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1. Issue in Brief

Accelerated climate change is anticipated to have wide-ranging  
 e!ects on the future sustainability of the Earth due to adverse ecological, 

social and economic impacts (Stern 2006; McMullen and Jabbour 2009). 2e 
driving force is an increase in the Earth’s temperature as a result of human activi-
ties (e.g., release of greenhouse gases and changes in landscape characteristics). 
2e Intergovernmental Panel on Climate Change (IPCC) projects a global mean 
temperature increase of 1.1°C to 6.4°C by 2100, which is likely to a3ect storms 
and 4oods, and lead to a rise in sea level due to the thermal expansion of the 
oceans and the melting of ice sheets and glaciers (IPCC 2007a). Recent research 
e3orts estimate a global sea level rise of between 50 cm and 190 cm from 1990 to 
2100 (see Vermeer and Rahmstorf 2009).  2ere are several parts of the Gulf of 
Maine coast line that are classi5ed as highly sensitive to the impacts of sea level 
rise because of risks associated with storm events. 2e physical extent of climate-
related impacts will vary depending on regional and local situations (Burtis 2006). 
Coastal communities in the Gulf of Maine will be impacted in numerous ways, 
including:  health and well-being of communities (e.g., injury, mortality, migra-
tion, crime and security); access to services; design and placement of structures 
(e.g., buildings, bridges, and utilities); cost of living; loss of livelihoods, and the 
cumulative magnitude of climate change impacts (see Figure 1). Climate change 
mitigation and adaptation are becoming increasingly important to community 
management and there are numerous ongoing federal, provincial/state, county, 
and municipal plans addressing these issues within the Gulf of Maine.   

Figure 1:  Driving forces, pressures, state, 
impacts and responses (DPSIR) to climate 
change and its effects on humans in 
the Gulf of Maine. The DPSIR framework 
provides an overview of the relation 
between the environment and humans. 
According to this reporting framework, 
social and economic developments 
and natural conditions (driving forces) 
exert pressures on the environment 
and, as a consequence, the state of 
the environment changes. This leads to 
impacts on human health, ecosystems 
and materials, which may elicit a societal 
or government response that feeds back 
on all the other elements.
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2. Driving Forces and Pressures

There are many forces responsible for shaping the Earth’s climate. 
Operating and interacting at di!erent scales in time and geographic space, these 

include (McMullen and Jabbour 2008): variations in radiation emitted from the sun 
(e.g., sun spot activity), the cyclical behaviour of the Earth’s orbit and axis, changes 
in the gas composition of the atmosphere, volcanism, uplifting and wearing away of 
land surfaces, shifting distribution of landmasses and oceans caused by plate tecton-
ics, and changes in the characteristics of the Earth’s land surface. Evidence indicates 
that the Earth is currently going through an accelerated period of global warming 
(IPCC 2007a; see also Figure 2). Increases in anthropogenic emissions of gases (e.g., 
carbon dioxide, methane) into the atmosphere, and an enhanced greenhouse e!ect,  
are considered to be the major driving force behind the accelerated global warming 
that has taken place over the last century (IPCC 2007a,b). Since the introduction 
of the United Nations Framework Convention on Climate Change in 1994 few 
countries have been able to reduce gas emissions according to targets of the Kyoto 
Protocol (IPPC 2007b). Trends for the states and provinces associated with the Gulf 
of Maine indicate an increase in GHG emissions over the last decade (Environment 
Canada 2008; Regional Greenhouse Gas Initiative 2009). 

Source: Hugo Ahlenius, 
UNEP/GRID-‐Arendal, http://
maps.grida.no/go/graphic/
historical-‐trends-‐in-‐carbon-‐
dioxide-‐concentrations-‐and-‐
temperature-‐on-‐a-‐geological-‐
and-‐recent-‐time-‐scale. 
Accessed May 7, 2010.
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Global climate scenarios examined by the IPCC (2007b) project global mean 
temperature increases varying between 1.1°C and 6.4°C by 2100. Observations at 
the regional and local level (North Eastern United States and Canadian Maritimes 
Cross Border Region) support that a trend in warming is taking place in the 
Gulf of Maine where monitoring sites in the Gulf of Maine display a trend of an 
increase in annual average temperature of the order of 0.1°C/decade (Burtis 2006 
- see Figure 3).

Increases in the gas composition of the Earth’s atmosphere have an impact on 
numerous aspects of the planet’s physical properties and characteristics, all of 
which interactively a3ect changing climate and 
increasing variability at the regional and local 
levels (IPCC 2007a). 2ese include:

2e changing thermal properties of the 
Earth’s atmosphere, which contributes 
to changes (a general increase) in global 
moisture content and atmospheric water 
balance (McMullen and Jabbour 2009). 
Changes to the global distribution of heat 
4ows and atmospheric circulation patterns. 
2e di3erential heating and cooling patterns 
will in4uence major regional air 4ow 
systems (e.g., the jetstream, North Atlantic 
Oscillation, Arctic Oscillation) and ocean 
currents (the Deep Sea Circulation System, 
Gulf Stream, the Nova Scotian Current  etc.),  
which dictate continental weather patterns 
over the Eastern United States and Atlantic 
Canada.  It is thought that this could cause 
an increase in the intensity of storms in the 
northern hemisphere, as well as a possible 
northward shi9 of storm tracks (McCabe et al. 2001, Wang et al. 2006). 

Figure 3:  Map illustrating 
the pattern in annual 
temperature changes (°C) 
at sites in the Cross-‐Border 
Region for the period 1900-‐
2002. Cooling trends are 
shown with blue dots, while 
warming trends are shown 
with orange and red dots 
(from Burtis 2006).

2

influenced by regional and local aspects of the climatic system including the passage of different weather
systems, storm tracks, fluctuations in the jet stream, topography, changing ocean currents and sea surface
temperatures, amount of snow on the ground, and the state of the North Atlantic Oscillation (NAO). The
NAO is a large-scale fluctuation in wintertime atmospheric pressure in the North Atlantic ocean between a
semi-permanent high-pressure system near the Azores and a semi-permanent low pressure system near
Iceland that affects weather patterns in eastern North America and Europe.

Indicator Trend –
Average Annual
Temperature
Annual average temperature for
the CBR shows considerable
variability on interannual and
longer time scales (Figure 1.2).
For example, note the cooler
years in 1904, 1917, and 1926
and the relatively warm years in
1949, 1953, 1990, 1998, and
1999. Extended warm periods
are also evident, such as the
middle of the last century and
the 1990s. Cool periods
occurred at the beginning of the
century and the late 1960s.
Over longer periods, there is a
clear warming trend over the
period of record (4). Based on
the linear trend (represented by
the red line), the CBR average
annual temperature has
increased by about 0.8ºC [1.4°
F] since 1900 (an average tem-
perature increase of 0.09 ºC
[.162° F] per decade). The
1990s were the warmest decade
on record. Over the last 33
years, annual average tempera-
tures have increased 1.0 ºC
[1.8° F] (an average tempera-
ture increase of 0.30 ºC [0.54°
F] per decade), a rate three
times higher than for the entire
century.

