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A major goal of the environmental movement is to conserve or improve the natural environment, but evidence

showing that environmental mobilization produces positive environmental outcomes is mixed. This article

addresses a fundamental question about the relative impact of pro-environmental mobilization and the scope

of an environmental policy regime on the natural environment. Using panel data at the state level from 1990

through 2007, we explore how environmental protest and environmental policies independently (or jointly)

reduce CO2 emissions in U.S. states. We find that the level of emissions in a state declines in states with

increases in pro-environmental protest, net of the effects of the range of environmental policies enacted, gaso-

line taxes, liberal attitudes, reliance on the fossil fuel industry, number of registered lobbyist organizations,

gross state product, and population size.
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INTRODUCTION

Few would dispute the notion that improving the environment motivates envi-
ronmental movement activity of all kinds.5 But does environmental movement activ-
ity generate favorable outcomes? Social movement scholars studying this question
find that protest influences media attention, agenda setting, government funding,
and/or legislative success (Agnone 2007; Amenta et al. 2010; Burstein 2014; Giugni
2007; Jenkins and Form 2005; Johnson, Agnone, and McCarthy 2010; Olzak and
Soule 2009; Olzak et al. 2016). Only a handful of studies examine whether increases
in environmental movement activity produce concrete outcomes, such as CO2 emis-
sions (for examples, see Dietz et al. 2015; Grant and Vasi 2017; Jorgenson and Clark

1 This research was funded by a National Science Foundation Grants SES-0620577, SES-9911296, and
SES-9709356 to the second two authors with additional funding from the Vice Provost for Undergrad-
uate Education (VPUE) at Stanford University for undergraduate research from 2006 to 2010. All of
the authors would like to thank Madison Bell, Brian Cook, Jonathan Haynes, Chandler Johnson, Tho-
mas Scher, John Scott, Wenkai Kay, Vanessa Gaines, Chelsea Barabas, Liz Warburton, Denny Won,
Rosie Winn, and Noona Oh for their excellent research assistance.

2 Department of Sociology, Stanford University, 450 Serra Mall, Stanford, California 94305; e-mail:
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3 Department of Sociology, Stanford University, 450 Serra Mall, Stanford, California 94305.
4 Graduate School of Business, Stanford University, Stanford, California 94305.
5 For just two examples, see the NRDC’s mission statement: “The Natural Resources Defense Council’s
purpose is to safeguard the Earth: its people, its plants and animals and the natural systems on which
all life depends. We work to restore the integrity of the elements which sustain life—air, land and water
—and to defend endangered natural places” (http://www.nrdc.org/about/mission.asp) or 350.org’s goal
to “reduce the amount of CO2 in the atmosphere from its current level of 400 parts per million to below
350 ppm” (http://350.org/about/what-we-do/).
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2010; Lee and Lounsbury 2011; Rosa and Dietz 2012). Given the scientific impor-
tance of climate change, we seek to expand the scope of environmental sociology to
consider the effects of both policy and mobilization on environmental outcomes
(Press 2007; Rucht 1999). Specifically, we explore the effect of environmental move-
ment activity in a state, alongside that of the state’s environmental policy regime, on
levels of CO2 emissions in that state. We expect that environmental movement activ-
ity lowers carbon emissions by raising public awareness and mobilizing support
through protest and lobbyist activities that highlight the urgency of problems associ-
ated with global climate change. If this argument holds, more pro-environmental
activity ought to lead individuals and firms to reduce their carbon footprint thereby
decreasing aggregate levels of carbon emissions.6 We expect states with more numer-
ous and rising pro-environmental protests and policies ought to experience reduced
emissions, controlling for gas tax rates and a host of other factors.

Our theoretical argument builds on research examining the human impact on
the environment (Dietz et al. 2015; Rosa and Dietz 2012; York, Rosa, and Dietz
2003). We extend this line of work by explicitly modeling environmental movement
activity, including protest and environmental lobbying activities. In doing so, we
also address the body of research linking social movement activity to movement
outcomes by examining how movement activities can produce environmental
change directly. This allows us to distinguish our argument from two leading alter-
natives, which suggest that either protest affects pro-movement goals mainly indi-
rectly through policies (such as raising gas taxes) or that protest is just a proxy for
liberal political opinion. This research design also contributes to the literature on
the effectiveness of environmental policy on environmental outcomes by examining
the extent to which environmental policies are associated with a reduction of CO2

emissions (Burtaw and Palmer 2004; Grubb et al. 1991; Kerwin 2003; Ringquist
and Kostadinova 2005; Watzold 2004).

