the sediment budget (affecting sandy shores, with supplies from
coastal rivers interrupted by natural decreases, river containment or diversion, dam
construction);
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4) climate (temperature and precipitation indirectly influencing land loss by affecting
decomposition of rocks, vegetated cover, and upland runoff); and

5) human activities (such as coastal construction projects, fluid production, and
resource extraction promoting alterations and imbalances in the sediment budget,
coastal processes and relative sea level).22 

The multi-factored, interactive nature of the land loss process highlights two important
considerations in any anticipatory planning process:

• Coastal land loss is a natural phenomenon, perhaps increasingly exacerbated by
human activities.  It does not become a "problem" until humans try to hold back
natural processes of land migration.

• Coastal land loss may result from factors other than eustatic sea-level rise attributable
to global climate change, with coastal storms and human activities which disrupt the
sediment budget being prime factors.  Thus, it is important that any anticipatory plan
be responsive to these land loss factors as well. 

Since these factors are so interrelated, it may be possible to develop "no regrets" strategies which
address sea-level rise, but will also minimize coastal land loss from other factors.

C.   COMPENSATE FOR SCIENTIFIC UNCERTAINTY BY USING A RANGE

       OF SEA-LEVEL RISE SCENARIOS

While the scientific models and current knowledge are sufficiently developed to identify a
potential problem on a global scale, they can not yet accurately predict the timing and magnitude of
sea-level rise on a local scale.23  It is thus prudent to use a range of possible scenarios to assess
vulnerability and evaluate response options.  

For at least the last decade, the international research community has used an assumption of a
one meter rise in sea level over the next century to study possible impacts.  During that time, specific
research projects have developed other high, medium and low scenarios, illustrated in Figure 1.2 (p.
1-4) and Figure 1.4, on the following page.

In its sea-level rise studies, the U.S. Environmental Protection Agency (EPA) has generally
continued analyzing the National Research Council's 1985 scenarios of a rise of 50, 100 and 200 cm
(½, 1 and 2 meters) by 2100.  According to the EPA, the primary reason for using the 50, 100 and
200 cm scenarios is not that it expects these precise results to unfold, but rather that they are "round
numbers" that seem to "bracket the range" and serve its goal of being a bit wider of the mark so they
cover every contingency.24  EPA asserts that the extra-high scenario (200 cm) is useful to project
what might happen in the very long run (perhaps 200 years or longer) since there is no reason to
expect the effects of global warming to stop in 2100.  EPA suggests that the extra-high scenario is
also useful for identifying which areas are at any risk, even though small, of being affected by
accelerated sea-level rise over the next century to assist with siting facilities that would be severely
impacted by coastal erosion, such as a hazardous waste disposal facility.
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Figure 1.4.  Estimate of future sea level rise.  Source:  J.G. Titus, et al., Greenhouse Effect and Sea Level Rise: The Cost
of Holding Back the Sea 19 COASTAL MANAGEMENT 171-204 (1991) at 176.

EPA does not equate these scenarios with projections of the most likely outcomes.  Recent EPA
uncertainty analyses, now cite the 50 cm scenario as the median estimate by 2100.  This analysis
gives 200 cm a less than 0.5% chance of happening by the year 2100 and a 10% chance of happening
by 2200.  The mid-level 100 cm scenario is given a 5% chance of happening by 2100, but a 50%
chance of happening by 2200.25  

Despite these probabilities, the EPA continues to advocate that all areas examine their sensitivity
to at least the one meter rise scenario, because that builds in some precautionary room for error and
probably has the effect of extending the analysis beyond 2100.  EPA has recommended that
communities add the local historical rate of sea-level change (positive or negative) attributable to
subsidence to the 50, 100 or 200 cm adjust for local conditions. 

