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Executive Summary  

In the context of climate change mitigation, a great deal of attention is currently focused 

on the use of renewable fuels and technology for electricity generation, with a particular 

emphasis on wind power. Many states face regulatory policy imperatives that add to this pressure, 

such as Renewable Portfolio Standards (RPS) and regional greenhouse gas (GHG) cap-and-trade 

programs. This paper uses a geographic information system (GIS) to conduct a suitability 

analysis for wind power in Massachusetts that addresses physical, human, and environmental 

criteria. The results of the suitability analysis of onshore and offshore areas demonstrate that the 

vast majority of wind resources exploitable by Massachusetts exist offshore in the contentious 

waters of Cape Cod, Martha’s Vineyard, and Nantucket. Indeed, only 124 hectares of land 

(located in the Berkshires in western Massachusetts) are rated as “Excellent” for wind power 

development, compared to 81,928 hectares offshore. If fully exploited, these land and ocean 

areas translate to approximately 23 MW and almost 9000 MW of nameplate capacity 

respectively. 

Introduction  

Global climate change is an issue of importance to policymakers and the general public. 

In its 2007 report, the Intergovernmental Panel on Climate Change states with very high 

confidence that human activities—primarily through the addition of GHGs to the atmosphere—

are warming the climate with likely dangerous results, including rising sea levels, increases in 

severe weather, agricultural disruption, and species extinctions. The US emits roughly one fifth 

of global GHG emissions (or approximately 15% of global emissions when one includes GHGs 

from land use change, e.g. deforestation) (CAIT 2008). In the US, carbon dioxide from fossil 

fuel combustion accounts for roughly 82% of total anthropogenic GHG emissions (EIA 2007). In 
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2006, electricity generation accounted for roughly 40% of all US CO2 emissions (EIA 2007). 

Given the large percentage of total US and global emissions from electric power generation, 

climate change mitigation policies must address this sector. Wind power is one of the options 

available for the portfolio of policies and technologies necessary to significantly reduce GHG 

emissions and avoid dangerous anthropogenic climate change (Pacala and Socolow 2004).  

The US did not ratify the Kyoto Protocol nor has it adopted mandatory federal 

regulations of GHG emissions in the form of a carbon tax or a cap-and-trade program. In the US, 

significant climate change regulation to date has taken place at the state and regional level. For 

example, 29 states plus the District of Columbia have mandatory Renewable Portfolio Standards 

(RPS) that set requirements for the percentage of electric power or the absolute number of 

megawatts that the states must obtain from qualified renewable energy sources—including wind 

power (EERE 2008). In addition to RPS, several Northeastern US states participate in the 

Regional Greenhouse Gas Initiative (RGGI), which created a cap-and-trade program covering 

GHG emission from the electric power sector. New wind power generation is one way for power 

producers in the RGGI-member states to reduce their reliance on fossil-fuel-based electricity 

generation.  

An RPS requires that all affected energy providers include a certain amount of renewable 

energy in their portfolios. As a policy tool, an RPS serves as a combination of carrot and stick. 

An RPS requires that energy providers generate mandated levels of renewable energy, or risk 

financial penalties. At the same time, however, an RPS produces an incentive for private 

investment in renewable energy by creating a guaranteed market for the product.   

In most Renewable Portfolio Standards, a wide range of renewable energy sources (wind, 

solar, hydro, biomass, etc.) qualify toward the RPS requirement and can be used in any 
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combination. Of renewable energy sources, only wind power has achieved commercial success 

and been able to compete with fossil fuel prices. Consequently, the high cost of most renewable 

energy sources has forced states to rely on wind power to fulfill the majority of their RPS 

requirements. In fact, the staggering growth of wind power capacity witnessed over the past few 

years is due, in large part, to the RPS requirements enacted by the states. The total installed wind 

capacity in the U.S. increased by 45% in 2007, with wind power accounted for 30% of all the 

energy capacity added to the transmission grid during the year (AWEA 2008b). 