ARGUMENT AND HYPOTHESES

Concern over climate change is increasingly viewed as the predominant envi-
ronmental issue in the United States (McCright and Dunlap 2011). Given the con-
tribution of CO2 emissions to climate change (Hansen et al. 1981, 2007), the goal of
reducing emissions has assumed prominence as a key benchmark of environmental
movement success. Despite this, prior research on the impact of the environmental
movement focuses primarily on the political or legislative outcomes of the move-
ment, rather than on the impact of the movement on reducing environmental degra-
dation and/or CO2 emissions. Certainly, many researchers predict that policies—
especially state-level policies (Peterson and Rose 2006)—will be effective (e.g., Byrne
et al. 2007; Lutsey and Sperling 2007). But research on this question has yielded
mixed results (e.g., Grubb et al. 1991; Harrington, Morgenstern, and Sterner 2004;
Kerwin 2003; Ringquist and Kostindinova 2005). The availability of reliable data
on movement activity, environmental policy, and CO2 emissions make this is an
opportune time to explore these issues.

6 For evidence that private sector initiatives predominate, see Vandenbergh (2013).
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Social Movement Influence

Our underlying argument is that movement activity in the form of visible pro-
test raises awareness of environmental harm, which in turn produces more environ-
mentally conscious behaviors. In this view, movement activity changes the calculus
of costs and benefits of behaviors by framing movement concerns as social problems
requiring immediate solutions. Effective protests are believed to be those that
deploy highly visible tactics such as marches, rallies, and demonstrations, which
transform public perceptions of everyday issues into “social problems” (Hilgartner
and Bosk 1998).

Scholars have identified several sociological mechanisms that drive change
instigated by movement mobilization. First, as Soule (2009) demonstrates, social
movements have increasingly targeted corporations and firms, signaling bad actors,
advocating boycotts, or by highlighting proactive business practices. As such, envi-
ronmental social movement activity may publicize pro-environmental consumer
preferences and firm environmental performance to induce environmentally
friendly changes in firm behavior, which in turn would reduce aggregate levels of
emissions. For example, collective action has had a significant impact on the per-
ceived environmental risk as well as actual environmental performance of firms via
shareholder resolutions and protest campaigns that encourage competition among
firms to publicize their environmental certification (Grant and Vasi 2017; Lee and
Lounsbury 2011; Magat and Viscusi 1990; Potoski and Prakash 2005; Vasi and
King 2012; Yin and Schmeidler 2009). This argument implies that states with more
pro-environmental activity will see tangible reductions in emission levels.

Second, social movement activity stimulates the development of more environ-
mentally friendly industries by expressing consumer preferences and changing the
incentives associated with investing in new industries (Soule 2009). For instance,
research has shown that environmental movement activity influenced the creation
of new market opportunities for the emerging wind industry sector through the con-
struction and propagation of cognitive frameworks, norms, and values (Pacheco,
York, and Hargrave 2014; Sine and Lee 2009; Vasi 2009). Sine and Lee (2009:128)
argue that this happens in part by framing issues of environmental degradation as
an urgent social problem that demands action:

In the case of wind power, environmental movement organizations played a pivotal role in dis-
rupting the status quo of energy production by constructing and propagating the “problem”
of environmental degradation and industrial pollution and the “solution” of renewable energy.

As a result, in such settings a shared “ecological habitus” could emerge in
which pro-environmental movement goals supported by individual citizens and
advocacy groups gradually become part of a broadly accepted political agenda
(Brulle, Carmichael, and Jenkins 2012; Cason and Arora 1998; Dietz, Dan, and
Shwom 2007; Haluza-DeLay 2008; J€anicke 1992; J€anicke and Weidner 1995; Rucht
1999). Environmental groups encourage more pro-environmental behaviors by dis-
seminating environmental norms (Grant and Vasi 2017). Protest draws on and cre-
ates social networks that allow movements to recruit supporters and build
movement momentum (Hadden 2015).
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Taken together, these arguments imply that states with increasing environmen-
tal movement activity will have more success in reaching a key movement goal—
that of reducing CO2 emissions:

Hypothesis 1: Pro-environmental activity in a state will be associated with lower CO2 emissions,
net of a host of other factors.

