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A transformation in the way the United States produces and
uses energy is needed to achieve greenhouse gas reduction
targets for climate change mitigation. Wind power is an important
low-carbon technology and the most rapidly growing
renewable energy technology in the U.S. Despite recent
advances in wind deployment, significant state-by-state variation
in wind power distribution cannot be explained solely by
wind resource patterns nor by state policy. Other factors
embedded within the state-level socio-political context also
contribute to wind deployment patterns. We explore this sociopolitical context in four U.S. states by integrating multiple
research methods. Through comparative state-level analysis
of the energy system, energy policy, and public discourse as
represented in the media, we examine variation in the context
for wind deployment in Massachusetts, Minnesota, Montana,
and Texas. Our results demonstrate that these states have different
patterns of wind deployment, are engaged in different
debates about wind power, and appear to frame the risks and
benefits of wind power in different ways. This comparative
assessment highlights the complex variation of the state-level
socio-political context and contributes depth to our understanding of energy technology deployment processes, decisionmaking, and outcomes.

1. Introduction
President Obama has called for a 14% reduction in U.S.
greenhouse-gas emissions below 2005 levels by 2020 and an
83% reduction by 2050 (1). Achieving this level of greenhouse
gas reduction requires a fundamental shift in the way the
U.S. produces and consumes energy and will necessitate
large-scale deployment of low-carbon energy technologies.
While many low-carbon technologies exist (2), the scale of
deployment required to achieve deep reductions will require
significant coordination between federal and state initiatives,
as U.S. states have authority for many key deployment
decisions. This research focuses on wind power to improve
understanding of the state-level socio-political context within
which low-carbon energy technologies are deployed.
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In the U.S., the state-specific context is critical to integrate
into climate and energy technology policy and initiatives
because the states, rather than the federal government, hold
important authority for regulating energy facilities and
transmission, planning energy system expansions, and siting
plants. In the absence of a U.S. federal policy, some states
have also adopted renewable portfolio standards and greenhouse gas reduction targets. State context is particularly
important for wind power because unlike coal, natural gas,
nuclear plants, or even energy efficiency programs which
can be built or deployed almost anywhere, wind power is
limited to areas where the wind blows. The relative importance of state policy for wind has received some attention
(3-6) and comparative assessment of state-specific sociopolitical contexts can facilitate more effective understanding
of the policies and processes which affect wind deployment.
Many studies have examined socio-political factors contributing to variation in wind deployment among EU
countries (7-9) but U.S.-based studies have not fully explored
the complex contexts and variety of socio-political factors
which shape state-level policy, industry, and technology
deployment patterns. The critical influence of state-level
decisions, policy, and discourse is demonstrated by acknowledging that the best wind resources are not always
correlated with the most installed wind power. Indeed, 65%
of all turbines installed in 2008 were in just six states (TX, CA,
IA, MN, WA, and OR) with Texas alone hosting 28% of the
nation’s wind in 2009 (10). And the Great Plains States (ND,
SD, and NE) have some of the nation’s greatest wind resource
potential, but installed wind power capacity is only 4% of the
national total (10).
Wind power could help to reduce electric sector emissions
and provide affordable, low-carbon power (2). Indeed, wind
power development is surging globally, with over 112 GW
installed worldwide and over 29.4 GW installed in the U.S.
(11, 12). Record levels of wind turbine deployment in the
U.S. were reached in 2008, with over 8.5 GW installed and
$17 billion investedswith added wind capacity comprising
over 42% of new electric generation capacity (11).
U.S. wind development has been characterized by “boom
and bust” cycles, driven by the passage, renewal, and
expiration cycle of the federal Production Tax Credit (PTC).
The PTC provides renewable energy generators roughly 2.0
cents/kilowatt hour for electricity produced for the first ten
years of the project. Left by Congress to expire in 1999, 2001,
and 2003, the resulting drop in wind capacity addition is
evident (Figure 1). Although the current economic crisis has
slowed deployment, the renewal of the production tax credit
(attached as a rider onto the Emergency Economic Stabilization Act (13)) and new policy attention is encouraging wind
turbine deployment with over 5.8 GW new construction
planned (10).
Acknowledging the critical influence of state-level activity
on energy technology deployment, our research focuses on
assessing technologies, policies, and media discourse at the
state level to compare the socio-political context for wind
power deployment in four states: Massachusetts, Minnesota,
Montana, and Texas. Section 2 introduces the methodological
approach, using the Socio-Political Evaluation of Energy
Deployment (SPEED) framework, Section 3 examines demographics and the existing electric system, Section 4
analyzes relevant state-level policies and legislation, and
Section 5 assesses state-level discourse through media
analysis of newspapers. For the integration of these multiple
analytical approaches we use state-level census and energy
data, legislative dockets, technical reports, and newspaper
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FIGURE 1. Wind capacity installation and major policy actions for Massachusetts, Minnesota, Montana, and Texas. Note different
y-axis scales and the effect on wind capacity when the Production Tax Credit has expired (shown in red below the x-axis).