Most states that have enacted an RPS have increasing requirements that stretch years into 

the future, and additional states enact RPS policies each year. Wind power will continue to be 

relied on to meet these requirements. States will want to assess the potential for wind power 

capacity before setting their RPS targets. Developers will want to know which states have the 

most untapped wind power potential and favorable siting prospects. For both the states that have 

enacted an RPS and private developers interested in investing in a wind project, there is great 

value in assessing and quantifying the wind power potential throughout the United States and the 

use of GIS will enhance such an analysis. 

As discussed in detail below, several studies have used GIS to estimate the potential for 

renewable energy, including wind power. This study uses GIS to conduct a suitability analysis to 

identify and rate the onshore and offshore locations in Massachusetts that may be appropriate for 

new wind power installations. This paper focuses on Massachusetts for five reasons. First, 

Massachusetts both has an RPS in place and is a member of RGGI. Second, a 2007 study by 

Levitan and Associates estimated the wind power potential of all of New England using 

simplistic suitability criteria upon which this study improves. Third, Massachusetts currently has 

very little installed wind power capacity—only 3 MW of nameplate capacity in operation and 15 
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MW more under construction (Levitan 2007).1 Fourth, Massachusetts has seen extensive 

controversy surrounding the Cape Wind project, which would be the first American offshore 

wind farm with 130 wind turbines on Nantucket Sound producing an estimated 420 MW of 

power (Cape Wind 2008). Lastly, the Massachusetts state government maintains a wealth of GIS 

data on its website thus greatly facilitating a suitability analysis.  

Literature Review 

States, electric utilities, and research organizations have used GIS to assess wind energy 

resources for several years. The academic and professional literature focused on energy and 

natural resources contains many examples of the use of GIS to assess wind power in the US and 

abroad.  Several studies performed in the past have informed both the methodology and the 

assumptions used for this study’s suitability analysis. 

The academic literature contains several recent examples of researchers using GIS to 

estimate the potential for renewable energy—particularly wind power—in certain geographic 

areas (Ramachandra and Shruthi 2005; Rodman and Meentemeyer 2006; Yue and Wang 2006; 

Bravo et al. 2007; Nguyen 2007). To estimate the geographic areas suitable for wind power 

development, the academic studies excluded areas that included: human living areas; 

ecologically sensitive areas (e.g. wetlands, beaches, estuaries); conservation land; water hazards 

(e.g. lakes, rivers); and transportation infrastructure (e.g. roads, railways, airports).  

In particular, the wind power suitability analysis conducted by Rodman and 

Meentemeyer (2006) influenced this study. Rodman and Meentemeyer investigated a 

comprehensive set of suitability filters in their geographic analysis of nine counties in the San 

Francisco bay area of California. The study was designed to assess the suitability of wind power 

                                                

 

1 As of January 2007. Nameplate capacity refers to the output of an electricity generation unit at its maximum level 
of output. A commercial-scale coal power plant often has a nameplate capacity of 500+ MW. 
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for policy planning purposes by predicting the amount of energy demand wind power could meet 

by taking advantage of locations that would minimize controversy and improve the public 

perception of wind power in light of the controversy wind power development has sometimes 

sparked in California. In addition to urban area locations and wind power data, the Rodman 

study included data from elevation and slope gradient studies, ridge-line locations from the 

United States Geological Survey, vegetation, habitat areas for endangered species, and public 

parklands.   

Rodman and Meentemeyer divided the various input constraints into three classes: 

physical model factors, environmental model factors, and human impact models. Each data layer 

in the three classes was assessed for suitability, and then each class was evaluated as a whole.  

This approach allowed the researchers to identify the separate and joint impacts of different 

restriction factors on the suitability of the terrain. 