In 1990, the Intergovernmental Panel on Climate Change (IPCC) reaffirmed this general
approach when it developed its best estimates of future sea-level rise.  It predicted that by the year
2100 there will be a global rise in sea level in the range of 33 to 110 cm, with a most likely rise of
66 cm.26
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Other researchers have subsequently made adjustments to these sea-level rise projections based
on revised International Panel on Climate Change emissions scenarios.  These revisions place the
global low-, mid- and high-level scenarios at 15 centimeters, 48 centimeters and 90 centimeters,
respectively.27  

Table 1.1 summarizes historical change and various scenarios or projections, using a measured
historical rise in Portland as the base.  Thus, depending on the assumptions used, sea-level rise
predictions or scenarios combining both local subsidence and global change range from a low of 24
to 59 cm, to a high of 104 to 214 cm, with a mid range of 60 to 112 cm.

Table 1.1.  Predicted Sea-Level Rise in Portland, Maine, 2100

Low Mid High

 Historical (Maine Geological Survey)
 Local Historical (historical less eustatic rise component)

21 cm
 9 cm

24 cm
12 cm

26 cm
14 cm

 Global Sea-Level Rise Scenarios
 Forecast Rise 1 (local historical plus global scenarios)

50 cm
59 cm

100 cm
112 cm

200 cm
214 cm

 1990 IPCC Sea-Level Rise Estimate
 Forecast Rise 2 (local historical plus 1990 IPCC estimate)

33 cm
42 cm

66 cm
78 cm

110 cm
124 cm

 Adjusted IPCC After Revised Emissions
 Forecast Rise 3 (local historical plus adjusted IPCC)

15 cm
24 cm

48 cm
60 cm

90 cm
104 cm

Source:  Adapted from Maine Geological Survey, First Year Report on Hazard Mapping Project, 1993.28

In mapping shoreline change based on accelerated sea-level rise scenarios, this project opted to
map scenarios of sea level of 50, 100, and 200 cm above present sea level in the year 2100.  This was
the equivalent of using typical global scenarios without adding an additional increment for local
change.  For the low- and mid-level scenarios, it was substantially equivalent to using 1990 IPCC
projections of global change plus local change.  While recognizing the importance of local change
as a factor, the project opted not to add local change to global scenarios for purposes of mapping
change in shoreline position because:  1) local historical sea-level rise varies over the study area;
2) local change is relatively small in relation to the global scenarios; and 3) adding local historical
change to the global scenarios would cause the mapped assumptions to deviate even more from
IPCC 1990 projections and later revised projections of sea-level rise based on revised emission
projections.  It was felt that use of these 50, 100 and 200 cm scenarios incorporated the requisite
margin for error and worst-case scenarios that must be factored in when planning to mitigate severe
adverse coastal impacts.

D.  Participate in Appropriate Emission Reduction Strategies

While the emphasis of the preceding discussion has been on adaptation strategies, the State
should not lose sight of the fact that one way to reduce the extent of sea-level rise is to reduce
emission of greenhouse gases.  Clearly the  problem of increased concentrations of greenhouse gases
is global in scope.  International attempts are being made to negotiate reductions in emissions of
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particular trace gases.  While hopes are high for a joint international agreement, similar efforts
suggest that progress will probably be slow and incomplete.  

But the State of Maine does not have to wait for a coordinated international response.  In the
United States, a variety of state and local governments have developed their own partial emission
reduction strategies.  For example, responses have included:

• comprehensive studies/plans to reduce greenhouse gas emissions and per capita
nonrenewable energy consumption;

• utility regulation strategies (e.g., choices regarding fuels, conservation initiatives,
preference to conservation, and demand-side management measures);

• building codes (e.g., requiring buyers to make conservation investments when they
purchase a house);

• small scale demonstration projects (e.g., reduced energy use by state agencies,
transportation policies to reduce automotive use, efficiency investment in new
buildings);

• attempts to incorporate environmental costs of nonrenewable energy sources into
prices through tax policies; and

• participation in EPA's Green Lights program to install energy efficient equipment
when it is profitable and does not compromise lighting quality.29 

Admittedly, these state and local programs can only make a small incremental contribution to
reducing the global emission problem.  But adaptation planning and emission reduction efforts
should both be pursued by the State.   