TABLE 1. Research Design for State Selection: High Climate
Policy versus Low Climate Policy and High Wind Deployment
versus Low Wind Deployment

high climate policy
low climate policy

high wind
deployment

low wind
deployment

Minnesota
Texas

Massachusetts
Montana

articles. By integrating these different approaches we simultaneously explore multiple socio-political influences
affecting wind energy deployment, contributing a new
richness and depth to our understanding of the complexity
of technology deployment processes.
Massachusetts, Minnesota, Montana, and Texas were
chosen for this study because their contexts for wind
deployment are very different. Texas, Montana, and Minnesota each have a large on-shore wind resource potential
while Massachusetts has a smaller, but still sizable resource
on- and off-shore. These states are geographically, politically,
economically, and institutionally diverse, with different
population densities, land areas, and land values, as well as
different energy contexts, reliance on and production of fossil
fuels, and state-level renewable energy policy (14). These
states also vary across two important dimensions: wind
deployment and climate policy (Table 1). Montana and
Massachusetts both have low wind deployment, compared
to high deployment in Minnesota and Texas (10). Massachusetts and Minnesota both have adopted greenhouse
gas reduction policies, while Texas and Montana have not
(see Table 1).
9064
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2. Methodological Framework: Socio-Political Evaluation
of Energy Deployment (SPEED)
This integrated analysis of policy, natural resource potential,
public discourse and perceptions of risks and benefits applies
the SPEED framework, a structure of inquiry that facilitates
simultaneous exploration of multiple socio-political factors
influencing deployment (15) (Table S1). The SPEED framework builds upon work highlighting the importance of state
policy for wind deployment (4, 6, 16, 17) and provides a
structure to explore the “why” behind energy policy creation
and public perception. It integrates elements from the fields
of technology diffusion, regulatory analysis, risk perception,
transition management, and policy diffusion, to facilitate
the exploration of socio-political factors that influence energy
technology and industry development.

3. Demographic and Electricity System Context
The context of wind deployment in Massachusetts, Minnesota, Montana, and Texas is shaped by demographic,
institutional, infrastructural, and economic aspects affecting
the electricity sector. Massachusetts is a typical New England
state, with high population density, small land area, and
relatively high per capita income. In contrast, Minnesota’s
population is concentrated in the Twin Cities area, with large
differences in income and population density between the
metropolitan and rural areas. Montana has a small population, with one of the lowest population densities in the U.S.
Texas hosts several large urban centers (Houston, Dallas,
Austin, San Antonio), and vast rural areas. Texas, Montana,
and Minnesota have experienced strong population growth
since 2000 (18), while Massachusetts population has been

steady. Per capita income is highest in Massachusetts,
followed by Minnesota, Texas, and then Montana. Neither
Massachusetts nor Minnesota have fossil fuel reserves or
production, in contrast to Texas, which supplies 25% of all
natural gas and 21% of all oil produced in the U.S., and holds
4% of coal reserves, and Montana which holds 7% of U.S.
coal reserves (Table 2) (19-21).
The electric sector structure also varies among the states.
Demand, generation, age of facilities, transmission availability, market concentration, whether the state is traditionally regulated or restructured, and other factors affect electric
sector structure and institutions and the relative power and
influence of political interests. Minnesota has a traditionally
regulated electricity industry, while Texas and Massachusetts
have been restructured. Montana was partially restructured,
but this process has been suspended. The HerfindahlHirschman Index measuring market concentration shows
that the electricity sectors in Montana, Massachusetts, and
Minnesota are highly concentrated, with just a few investorowned utilities serving the majority of the customers, though
roughly 30% of all electricity in Minnesota is sold by rural
electric cooperatives or small municipal utilities. In Texas,
investor-owned utilities are counter-balanced by a large
number of power marketers, rendering the electricity market
one of the most competitive in the United States.
The fuel mixsand resulting regional carbon intensitys
for electricity generation is also different. Due to the coalintensive fuel mix, Montana and Minnesota have a high
carbon intensity factor of 0.91 and 0.88 t of CO2 per MWh,
respectively, closely followed by Texas at 0.73 t per MWh
(22). Massachusetts emits just 0.47 t of CO2 per MWh. Sixtythree percent of Montana’s and fifty-nine percent of Minnesota’s electricity is produced by coal (22-24). In contrast,
both Massachusetts and Texas obtain half of their electricity
from lower carbon natural gas, followed by coal and nuclear
power. Montana exports electricity, but the other three states
were net importers of electricity with Massachusetts and
Minnesota importing a calculated 27% and 29%, respectively,
while Texas’ imports have declined from 5% to zero in 2007
(25).
Actual wind deployment and wind industry concentration
across the states is also different. Massachusetts has minimal
installed wind power, only 5 MW, with the majority of the
wind resources located off-shore (off-shore is 2-3 times more
costly to develop than on-shore resources (26)). The seven
on-shore wind facilities are small, with one or two turbines
each. The proposed off-shore Cape Wind Project, which was
to become the nation’s first off-shore wind farm, has been
repeatedly delayed in its permitting and approval process in
response to environmental, aesthetic, and economic concerns. Complicated unprecedented jurisdictional issues have
emerged as many local residents have voiced concerns about
the proposed project.
With an installed capacity of 1,805 MW and another 40
MW planned as of September 2009, Minnesota is the fourth
largest wind power producer in the nation, and wind now
provides 7.5% of the state’s electricity generationsthe highest share in the nation (10, 17). Initial increases in wind
capacity were mainly driven by an agreement between the
state and Xcel Energy, supplier of 50% of Minnesota’s
electricity, over the storage of nuclear waste that involved a
commitment to wind production (6). Minnesota, more so
than the other states, has also seen a strong movement toward
community-based wind projects. Of the 84 built projects only
7% are larger than 100 MW, with the median project size of
5.8 MW (10). Wind in Minnesota has been developed by a
number of different firms and communities and the electricity
is sold directly to Minnesota’s utilities to help meet their
renewable production commitments.