Several non-academic studies have also used GIS to estimate the potential for wind 

power. The literature review for this study focused on research related to New England. In 2007, 

the New England Independent System Operator (ISO-NE) commissioned research on the 

onshore and offshore wind resources in New England from Levitan & Associates, Inc. The 

Levitan report explores two major concepts central to the development of wind energy: an 

assessment of the maximum theoretical potential of wind in the region (a projection operating 

under the assumption that the entire portion of New England meeting some basic suitability 

criteria is developable for wind power), and an analysis of historic wind data. The historic data 

are used to quantify patterns and the variability of wind resources in order to determine the 

unforced capacity of wind (UCAP), an estimate of the amount of dependable energy that can be 

derived from wind resources based on season and location.   
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The Levitan study begins with the assumption that the entire New England region is 

usable for wind development. The study then applied two significant filters—wind speed and 

population density—to eliminate unsuitable areas to determine the maximum theoretical 

potential for the state, a measure of energy that could be harnessed if the entire suitable area in 

the state were to be used for wind power. Because of the limited set of geographic constraints 

considered in the study, the amount of developable wind resources available in Massachusetts 

under any realistic scenario is substantially below the theoretical limit of 67,500 MW calculated 

by Levitan.  

Additional reports provided insight into GIS techniques for this study. A 1999 report by 

Energy & Environmental Associates focused primarily on land use designations and associated 

restrictions on energy installations. The Massachusetts Technology Collaborative (2006) 

provides a useful set of criteria specifically for offshore installations, while a 2005 report from 

the Maine Public Utilities Commission contains a maximum theoretical potential analysis based 

on proximity to transmission lines, which is a concept investigated in this study and discussed in 

greater detail below.   

Data  

Based on a review of the relevant literature and drawing upon this study’s authors’ own 

expertise, a list of desired data sources was drawn up. Based on data availability and time 

constraints, only a subset of desired data were collected. Table 1 below describes the full set of 

data collected and used for the suitability analysis. With one exception (offshore water depth) all 

data layers employed the vector data structure, and most data came from the MassGIS website. 

The wind power density data source defined the extent of the area of analysis since the data 
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source covered the entirety of the state of Massachusetts plus an offshore area that roughly 

corresponds to Massachusetts’ state territorial sea (an area extending 3 miles from shore).  

Wind power density is measured in watts per square meter and “incorporates in a single 

number the combined effect of the frequency distribution of wind speeds and the dependence of 

the wind power on air density and on the cube of the wind speed” (NREL 1986). AWS Truewind, 

LLC, generated the wind power density data using MesoMap, a mesoscale numerical weather 

model that generates wind speed data for 200 meter by 200 meter grid cells over large areas. The 

wind power density data file included only the wind power class for each shapefile polygon. 

Table 2 below describes the wind power classes, and Figure 1 shows the onshore and offshore 

wind power density data for Massachusetts. Brower (2007) reviews the New England wind speed 

and wind power density map generated by AWS Truewind and the results of its validation 

against actual wind speed observations. AWS Truewind and the National Renewable Energy 

Laboratory (NREL) compared the initial MesoMap predictions with actual wind speed 

observations from 33 wind monitoring stations and found a root-mean-square error of roughly 

4%. AWS Truewind increased the wind speeds for some coastal and mountain regions as a result 

of the validation exercise. Offshore wind speeds tend to be significantly higher since terrestrial 

ground cover exerts a frictional force on wind slowing it down. Wind speeds on the larger hills 

and mountain tops in Massachusetts also tend also to be high because such areas are elevated 

enough to be exposed to the faster wind speeds at higher altitudes. 

Methods  

The methodology for the suitability analysis for wind power was based on the advice of 

Dr. Ivan Cheung, the wind power suitability analysis conducted by Rodman and Meentemeyer 

(2006), and an example from ESRI (Wayne 2003). This study used the ESRI ArcMap 9.2 GIS. 
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This section explains the abstract calculation of suitability scores, the transformations applied to 

raw data sources, the creation of new data layers for the suitability analysis, the mathematical 

overlays used to calculate suitability scores, and the estimation of theoretical wind power 

capacity.  

