NOTE TO READERS: This is a draft of the Kennebunk Comprehensive Plan. The Comprehensive
Plan provides us with a description of the town today in a range of categories, and identifies
issues and recommendations for the future. The final version will include an introduction, be
professionally formatted and contain multiple photographs. As a town resident, you are
encouraged to look at this draft in this early format. We are now looking for comments and
opinions on its contents, especially the Issues & Implications and Recommendations sections at
the end of each chapter.
The Town will make changes to this draft based on the comments and opinions received, and
residents will vote whether or not to accept the final Plan in June 2019.

Chapter K: Climate Change and Sea Level Rise
“Climate change … refers to a change in the state of the climate that can be identified … by
changes in the mean and/or the variability of its properties, and that persists for an extended
period…” (IPCC Fourth Assessment Report). There is widespread statistical evidence supported
by the vast majority of climate scientists that average global air and ocean temperatures are
rising at a significantly higher rate than has been the case in past centuries. (See discussion
below). Coastal communities are especially vulnerable to rising temperatures because of the
following specific effects:
•
•
•

Sea level rise (inundation of shoreline property, roads and bridges)
Changes in precipitation and storm intensity (flooding and wind damage)
Change in habitat (impact on fisheries from rising ocean temperatures)

This chapter will deal primarily with the first two of these because it is something that the Town
of Kennebunk can directly address through specific policies and strategies.
Sea Level Rise
According to a century of data from the Portland, Maine tide gauge, the sea level is rising.
This is believed to be driven by higher water temperatures which, in turn, can cause more
extreme weather. The Town of Kennebunk faces at least two major challenges from these
trends: 1) the threat to public and private coastal property and infrastructure from the higher
sea level and 2) the potential damage not only to the Coast but to the Town as a whole from
major storms. This chapter inventories the best available data on historical and recent trends
in sea level change, offers the best available current predictions for the future and establishes
the basis on which the Town’s policy response to sea level rise should be framed.
A brief note about units of measure. Most of the global science about sea level rise is
performed and reported in metric units whereas the non-scientific community in the United
States tends to use inches and feet. Both measures are used in the text of this report. Most, but
not all, conversions were from metric to US standard, and the converted numbers are
approximate. In graphics borrowed from other sources, expect to see metric units only. Metric
abbreviations used here include “mm” for millimeter and “M” for meter
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Trends in Sea Level Rise
There is a clear historical pattern of sea level rise which began about 11,000 years ago and
which is still occurring. For the past couple of thousand years there has been a pattern of only
minor, gradual increases in sea level but the most recent data appears to be showing an
increasing rate of rise.
Scientists believe that there are two dominant components. The first is thermal expansion of the
water, as the ocean temperature warms. The second is volumetric increase caused by melting of
glaciers and ice sheets. It should also be noted that seasonal wind patterns can change tide
levels during different periods within each year. For instance, in our area, tides will run lower
during periods of sustained northwest winds in the winter because the winds blow water
offshore. This effect is entirely independent of more broadly felt astronomical tide patterns.
When scientists look at data on a specific piece of coast, like the shoreline of Kennebunk, there
are local reasons for changes in sea level in addition to global reasons. Some movement of the
land up or down has persisted since the end of the last ice age. As the crust of the earth in this
area was covered with thousands of feet of ice, it sank in response to the weight. When the ice
age ended, the land experienced “isostatic rebound”, as the crust bounced back up. Some
isostatic rebound is still happening, but the effect now is very slight.
Thirteen thousand years ago at the end of the last ice age, the land in Maine was so crushed by
ice that sea level was 230 feet (70 meters) higher than it is today. Eleven thousand years ago
after the ice had receded, the land rebounded so that sea level was about 200 feet (60 meters)
below today’s levels. Continued melting of ice filled the oceans, and in the last five thousand
years, levels in Maine have been very stable. It is important to note that this is the period when
our modern beaches and wetlands as we know them today were formed. See Figure 1.