In contrast, 46% of all projects in Texas are larger than
100 MW and the median size of a wind project is 88 MW.
Annual wind capacity growth in Texas is the fastest of any
U.S. state, and wind now represents 3% of in-state electricity
generation (17). Installed wind capacity reached more than
8,400 MW and another 1,100 MW planned as of June 2009,
making Texas not only the fastest growing, but also the largest,
producer of wind energy in the United States (10). Texas’
wind resource is concentrated in the Panhandle region, far
from its demand centers, making transmission especially
important. Siting of wind farms in Texas is centralized and
has proven to be relatively easy compared to other parts of
the country. And the Texas electrical grid is heavily dominated
by relatively high-priced natural gas, so the moderately high
electricity prices help to make wind-generated electricity
economically competitive (3). Wind ownership in Texas is
highly centralized, with just three firms owning almost half
of the wind capacity and most of the wind is sold directly to
the market, with the remainder contracted to public utilities.
Despite significant low-cost wind resources, as of September 2009, Montana has only seven developed wind
projects, for a total of 270 MW with another 100 MW proposed.
The largest two were developed after 2005 when Montana
passed its Renewable Portfolio Standard (RPS). Transmission
has emerged as a salient issue in Montana, due to Montana’s
role as an energy exporter.

4. Policy Context
State-level policy is important because states control regulation of energy facilities and transmission, planning energy
system expansions, and plant siting. In the absence of federal
climate policy, they have also been setting overarching
climate and energy policy goals. Previous studies have found
streamlined siting, RPS, and mandatory green power to be
positively correlated with wind deployment and retail choice
negatively correlated for “average” states (3, 4). This comparative research enables deeper examination of the interaction of policies, media, and wind industry development. Table
2 and Figure 1 summarize state-level policies that directly
and indirectly influence wind deployment, including both
targeted energy and climate policies. Details on how and
what state policy information was compiled for this analysis
are included in the Supporting Information.
The majority of Massachusetts wind-related bills were
enacted within the past 12 years, and most (6 out of the 14)
are related to the siting of specific projects around the state
and leasing of certain lands in townships. Massachusetts
passed an RPS in 2008. Other laws affecting the Massachusetts
electric sector range from sector restructuring and renewable
energy standards in 1997 to renewable energy funding and
promotion of conservation, efficiency, and renewable capacity improvements with the Green Communities Act passed
in 2008. Massachusetts is also a participant in the Regional
Greenhouse Gas Initiative (RGGI) a 10-state CO2 trading and
reduction program. (The ten RGGI states are: Connecticut,
Delaware, Maine, Maryland, Massachusetts, New Hampshire,
New Jersey, New York, Rhode Island, and Vermont.)
Since the original compromise to allow Xcel Energy to
expand high-level nuclear waste storage, Minnesota wind
advocates for both large- and small-scale wind energy have
created a policy environment to support continued wind
power development. Laws have provided renewable production incentives, partially funded renewable energy projects,
provided incentives for Community Based Energy Development (C-BED) tariffs, studied wind capacity and transmission
infrastructure, and created microloan programs for wind (14).
A large proportion of the wind laws (16 out of the 50) have
been related to tax exemptions for Wind Energy Conversion
Systems (WECS). This type of legislation supporting “community wind”, aims to establish local ownership that directly
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TABLE 2. Energy Context Indicators for Massachusetts, Minnesota, Montana, and Texas
Massachusetts
a

population, 2008 (millions)
population growth, 2000-2008a
land area (sq. mi.)a
persons per sq. mi., 2000a
electricity consumption per capita (MWh), 2007a,c
cost of electricity cents/kWh, 2007c
total electric power industry CO2 emissions
(million metric tons), 2007c
carbon intensity of regional electricity (metric tons CO2/MWh)c
installed wind turbine capacity in MW
(and ranking among U.S. states), 2009b
renewable percent of fuel mix (excluding hydro), 2007d
wind energy price ($/MWh)e
a