In general, a suitability analysis using GIS involves classifying values from different data 

layers into a consistent rating framework (see Table 3 for the rating framework used herein). One 

assigns weightings to each criterion and then performs a mathematical overlay calculation using 

the weightings and the rating values for each data layer. The equation for calculating the overall 

suitability score ( S ) for a geographic area is: 

U
W

WS
S

i
i

i
ii

          

(1) 

where there are i criteria each with weighting Wi and the suitability rating for a criterion for a 

given geographic area is Si. U is a factor equal to 0 if any Si or binary criterion is equal to zero 

and 1 otherwise, so that if a geographic area is rated as unsuitable for any criterion, it is judged 

unsuitable overall. Certain binary suitability criteria were included only in the U term.  

Following the example of Rodman and Meentemeyer (2006), suitability criteria were 

grouped into three categories—physical, human, and environmental. Tables 4-7 below describe 

the suitability criteria used for the analysis of potential onshore wind power. In addition to the 

criteria listed in Tables 4-7, the onshore suitability analysis included National Parks and onshore 

water bodies (e.g. lakes, ponds, streams, and reservoirs) as binary criteria included only in the U 

term. Any geographic areas that were part of National Parks or water bodies had a 0 value for the 

U term. Tables 8-10 below describe the suitability criteria used for the analysis of potential 

offshore wind power. In addition to the criteria listed in Tables 8-10, the offshore suitability 
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analysis included National Parks as a binary criterion where the U term in the suitability score 

equation was equal to zero for any geographic areas that were part of a National Park.  

Suitability ratings (0-4) were assigned to criteria data layer raw values based on findings 

from the review of relevant literature and the authors’ own expertise and judgment. For example, 

AWEA (2008a) notes that large-scale commercial wind farms generally require wind power 

classes of 4 or higher. As such, wind power class 4 was classified as ‘Good’ and higher wind 

power classes were assigned the suitability rating of ‘Excellent.’ Brower (2007) explains that 

areas with wind power classes of 2 or 3 may be suitable for smaller-scale wind power 

development, so such areas were classified as ‘Poor’ and ‘Fair’ respectively for the suitability 

analysis. All other areas were rated as ‘Unsuitable’ for the wind power density criterion. 

Weightings were assigned to the criteria based primarily on the authors’ own expertise and 

judgment.  

With the exception of offshore water depth, all of the data collected for the suitability 

analysis used the vector data structure. To start, the wind power density vectorized raster data 

file was re-rasterized to generate a file with grid cells of 200 meters x 200 meters (the orginal 

size of the raster file created by AWS Truewind). The wind power density data defined the 

extent of the area of analysis. Then for the purposes of the suitability score calculation, all data 

sources underwent three transformations. First, the variable of interest was identified in each 

shapefile and its values were classified into the 0-4 suitability rating framework using a new field 

created in the shapefile. Second, the vector data files were rasterized to create a raster file with 

the same extent as the wind power density data layer and the same size grid cells using the new 

field with the suitability rating as the value for the rasterization. Third, the reclassification 
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function was used to generate a raster file with values for the entire extent of the area of analysis 

for each criteria.  

In addition, two new data files were created for the analysis. The first, distance from 

transmission lines, was created using multiple ring buffers generated around the polylines 

representing transmission lines in the original vector data file from MassGIS (see Figure 2). The 

resultant buffers were then rasterized according to the process outlined above. In addition, a 

distance to shore raster file was calculated using the Euclidean distance calculation feature of the 

ArcMap Spatial Analyst extension (see Figure 3). The continuous distance to shore values were 

then reclassified into the standard 0-4 suitability score framework.  

Once the data transformations were completed, the actual suitability scores were 

calculated using the ArcMap Raster Calculator. Suitability scores were calculated separately for 

each criteria group (physical, human, environmental) and for onshore and offshore. In addition, 

overall suitability scores that included all criteria were calculated for onshore and offshore areas. 

The total area (in hectares) of onshore and offshore territory falling into each of the suitability 

ratings was calculated based on the number of raster grid cells with each suitability rating and the 

size of the grid cells.   