The meteorological station data
also allow for an investigation
of temperature change on a
finer spatial scale over specific
time periods. As illustrated on
the map of the entire CBR
(Figure 1.3), almost all of the
stations across the region (the
exception being a few stations

Figure 1.2: Average annual temperature for the CBR, 1900 through 2002.
This time-series is a spatially averaged temperature record from 136 stations
in the region representing 92 percent of the region’s climate zones. 

Figure 1.3: Map illustrating the linear trend in annual temperature (°C), 1900-
2002 for the CBR. Cooling trends are shown with blue dots, while warming
trends are shown with red dots. The change was estimated from a linear
regression of annual average temperature for each station.

Figure 1.4: Map illustrating the linear trend in annual temperature (°C), 1970-
2002 for the CBR. Cooling trends are shown with blue dots, while warming
trends are shown with red dots. The change was estimated from a linear
regression of annual average temperature for each station.

CleanAir-final1011  10/11/06  10:16 AM  Page vii

Greenhouse Gas (GHG) Emissions for Provinces 
and States Associated with the Gulf of Maine 

GHG emissions in CO2 equivalents (Mt) for Canadian provinces 
(1990 and 2006). Source: Environment Canada, 2008.

Province 1990 2006

Nova Scotia 19.0 19.6

New Brunswick 15.9 17.9

CO2 emissions (Mt) for power plants in US states (2000 and 
2007). Source: RGGI, 2009.

State 2000 2007

Maine 3.2 3.4

New Hampshire 5.2 7.6

Massachusetts 25.5 25.4

2. Driving Forces and Pressures
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3. Status and Trends

Melting of ice sheets, glaciers and warming of ocean waters. 2e ice caps 
lock up some 2% of the Earth’s water and melting will change the volume, 
temperature and salinity of the oceans. Observations have shown that 
since 1979 the Arctic perennial sea ice cover has been declining at 9.6 % 
per decade (Arctic Climate Impact Assessment 2005). In 2005, the Arctic 
sea ice extent dropped to 2.05 million sq. miles, the lowest extent yet 
recorded in the satellite record. 2e IPCC (2007c) estimates that, since 
1993, thermal expansion of the oceans due to rising sea temperature 
contributed about 57% to sea level rise, while melting of ice caps and 
glaciers contributed about 28% and losses from the polar ice sheets 
contributed 15%.
Land movement and land subsidence, which is a manifestation of the 
Earth crust’s long-term response to the end of the last ice age, referred to 
as ‘glacial isostatic adjustment’ (Peltier 2004; Leys 2009). In the Gulf of 
Maine, subsidence rates are not uniform and are estimated to be from  
0 cm to 20 cm/century.

Changes in weather and climate (e.g., temperature, precipitation,  
drought, timing of thaw, frequency of hurricanes), rising sea level  and 

elevated storm surges are all physical processes that have implications on the 
development and well-being of human settlements (Lemmen et al. 2008). 2ere is 
evidence that the Gulf of Maine is experiencing changes that will impact society 
to varying degrees.  

3.1  CHANGES IN WEATHER PATTERNS
Weather patterns in the Gulf of Maine region have shown similar trends to global 
climate change. Burtis (2006) states that:  

2ere has been an increase in average summer and winter land 
temperatures, with increased variability. 
Average precipitation in the United States-Canadian Cross Border Region 
has increased by an average of 129 mm (12 %) over the past century. 
2e post-1970 period has experienced the only four years on record with 
precipitation greater than 1,400 mm and eight of the ten wettest years on 
record.
Severe drought periods have been also experienced, and some sites have 
shown decreases in average precipitation.  

2. Driving Forces and Pressures
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2e average number of extreme precipitation events (more than 50 mm 
of rain or water equivalent if the storm results in snowfall) during a 48-
hour period for the entire region is 2.6 events per year. Sites in parts of 
Massachusetts have more than 4 events per annum. Of the 51 monitoring 
stations in the Cross-Border Region, 36 stations showed an increase of 
greater than 10 % in the number of extreme events since 1949. 
2ere are indications that the timing of melting and thawing of snow and 
ice is occurring earlier with resultant changes to the hydrological patterns 
of rivers 4owing into the Gulf of Maine. 

3.2  RISING SEA LEVEL
Recent projections (Vermeer and Rahmstorf 2009) estimate a global mean sea 
level rise of between 50 cm and 190 cm over the period 1990 to 2100.  Accord-
ing to Burtis (2006), sea level in Atlantic Canada and the north-eastern United 
States has risen approximately 25 cm since 1920. Permanent tide gauges have been 
established in the Gulf of Maine as part of the global network (see http://www.
pol.ac.uk/psmsl/). For stations with the most long-term data (Yarmouth NS, Saint 
John NB, Eastport ME, Bar Harbor ME, Portland ME and Boston MA) average 
sea level rise is given in Table 1. 

Station Start Year End Year Average Sea Level 
Rise (mm/a)

Yarmouth, NS 1929 1999 4.1

Saint John, NB 1967 2007 2.5

Eastport, ME 1930 2007 2.2

Bar Harbor, ME 1948 2007 1.6

Portland, ME 1912 2007 1.2

Boston, MA 1921 2007 2.4

Table 1:  Average sea level rise for stations in the Gulf of Maine 

Source: Permanent Service for Mean Sea Level 2010, http://www.pol.ac.uk/psmsl

3.3  STORM EVENTS AND HURRICANES
Tropical storms of hurricane strength carry winds in excess of 100 km/h and 
wind- and 4ood-related impacts are always experienced.  Eastern Canada and the 
north eastern US are vulnerable to landfall from tropical cyclones, which arise in 
the Atlantic. Although no speci5c long-term trend of increase is apparent over the 
period 1900 to 2000 (see Figure 4), a cyclical pattern is evident and the Atlantic 
Basin is currently experiencing an active period. Burtis (2006) reported that the 
highest frequency of tropical cyclones of any decade on record was for the period 
1995 to 2005. 2e Gulf of Maine is an area that receives between two and 5ve 

3. Status and Trends
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storms per annum. Because of their size and tracking 
direction, most storms generally have an in4uence 
over the whole of the Gulf of Maine coastline, as well 
as considerable distances inland. 