Policy Influence

Despite the assumption that well-crafted pro-environmental policies will
improve the environment, research findings on this question are ambiguous. While
some scholars find that environmental regulation and legislation are associated with
environmental improvements (Harrington et al. 2004; Kerwin 2003), others are
more skeptical (Grubb et al. 1991:917; Ringquist and Kostadinova 2005). These
studies may have produced mixed results because scholars typically examine the
impacts of policy at different units of analysis, or because they study quite different
policy domains, or because they have analyzed different time periods. Nonetheless,
a general conclusion from this research is that policies are more likely to be effective
at the state or local (rather than the federal) level.7

There are two potential ways in which public policies may induce changes
believed to affect climate change: they can increase the costs of carbon emissions
(“stick” approaches), or they can provide financial or selective incentives to encour-
age pro-environmental performance (“carrot” approaches). Examples of “carrot”
approach policies include the implementation of Leadership in Energy and Envi-
ronmental Design (LEED) building certification projects; instituting competition
among firms, building contractors, or universities to obtain “greener” ratings; or
recycling programs that include refunds to consumers for environmentally friendly
activities. Examples of “stick” approaches include increasing taxes on energy and
gasoline; or monitoring energy use and implementing fines on cities, schools, house-
holds, and firms that violate these mandates. Recent studies find that a mix of carrot
and stick approaches are most effective. For instance, Grant, Bergstrand, and Run-
ning (2014) find that state-level policies that mandate emission caps and greenhouse
gas (GHG) targets and the decoupling of energy profits from utility rates signifi-
cantly lower a plant’s emissions.

At first glance, it seems straightforward to distinguish state policies aimed at
reducing climate change from those that affect other environmental outcomes. But
the Environmental Protection Agency (EPA) warns us that multiple arenas and
issue areas all significantly contribute to climate change (and probably do so inter-
actively): soil, agriculture, water, air, manufacturing, gas consumption, urban and
rural development.8 Because the science on this topic is still evolving, it is difficult, if
not impossible, to specify any one policy (or small set of policies) that solely targets

7 For analyses of policy at the state level, see Kerwin (2003), Burtaw and Palmer (2004), and Watzold
(2004). For analyses of policy at the federal level, see Grubb et al. (1991:917) and Ringquist and
Kostadinova (2005).

8 https://www.epa.gov/climate-change-science/causes-climate-change (accessed November 1, 2016). As
of April 30, 2017, this website was removed by the Trump administration.
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“climate change.” To confront this complexity, we measure each state’s broad envi-
ronmental policy regime and its changing scope over time:

Hypothesis 2: Broad environmental policy regimes in a state will be associated with lower CO2

emissions, net of a host of other factors.

RESEARCH DESIGN AND MEASURES

Our focus on state-level processes builds on a broad body of research show-
ing that environmental policies are enacted, funded, and implemented more effec-
tively at the state rather than the federal level (Petersen 2004; Ringquist 1993).9

Based on these findings, we analyze 50 U.S. states in our analysis (District of
Columbia and Puerto Rico were dropped due to missing data). To examine both
temporal and cross-sectional sources of variation, we employ a panel research
design. Our temporal frame begins in 1990 and ends in 2007 because the protest
event data were available only for this interval.10 We exploit the characteristics
of our pooled cross-section and time series data explicitly by implementing an
estimation procedure that incorporates both cross-sectional dependence and auto-
correlated lags in the same model.11 Concepts, measures, and descriptive statistics
are provided in Table I.

Dependent Variable

We use the log of annual CO2 emissions from fossil fuel combustion in million
metric tons (MMT) in a state, recorded in the U.S. Energy Information Administra-
tion’s State Energy Consumption, Price, and Expenditure Estimates. Because our
covariates are available from 1990 through 2006, we track CO2 emissions from 1991
through 2007 in each state.