Figure 1: Elevation of Sea Level in Maine – 13,000 Years Ago to Present
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Not far from Kennebunk, studies of marshes in Wells show that in the last five thousand
years (the shaded area in Figure 1) the rate of change in sea level leveled off from over
.04 inch (1 mm) per year to only .01 inch (0.2 mm) per year about a thousand years ago.
This data was derived by radiocarbon dating of marsh borings. Please see Figure 2.
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Figure 2: Sea Level Change in Wells, ME – 5,000 Years Ago to Present

The very gradual sea level rise that has been experienced for the past several thousand
years appears to be over. The Portland tide gauge shows that over the last hundred years,
since 1912, the sea level has risen 7.5 inches (190mm) or at a rate of .075 inches (1.9
mm) per year. This mirrors global ocean sea levels, as measured from orbiting satellites,
showing about .071 inch (1.8 mm) rise per year. However, when the period between
1993 through 2014 is measured for mean sea level, the pace of sea level rise increases
and then increases again when measured between 2003 and 2014. See Figure 3.
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Figure 3 – Portland Tide Gauge – Mean Sea Level – 1912 to 2014

Similar results for the century are found up and down the Maine coast, as documented at
nearby tide gauges. See Figure 4.
Figure 4 – Recent Rates of Sea Level Rise – Portsmouth to Eastport
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For the last 20 years or so, the rate of sea level rise around Portland, Maine has
increased to .17 inch (4.3 mm) per year, or 17 inches (430 mm) per century. See Figure
5.
Figure 5 – Portland Tide Gauge – Mean Sea Level – 1993 to 2012

Similar to Maine, the rate of sea level rise globally has increased, as measured by
orbiting satellites. Since 1993, global sea level has risen at a rate of .13 inch (3.2 mm)
per year, or 12.6 inches (320 mm) per century. See Figure 6
Figure 6 – Global Rates of Sea Level Rise
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Best Predictions of Future Sea Level Rise
There is consensus in the scientific community that sea level will continue to rise
throughout this century. A rising sea level has planning implications for coastal
communities like Kennebunk. Some buildings and roads will be impacted on a daily
basis or during storms where overall rising sea levels will worsen storm-related impacts.
While the degree of certainty is unknown, it is nonetheless important to consider the
implications and take stock of the range of likely alternatives.
The next hundred years will probably be triple the rate of sea level rise of the past
century according to the projections of the Intergovernmental Panel on Climate Change
(IPCC - http://www.ipcc.ch) and reach at least two feet. And this may be an
understatement since the IPCC projections do not include contributions from the melting
of glacial, land-based ice sheets.
Figure 7 shows that if you superimpose the Portland tide gauge data from 1993 to the
present, as well as the satellite measurements of the global ocean level, that sea level
rise during the last 20 years is tracking at the HIGHEST PROJECTION curve of the
IPCC.
Figure 7: Recent Data Compared to Past Predictions

There is another factor at work that may exacerbate the situation. Geologists and
glaciologists are finding that ice sheets on land in Greenland and Antarctica are melting,
which could add substantial amounts of water to the world’s oceans. This phenomenon
has not been included as a contributing factor over the past hundred years. The 2011
SWIPA report (Snow, Water, Ice, and Permafrost in the Arctic) by Glaciologist Eric
Rignot, of the University of California Irvine and NASA’s Jet Propulsion Laboratory
(JPL) and his team shows that “if current Antarctic and Greenland ice sheet melting rates
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continue for the next four decades, their cumulative loss could raise sea level by an
additional 5.9 inches (150 mm) by 2050. When this is added to the predicted sea level
contribution of 3.1 inches (79 mm) from glacial ice caps and 3.5 inches (89 mm) from
ocean thermal expansion, total sea level rise could reach 12.6 inches (320 mm) by the year
2050.” (More information is available from the American Geophysical Union, via the
Web: http://www.agu.org).
For planning purposes, it is recommended that Kennebunk adopt a scenario-based
approach with consideration given to the range of the lowest through the highest
forecasts. Given current global trends, we are nearing the “Intermediate High” scenario
from the National Climate Assessment (www.globalchange.gov) Global Sea level rise
scenarios, which puts us somewhere around 3.3-3.7 feet by the year 2100. The United
States National Climate Assessment is very confident that the next hundred years will
see at least an 8 inch rise and no more than a 6.6 foot rise by 2100. See Figure 8

Figure 8: Sea Level Rise Scenarios

Figure 8 shows the potential planning horizons for the Town of Portland, Maine. Using
the Intermediate-High scenario and a 2014 start date, sea level will rise nearly 5 inches
by 2030, 1 foot by 2050, 2 feet by 2070 and over 3 feet by 2090. Given Kennebunk’s
proximity to Portland, it is reasonable to conclude that Kennebunk would, under this
scenario, experience much the same amount of sea level rise.
It seems clear from these expert projections that Kennebunk can expect and should plan
for some degree of sea level rise in the coming years. How much and in what timeframe
are the key unknowns.
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Figure 9: Sea Level Rise Projections for Portland, Maine