3.4  STORM SURGES
Storm surges are caused by storm winds that pile 
water onshore, and are in4uenced by wave setup, 
possible resonant e3ects within a bay and the coastal 
response to all these factors (Parkes et al. 1997). 2e 
surge is determined as the height di3erence between 
the water level due to astronomical tides and the 
total water level at the peak of the storm. A rise in sea 
level allows storm surges to reach further inland. 2e 
surges mostly occur during extratropical storms in 
the fall and winter, but can also be caused by tropical 
cyclones in the summer and fall. Figure 5 shows an 
analysis of the 40-year return level of extreme storm 
surges for the Atlantic coastline. 2e highest surges 
around the Gulf of Maine tend to occur at the head 
of the Bay of Fundy and in Massachusetts. 2e most 
damaging storms are those occurring at high tide, 
or storms of long duration (over several tidal cycles) 
coinciding with spring tides.

Figure 4:  Five-‐year tropical storm frequency for the 
Canadian Hurricane Response Zone 1900–2000. 
Source: http://www.ec.gc.ca/Hurricane/default.asp?lang= 
en&n=BD699ABF-‐1 ) 

10 20 300

Number of Storms

Figure 5:  Forty-‐year return level of extreme storm surges 
based on a hindcast (reproduced from Bernier and 
Thompson 2006; Leys 2009). The colourbar indicates the 
40-‐year surge levels independent of tidal elevations.

3. Status and Trends
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3.5  VULNERABILITY
Vulnerability (or sensitivity) of coastal areas to sea 
level rise is the degree to which coastal systems 
(human and ecological) are susceptible to adverse 
impacts from sea level rise (see Section 4). 2e 
United States has undertaken a nationwide assess-
ment of vulnerability of coastal areas to sea level rise 
(2ieler et al. 2001, http://woodshole.er.usgs.gov/
project-pages/cvi/). 2e assessment focused on the 
physical response of the coastline to sea-level rise. 
2e relative vulnerability of di3erent coastal environ-
ments to sea-level rise was quanti5ed at a regional 
scale using a coastal vulnerability index (CVI), based 
on coastal geomorphology, shoreline erosion and 
accretion rates, coastal slope, rate of relative sea-level 
rise, mean tidal range and mean wave height (2ieler 
and Hammer-Klose  1999). 2e results of the analysis 
for the Atlantic Coast, including Massachusetts, New 
Hampshire and Maine, are indicated in Figure 6. 
Although the 5ndings indicate that most of the Gulf 
of Maine coast is considered to have a relatively low 
risk ranking, there are areas which are of high risk, 
particularly in the southern parts. 

A similar analysis for coastal sensitivity (or vulner-
ability) to sea level rise has been undertaken for 
Canadian coastal areas (Shaw et al. 1998). 2e 
coastal sensitivity index is based on general relief, 
rock type, coastal landform, sea level rise trend, 
shoreline displacement, tidal range and wave height 
using large-scale 1:50,000 maps (Shaw et al. 1998). 
Figure 7 depicts the broad regional scale sensitivity 
of Atlantic Canada to such physical impacts. 2ere is 
no accounting for small areas of very high sensitivity, 
so the map should not be used for developing local, 
site-speci5c policies. 
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Figure 4. Map of the Coastal Vulnerability Index for the New York to New Jersey region.

Figure 6. Map of the coastal slope 
variable for the New York to New 
Jersey region. The coastal slope is 
relatively steep (low risk) throughout 
much of this area, but is quite low 
(high risk) in southern New Jersey.

Figure 5. Map of the geomorphology variable for the New York to New Jersey region. 
The open-ocean shoreline is composed primarily of high-risk sandy barrier islands, while 
risk due to geomorphology is lower for lagoons and along the bluffs of northern Long 
Island.

Figure 7. Map of the shoreline 
erosion/accretion rate variable for the 
New York to New Jersey region. The 
smaller-scale variations in the CVI 
values (see Figure 4) are influenced 
primarily by changes in shoreline 
erosion rate.

Figure 8. Map of the Coastal Vulnerability Index for the North Carolina to Georgia region.

Figure 9. Map of the geomorphology variable for the North Carolina to Georgia 
region. Like the New York to New Jersey region, geomorphology is still the dominant 
variable influencing the CVI values (see Figure 8).

Figure 10. Map of the relative sea-level rise 
variable for the North Carolina to Georgia 
region. The rate of sea-level change is 
lowest at Cape Fear, North Carolina, due to 
long-term tectonic uplift of the mid-
Carolina Platform High.

Figure 11. Map of the mean wave height 
variable for the North Carolina to Georgia 
region. The risk due to wave height varies 
between the north and south sides of Cape 
Hatteras and Cape Lookout, and generally 
decreases from Cape Hatteras southward 
into the Georgia embayment. This reflects 
differences in wave exposure due to 
shoreline orientation, as well as the 
increasing continental shelf width from 
North Carolina to Georgia.

Figure 1. Map of the Coastal Vulnerability Index (CVI) for the U.S. Atlantic coast. The CVI shows the relative vulnerability of the coast to changes due to future rise in sea-level. Areas 
along the coast are assigned a ranking from low to high risk, based on the analysis of physical variables that contribute to coastal change.
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INTRODUCTION

