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To understand and mitigate the 
challenges caused by potential extreme 
events related to climate change, the 
Massachusetts Army National Guard (MA 
ARNG) initiated one of the defense industry’s 
first and most comprehensive climate change 
vulnerability assessments at Camp Edwards 
in Massachusetts. The effort identified at-
risk infrastructure using a state-of-the-art, 
GIS-based, sea level rise and storm surge 
inundation model. The GIS model, developed 
by Kleinfelder based on the methodology used 
by the National Oceanic and Atmospheric 
Administration (NOAA) Coastal Services 
Center to map sea level rise inundation, 
was approved by MA ARNG. It was used 
to develop a quantitative and qualitative 
climate risk matrix from which the Guard is 
able to prioritize planning areas and prepare 
adaptation and resiliency plans. 

Data-Driven Approach
The 22,000-acre Camp Edwards National 
Guard Base, commonly known as the 
Massachusetts Military Reservation (MMR), 
is located on Upper Cape Cod in Barnstable 
County, a low-lying, coastal peninsula with 
a fragile connection to the mainland. Sea 
level rise and storm surge are a primary 
concern to this area. MA ARNG contracted 
Kleinfelder, an architecture, engineering, 
and science consulting firm headquartered 
in Riverside, California, to conduct a cli-
mate change coastal flooding vulnerability 
assessment and prioritize adaptation solu-
tions to these impacts on MMR infrastruc-
ture, training, and operations. 
 The GIS model includes both current 
and predicted data. High-resolution digital 
elevation models (DEMs) built from lidar 
terrain data with high vertical accuracy 
and tidal elevation data from the NOAA 
tidal gage stations surrounding the base 
provided a basis for mapping existing to-
pography and tidal surface conditions. The 
team used the Highest Astronomical Tide 
(HAT) datum, which represents the high-
est predicted astronomical tide expected 
to occur at a specific tide station over the 
National Tidal Datum Epoch. [The NTDE 
is a specific 19-year period used by NOAA’s 
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National Ocean Service as the official time 
period during which tide observations are 
taken and reduced to obtain mean values.]
 The GIS model also incorporates the pre-
dicted sea level rise values for 2020 and 2060. 
The predicted tidal surface elevation for these 
future periods is a combination of present 
tidal elevation and projected sea level rise 
values as a result of climate change impacts. 
For the Base assessment, the team used pre-
dicted storm surge depths based on a worst-
case Category 3 hurricane as predicted by the 
US National Weather Service’s Sea, Lake, and 
Overland Surges from Hurricanes (SLOSH) 
model to determine the projected water sur-
face elevation at MMR. 
 The potential impacts of temperature and 
precipitation on MMR as a result of climate 
change were based on 2011 Massachusetts 
Climate Change Adaptation Report projec-
tions. [This report describes the findings of a 
state advisory board regarding the develop-
ment and implementation of strategies that 
would allow Massachusetts to better adapt to 
climate change.]
 In summary, the important climate 
change indicators identified included
• Anticipated sea level increase of 4 to 

6 inches by 2020 and 12 to 27 inches by 2060
• Potential increase in storm surge events 

with the current 100-year flooding event 
(i.e., a flood so large there is a 1 percent 
chance of it happening every year) recur-
ring once every 35 to 55 years, with an 
increase in flood elevation

• Extreme precipitation events (i.e., precipi-
tation greater than 2 inches in a 24 hour 
period), total rainfall associated with five 
consecutive wettest days of the year, and 
precipitation intensity are all projected to 
increase by 2020 and progressively higher 
by 2060

• Days with extreme temperature (i.e., 
greater than 90° F) are projected to in-
crease to approximately 20 and 40 days, 
respectively, by 2020 and 2060. 

 For the coastal inundation analysis, the 
team used Esri’s ArcGIS for Desktop with 
the ArcGIS Spatial Analyst and the sea level 
rise and storm surge GIS datasets to evaluate 
the extent and depth of inundation of areas 
in and around the MMR for the two planning 
horizons. The projected inundation areas 
were evaluated for hydrological connectivity 
to the ocean. Hydrologically disconnected 
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low-lying areas greater than one acre were 
identified as potential flood areas in case of 
a breach of higher elevations. The inundation 
maps were presented in two categories—po-
tential inundation areas from sea level rise, 
and potential inundation areas from storm 
surge and sea level rise. The maps further 
provided the basis for development of a quan-
titative and qualitative risk-based matrix.
 The GIS model also incorporated the 
extent of flooding from two historic hur-
ricanes, the Great New England Hurricane 
of 1938 and Hurricane Irene in 2011. Both 
of these events affected the Base and sur-
rounding areas. The analysis projected that 
the flooding extent from future sea level rise 
and storm surge will be greater than from 
these past hurricanes.

Probable Consequences
The Guard’s climate change assessment 
focused on the estimated risk to infrastruc-
ture and facility operations, environmental 
concerns, training and test ranges, missions, 
and military training activities, as well as 
community and regional dependencies. 
 In this case, risk is equal to the conse-
quence of climate change impact multiplied 
the probability of occurrence of that impact. 
Consequence is the impact to the Guard’s 
ability to execute its military objectives. The 
higher the consequence, the more negative 
the impact. Probability is the likelihood that 
a projected climate change impact will occur. 
Some climate change indicators—such as sea 
level rise and higher temperatures—are very 
likely in the Camp Edwards area, whereas 
more frequent droughts have a lower prob-
ability of occurrence. 
 Linking highest likelihood of occurrence 
of near-term and long-term quantitative 
impacts (i.e., sea level rise of 4–6 inches by 
2020 and 12–27 inches by 2060) with the 
potential consequences and implications 
to the physical infrastructure, training, and 
operations provides the Guard with a com-
prehensive, detailed qualitative risk matrix 
that can be used to prepare a climate 
change preparedness plan. 
 For instance, the risk matrix indicates 
a low risk of significant flooding on the 
Base. However, the surrounding low-lying 
areas are at high risk from sea level rise and 
storm surge impacts. Likely, coastal flood-
ing will have some impact on the area’s 

transportation and energy infrastructure. 
Damage to roads could make them inacces-
sible. Since one of the Guard’s missions is to 
protect the civilian population in times of 
emergency, damaged infrastructure could 
hinder the Guard’s ability to rescue civil-
ians trapped in inundated areas, especially 
in case of hurricanes, storm surges, and ice 
storms. Permanent and temporary inunda-
tion of low-lying areas surrounding the Base 
may cause encroachment from surrounding 
civilian areas, resulting in potential loss of 
training areas and competition for existing 
resources, such as water and electricity. 

Adaptation and Prioritization
Once impacts and associated risks were 
identified and quantified in the risk matrix, 
the team developed a comprehensive ad-
aptation plan. The Guard’s adaptation plan 
incorporates possible short- and long-term 
solutions to mitigate impacts from extreme 
events and will help prioritize climate 
change adaptation strategies. 
 Because of its close relationship with the 
surrounding community, the Guard’s infra-
structure adaptation plan will likely involve a 
number of outside stakeholders, such as mu-
nicipalities, infrastructure owners, and public 
health officials. A key goal for the Guard 
moving forward is to outline its expected 
level of responsibility for each stakeholder 
and ensure that adequate support is in place 
from other supporting entities and agencies. 
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