Independent Variables

Consistent with prior research on the human impact on the environment, we
specify a multiplicative rather than additive relationship between independent
factors and the dependent variable. Thus, all variables (apart from the time trend)
are logged.12 Additionally, these covariates are also lagged to ensure covariates
preceded changes in the dependent variable. Below, we outline the theoretically
relevant measures followed by a discussion of the controls.

9 See also Rucht (1999: 209-210).
10 Collecting, content coding, and verifying protest event data is expensive and extremely labor intensive,

taking more than eight years in this case.
11 For details of the many advantages of combining a within and between model, see Dieleman and Tem-

plin (2014). Allison (2009) proposes a similar “hybrid” model.
12 We added .001 if zero values occurred in any year, and this value was added to all years for this mea-

sure to avoid biasing the results. For example, some states had zero protests for some years, so we
added .001 to each year’s count before taking the log of the annual protest count.
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Social Movement Protest Influence We use data on environmental protest collected
by Susan Olzak and Sarah Soule.13 These data were coded from online Newsbank
archive accounts of events in 16 local newspapers, from 1990 through the end of
2006.14 These newspapers were selected for their broad regional coverage and large
circulation size. In the first step in the process of data collection, research assistants
searched Newsbank using a series of search strings.15 Coding rules stipulated
that each event was public, collective (i.e., more than one participant), and that

Table I. Concepts, Measures, and Descriptive Statistics of State-Level Covariates in the Analyses

Concept Measure Mean (SD)

Dependent Variable:
Natural Environmental
Outcome

CO2 emissions (in million metric tons) 111.81 (111.75)

Independent Variables: Social Movement Activity
Pro-Environmental Protest Annual count of pro-environmental protest events 1.05 (2.07)
Environmental Lobby
Strength

Annual count of environmental lobbyist
organizations registered by state

13.14 (16.11)

Pro-Environment
Contributions

Ratio of pro-environmental lobbyist organizations
contributions to the total dollar amount of all
political contributions to environmental issues

0.14 (0.19)

Pro-Environmental Policies
Scope of Environmental
Policy Regime

Cumulative number of pro-environmental policies
enacted

1.56 (2.66)

Controls
State Gas Tax on Gasoline State motor fuel tax rates on gasoline (cents per

gallon)
19.62 (4.90)

Fossil Fuel Dependence Oil and gas industry gross domestic product (in
millions of dollars)

2,331 (9,286)

Pro-Environmental
Public Opinion

Liberal ideology of citizenry (0 = perfect
conservative, 100 = perfect liberal)

49.59 (17.21)

Population Size Annual state population (in millions) 5.58 (6.13)
Affluence Gross state product in millions of dollars 177,404 (220,915)
Unemployment State unemployment rate 5.18 (1.41)
Environmental Support
From Elites

LCV score average for members of Congress in a
given state-year

45.33 (23.59)

Note:Number of state-years: 850 (50 states x 17 years).

13 National Science Foundation Grant SES-0620577, Sociology Program. “Collaborative Research on
Advocacy Group Activity and Legislative Change Concerning the Environment.” Susan Olzak and
Sarah A. Soule, Co-PIs.

14 While most protest event analyses rely on a single newspaper, these data come from 16 newspapers
chosen to maximize geographical coverage (while maintaining temporal coverage of the post-Reagan
era of 1990–2006). No state is represented by more than one newspaper. The newspapers searched are
as follows: Denver Post, Washington Post, Miami Herald, Atlanta Journal Constitution, Chicago Tri-
bune, Louisville Courier-Journal, Times Picayune, Detroit Free Press, St. Louis Dispatch, Daily Okla-
homan, Philadelphia Inquirer, Houston Chronicle, Seattle Times, Boston Globe, Anchorage News, and
San Francisco Chronicle.

15 The final set of search codes were general improvement of the environment and/or issues of water
quality; hazardous and nonhazardous waste disposal; water and air pollution; global warming; recy-
cling; forest protection; coastal and inland waterways; energy, coal, oil, and gas conservation; alterna-
tive energy conservation; mass transport alternatives; airport pollution; conservation of natural
resources (a detailed codebook is available from the first author).
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participants articulated either a pro- or anti-environmental claim.16 Research assis-
tants then content coded information in the article’s text on participants, tactics,
claims, violence, location, and the valence of claims expressed (pro- or anti-environ-
mental movement) during the protest event.