 One of the most important applied problems in coastal geology today is determining the physical response of the coastline 
to sea-level rise. Prediction of shoreline retreat and land loss rates is critical to the planning of future coastal zone management 
strategies, and assessing biological impacts due to habitat changes or destruction. Presently, long-term ( ≥ 50 years) coastal planning 
and decision-making has been done piecemeal, if at all, for the nation's shoreline (National Research Council, 1990; 1995). 
Consequently, facilities are being located and entire communities are being developed without adequate consideration of the 
potential costs of protecting or relocating them from sea level rise-related erosion, flooding and storm damage.
 Recent estimates of future sea-level rise based on climate model output (Wigley and Raper, 1992) suggest an increase in 
global eustatic sea-level of between 15-95 cm by 2100, with a "best estimate" of 50 cm (IPCC, 1995). This is more than double the 
rate of eustatic rise for the past century (Douglas, 1997; Peltier and Jiang, 1997). Thus, sea-level rise will have the largest sustained 
impact on coastal evolution at the societally-important decadal time scale. For example, Zhang et al. (1997) showed that sea-level 
rise over the past 80 years at two locations on the U.S. East Coast contributed directly to significant increases in the amount of time 
the coast is subjected to extreme storm surges. From 1910-1920, the coast near Atlantic City, New Jersey was exposed to 
anomalously high water levels from extreme storms less than 200 hours per year, whereas during the early 1990's the coast was 
exposed to high water from storms of the same magnitude 700 to 1200 hours per year. Interestingly, the authors found that although 
storm surge varied a great deal on annual to decadal scales, there was no long-term trend showing increases in storm intensity or 
frequency that might account for the increasing anomalously high water levels. Zhang et al. (1997) concluded that the increase in 
storm surge exposure of the coast was due to sea-level rise of about 30 cm over the 80-year period. This finding suggests that the 
historical record of sea-level change can be combined with other variables (e.g., elevation, geomorphology, wave characteristics) to 
assess the relative coastal vulnerability to future sea-level change.
 The prediction of future coastal evolution is not straightforward. There is no standard methodology, and even the kinds of 
data required to make such predictions are the subject of much scientific debate. A number of predictive approaches have been used 
(National Research Council, 1990), including: 1) extrapolation of historical data (e.g., coastal erosion rates), 2) static inundation 
modeling, 3) application of a simple geometric model (e.g., the Bruun Rule), 4) application of a sediment dynamics/budget model, 
or 5) Monte Carlo (probabilistic) simulation based on parameterized physical forcing variables. Each of these approaches, however, 
has its shortcomings or can be shown to be invalid for certain applications (National Research Council, 1990). Similarly, the types 
of input data required vary widely and for a given approach (e.g. sediment budget), existing data may be indeterminate or simply 
not exist. Furthermore, human manipulation of the coastal environment in the form of beach nourishment, construction of seawalls, 
groins, and jetties, as well as coastal development itself, may drive federal, state and local priorities for coastal management without 
regard for geologic processes. Thus, the long-term decision to renourish or otherwise engineer a coastline may be the sole 
determining factor in how that coastal segment evolves.
 Although a viable, quantitative predictive approach is not available, the relative vulnerability of different coastal 
environments to sea-level rise may be quantified at a regional to national scale using basic information on coastal geomorphology, 
rate of sea-level rise, past shoreline evolution, and other factors. The overall goal of this study is to develop and utilize a relatively 
simple, objective method to identify those portions of the U.S. coastal regions at risk and the nature of that risk (e.g., inundation, 
erosion, etc.). The long-term goal of this study is to predict future coastal changes with a degree of certainty useful for coastal 
management, following an approach similar to that used to map national seismic and volcanic hazards (e.g., Miller, 1989; Frankel et 
al., 1996; Hoblitt et al. 1998). This information has immediate application to many of the decisions our society will be making 
regarding coastal development in both the short- and long-term.
 This study involves two phases. The first phase, presented in this report for the U.S. East Coast, involves updating and 
refining existing databases of geologic and environmental variables, such as that compiled by Gornitz and White (1992). For all of 
the variables in this data set, updated or new data exist and are presented here. The second phase of the project has two components. 
The first component entails integrating model output such as eustatic, isostatic, and short-term climatic sea-level change estimates 
in order to assess the potential impacts on the shoreline due to these changes. The second component involves developing other 
databases of environmental information, such as relative coastal sediment supply, as well as including episodic events (hurricane 
intensity, track, and landfall location, Nor'easter storm intensity data, and El Niño-related climate data such as short-term sea-level 
rise). 
  In this preliminary report, the relative vulnerability of different coastal environments to sea-level rise is quantified for the 
U.S. East Coast. This initial classification is based upon variables such as coastal geomorphology, regional coastal slope, and 
shoreline erosion and accretion rates. The combination of these variables and the association of these variables to each other 
furnishes a broad overview of regions where physical changes will occur due to sea-level rise.

RISK VARIABLES

 In order to develop a database for a national-scale assessment of coastal vulnerability, relevant data have been gathered 
from local, state and federal agencies, as well as academic institutions. The compilation of this data set is integral to accurately 
mapping potential coastal changes due to sea-level rise. This database is based loosely on an earlier database developed by Gornitz 
and White (1992). A comparable assessment of the sensitivity of the Canadian coast to sea-level rise is furnished by Shaw et al. 
(1998).
 Table 1 summarizes the six physical variables used here: 1) geomorphology, 2) shoreline erosion and accretion rates (m/yr), 
3) coastal slope (percent), 4) rate of relative sea-level rise (mm/yr), 5) mean tidal range (m), and 6) mean wave height (m).  As 
described below, each variable is assigned a relative risk value based on the potential magnitude of its contribution to physical 
changes on the coast as sea-level rises.
 The geomorphology variable expresses the relative erodibility of different landform types (Table 1). These data were 
derived from state geologic maps and USGS 1:250,000 scale topographic maps.
 Shoreline erosion and accretion rates for the U.S. have been compiled by May and others (1983) and Dolan and others (1985) into 
the Coastal Erosion Information System (CEIS) (May and others, 1982). CEIS includes shoreline change data for the Atlantic, Gulf 
of Mexico, Pacific and Great Lakes coasts, as well as major bays and estuaries. The data in CEIS are drawn from a wide variety of 
sources, including published reports, historical shoreline change maps, field surveys and aerial photo analyses. However, the lack of 
a standard method among coastal scientists for analyzing shoreline changes has resulted in the inclusion of data utilizing a variety 
of reference features, measurement techniques, and rate-of-change calculations. Thus, while CEIS represents the best available data 
for the U.S. as a whole, much work is needed to accurately document regional and local erosion rates. The CEIS data are being 
augmented by and updated with shoreline change data obtained from states and local agencies, in addition to new analyses being 
conducted as part of this study.
 The regional slope of the coastal zone was calculated from a grid of topographic and bathymetric elevations extending 
approximately 50 km landward and seaward of the shoreline. The regional slope permits an evaluation of not only the relative risk 
of inundation, but also the potential rapidity of shoreline retreat, since low-sloping coastal regions should retreat faster than steeper 
regions (Pilkey and Davis, 1987). In order to compute the slope from the subaerial coastal plain to the submerged continental shelf, 
the slope for each grid cell was calculated by defining elevation extremes within a 10 km radius for each individual grid cell. In 
areas where the shelf/slope break was less than 10 km offshore, the slope was recalculated with a more appropriate radius. For the 
U.S. East coast, north of Florida, elevation data were obtained from the National Geophysical Data Center (NGDC) as gridded 
topographic and bathymetric elevations to the nearest 0.1 meter for 3 arc-second (~90 m) grid cells. These data were subsampled to 
3-minute (approximately 5 km) resolution. For the Florida coast, the U.S. Navy ETOPO5 digital topographic and bathymetric 
elevation database was used. This gridded data set has a vertical resolution of one meter, and a horizontal resolution of 
approximately 8 km, which we resampled to a horizontal resolution of approximately 5 km.
 The relative sea-level change variable is derived from the increase (or decrease) in annual mean water elevation over time as 
measured at tide gauge stations along the coast (e.g., Emery and Aubrey, 1991). Relative sea-level change data were obtained for 28 
National Ocean Service (NOS) data stations and contoured along the coastline. This variable inherently includes both the global 
eustatic sea-level rise as well as local isostatic or tectonic land motion. Relative sea-level change data are a historical record, and 
thus show change for only recent time scales (past 50-100 yr).
 Tide range data were obtained from the NOS. Tide range is linked to both permanent and episodic inundation hazards. Tidal 
data were obtained for 657 tide stations along the U.S. coast and their values contoured along the coastline. 
 Wave height is used here as an indicator of wave energy, which drives the coastal sediment budget. Wave energy increases 
as the square of the wave height; thus the ability to mobilize and transport beach/coastal materials is a function of wave height. In 
this report we use hindcast nearshore mean wave height data for the period 1976-1995 obtained from the U.S. Army Corps of 
Engineers Wave Information Study (WIS) (see references in Hubertz et al., 1996). The model wave heights were compared to 
historical measured wave height data obtained from the NOAA National Data Buoy Center. Wave height data for 151 WIS stations 
along the U.S. coast were contoured along the coastline.