US Census Bureau 2009 (3).

b

AWEA 2009 (10). c EIA 2007 (18).

benefits rural communities and is not seen in the other states.
Minnesota passed a voluntary Renewable Energy Standard
(RES) in 2001, and a mandatory RES in 2004 which will ramp
up in stages and provide certified renewable energy credits.
In 2007 Minnesota revised its RES, making it one of the most
aggressive in the nation. This will eventually add 5,000-6,000
MW of new renewable energy, expected to largely come from
new wind turbines. In 2007, Minnesota passed legislation to
reduce greenhouse gases in the Next Generation Energy Act.
Wind laws passed in the Texas legislature have been varied,
and include funding and cost analysis of wind development,
and RPS bills. Texas Senate Bill 7, enacted in 1999, deregulated
the state’s electric industry and established Texas’ first RPS
which mandated the inclusion of specified amounts of
renewable energy including solar, wind, geothermal, hydroelectric, tidal energy, biomass, and landfill gas into the
state’s fuel mix. This first RPS mandated that electricity
providers generate a total of 2,000 MW of additional
renewable energy by 2009. Then in 2003 the Legislature
passed a bill targeting the Public Utility Commission’s
authority to order construction of electric transmission
capacitysa salient issue for Texas. In 2005 Senate Bill 20
increased the RPS mandate and created a plan for electricity
transmission to remote, high-wind areas. The Electric Reliability Council of Texas (ERCOT), the state’s transmission
operator, was assigned to collect wind data and reorganize
competitive renewable energy zones. Unlike Massachusetts
or Minnesota, Texas has not adopted explicit greenhouse
gas reduction regulation.
Montana’s Governor Brian Schweitzer has been very
proactive in regional climate and renewable energy activities,
and the state has completed a Climate Action Plan. However
the Legislature, which meets only every other year, has not
passed any climate-related legislation. Overall, they have
passed 21 bills affecting renewable energy, and 6 bills within
the last 5 years directly influencing wind. Montana passed
an RPS covering investor-owned utilities which generated
roughly 45% of the electricity in 2005, however legislation for
wind turbine siting occurred much earlier with wind easement provisions enacted in 1979 and 1983 and a net-metering
law enacted in 1999.
While all four states have passed a RPS, Massachusetts
and Minnesota also have broad climate policies, including
greenhouse gas reduction targets, climate action plans, and
regional greenhouse gas reduction initiatives; neither Montana nor Texas legislatures have passed climate policies. The
focus of enacted wind legislation has also differed among
the states: Massachusetts policy has been largely focused on
siting considerations and specific projects. In Minnesota the
majority of legislation is related to tax incentives for wind
generation systems and support for small community-owned
9066
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d

Minnesota

Montana

Texas

6.5
2.3%
7,800
810
8.8
15.2
25,539

5.2
6.1%
79,600
62
13.1
7.4
37,706

1.0
7.2%
144,600
6.2
14.1
7.1
20,013

23.3
16.7%
261,800
80
16.1
10.1
255,092

0.47
5 (33rd)

0.88
1,805 (4th)

0.909
272 (21st)

0.73
8.361 (1st)

2.6%
48

7.2%
30

2.1%
29

2.5%
27

EIA 2009 (22).

e

Bohn and Lant 2009 (32).

wind projects. Texas has passed legislation to study the costs
of wind development, to clarify property rights issues, and
to support renewable capacity improvements. And in Montana, legislation to promote significant deployment of wind
resources is relatively recent. Interestingly, both Texas and
Minnesota have passed legislation to build state capacitys
academic and governmentalsfor wind deployment, funding
studies and research efforts to characterize wind resources
and aid deployment.