Our initial search for protests specifically concerned with climate change
proved disappointing: over 17 years, there were only a handful of events organized
around climate change or carbon emissions (almost all were concentrated in Cali-
fornia). Moreover, more than 50% of all environmental protests expressed only
general claims, such as “improvement of the environment.” Why were there so few
protests around climate change? As the EPA reminds us, multiple factors interact to
produce climate change, which implies that most, if not all, factors that create envi-
ronmental harm also affect climate change. Our theoretical argument focuses on a
state’s broad orientation toward environmentalism, and thus our concept of envi-
ronmental awareness-raising protest is measured by the count of environmental
protests across any pro-environmental claim.

Nonprofit Social Movement Lobbyist Organizational Strength and Political
Contributions In addition to mobilizing protests, the environmental movement has
a diverse institutional arm, which is effective to the extent that they aggregate and
deploy resources necessary to influence social behavior (Andrews and Edwards
2004, 2005; Bosso 2005; Brulle et al. 2007; Johnson 2008). To capture this institu-
tional dimension, we include two measures of environmental movement organiza-
tional activity: a count of nonprofit lobbyist organizations and the relative strength
of their financial contributions made to politicians.

To avoid double counting social movement organizations in protests with envi-
ronmental organizations listed in the Encyclopedia of Associations (EoA), we
selected only those EoA environmentalist organizations that list “lobbying Con-
gress” as their primary activity (other primary activities listed were “direct action,”
“education,” or “media relations,” among others). This allows us to distinguish the
strength of a state’s lobbyist presence from the ubiquitous presence of other types
of environmental organizations at local protest events.17 To this end, we first gener-
ated a master list of environmental associations from the EoA in 2006, and then
selected only those organizations that reported lobbying activities in Congress
under relevant environmental categories.18

We coded each annual edition of EoA from 1990 through 2006, so we do
not omit environmental lobbyist groups that disbanded prior to 2006. Each

16 Unfortunately, the count of anti-environmental (or counter)protests was zero in most states for nearly
all years in this time frame, which precludes its inclusion in our models. Thus, we measure the activities
of the anti-environmental movement with indicators of fossil fuel dependence and monetary contribu-
tions to lobbying organizations from the oil, gas, electrical, and coal-mining industries (see also foot-
note 19).

17 About 50% of our protests listed one or more social movement organizations as participants. No dif-
ferences were found when comparing the effects of protests characterized by an organizational pres-
ence or its absence.

18 Organizations in the EoA that listed one or more of these concerns: Conservation, Ecology, Energy,
Environment, Environmental Education, Environmental Health, Environmental Law, Natural
Resources, Nuclear Energy, Pollution Control, Waste, Water Resources, Wildlife, and Wildlife
Conservation.
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organization was coded for the state location, founding year, and year it
disbanded (no longer appeared in EoA). We include a measure of the total
number of pro-environmental lobbyist organizations in existence in each state-
year.

Our second measure of social movement organization efficacy is a ratio of
pro-environmental contributions as a proportion of all lobbying contributions
(both favorable and unfavorable to the environmental movement) using the
online lobbyist archive, FollowTheMoney.org.19 This measure enables us to
disentangle the raw number of lobbyist organizations from the comparative
contributions from the pro- and anti-environmental groups as influencing
states’ environmental behavior.

Policy Influence To operationalize the scope of a state’s environmental regime, we
measure the annual number of pro-environmental policies that a state has enacted.
The Center for Climate and Energy Solutions (successor to the Pew Center on Glo-
bal Climate Change) classifies pro-environmental policies as those belonging to one
of the following policy arenas: Climate Action, Energy Sector, Transportation, and
Building Sector.20 Accordingly, we treat the volume of all pro-environmental poli-
cies enacted by a state as indicating the scope of environmental policy concerns in
that state. Across the 24 pro-environmental policies,21 the number of policies
enacted range from a minimum of two (indicating a relatively narrow scope of a
state’s environmental regime) to as many as 15 out of the 24 total possible policies
(broad environmental regime scope). Because once a policy is enacted it remains in
effect for the rest of the time period, we enumerate the cumulative number of poli-
cies enacted by a state by that year.22

Control Variables Increases in gas taxes make consumption of fuel (a major con-
tributor to CO2 emissions) costlier, which leads us to expect that as gas rates rise,
consumers will reduce fuel consumption, thereby lowering emissions. We control

19 Following FollowTheMoney’s categorization (see Moore 2007), the pro-environmental organizations
categorized as either “Pro-Environmental Policy” or “Alternative Energy” whereas the anti-environ-
mental category includes contributions from the “Oil and Gas,” “Electric Utilities,” and “Coal Mining
Industries.”