Vulnerability Assessment – Sea Level Rise, Storm Tide and Storm Surge
It is important to note that in addition to an increase (from sea level rise) in the water level at
highest annual tide (HAT), consideration must be given to the impacts of storm conditions
under those higher sea level scenarios. For Kennebunk, the HAT elevation is about 6.2 feet.
Storms can effectively increase the sea level for the duration of the storm. The 1978 storm is
the storm of record with respect to ocean-related storm impacts and produced a temporary
increase in sea level of about 2½ feet. Both storm surge and storm tides play a role in how
storms affect the shore. As defined by the National Hurricane Center, storm surge is an
abnormal rise of water generated by storm, over and above predicted astronomical tides
while storm tide is water level rise due to the combination of storm surge and astronomical
tide.
Superstorm Sandy’s impact on sea level at Kings Point, New York (east of Queens) is
illustrated below. Clearly storm tides and storm surge played a huge role in the severe damage
experienced by New York and New Jersey.
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Figure 10: Superstorm Sandy’s effect on sea level at Kings Point, New York

Because of Maine’s tidal variation, the potential combination of astronomical tide and storms
is extremely concerning. Figure 11 shows Portland’s top 25 storm tides from 1912-2012 and
the proportion of the total storm tide that was tide and what was the storm surge.
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Figure 11: Top 25 Storm Tides 1912-2012

Highest Annual Tide Scenarios (HAT)
The graphics below show the impact of various HAT assumptions on Goochs Beach and
in Lower Village.
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Figure 12: Potential Inundation Scenarios for Kennebunk

Impacts to Marshes
The role that coastal wetlands play in protecting shoreland during storm events has
received much public attention in the years since Hurricane Katrina caused so much
damage in Louisiana. Coastal wetlands as defined in Maine’s shoreland zoning
regulations refer to all tidal and subtidal lands which have salt water tolerant vegetation
present and any swamp, marsh, bog, beach flat or lowland that is subject to tidal action
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during the highest tide level. Coastal wetlands can include portions of coastal sand dunes.
There are two types of coastal wetlands, called marshes, which play a role in protecting
Kennebunk. There is low marsh which is intertidal so is covered and exposed by the tide
each day. High marsh is the area of salt marsh beginning that is only sporadically covered
by water. To quote a 2013 report on sea level rise undertaken for Sustain Southern
Maine: “Marshes provide valuable ecosystem services, including pollution filtering and
flood buffering. Not only do they slow and buffer waters during coastal flood events, but
they also slow erosion which might otherwise affect developed areas.”. High marsh and
low marsh areas were delineated using tidal elevations as proxies for actual on-theground surveying. The 2013 report provides assessments for each of 13 southern Maine
communities and for Kennebunk, it concludes that “marsh migration is also likely to be
an issue for Kennebunk. This will particularly be an issue along lowlands adjacent to the
Kennebunk River. Even modest amounts of (sea level rise) could cause extensive
changes to marshland in this area.”
Marshes can migrate inland and have been able to do so during the gradual sea level rise
experienced since the last Ice Age; but when sea level rise rates increase, high marsh
environments cannot survive the increased inundation and give way to low marsh
environments. This decreases the diversity of salt marshes as a whole and diminishes
their ability to buffer the shoreline from erosion. If the rate of sea level rise is too rapid or
abrupt, low marsh environments will also drown, leaving the shore unprotected from
battering waves. Another factor that limits marsh migration is development – houses and
roads block marshes from moving inland
Figure 13 Marsh expansions

Source: Maine Geological
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Potential Hurricane Inundation
Potential hurricane inundation mapping has been done in Maine through a FEMA grant
to Maine’s Floodplain Management Office accompanied by consultation with National
Hurricane Partnership representatives on tool development, proposed process and
techniques. The Geographic Information System (GIS) tool that was developed uses Sea
Lake and Overland Surges from Hurricanes (SLOSH – developed by the National
Hurricane Center) to model the data.
Modeling potential hurricane inundation scenarios can assist in investigation of potential
impacts to critical infrastructure, storm evacuation planning, emergency management
planning and community outreach and education.