5. Public Discourse and Media Analysis
Media analysis is a useful approach to probe and analyze
public discourse, because the news media provides a
representation of public discourse (27), while also playing
an important role in developing the public’s perceptions (28).
This component of the research analyzed newspaper articles
focused on wind energy technology within the highest
circulating newspapers in the four study states (The Boston
Globe in Massachusetts, The Houston Chronicle in Texas,
and The Minneapolis Star Tribune in Minnesota, and The
Billings Gazette in Montana) using the Lexus Nexus Academic
database and ProQuest database. The search covered January
1, 1990 to June 15, 2009, and included all article types (news,
business, editorials, etc.), and identified articles mentioning
six terms (wind energy, wind power, wind turbine, wind and
renewables, wind farm, windmill) in the heading or the lead
paragraph. Using NVIVO 7.0 text analysis software, each
article was assessed for the salience of wind technology in
the newspaper reporting, and the frequency and type of
frames used to describe wind power’s risk and benefits.
Salience was assessed by quantifying the frequency and
distribution over time of relevant articles, as well as their
placement and categorization, e.g. front-page, business, or
op-ed (the placement and categorization information was
not accessible for the Montana articles). Articles selected to
be on the front-page of a newspaper are generally considered
to have an appealing quality; these are articles that editors
hope will draw readers in, attract them to pick up and read
the newspaper (29). Opinion pieces reflect issues that are
currently on the political agenda and have some degree of
controversy, while articles within the business section
demonstrate a financial/economic angle to the topic (29).
Frame analysis of newspaper articles allows for systematic
and comparative assessment of how the media presents the
risks and benefits of a particular technology to the public.
We established six frames, which correspond with the social
functions suggested by Luhmann (1989) to be critical to late
modern society (30), within which mentions of both risks
and benefits of wind technology were coded; technical,
economic, environmental, health and safety, political, and

FIGURE 2. Media analysis results: frequency over time. The number of wind-power-related articles published in each of the four
newspapers from 1990 to 2008.

FIGURE 3. Media analysis results: (a) PlacementsPercent of wind-related articles published on the front-page, in the business
section, or as an opinion piece in three of the newspapers (the business and opinion section information was not available for the
Billings Gazette articles). (b) Risk and benefit framingsPercent of articles from each newspaper that include some type of benefit
framing and risk framing.
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a

Regional greenhouse
gas initiatives

Sources: DSIRE, Massachusetts, Minnesota, Montana, and Texas Legislature websites, Pew Global Climate Initiative (14, 33).

none
Western Climate Initiative
Midwest GHG Reduction Accord,, in
negotiations for cap and trade
program

none
Climate Change Action Plan, July
2007
Climate Action Plan

Global Warming Solutions Act 2008
requires 80% below 1990 levels by
2050, with interim target
reductions of 10 and 25% below
1990 levels by 2020, as well as
targets for 2030 and 2040. Chapter
298 of the Acts of 2008
finished in 2004, updating one for
the Global Warming Solutions Act,
due in 2009
Regional Greenhouse Gas Initiative,
Jan 1 2009
Greenhouse gas
reduction policy

Minnesota Climate Change Advisory
Group, 2008

none
none, though Governor has been
active in regional initiatives

none
Community Wind
Allotments

Community-Based Energy
Development (C-BED) Tariff, utilities
file 20 yr PPA for community-owned
renewable energy projects. SF 1368/
2005 and SF 145/ 2007
The Next Generation Energy Act,
2007 target of reducing greenhouse
gas emissions by 80% by 2050.
Interim reduction goals of 15% by
2015, 30% by 2025. S.F. No. 145

none

5,880 MW by 2015, 10,000 MW by
2025. At least 500 MW from
renewables other than wind, SB 7/
1999, Texas Utilities Code § 39.30,
PUTC Rule 25.173
none

Texas
Montana

15% of the electricity generated in
Montana to come from
renewables by 2015, SB 415, 2005,
only IOUs covered
Xcel Energy: 30% by 2020, Other
utilities: 25% by 2025, S.F.No. 4/
2007

Minnesota
Massachusetts

15% of sales by 2020, additional
1% of sales each yr after, no
stated expiration, S.B. 2768/2008
Renewable Portfolio
Standard