Finally the maximum theoretical wind power capacity was calculated based on the area 

of territory with each suitability score and assumptions regarding the number of wind turbines of 

a given capacity that could be installed in an area. For the onshore calculation, this study used 

the assumption adopted by Levitan (2007) that GE 1.5 MW turbines require 4-rotor spacing 

meaning that a square kilometer could support 12.6 turbines on average. For the offshore 

calculation, this study borrowed the assumption employed by Dhanju et al. (2005) that, given 

spacing requirements, one square kilometer could support three 3.6 MW GE turbines. 
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Results  

In the onshore physical suitability model, only very small and isolated pockets of terrain 

had sufficient wind, proximity to transmission lines, and did not encounter water bodies. Figure 

4 shows a choropleth map displaying the results of the physical suitability analysis. The highest 

suitability scores (4=Excellent and 3=Good) occur on small coastal regions of Cape Cod, 

Nantucket and Martha’s Vineyard, as well as in strips of elevated terrain in the far northwest of 

the state. Areas with Fair physical suitability include the majority of Cape Cod, parts of the coast 

along the South Shore and Boston Harbor, as well as the elevated ridgelines in the center and 

western reaches of the state. An overwhelming percentage (>85%) of Massachusetts, however, 

received a score of Poor or Unsuitable.  

Results for the human suitability model are provided in Figure 5. In the human suitability 

model, most of Massachusetts consisted of land uses favorable to wind development and did not 

overlap with a protected area or parkland. Of Masssachusetts’ total land area, 58% received 

scores of either Excellent or Good. The human suitability model found 774,110 ha (37%) of the 

total land area was Unsuitable for wind power development. Areas that received a score of 

Unsuitable included the densely-populated Boston metropolitan area, parts of Cape Code and the 

islands, as well as parts of the mountainous regions in the west of the state.   

The results from the environmental suitability model are given in Figure 6. In this model, 

the majority of Massachusetts’ land area did not conflict with priority habitats. A suitability 

score of Excellent was given to 1,493,009 ha, or 71% of the state. Areas receiving lower scores 

(3=Fair, 2=Poor) in the environmental model are scattered throughout the state, but focused most 

predominantly in the southeast. None of Massachusetts was deemed unsuitable for wind power 

development in the environmental model. 
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The data layers of the three criteria suitability models were then joined to create an 

overall suitability model (Figure 7). As evident in Figure 7, only a very few small pockets of 

land received high (4=Excellent, 3=Good) overall suitability scores. Only 124 ha of land were 

given a score of Excellent. Likewise, only 156,272 (7%) and 106,532 (5%) of the total land area 

received scores of Good and Fair, respectively. Small isolated pockets of elevated terrain in the 

western and central parts of the state, and also dotting the eastern coast, Cape Cod and the 

islands of Nantucket and Martha’s Vineyard appear to exhibit the best overall suitability for wind 

power. A total of 1,833,144 ha (>87%) was deemed to be Unsuitable for wind power 

development.  

As with the onshore analysis, physical, human, and environmental criterion models were 

combined to form an overall suitability model for offshore regions of Massachusetts. In the 

physical model, more than 85% of the offshore area considered received a suitability score of 

Fair or better. Over 95% of the offshore area received a score of Excellent in the human model, 

with the entire area achieving a score of at least Fair. In the environmental model, roughly a third 

of the offshore area was given a score of excellent, and none of the area was deemed Unsuitable. 

Results from the overall offshore suitability analysis are displayed in Figure 8. For the 

overall offshore suitability analysis, 81,928 ha (13%) were given a score of Excellent. Another 

75% of the offshore area received a score of either Good or Fair. Table 12 lists the results for 

each of the offshore suitability models.   

With all of the onshore and offshore area categorized by an overall suitability score, the 

study then attempted to estimate the maximum theoretical wind power capacity for each 

suitability class (see Tables 13-14).   
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For onshore wind capacity, the land given a score of Excellent can only support 23 MW 

of wind power. Should Massachusetts be able to develop wind projects on land with scores of 

Good and Fair it could increase the total capacity to as high as 50 GW. To reiterate, though, 

these estimates are of the maximum theoretical capacity. In reality, Massachusetts would not be 

able to exploit the entirety of these areas for wind power nor would wind turbines produce power 

at their installed capacity rating. 