DATA RANKING

 Table 1 shows the six physical variables described above, ranked on a linear scale from 1-5 in order of increasing 
vulnerability due to sea-level rise. In other words, a value of 1 represents the lowest risk and 5 represents the highest risk. The 
database includes both quantitative and qualitative information. Thus, numerical variables are assigned a risk ranking based on data 
value ranges, while the non-numerical geomorphology variable is ranked according to the relative resistance of a given landform to 

erosion. Regional coastal slopes are considered to be very low risk at values >0.2 percent; very high risk consists of regional slopes 
<0.025 percent. The rate of relative sea-level rise is ranked using the modern rate of eustatic rise (1.8 mm/yr) as very low risk. Since 
this is a global or "background" rate common to all shorelines, the sea-level rise ranking reflects primarily regional to local isostatic 
or tectonic effects. Shorelines with erosion/accretion rates between -1.0 and +1.0 m/yr are ranked as moderate. Increasingly higher 
erosion or accretion rates are ranked as correspondingly higher or lower risk. Tidal range is ranked such that microtidal coasts are 
high risk and macrotidal coasts are low risk. Mean wave height rankings range from very low (<0.55 m) m to very high (>1.25 m).
 In previous and related studies (Gornitz, 1990; Shaw et al., 1998), large tidal range (macrotidal; tide range > 4m) coastlines 
were assigned a high risk classification, and microtidal coasts (tide range <2.0 m) received a low risk rating. This decision was 
based on the concept that large tide range is associated with strong tidal currents that influence coastal behavior. We have chosen to 
invert this ranking such that a macrotidal coastline is at a low risk. Our reasoning is based primarily on the potential influence of 
storms on coastal evolution, and their impact relative to the tide range. For example, on a tidal coastline, there is only a 50 percent 
chance of a storm occurring at high tide. Thus, for a region with a 4 m tide range, a storm having a 3 m surge height is still up to 1 
m below the elevation of high tide for half a tidal cycle. A microtidal coastline, on the other hand, is essentially always "near" high 
tide and therefore always at the greatest risk of inundation from storms.

COASTAL VULNERABILITY INDEX

 The coastal vulnerability index (CVI) presented here is similar to that used by Gornitz et al. (1994), as well as to the 
sensitivity index employed by Shaw et al. (1998). The index allows the six physical variables to be related in a quantifiable manner. 
This method yields numerical data that cannot be directly equated with particular physical effects. It does, however, highlight those 
regions where the various effects of sea-level rise may be the greatest. 

 Once each section of coastline is assigned a risk value based on each specific data variable, the coastal vulnerability index 
is calculated as the square root of the geometric mean, or the square root of the product of the ranked variables divided by the total 
number of variables as

CVI =   ( ( a∗b∗c∗d∗e∗f ) / 6 )
 

where, a = geomorphology, b = coastal slope, c = relative sea-level rise rate, d = shoreline erosion/accretion rate, e = mean tide 
range, and f = mean wave height.

RESULTS

 A map of the coastal vulnerability index for the U.S. East Coast is shown in Figure 1. The calculated CVI values range from 
1.22 to 39.52. The mean CVI value is 14.75; the mode is 24.49; and the median is 15.49. The standard deviation is 7.7. The 25th, 
50th, and 75th percentiles are 8.7, 15.6 and 20.0, respectively.
 Histograms of the CVI values are shown in Figure 2. The CVI scores are divided into low, moderate, high, and very high-
risk categories based on the quartile ranges and visual inspection of the data (Figure 2). CVI values below 8.7 are assigned to the 
low risk category. Values from 8.7-15.6 are considered moderate risk. High-risk values lie between 15.6-20.0. CVI values above 
20.0 are classified as very high risk.
 Figure 3 shows a bar graph of the percentage of shoreline in each risk category. A total of 23,384 km of shoreline is ranked 
in the study area. Of this total, 27 percent of the mapped shoreline is classified as being at very high risk due to future sea-level rise. 
Twenty-two percent is classified as high risk, 23 percent as moderate risk, and 28 percent as low risk.

 The mapped CVI values (Figure 1) show numerous areas of very high vulnerability along the coast, particularly along the 
mid-Atlantic coast (Maryland to North Carolina) and northern Florida. The highest vulnerability areas are typically high-energy 
coastlines where the regional coastal slope is low and where the major landform type is a barrier island. A significant exception to 
this is found in the lower Chesapeake Bay. Here, the low coastal slope, vulnerable landform type (salt marsh) and high rate of 
relative sea-level rise combine for a high CVI value.
 The coastline of northern New England, particularly Maine, shows a relatively low vulnerability to future sea-level rise. 
This is primarily due to the steep coastal slopes and rocky shoreline characteristic of the region, as well as the large tidal range.