TABLE 3. Review of Relevant Policies and Billsa

aesthetic/cultural (see Table S2 and SI for more details on
coding methology and intercoder reliability).
The frequency of newspaper articles about wind power
in all four newspapers increased steadily after 2000, with the
most articles in the past three years, reflecting the increasing
relevance and interest in renewable energy technologies
during this period (Figure 2). The increasing salience of wind
power during this time parallels an increase in national
awareness of climate change (31). In the case of Texas and
Minnesota, the timing of the increase in newspaper articles
mirrors, to some degree, the timing of the increase in installed
wind capacity (11). This pattern does not hold true for
Massachusetts or Montana, states with minimal wind
deployment. The comparatively large number of articles, and
increase in the number of articles published in the Boston
Globe, are more likely related to developments in the
controversial Cape Wind project that was first proposed in
2001. The Billings Gazette has far fewer articles on wind than
any of the other three newspapers.
With respect to the placement and type of wind technology
articles, Boston had a higher percentage of wind articles that
were classified as opinion pieces, Minneapolis had more
articles that were published on the front page, and Houston
had a much higher percentage of articles in the business
section (Figure 3a). In Boston, the higher absolute number
of articles, together with the higher percentage that were
opinion pieces reflects the higher degree of controversy and
politicization of wind power in Massachusetts. Of the 94 total
opinion pieces published in the Boston Globe, 66 of them
(70%) of them mentioned the controversial Cape Wind
project. The high percentage of wind articles in Minneapolis
that made the front-page (60%) suggests that wind power is
an intriguing, hot topic in Minnesota with potential for wide
appeal. This is in contrast to Texas, a state with a long history
and close association with the energy industry and energy
technologies, where developments in wind power are less
likely to be new and exciting front-page news. The high
percentage of the Houston Chronicle newspaper articles
about wind power published in the business section (65%)
is consistent with the economic focus on energy and energy
technologies in the state of Texas.
The comparison of frames used to describe risks and
benefits of wind power provides more details on the varied
discourse in the four states (more detailed description of
frame analysis results is in the SI). The overall higher attention
to risk in the Boston Globe articles (Figure 3b), specifically
articles that mention risks within the aesthetic/cultural,
health and safety, and environmental frames (Figure S1a),
confirms the controversial nature of wind power in that state.
Massachusetts’ higher level of sensitivity to potential negative
implications of wind power may be related to demographic
and energy system factors, as well as the controversial Cape
Wind Project. With Massachusetts’ higher population density
and land prices, competition among land-uses is greater, so
wind turbine proposals have run into conflict with other
residential and commercial land-uses and off-shore resources
are more costly to develop. In addition, for Massachusetts
residents, who import a significant portion of their electricity
and are not accustomed to living close to energy technology,
the prospect of new energy infrastructure in proximity to
where they live may invoke fear about the unknown, which
could translate into concern about their personal safety.
Minnesota had the most positive framing of wind
technology (highest percentage of benefits). This may reflect
a greater degree of perceived local gains from wind power
development. While many Massachusetts residents of Cape
Cod appear to feel they have little or nothing to gain and
quite a bit to lose by allowing an offshore wind farm to be
built in Nantucket Sound, for struggling Minnesota farmers
who receive payments for renting parts of their land or who

own a turbine as part of a “community-wind” venture, wind
turbines are an apparent “win-win” situation, so wind power
is likely to be viewed as a net positive development.
Economically favorable projects owned by farmer cooperatives have been critical to the recent growth of wind power
in Minnesota. The higher percentage of articles in Minnesota
that mention technical risks could reflect a greater challenge
for ensuring transmission lines to connect these widely
distributed community wind projects to the grid.
The lowest percentage of risk framing was identified in
the Montana articles, which may reflect the minimal local
concern associated with wind power due to the low deployment levels. Interestingly the articles in the Billings Gazette
had the lowest percentage of both risk and benefit framings
suggesting that some of the Montana articles are quite neutral.
In Texas, the comparatively lower frequency of benefits
mentioned within either the aesthetic/cultural frame or the
environmental frame in the Houston articles reflects the
highly economic, competitive, business orientation of wind
technology discourse in the state. The economic growth
potential of wind power is also often integrated into many
of the Houston Chronicle articles. And an additional typical
component often included in the Houston articles is a statelevel competitive pride further reflecting the competitive,
economic, industry-oriented energy technology discourse
in Texas.

6. Discussion
This research highlights that the socio-political context for
wind development varies significantly across states. The case
of Massachusetts shows that supportive policy is insufficient
to trigger deployment when deployment costs are high, and
the case of Texas demonstrates that targeted policy and
streamlined permitting can facilitate deployment. The Montana case demonstrates that resource capacity and statelevel leadership can begin to spur deployment, and Minnesota
highlights the positive aspects of community-based wind.
While all four states have wind resources and policies in
place to promote wind power, the nature of wind energy
debates within state discourse differs significantly.
In these states, the nature of existing energy systems and
relative cost of wind does appear to influence deployment,
yet effect of policy and discourse is more complex. Climate
policy and the amount of media coverage are part of the
larger socio-political context but do not correlate directly
with the amount of wind deployed. There is reasonable
congruence, however, between the type of media coverages
and the relative importance of risks and benefits in state
discoursesand the type of wind-related legislation enacted.
This in turn affects the structure of the wind energy
industrysand state positioning in national energy and
technology debates and policy-making.
In Massachusetts, the policy and energy context for wind
deployment looks promising; the state is an electricity
importer with high energy prices, carbon constraints, and a
RPS, but the low-energy demand growth, high cost of offshore wind, and political controversy surrounding development of wind resources has stalled wind power development.
The controversial off-shore Cape Wind project has dominated
the public discourse, but opposition to wind projects has
not been limited to that project; opposition to onshore wind
projects in the western part of the state has also emerged.
In Massachusetts, the intensity of media coverage appears
to be inversely related to actual deployment. The dominance
of controversy in the public discourse is congruent with the
state’s legislative historysthe dominance of bills relating to
siting of specific projects.
In contrast, in both Minnesota and Texas, wind energy
development is proceeding at a record-breaking pace, but