The maximum offshore wind potential estimates for Massachusetts are significantly 

greater than onshore estimates. Offshore regions with a score of Excellent could support almost 9 

GW of wind power. If offshore regions with scores of Good and Fair are also developed, the 

total offshore potential nears 60 GW. As with the onshore estimates, though, these offshore 

projections are likely overestimated. 

Discussion  

Massachusetts has made a commitment to acquire a growing percentage of its energy 

from renewable sources. In its RPS, enacted in 1997, Massachusetts required that each retail 

provider of electricity use renewable energy to generate at least 1% of its portfolio by 2003; this 

percentage increases by 0.5% each year, reaching 4% by 2009 and, pending review, will increase 

by 1% each year thereafter. To date, Massachusetts has not exploited much of its natural wind 

power potential—less than 20 MW of capacity have been installed. In the short-term, while RPS 

requirements remain fairly low, wind power can be utilized to meet the state’s quota for 

renewable energy. As the renewable requirement rises, this study indicates that Massachusetts 

will struggle to meet its targets if reliant upon in-state wind power resources. Failure by energy 

providers to meet these mandated percentages would result in fines that would erode their profit 

margins. Turning to alternative renewable resources like photovoltaics or solar thermal to meet 
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their RPS requirements will also raise operating costs for energy providers. It appears then, that 

barring a rapid technological breakthrough in some of the more expensive technologies, to 

comply with its RPS and RGGI mandates, Massachusetts will have to import a significant 

amount of low-carbon electricity from other states.    

To avoid escalating electricity prices in the future, Massachusetts must take steps today, 

such as investigating alternative forms of renewable energy. With ample coastline abutting 

strong Atlantic currents, Massachusetts could explore emerging tidal power technology—tidal 

energy already qualifies as a renewable technology for RPS compliance. Another option is to 

restructure the RPS to include energy efficiency measures, which may be less expensive than 

renewable energy. A number of states already include energy efficiency in their RPS.  

There are ways in which this study could be improved and areas for further research. This 

study considered only a limited set of suitability criteria. In fact, the authors generated a longer 

list of desired suitability criteria only a subset of which could be incorporated into this study 

given data availability and time and resource constraints. For example, the suitability analysis 

omitted key geotechnical issues—soil conditions, slope of land, flooding potential—that will 

affect the siting of wind turbines. Infrastructure such as roads and rail lines were also ignored.  

This study was also limited in its coverage of offshore potential as a result of the limited 

coverage of freely available wind power density data from AWS Truewind. Especially as 

offshore wind turbine technology matures, consideration of areas further from Massachusetts’ 

coast may be warranted. One might suspect that this study ignores important human suitability 

factors given that large offshore areas and mountain tops rate highly for suitability whereas real-

world experience (that of Cape Wind and proposed mountain-top wind farms throughout New 

England) demonstrate that such projects often encounter fierce local political resistance. Finally, 
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this study was limited to Massachusetts. Massachusetts’ RPS allows for power generated outside 

the state boundaries (that is delivered to MA retail customers) to count toward compliance, and 

RGGI allows for power generators to trade GHG emission permits among participating states. To 

fully assess wind power’s ability to meet Massachusetts’ regulatory requirements, wind potential 

in neighboring states should also be considered. 

Conclusions 

This study demonstrates the limited contribution onshore wind can make to meet the 

substantial goals of Massachusetts' GHG mitigating policies. Offshore regions near the coastline 

provide much greater potential for wind farm siting, but facilities placed in these regions face 

obstacles that are difficult to capture in a quantitative analysis of this sort (e.g., local political 

opposition based on sightlines and recreational use of open waters). 