Color legend to come
Figure 13 SLOSH Mapping

Source: Maine Geological

- 14 -

Source: Maine Geological
Future Infrastructure Impacts
As part of an assessment based on potential Sea Level Rise and Storm Surge impacts, it is
important to analyze the infrastructure that may be at risk. Much of this information is based on
local (State wide analysis) that has been vetted over the years. As noted earlier in this chapter,
this information is empirical data collected to project the future. Based on this data, a series of
models have been built on the impacts to coastal communities such as Kennebunk. In order for
the community to make intelligent decisions on how to deal with coastal issues, a table has been
developed (see below) that indicates what streets will be impacted under different scenarios.
There are two sets of scenarios that are reflected in the table. One scenario addresses the streets
that could be flooded out during a Highest Annual Tide (HAT) plus 1-6 feet of sea level rise. As
a point to plan for, the State of Maine is projecting HAT +3 feet of SLR as the likely increase by
the year 2100.
The second set of scenarios are called Sea Lake and Overland Surges from Hurricanes (SLOSH)
Maps which show the impacts based on Hurricane Storm Surge impacts. The State of Maine
looks primarily at Category 1 &2 which are also included in the table below. The table indicates
the linear footage of road impacted under the various scenarios. The color coding moving from
the Green to the Red indicates little to no impacts up to major impacts. An accompanying map
can be found in the Planning Department for further review. There are four (4) streets that are of
immediate concern:
•
•

Parsons Beach Road
Beach Avenue
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•
•

Crescent Surf Drive
Durrell’s Bridge Road

Once planners have this kind of information, adaptation or mitigation strategies may be adopted.
The roads in question may be deemed “noncritical” but require evacuation routing and/or detour
routing. Others may be critical to the functioning of the community in which case elevation of
the roadway might be considered. The 2013 report concludes “it is likely that road flooding
would occur with all levels of flooding…… The SSM analysis found that at 2 feet of flooding 6
road segments are vulnerable, at 1 meter of flooding 12 are, and at 2 meters of flooding 20
segments are vulnerable. This suggests that further analysis of road network flood vulnerability
should be undertaken to ensure the integrity of evacuation routes. It is, of course, also likely that
significant damage would occur to public infrastructure and private real estate along
Kennebunk’s coastal beaches, with neighborhood-wide inundation occurring as flooding
approaches 2 meters.
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Adaptation and Mitigation
Many coastal towns are adopting climate adaptation and mitigation strategies that may or may
not come into play as circumstances warrant. As the EPA suggested in a 1995 report on
Anticipatory Planning for Sea-Level Rise Along the Coast of Maine, “There are opportunities to
avoid adverse impacts by acting now, opportunities that may be lost if the process is delayed.”
International, Federal, State and regional agencies have compiled a vast range of resources that
are readily available to planners and local committees to assist in adaptation and mitigation
strategies. Many towns (Kittery, for example) are also linking these mitigation and adaptation
strategies to energy consumption, fuel sources and public education.
Selected Resources for Climate Data and Modeling:
NOAA Climate Service - https://www.climate.gov/
US Climate Resilience Toolkit - https://toolkit.climate.gov/#steps
Digital Coast - https://coast.noaa.gov/digitalcoast/
Wetlands Inventory - https://www.fws.gov/wetlands/data/mapper.html
FEMA Map Service Center - https://msc.fema.gov/portal
Local Government and Climate Change Adaptation Toolkit - http://www.iclei.org/
Preparing for Climate Change: A Planning Guide for State Coastal Managers https://coast.noaa.gov/czm/media/adaptationguide.pdf
Northeast Regional Climate Center - http://www.nrcc.cornell.edu/
Intergovernmental Panel on Climate Change - http://www.ipcc.ch/
New England Climate Adaptation Program - https://necap.mit.edu/
Mitigation via Energy Efficiency
It is broadly accepted that a primary cause of climate change is the centuries long build-up of
CO2 in the earth’s atmosphere caused by the burning of hydrocarbons to fuel global
industrialization. Therefore, a primary climate change mitigation strategy is reduction of CO2
emissions via reduced dependence on hydrocarbons and increased reliance on renewable energy
sources like wind, solar and hydro. Part of Kennebunk’s Energy Efficiency Committee’s
mission is “to promote ways for the government and residents of Kennebunk to reduce fossil fuel
use, resulting in lower energy bills and greater use of sustainable energy sources.” The
Committee’s goal has been to assist Kennebunk in meeting its commitment as a signatory to the
US Mayor’s Climate Protection Agreement ( https://www.usmayors.org/mayors-climateprotection-center), which the Kennebunk Board of Selectmen signed in 2006 and renewed in
2014.
Energy Efficiency
The Kennebunk Energy Efficiency Committee (KEEC) has researched multiple entities that are
dealing with the issue of climate change and has determined that the Global Covenant of Mayors
for Climate and Energy, an international body that provides technical support for towns and
cities around the world in their efforts to address climate disruption, seemed like an excellent fit
for the Town. The KEEC has requested the Select Board renew their commitment by signing
onto the Global Covenant of Mayors for Climate and Energy (GCofM) at their August 14, 2018
meeting. One of the primary strategies of the Committee will be the development of a
greenhouse gas emissions inventory as a foundation for recommendations, including energy
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audits for all Town-owned buildings, in order to provide the data necessary for any decisions
made regarding improved insulation, installation of storm windows, changes in type of fuels
consumed, etc.
Beginning in 2007 and continuing on through 2018, KEEK has sponsored:
•