DISCUSSION

 The data underlying the CVI show variability at several spatial scales. The rate of sea-level rise, and tide range vary over a 
spatial scale of >100 km. In the case of sea-level rise, this represents the large-scale patterns of isostasy and tectonism present along 
the Atlantic continental margin of North America (Peltier, 1996; Braatz and Aubrey, 1987). Changes in tide range generally reflect 
changes in the configuration of the continental shelf as a whole (e.g., shelf width).
 A second group of variables, consisting of geomorphology and wave height, vary on a ~10 km scale that reflects primarily 
the landward changes in environments and energy in the coastal system. For example, there is a nearly continuous chain of barrier 
islands backed by estuaries and lagoons along the open-ocean coast from eastern Long Island, New York to the Florida Keys.
 The shoreline erosion/accretion rates vary on a spatial scale equal to the minimum size of our grid, which is 3 minutes or ~6 
km. It is this variable which adds the greatest variation to the CVI values. As described above, this is also the variable in our data set 
that is the least well-documented. 
Regional Examples
 To highlight the nature of the CVI and its underlying data, different index variables from two geographic regions are 
presented below.
 New York to New Jersey
 The CVI values for this region (Figure 4) correlate best with the geomorphology (Figure 5) variable. The open-ocean 
shoreline, for example, is composed primarily of high-risk sandy barrier islands, while risk due to geomorphology is lower for the 
lagoons and along the bluffs of northern Long Island. The coastal slope (Figure 6) is relatively steep (low risk) throughout much of 
this area, but becomes lower (relatively higher risk) in southern New Jersey.
 The smaller-scale variations in the CVI values are influenced primarily by changes in shoreline erosion rate (Figure 7). Two 
ways in which the erosion rate impacts upon the CVI are evident. First, the lack of data for lagoon shorelines along southern Long 
Island and southern New Jersey causes erosion rates there to default to the values for the open-ocean shoreline (e.g., Jones Island). 
This is partially an artifact of the original CEIS data set, but also the coarse grid size (0.25 degrees) used by Gornitz and White 
(1992) from which these data were obtained for this study. Second, where other variables are essentially equal (e.g., southern New 
Jersey), the erosion rate data dominate the CVI. The combined effect of these two problems is particularly visible just north of Cape 
May, where a short reach of shoreline, extending from the barrier island coast to the lagoon, has an anomalously low CVI ranking. 
This is in contrast to the reach of shoreline just south of the Mullica River that has a similar physiographic setting. As described 
above, updated and higher-accuracy shoreline change data are needed to rectify such problems.
 North Carolina to Georgia
 Along the North Carolina, South Carolina, and Georgia coasts the variability in the CVI ranking (Figure 8) is more strongly 
influenced by different variables than the New York - New Jersey coast. Here, geomorphology is still the dominant variable (Figure 
9). Variations in the CVI, however, are apparent due to the rate of relative sea-level change and wave height. The rate of sea-level 
change (Figure 10) is lowest at Cape Fear, North Carolina, due to long-term tectonic uplift of the mid-Carolina Platform High, also 
known as the Cape Fear Arch (Gohn, 1988). This factor places the risk due to sea-level rise for Cape Fear into the moderate 
category when other risk variables would give it a higher risk.
 The risk due to wave height varies between the north and south sides of Cape Hatteras and Cape Lookout (Figure 11), and 
generally decreases from Cape Hatteras southward into the Georgia embayment. This reflects differences in wave energy at two 
spatial scales. At the scale of each cape, there is a substantial difference in wave energy between the east-facing (high energy) and 
south-facing (lower energy) cape flanks. This is due in part to the orientation of the shoreline relative to the open Atlantic Ocean, 
and in part to the sheltering effect of the large sand shoals that extend several kilometers southeast from each cape (Heron et al., 
1984). The decrease in wave energy from Cape Hatteras to Georgia is due primarily to the increasing continental shelf width in this 
region.

SUMMARY

 The coastal vulnerability index (CVI) provides insight into the relative potential of coastal change due to future sea-level 
rise. The maps and data presented here can be viewed in at least two ways: 1) as a base for developing a more complete inventory of 
variables influencing the coastal vulnerability to future sea-level rise to which other elements can be added as they become 
available; and 2) as an example of the potential for assessing coastal vulnerability to future sea-level rise using objective criteria.
 As ranked in this study, coastal geomorphology is the most important variable in determining the CVI. Coastal slope, wave 
height, relative sea-level rise, and tide range provide large-scale variability to the coastal vulnerability index. Erosion and accretion 
rates contribute the greatest variability to the CVI at short (~3 km) spatial scales. The rates of shoreline change, however, are the 

most complex and poorly documented variable in this data set. The rates used here are based on a dated, low-resolution data set and 
thus far corrections have been made only on a preliminary level. To best understand where physical changes may occur, large-scale 
variables must be clearly and accurately mapped, and small-scale variables must be understood on a scale that takes into account 
their geologic, environmental, and anthropogenic influences.
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Figure 3. Bar graph showing the 
percentage of shoreline along the 
U.S. Atlantic coast in each risk 
category. The graph also shows the 
total length of shoreline (in 
kilometers) in each risk category. 
The total length of mapped shoreline 
in this study is 23,384 km.

Table 1. Ranking of 
coastal vulnerability
index variables.

LONG ISLAND SOUND

LONG ISLAND SOUND

LONG ISLAND SOUND
LONG ISLAND SOUND

Long Island

Long Island

Long Island
Long Island

Mullica River

Jones Island

Cape May

Cape May

Cape MayCape May

Georgia

Georgia Georgia

Georgia

Cape Fear

Cape 
Hatteras

Cape Lookout

Cape Fear

Cape Romain

Figure 2. Histograms 
showing the frequency of 
occurrence and cumulative 
frequency of CVI values for 
the U.S. Atlantic coast. The 
vertical red lines delineate 
the chosen ranges for low, 
moderate, high, and very 
high risk areas.

Mullica River
Mullica River

Mullica River

Maine

Massachusetts

Connecticut RI

New
York

New
Jersey

Virginia

North Carolina

South Carolina

Georgia

Florida

DE

Maryland

New
Hampshire

Pennsylvania

Jones Island

New York to New Jersey example North Carolina to Georgia example

0

200

400

600

800

8.7 15.6 20.0

Very low Low Moderate High Very high 

1 2 3 4 5

Ranking of coastal vulnerability index

VARIABLE

Coastal Slope (%)   >0.115 0.115 − 0.055 0.055 − 0.035 0.035 −0.022 < 0.022

Geomorphology
Rocky, cliffed coasts

Fiords
Fiards

Medium cliffs
Indented coasts

Low cliffs
Glacial drift Salt marsh

Coral reefs

Alluvial plains

Cobble beaches
Estuary
Lagoon

Mangrove

Barrier beaches
Sand Beaches

Mud flats
Deltas

Relative sea-level
change (mm/yr) < 1.8 1.8 − 2.5 2.5 − 3.0 3.0 − 3.4 > 3.4

Shoreline erosion/
accretion (m/yr)

>2.0 1.0 −2.0 -1.0 − +1.0 < - 2.0-1.1− -2.0
 Stable ErosionAccretion

Mean tide range (m)
Mean wave 
height (m)