The most comprehensive existing GIS-based investigation of wind's potential in New 

England has focused specifically on a maximum theoretical potential survey. With its treatment 

of human, physical, and environmental suitability criteria, this study adds significant nuance to 

the available literature on the potential for wind power development in Massachusetts and other 

regions.
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Tables and Figures 

Table 1: GIS Data Sources 

Relevance Criteria 
Group 

Data Source Data 
Structure 

Description 

Onshore + 
Offshore 

Physical Wind Power 
Density 

MassGIS Vectorized 
Raster 

Vector version of the AWS Truewind, 
LLC, Massachusetts Technology 
Collaborative 50 meter elevation wind 
power density raster layer 

Onshore Physical Transmission 
Lines 

MassGIS Vector The U.S. Geological Survey (USGS) 
distributes Digital Line Graphs (DLG) 
from its 1:100,000-scale maps showing 
pipelines, transmission lines, and other 
miscellaneous transportation features. 
MassGIS assembled these data into a 
statewide layer. 

Offshore Physical Water Depth NGDC Raster Generated from the NGDC Coastal 
Relief Model Design-a-Grid application. 
Depth measurements for grid cells of 3 
seconds. 

Onshore + 
Offshore 

Human Scenic Areas MassGIS Vector Depicts areas identified as part of the 
Massachusetts Landscape Inventory 
Project, Department of Conservation and 
Recreation (then DEM), 1981. 

Onshore + 
Offshore 

Human National 
Park 
Boundaries 

National 
Park 
Service 

Vector Current administrative boundaries of 
National Park System units found in 
Massachusetts 

Onshore Human Protected 
and 
Recreational 
Open Space 

MassGIS Vector Boundaries of conservation lands and 
recreational facilities. Conservation and 
outdoor recreational facilities owned by 
federal, state, county, municipal, and 
nonprofit enterprises are included in this 
datalayer 

Onshore Human Land Use MassGIS Vector Has 37 land use classifications 
interpreted from 1:25,000 aerial 
photography. Coverage is complete 
statewide for 1999. 

Onshore + 
Offshore 

Environmental Priority 
Habitat 

MassGIS Vector Contains polygons representing the 
geographic extent of habitat of state-
listed rare species in Massachusetts 
based on observations documented 
within the last 25 years in the database of 
the Natural Heritage & Endangered 
Species Program (NHESP). Priority 
Habitats are the filing trigger for 
determining whether or not a proposed 
project must be reviewed by the NHESP 
for compliance with the Massachusetts 
Endangered Species Act (MESA). 
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Relevance Criteria 
Group 

Data Source Data 
Structure 

Description 

Onshore Environmental Wetlands MassGIS Vector The wetlands are interpreted from 
1:12,000 scale, stereo color-infrared 
(CIR) photography by staff at UMASS 
Amherst. The photography was captured 
in 1990, 1991, 1992, 1993, 1999 and 
2000. The interpretation is field checked 
by Department of Environmental 
Protection (DEP) Wetlands Conservancy 
Program (WCP). Completed 
interpretations are then scanned and 
converted into rectified polygons and 
lines using standard photogrametric 
techniques. 

Notes: MassGIS found at http://www.mass.gov/mgis/. Offshore water depth data from the National Geophysical 
Data Center (NGDC) of the National Oceanic and Atmospheric Administration (NOAA) (retrieved from 
http://www.ngdc.noaa.gov/mgg/coastal/grddas01/grddas01.htm).  

Table 2: Wind Power Classes (at 50m Height) 

Wind Power Class Wind Power Density (W/m2) Wind Speed (m/s) 
1 < 200 < 5.6 
2 200 - 300 5.6 - 6.4 

3 300 - 400 6.4 - 7.0 

4 400 - 500 7.0 - 7.5 

5 500 - 600 7.5 - 8.0 

6 600 - 800 8.0 - 8.8 

7 > 800 > 8.8 
Source: AWEA (2008a) 

Table 3: Suitability Analysis Rating Framework 

Rating Value Rating Description 
4 Excellent 
3 Good 
2 Fair 
1 Poor 
0 Unsuitable 
Note: Rating framework adapted from Rodman and Meentemeyer (2006).  