20 See http://www.c2es.org/us-states-regions, accessed December 15, 2013.
21 While the original source lists 29 policies, we were unable to find information on enactment timing for

5 policies. We count each state’s enactment of any or all of these 24 climate action policies: Green-
house Gas Emissions Targets, Standards and Caps for Electricity GHG Emissions, Climate Action
Plans, Regional Initiatives, Climate Adaptation Plans and Local Actions; energy sector policies: Pub-
lic Benefit Funds, Renewable & Alternative Energy Portfolio Standards, Green Pricing Programs,
Decoupling Policies, Energy Efficiency Resource Standards, Financial Incentives for CCS, CCS/EOR
Regs. – Designated Authorities, CCS/EOR Regs. – Long-Term Storage Rules, CCS/EOR Regs. –
CO2 Transp. Stor. Rules, CCS/EOR Regs. – Clarified Rules for CCS/EOR, Hydraulic Fracturing
Chemical Disclosure; transportation sector policies: Low Carbon Fuel Standard, VMT-Related Poli-
cies and Incentives, Zero Emission Vehicle Program; and building sector policies: Residential Building
Energy Codes, Commercial Building Energy Codes, Building Standards for State Buildings, Property
Assessed Clean Energy (PACE) Programs, On-Bill Financing.

22 We also attempted to separate out incentive (carrot) versus regulatory (stick) policies to test whether
one type was more effective than the other (Dr€oge and Kemfert 2005; Wilson 1996), finding no differ-
ences between the two. We therefore proceed with our analysis using the sum of both types of policies.

410 Muñoz et al.

http://www.c2es.org/us-states-regions


for a state’s annual tax rate on gasoline, using data from the U.S. Department of
Transportation’s Federal Highway Administration.

Similarly, the dependence of a state on the fossil fuel industry likely exerts
greater political influence against environmentalism, which may in turn inhibit poli-
cies and behaviors that reduce CO2 emissions. Accordingly, we control for the
annual oil and gas industry contribution to gross state product from the Bureau of
Economic Analysis.23

Citizens with more liberal ideological preferences engage in more environmen-
tal activities and hold more pro-environmental attitudes than do conservatives (Bal-
dassare and Katz 1992; Barr, Gilg, and Ford 2005; Dietz et al. 2007; Dunlap, Xiao,
and McCright 2001; Gilg, Barr, and Ford 2005). Differences in citizens’ political
ideologies that vary along a liberal-conservative dimension across states are there-
fore likely to produce different environmental consequences (and are likely to gener-
ate more social movement activity). Because liberal citizens express significantly
greater concern over climate change (Huxster, Carmichael, and Brulle 2014) and
are more supportive of environmentalism in general (Dietz et al. 2015; Dunlap and
Scarce 1991; Dunlap et al. 2001; Dunlap and McCright 2008; McCright and Dun-
lap 2010), whereas conservatives challenge climate science and policy – as in the
“anti-reflexivity thesis” (McCright and Dunlap 2011; McCright et al. 2016), we use
a measure of citizen ideology from Berry et al.’s (1998, 2010) measure of citizen ide-
ology. The Berry et al. (2010) variable is a time-varying, state-level composite mea-
sure, calculated as the average ideological position along a conservative-liberal
spectrum, ranging from 0 to 100, where high values indicate support for liberal
causes across a broad spectrum of issues.