•
•
•

Multiple town-wide workshops and mailings on energy conservation, energy-efficient
lighting, and “build your own storm windows,” and encouraged Kennebunk Light and
Power to offer an all-renewable energy supply resource (the first in the State) for
customers. The committee continues to work on waste issues with the failing market for
recycled material and recently updated the policy for type and placement of taxpayersupported lighting on streets, town-owned buildings and related facilities and parking
lots.
Films and speakers on wind energy development; climate change via An Inconvenient
Truth and research in Antarctica; food waste and proliferation of plastics.
A no idling policy for the Town that was voted in by the Select Board in May 2009.
Bella Rossberger, a 5th grade student, who approached the Select Board asking them to
prohibit the use of single use plastic bags in town. Through this, a successful single-use
plastic bag ban ordinance was adopted by the Town in 2016.

Issues & Implications
•
•
•
•
•

Insurance costs are rising based on new Floodplain maps.
For planning purposes, the types and extent of capital investment need to be identified in
order to safeguard at-risk infrastructure.
Existing storm water management infrastructure is likely unable to cope with increased
frequency and intensity of precipitation events.
Sea level rise is creating damage to private and public infrastructure every year, costing a
significant amount of dollars to repair and reinforce. Is this a sustainable activity?
Kittery and York Comprehensive Plans are extremely detailed and well informed on this
topic. This should be a starting point for Town Climate Change Committee discussions.

Recommendations
•

•

The Town should form a task force comprised of staff and volunteers, making sure that
members of related committees such as Energy Efficiency, Economic Development and
the Conservation Commission are involved. The task force’s role would be to monitor the
flow of information around climate change and sea level rise as they impact Kennebunk,
and to recommend best practices for adaptation and mitigation. Town staff’s role should
be to assist this effort by providing data and record-keeping expertise, as well as
historical continuity.
The Town should use cost benefit analysis to inform decision-making with regard to
location and design of new infrastructure as well as the fortification or retrofitting of
existing infrastructure – sea wall, etc. This provides detailed financial information to help

- 19 -

•

•
•
•
•

•
•

•
•
•

determine the most cost-effective strategy in terms of adaptation measures. In support of
this:
o The Town should improve analysis and mapping capabilities to identify
vulnerable areas.
o The Town should support and participate in continued development of models
and data collection to help track and predict sea level rise, etc.
o The Town should identify public assets at risk from sea level rise.
o The Town should incorporate sea level rise into decision-making and design of
transportation improvements – road elevations, surfaces, storm water
management, bridge heights, etc.
The Town should review floodplain management and land use ordinances to strengthen
standards in vulnerable areas. Future zoning and setback requirements need to be adapted
to discourage growth and new development in threatened areas.
The Town should periodically relocate HAT (Highest Annual Tide) levels on the
shoreland zoning map.
The Town should continue to participate in NFIP (National Flood Insurance Program)
and CRS (Community Rating System) to assure best practices.
The Town should adopt a policy to restore more natural flows where tidal flows have
been restricted by existing road crossings or other development
The Town should support public education on climate change and sea level rise and
adaptation to residents, and encourage the school department to provide education on the
same.
The Town should collaborate in local and regional efforts to address climate change and
sea level rise.
The Town should continue climate change and energy efficiency efforts by signing a
commitment letter to the Global Covenant of Mayors for Climate & Energy (GCofM) to
address the challenges of climate disruption.
The Town should increase its use of renewable energy resources.
The Town should make carbon-free decisions and purchases whenever and wherever
feasible.
The Town should seek out cost-effective materials created from recycled material and
support companies using this material whenever feasible.
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