Table 4: Onshore Physical Suitability Criteria 

Suitability Rating Wind Power Density Distance to Transmission Lines 
Excellent (4) Classes 5-7 < 2.5 miles 
Good (3) Class 4 2.5 to 5 miles 
Fair (2) Class 3 5 to 10 miles 
Poor (1) Class 2 > 10 miles 
Unsuitable (0) Class 1 or below  

 

http://www.mass.gov/mgis/
http://www.ngdc.noaa.gov/mgg/coastal/grddas01/grddas01.htm
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Table 5: Onshore Human Suitability Criteria 

Suitability Rating Scenic Areas Land Use 
Excellent (4) All non-scenic areas All else 
Good (3)  Pasture 
Fair (2) Scenic areas Cropland 
Poor (1)  Low-density residential, Mining, 

Participant Recreation 
Unsuitable (0)  Urban, Residential, Spectator 

Recreation, Water Recreation 

 

Table 6: Onshore Environmental Suitability Criteria 

Suitability Rating Priority Habitat Wetlands 
Excellent (4) All other areas All other areas 
Good (3)   
Fair (2)   
Poor (1) Priority habitat Wetlands 
Unsuitable (0)   

 

Table 7: Onshore Suitability Criteria Weightings 

Group Criterion Weight 
Wind Power Density  4 Physical 
Distance to Transmission Line  2 
Scenic Areas  1 Human 
Land Use  3 

Priority Habitat  2 Environmental 

Wetland  2 

 

Table 8: Offshore Physical Suitability Criteria 

Suitability Rating Wind Power Density Water Depth Distance to Shore 
Excellent (4) Classes 5-7 0-20 meters > 3 km 
Good (3) Class 4 20-50 meters  
Fair (2) Class 3   
Poor (1) Class 2 50+ meters < 3 km 
Unsuitable (0) Class 1 or below   

 

Table 9: Offshore Human and Environmental Suitability Criteria 

Human Environmental Suitability Rating 
Scenic Areas Priority Habitat 

Excellent (4) All other areas All other areas 
Good (3)   
Fair (2) Scenic areas Priority habitat 
Poor (1)   
Unsuitable (0)   
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Table 10: Offshore Suitability Criteria Weightings 

Group Criterion Weight 
Wind Power Density  3 
Water Depth  3 

Physical 

Distance to Shore  3 
Human Scenic Areas  1 
Environmental Priority Habitat  1 

 

Table 11: Summary of Onshore Suitability Analysis Findings 

Score Physical Environmental Human Overall 
Excellent (4)             1,436        1,493,009        1,049,263                 124  
Good (3)           14,124                   -            168,135          156,272  
Fair (2)         290,084          477,854            79,887          106,532  
Poor (1)         184,768          128,956            28,425              3,748  
Unsuitable (0)       1,609,408                   -            774,110        1,833,144  
*Area in hectares shown for each score  

Table 12: Summary of Offshore Suitability Analysis Findings 

Score Physical Environmental Human Overall 
Excellent (4)          285,108  589,026 205,604 81,928 
Good (3)            43,208  21,750 - 246,380 
Fair (2)          199,204  5,884 411,056 216,356 
Poor (1)            62,200  - - 41,544 
Unsuitable (0)            26,940  - - 30,452 
*Area in hectares shown for each score  

Table 13: Maximum Theoretical Onshore Installed Capacity   

Score 
MT Installed

 

Capacity (MW) 
Excellent (4) 23 

 

Good (3) 29,476 

 

Fair (2) 20,094 

 

Poor (1) 707 

 

Onshore Wind 

Power Potential 

Unsuitable (0) 345,772 

  

Table 14: Maximum Offshore Theoretical Installed Capacity   

Score 
MT Installed 

 

Capacity (MW) 
Excellent (4) 8,848 

 

Good (3) 26,609 

 

Fair (2) 23,366 

 

Poor (1) 4,487 

 

Offshore Wind  

Power Potential 

Unsuitable (0) 3,289 

 



20 

Figure 1: Wind Power Density 

  

Figure 2: Transmission Line Distance Buffers 