<0.55 0.55 − 0.85 0.85 − 1.05 1.05 −1.25 >1.25

> 6.0 4.1 − 6.0 2.0 − 4.0 1.0 −1.9 < 1.0

Figure 6:  Map of the CVI for Maine, New Hampshire 
and Massachusetts. The CVI shows the relative 
vulnerability of the coast to changes due to 
future rise in sea-‐level. Areas along the coast are 
assigned a ranking from low to high risk, based on 
the analysis of physical variables that contribute to 
coastal change. 
Source: http://woodshole.er.usgs.gov/project-‐pages/cvi 

Figure 7:  Regional physical sensitivity of coastline 
to sea level rise in Nova Scotia and New Brunswick. 
Source: http://atlas.nrcan.gc.ca/site/english/maps/
climatechange/potentialimpacts/coastalsensitivitysealevelrise
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4. Impacts

Climate change is a physical process, but because of the dependency 
of humans on the availability and quality of natural resources (e.g., air, land, 

water, biota, and materials) any changes in the physical characteristics of the 
environment will be re4ected by cumulative, interacting social and economic 
impacts. 2eir intensity and frequency will not be the same due to variations in 
site-speci5c characteristics (SNIFFER 2009). Coastal areas and communities will 
be amongst the highest at risk because of their proximity to the sea. 

2e direct risks and impacts of climate change will depend largely on the den-
sity of human populations and characteristics of settlements on the coastal strip 
(Lemmen et al. 2008). Average population density along the coastline is relatively 
low, but high densities occur in coastal cities (e.g., Boston and Portland). 2e Gulf 
of Maine has a wide range of human settlements and development over its coast-
line and population density is expected to increase, particularly in areas close to 
the larger coastal cities over the next 30 years (Pesch and Wells 2004). 

2e potential risks and impacts of climate change on human society have been 
identi5ed at global (IPCC 2007c) and regional levels for both Canada and the 
United States (Lemmen et al. 2007; Climate Change Science Program 2008; US 
Global Change Research Program 2009; Jacobsen et al. 2009). 2ese relate to 
human well-being, disruption of infrastructure and networks, access to goods and 
services, and adaptive capacity of communities to deal with the issue (Table 2). 
Not all potential impacts can be classi5ed as negative as there are positive aspects 
that have been cited.

It is di;cult to measure many of the impacts, although some impacts can be 
evaluated in 5nancial terms. For instance, the costs of storm and hurricane 
damage on coastal areas can be extremely high, as evidenced by estimates for 
Hurricane Katrina, the most costly natural disaster in US history, which generated 
damage in excess of US$100 billion (commercial structure damages of $21 billion, 
commercial equipment damages of $36 billion, residential structure and content 
damages of almost $75 billion, electric utility damages of $231 million, highway 
damages of $3 billion, sewer system damages of $1.2 billion and commercial 
revenue losses of $4.6 billion) (Burton and Hicks 2005). By comparison, in a less 
populated area the estimated costs of Hurricane Juan, which passed over Nova 
Scotia in 2003, amounted to CAD$200 million (Lemmen et al. 2008).

Table 2:  Potential socio-‐economic impacts associated with climate 
change (not presented in any order of priority -‐ derived from SNIFFER 
2009; Lemman et al. 2008; Climate Change Science Program 2008).
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HEALTH AND WELL-‐BEING

Physical injuries Increased injuries and deaths due to flooding, high winds, and storms.
Reduced access to health care due to disruption of services.

General health Increased heat-‐related mortality and morbidity particularly the elderly.
Increase in infectious diseases due to flooding and increase in damp conditions.
Exposure to chemicals from damage and overflow from pipelines and other storage utilities. 
Increase in disease vectors resulting from temperature and precipitation shifts.

Mental health Anxiety, stress and other mental health problems due to heat, flooding and storm events, as 
well as possible evacuation or migration.

Safety and crime Increased risk of social unrest, crime and violence. 
Increased risk of exposure to fires, chemical spillages, electricity.  

ACCESS TO GOODS AND SERVICES

Land Loss of land along the coastline and riparian areas for multiplicity of purposes (e.g., housing, 
agriculture, recreation).
Increased costs of land preparation to prevent flooding along coastline and riparian areas.

Water Threat of access to potable water due to saline intrusion of freshwater aquifers.
Threat of access to potable water due to contamination of water supplies and and disruption 
of treatment works and supply infrastructure.
Risk of sewer overflows.

Food Loss of riparian and coastal land area suitable for agriculture. 
Reduced availability and increased cost of agricultural (animal, dairy and vegetable) 
products due to wet weather and flooding.
Reduced availability of fish/shellfish due to water quality.

Housing Damage and loss of buildings and property during floods and storms.
Increased cost of housing in coastal areas.
Employment and business opportunities in sustainable construction and design.

Energy Disruption to electricity supplies during weather events.
Outages of production lines for manufacturing.

Employment and education Opportunities for business, education, skills and jobs relating to climate change.
Loss of business, skills and jobs relating to agriculture and tourism due to business failure 
and/or costs to business from storm events, etc.
Loss of pupil/teaching days due to storm damage to educational buildings.

Leisure and recreation Disruption of sports events and recreational activities.
Reduced access to leisure, cultural facilities and historic buildings and sites.
Opportunities for alternative activities.

Landscapes and nature Damage and reduced access to ecosystems, historic and cultural landscapes, green spaces 
and gardens.

Transport and mobility Disruption of transport and communication networks.

Business and finance Increased costs for establishing and maintaining business facilities and operations in 
sensitive areas.
Increased costs of insurance.
Opportunities for new technology and business.

ADAPTIVE CAPACITY

Social inclusion/cohesion Dislocation from family and community through evacuation. Disadvantaged and elderly 
people are particularly at risk.
Community conflict over resource allocations.
Increases in the sense of community in face of common risks.

Participation in climate 
change adaptation measures

Exclusion and/or non-‐participation of vulnerable groups.

4. Impacts
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5. Actions and  Responses

There are two strategies for responding to the potential risks  
and impacts of climate change (IPCC 2007c): (1) mitigation, which involves 

policies and interventions to reduce GHG emissions or enhance the sinks of 
gases that remove them from the atmosphere (e.g., forests and vegetation), and 
(2) adaptation, which is based on preparing for, and minimizing, the predicted 
impacts of climate change. 