this study highlights differences within the discourse, industry
structure, and factors driving wind power deployment in
these two states. Minnesota, like Massachusetts, is an
electricity importer, with carbon constraints and a RPS, but
Minnesota is still a regulated electricity market, and wind
deployment has been driven initially by regulatory requirements placed on the state’s largest utility and requirements
for community-wind development. The high carbon intensity
of Minnesota’s electric sector makes low-carbon wind
deployment particularly attractive for reducing greenhouse
gas emissions. Minnesota discourse about wind technology
is generally positive, often linked to the rural economic
development potential of wind. Legislation fits this pattern,
concentrating on tax incentives and support for “community”
wind and the small size and highly dispersed ownership of
wind projects.
Texas discourse likely reflects the state’s strong energyindustry history and rapid demographic growth and tends
to focus on the business perspective of wind energy through
an economic frame (most wind articles appearing in business
sections) with comparatively little risk discourse, with large
projects and a concentrated ownership. The state has enacted
no carbon constraints, and the public discourse shows limited
association with climate change, but a supportive policy
environment has emerged. The high electricity prices and
restructured competitive electricity market could be seen as
driving wind deployment and supporting the generally
positive, economics-oriented discourse.
Montana wind development is nascent. As an electricity
exporter, Montana’s incentives to develop wind may be
different. While the Governor of Montana has been proactively supporting renewable and climate policies, the Legislature has not always followed. The low levels of media
coverage on wind in the state of Montana, and the low
percentage of those articles that discuss risks of the technology, reflect the low level of activity and controversy surrounding wind.
The socio-political context for wind power deployment
differs significantly across the states studied and highlights
important lessons for future federal and state-level policy.
As we move into a carbon managed world, policy makers
and energy planners would be wise to recognize the role
state-level socio-political factors play in shaping technology
deployment. Acknowledging and understanding these statelevel socio-political factors can create a critical bridge
between creating low-carbon policy and actually deploying
low-carbon energy technology to reduce greenhouse gas
emissions.

Acknowledgments
We are grateful for financial support of this research from
the National Science Foundation’s Science and Society
program (NSF-SES-0724257), and collaboration with Tarla
Rai Peterson. Thanks to anonymous reviewers and graduate
students on the research team including Miram Fischlein,
Paige Evans, Gabe Rand, and Leah Melnick, as well as Melisa
Pollak for her editorial assistance.

Supporting Information Available
Additional information on the methods used in the policy
and media analysis and additional discussion on the risk
framings across different states. Table S1 refers to factors
included in the SPEED Framework, Table S2 describes the
risk and benefit frames, and SI Figure 1 presents a comparative risk and benefit frames across the states. This material
is available free of charge via the Internet at http://
pubs.acs.org.
VOL. 43, NO. 24, 2009 / ENVIRONMENTAL SCIENCE & TECHNOLOGY

9

9069

Literature Cited
(1) A New Era of Responsibility: Renewing America’s Promise; Office
of Management and Budget: Washington DC, 2009; http://
www.gpoaccess.gov/USbudget/fy10/pdf/fy10-newera.pdf.
(2) Pacala, S.; Socolow, R. Stabilization Wedges: Solving the Climate
Problem for the Next 50 Years with Current Technologies. Science
2004, 305 (5686), 968–972.
(3) Bohn, C.; Lant, C. Welcoming the Wind? Determinants of wind
power development among US states. Prof. Geographer 2009,
61 (1), 87–100.
(4) Menz, F. C.; Vachon, S. The Effectiveness of Different Policy
Regimes for Promoting Wind Power: Experiences from the
States. Energy Policy 2006, 34 (14), 1786–1796.
(5) Rabe, B. G. Race to the Top: The Expanding Role of the U.S. State
Renewable Portfolio Standards; Pew Center on Global Climate
Change: Arlington, VA, June, 2006; http://www.pewclimate.org/
global-warming-in-depth/all_reports/race_to_the_top/.
(6) Bird, L.; Bolinger, M.; Gagliano, T.; Wiser, R.; Brown, M.; Parsons,
B. Policies and market factors driving wind power development
in the United States. Energy Policy 2005, 33 (11), 1397–1407.
(7) Strachan, P. A.; Lal, D. Wind Energy Policy, Planning and
Managment Practice in the UK: Hot Air or a Gathering Storm?
Reg. Stud. 2004, 38 (5), 549–569.
(8) Toke, D.; Breukers, S.; Wolsink, M. Wind Power Deployment
Outcomes: How Can We Account for the Differences? Renewable
Sustainable Energy Rev. 2008, 12 (4), 1129–1147.
(9) Meyer, N. I. Learning from Wind Energy Policy in the EU: Lessons
from Denmark, Sweden and Spain. Eur. Environ. 2007, 17 (5),
347–362.
(10) AWEA. U.S. Wind Energy Projects; http://www.awea.org/
projects/.
(11) AWEA. American Wind Energy Association Second Quarter 2008
Market Report; 2009; http://www.awea.org/projects/default.
aspx.
(12) Climate Wire, Favorable Political Winds Blow EU Turbine
Producers to the US. New York Times, August 25, 2009; http://
www.nytimes.com/cwire/2009/08/25/25climatewire-favorablepolitical-winds-blow-eu-turbine-pr-51428.html.
(13) Emergency Economic Stabilization Act of 2008. Public Law 110343; 2008; http://www.gpo.gov/fdsys/pkg/PLAW-110publ343/
content-detail.html.
(14) DSIRE, Database of State Incentives for Renewable Energy; NC
State University, 2008; http://www.dsireusa.org/.
(15) Stephens, J. C.; Wilson, E. J.; Peterson, T. R. Socio-Political
Evaluation of Energy Deployment (SPEED): An Integrated
Research Framework Analyzing Energy Technology Deployment. Technol. Forecasting Soc. Change 2008, 75 (8), 1224–1246.
(16) Denholm, P.; Kulcinski, G. L.; Holloway, T. Emissions and Energy
Efficiency Assessment of Baseload Wind Energy Systems.
Environ. Sci. Technol. 2005, 39 (6), 1903–1911.