E.  ASSUME STATE/LOCAL GOVERNMENTS WILL HAVE THE PRIMARY

      RESPONSIBILITY FOR MITIGATION OF SEA-LEVEL RISE IMPACTS

With emission reduction strategies, there is a misguided, but nevertheless strong, temptation to
wait for national or international bodies to adopt the laws or negotiate the treaties that will put in
place a coordinated global response.  In contrast, whether it likes it or not, the State will probably
bear the burden and the responsibility to formulate the local, adaptive response to this global
problem.  The impacts of global climate change will be felt locally, the costs will generally be borne
locally and, in the United States, since land use controls are generally a function of state or local
governments, the responsibility for much of the response planning will fall on those governments.30

Thus, even if state and local governments have little direct control over reducing global greenhouse
gas emissions, they will have a major responsibility for planning to adapt to potential adverse
impacts.
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F.  UTILIZE A PROCESS WHICH INCORPORATES PERIODIC REVIEW

      AND UPDATING OF THE ADAPTIVE RESPONSE STRATEGY

Given scientific uncertainty and rapidly evolving scientific knowledge, coastal managers are not
in a position to make decisions now about a definitive adaptive response strategy for the next
century.  Rather policy decisions will have to be made now based on the best available knowledge,
with the express intent of reviewing these policies periodically (e.g., every five to ten years) as
scientists refine their predictions.  It will be an iterative process.  

Despite the scientific uncertainty and complexities discussed above, there are certain affirmative
statements that can be posited as a starting point for Maine's anticipatory planning for sea-level rise:

1.  Despite some scientific uncertainty about causation and extent of global climate change, the
magnitude of the potential negative impacts makes it incumbent upon governments to develop
response strategies without waiting for conclusive proof of causation or unanimity in the scientific
community; 

2.  Even though negotiations are being conducted to reduce emissions of greenhouse gases, due
to forces already set into motion, it is essential to simultaneously develop local adaptation strategies
in preparation for potential impacts of future global climate change;

3.  In coastal communities, adaptation strategies should first focus on the possible impacts of
sea-level rise associated with global climate change since that will have the most direct impact on
natural resources and human development.

4.  In the United States, it is appropriate for States to take the lead in developing local sea-level
rise adaptation strategies since they will be most directly responsible for coping with the local
impacts.  States already possess a range of land use, zoning, development regulation, public
investment, economic incentive, and similar tools to use in developing anticipatory strategies.

5.  Due to the inherent complexities of predicting impacts of global climate change and the first,
second, and higher order impacts of relative sea-level change, and the interconnections between
those impacts, the initial analysis should be a first-cut at determining the most likely impacts and the
general magnitude of those impacts within very broad parameters.  If further refinement of the
assessment of vulnerability of particular localities or resources is needed to develop adaptation
strategies, additional detailed scientific studies will be required.

6.  Developing adaptive response strategies will be an iterative process that will require decisions
to be based on the best available information at the time.  Anticipatory response plans should be
reviewed and updated as scientific knowledge increases, projections of magnitude of global sea-level
rise are refined, and experience with governmental response strategies increases.

7.  The State should retain and improve on existing policies (supplemented as necessary by new
policies) which strengthen the State's position with regard to the known, measurable threats already
posed by a continuation of the historical rate of sea-level rise, but are also sufficiently flexible to
respond to accelerated sea-level rise, if it occurs.  These "no regrets" strategies will be justified (and
the State will not regret implementing them) even if the global warming theories are incorrect and
the State does not experience any change in the rate of coastal erosion or change in shoreline position
attributable to the greenhouse effect.
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The detailed results of the mapping and vulnerability assessment components are contained in
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G. ENDNOTES
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