2e current international mechanism for countries to reduce their emissions 
is the United Nations Framework Convention on Climate Change (UNFCCC), 
which for many years has been focussing on decreasing gas emissions through 
the Kyoto Protocol.  At the 15th Conference of Parties in Copenhagen, Denmark 
in 2009 it was agreed that countries would reassess their base years and emission 
targets for 2020 through the Copenhagen Accord. While there is disagreement 
about emission targets, and mechanisms to achieve these, there is unanimity 
about the importance of pursuing adaptation actions as indicated by the clause 
No 3 in the Copenhagen Accord, which states “[a]daptation to the adverse e3ects 
of climate change and the potential impacts of response measures is a challenge 
faced by all countries. Enhanced action and international cooperation on 
adaptation is urgently required to ensure the implementation of the Convention 
by enabling and supporting the implementation of adaptation action”.  2is is 
re4ected by policies and action plans of federal, state, and provincial governments 
associated with the Gulf of Maine area (Table 3). 

2e Conference of New England Governors and Eastern Canadian Premiers 
(NEG/ECP) has committed to a Climate Change Action Plan (August 28, 2001; 
NEG/CEP 2001) that identi5es steps to address those aspects of global warming 
that are within the region’s control. 2e Plan requires the development of a 
comprehensive and coordinated regional plan for reducing greenhouse gases, 
and a commitment by each jurisdiction to reach speci5ed reduction targets for 
the region as a whole. In particular, the mid-term goal is to reduce regional GHG 
emissions by 10% below 1990 emissions by 2020.

2e impacts of sea level rise and storm events will likely be very site-speci5c and 
coastal risk is generally dealt with at a municipal planning level, with assistance 
from the provincial or state governments, as well as federal agencies (Leys 2009). 
Strategic decisions will be required by communities and governments, and funds 
will be needed for programs to protect key public infrastructure and 4ood and 
hazard-prone communities (e.g., dyke lands, transportation systems). 2ere is 
presently little information on current local initiatives to deal with sea level rise.

Emergency response preparedness both at a municipal and provincial/state level 
will be critical to ensuring minimal damage and loss of life due to impacts of sea 
level rise. 2e following legislation is already in place for the various provinces 
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JURISDICTION POLICY LEGISLATION
ACTION PLAN/ 

PROGRAMS COMMENTS

United States 
of America

House of Representatives passed a climate change bill 
in 2009, which did not win passage in the Senate. New 
legislation is being proposed. Federal research being 
coordinated by the Office of the President through an 
integrated program.  http://www.globalchange.gov   

Canada Climate Change Accountability Bill C-‐311 passed by 
Parliament in 2007. National activities on climate 
change impacts and adaptation are being coordinated 
by the Department of Natural Resources http://
adaptation.nrcan.gc.ca/index_e.php  

Massachusetts Global Warming Solutions Act passed in 2008. Climate 
change planning and implementation under the 
Executive Office of Energy and Environmental Affairs. 
The Office of Coastal Zone Management advancing 
adaptation through its StormSmart Coasts program.
http://www.mass.gov/czm/stormsmart/index.htm

New Hampshire Climate Change Action Plan published in 2009. 
Program operated through the Department 
of Environmental Services.  http://des.nh.gov/
organization/divisions/air/tsb/tps/climate/index.htm

Maine Maine legislature passed a bill in 2003 charging 
the Department of Environmental Protection with 
responsibility for developing and implementing action 
plan.   http://www.maine.gov/dep/air/greenhouse/

New Brunswick Climate Change Secretariat within the Department of 
Environment and an Action Plan 2007-‐2012
http://www.gnb.ca/0009/0369/0015/0001-‐e.pdf

Nova Scotia Action plan being developed and coordinated by the 
Department of Environment
http://climatechange.gov.ns.ca/ActionPlan

and states around the Gulf of Maine:
New Brunswick – Emergency Measures Act, 1978 (http://www.gnb.
ca/0062/PDF-acts/e-07-1.pdf)
Nova Scotia – Emergency Management  Act, 1990 (http://www.gov.ns.ca/
legislature/legc/index.htm)
Maine – Maine Emergency Management Act, 1987 (Maine Revised 
Statutes Title 37-B, Chapter 13; http://www.mainelegislature.org/legis/
statutes/37-B/title37-Bch13sec0.html) 

All jurisdictions have provincial/state emergency management and response 
organizations that are mandated to co-ordinate emergency response at all levels 

Table 3:  Examples of response activities and actions being 
undertaken by governments associated with the Gulf of Maine.  

5. Actions and Responses
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within each province/state. Responsibilities include mitigation of the e3ects of 
emergencies by providing assistance in planning before an emergency occurs, 
by coordinating the provision of resources when an emergency occurs and by 
assisting with analysis and evaluation a9er an emergency. 2ese emergency 
management and response agencies include:

Nova Scotia Emergency Management O;ce (http://www.gov.ns.ca/
EMO); 
New Brunswick Emergency Measures organisation (http://www.gnb.
ca/cnb/emo-omu/index-e.asp);
Maine Emergency Management Agency, Department of Defense, 
Veterans and Emergency Management (http://www.state.me.us/mema/); 
New Hampshire Bureau of Emergency Management, Department of 
Safety, Homeland Security and Emergency Management (http://www.
nh.gov/safety/divisions/bem/); and
Massachusetts Emergency Management Agency (http://www.mass.gov). 

National emergencies are dealt with in the US by the Federal Emergency 
Management Agency (FEMA; http://www.fema.gov/). National policy, response 
systems and standards for Canada are developed by Public Safety Canada (http://
www.publicsafety.gc.ca/ prg/em/index-eng.aspx), which works with provincial 
emergency management agencies across the country. 

5. Actions and Responses
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INDICATOR POLICY ISSUE DPSIR TREND* ASSESSMENT

Average annual land and water temperatures Global warming Pressure – Poor

Land subsidence Exacerbates sea level rise Pressure – Fair

Sea level in the Gulf of Maine Causes inundation and flooding State – Poor

Coastal vulnerability indices Sensitivity to sea level rise State / Fair

Occurrence of storm events Worsens impacts from sea level rise State – Poor

Costs of damage Increasing costs of impacts Impact / Fair

* KEY:
– Negative trend
/ Unclear or neutral trend
+ Positive trend
? No assessment due to lack of data

Data Confidence
Projected global sea level rise determined through modelling based on scientific research. Sea 

level rise in the next century ranges from 50 cm to 190 cm, an order of magnitude difference. 

Regional land subsidence estimates are also modelled to determine current subsidence levels. 

However, these have been verified through values from local sea level gauges. 

Sea level rise at fixed points provide a close estimate of current sea level rise, although future 

trends are uncertain.

Comprehensive information is available on storms that have affected the Gulf of Maine, but 

there is little confidence in future storm predictions.

Data Gaps
Vulnerability of communities to sea level rise needs to be determined at a local level. 

There is little information on local responses to sea level rise.

There is little information on any of the possible impacts from climate change. There are few 

data on cost estimates of events causing damage.

INDICATOR SUMMARY

5. Actions and Responses
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