9070

9

ENVIRONMENTAL SCIENCE & TECHNOLOGY / VOL. 43, NO. 24, 2009

(17) Wiser, R. H.; Bolinger, M. Annual Report on US Wind Power
Installation, Cost, and Performance Trends 2007; Lawrence
Berkeley National Laboratory: Berkeley, CA, 2008.
(18) U.S. Census Bureau. State and County QuickFacts; http://
quickfacts.census.gov/qfd/states/25000.html.
(19) EIA. Crude Oil Production; US DOE, 2007; http://tonto.
eia.doe.gov/dnav/pet/pet_crd_crpdn_adc_mbbl_m.htm.
(20) EIA. Natural Gas Gross Withdrawls; US DOE, 2007; http://
tonto.eia.doe.gov/dnav/ng/ng_prod_sum_a_epg0_fgw_mmcf_m.
htm.
(21) EIA. Recoverable Coal Reserves and Average Recovery Percentage
at Producing Mines by State, 2007, 2006; US DOE, 2009; http://
www.eia.doe.gov/cneaf/coal/reserves/table14_07.pdf.
(22) EIA. Voluntary Reporting of Greenhouse Gases, Electricity Emission Factors; US DOE, 2007;http://www.eia.doe.gov/oiaf/1605/
pdf/Appendix%20F_r071023.pdf.
(23) EIA. U.S. Electric Power Industry Estimated Emissions by State;
US DOE, Washington DC, 2006; http://www.eia.doe.gov/cneaf/
electricity/epa/epat5p1.html.
(24) EIA. U.S. Electric Power Industry Estimated Emissions by State;
US DOE, 2006;http://www.eia.doe.gov/cneaf/electricity/epa/
epat5p1.html.
(25) Jiusto, S. An indicator framework for assessing US state carbon
emissions reduction efforts (with baseline trends from 1990 to
2001). Energy Policy 2008, 36 (6), 2234–2252.
(26) Blum, R. General Manager R&D, Dong Energy, on Costs of OffShore Wind Farm in Denmark. Personal communication to
Wilson, E., 2009.
(27) Gamson, W. A.; Modigliani, A. Media Discourse and Public
Opinion on Nuclear Power: A Constructionist Approach. Am. J.
Soc. 1989, 95 (1), 1–37.
(28) Culbertson, H. M.; Stempel, G. H. Media Malaise: Explaining
personal optimism and societal pessimism about health care.
J. Comm. 1985, 35, 180–190.
(29) Anderson, A. Media, Culture, and the Environment; Rutgers
University Press: New Brunswick, MN, 1996.
(30) Luhmann, N. Ecological Communication; University of Chicago
Press: Chicago, IL, 1989.
(31) Leiserowitz, A. American Opinions on Global Warming; A Yale
University/Gallup/ClearVision Institute Poll, 2007;http://
environment.yale.edu/news/Research/5310/american-opinionson-global-warming-summary/.
(32) EIA. State Renewable Electricity 2007; US DOE; http://www.
eia.doe.gov/cneaf/solar.renewables/page/state_profiles/
srp2007.pdf.
(33) Pew Climate Center on Global Climate Change. What’s Being
Done in the States? 2009; http://www.pewclimate.org/what_
s_being_done/in_the_states/.

ES900802S