Following the existing literature on the human impact on the environment
(Dietz et al. 2015), we include measures for key anthropogenic factors: population,
gross state product, and unemployment. First, we include the size of a state’s popu-
lation, based on the reasonable assumption that larger states ought to generate
higher levels of CO2 emissions. Second, the relationship between affluence and
demand for pro-environmental public goods has been frequently specified by a Kuz-
nets curve in which the demand for environmental well-being rises and then falls as
prosperity increases (Bergstrom and Goodman 1973; Diekmann and Franzen 1999;
Dietz et al. 2007; Dorfman 1977; Komen, Gerking, and Folmer 1997; Kristom and
Riera 1996; McFadden and Leonard 1992).24

An alternative specification is that a linear “superior goods” relationship exists
between income and environmentalism. Such a view is consistent with a policy
trade-off approach, which suggests that environmental solutions can be considered
only when more pressing economic concerns have been alleviated (see Diekmann
and Franzen 1999:541). To shed light on this debate, we follow Dietz et al. (2015)
by including measures of per capita state product from the U.S. Department of

23 https://www.bea.gov/regional/downloadzip.cfm
24 To specify this hypothesis, we used the Dietz et al.’s (2015) specification that measures deviations from

the 1990 level. We found a correlation of .95 exists between (log) per capita gross state product devia-
tion and its square from 1990, which precludes including both terms. Moreover, the results for the
coefficient for the deviation terms changed signs when the quadratic term was included. We also
replaced this gross state product measure with annual measures of per capita income, but it had no sig-
nificant effect in any models.
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Commerce Bureau of Economic Analysis and a state’s unemployment rate from the
Bureau of Labor Statistics (bls.gov/lau/staadata.txt).25

Finally, as a measure of elite environmentalism (see Dietz et al. 2015), we
include the yearly average of the pro-environmental League of Conservation Voters
(LCV) scores in each state-year. LCV provides yearly “scorecards” that evaluate
the environmental voting record of each member of Congress for each state. Their
annual index ranges from 0 to 100—for all U.S. Senate and House members within
a state.

Estimation Techniques

Our panel data allow us to compare the influence of characteristics across
states to effects due to changes in these measures within a state over time. We first
compared temporal and cross-sectional sources of variance (using the xtsum com-
mand in Stata 14.1). The results indicate significant variability both within and
between states. We then compared the performance of fixed effects (FE) and ran-
dom effect (RE) models (xtreg, fe, and re in Stata 14.1). The Hausman test yielded a
chi-square of 62.6 (14 df, p < .0001). This result is often interpreted as evidence that
FE estimation is more appropriate (but see Allison 2009). We then performed the
Breusch and Pagan Lagrangian multiplier test for random effects (xttest0 in Stata
14.1), which yielded a chi-square value of 4,028.6 (p < .0001), which rejects the null
hypothesis that variances across states are zero. This result favors an RE model, in
contrast to what the Hausman test yielded.

We next explored hierarchical linear models (HLM) used in previous panel
models of CO2 emissions (Dietz et al. 2015). We use the mixed procedure in Stata
14.1.26 For the level 1 (FE) portion of the model, we were reassured by findings that
duplicated (almost exactly) the results report by Dietz et al (2015:Table 1): popula-
tion increases CO2 emissions and gross state product has the expected curvilinear
effect predicted by their STIRPAT model. However, the level 2 portion revealed
none of the significant effects found in prior research (and the residual variance
parameter is nearly zero for the RE portion of the model).

25 To examine the demand for environmentalism, we collected and analyzed data on hazardous waste
sites from the EPA’s Final National Priority List (see Edelstein 1988:1), but because this measure did
not ever achieve statistical significance using any appropriate estimation procedure, we dropped it
(and this measure is tangential to our main argument).

26 Dietz et al. (2015) calculate level 1 measures by the subtracting the log of deviations from the log of
1990 levels of each measure (Tom Dietz, personal communication, March 9, 2017). Dietz et al. (2015)
use HLM software, which is not yet available for use on Mac computers. West and Galecki (2012:
Table 5) find that the mixed procedure (in Stata) performs well when compared to HLM, R, SAS, and
many other options. We replicated the Dietz et al. (2015) model over a slightly longer time period (850
state-year observations). Using the mixed procedure in Stata 14.1, we found that only 4.1% of the
total variance is due to differences across states. We also explored a similar procedure in which level 1
measures are calculated as deviations from means values (see Rabe-Hesketh and Skrondal [2012:250–
251]). Using this “hybrid” model (see Allison 2009), we found a highly stable, negative, and significant
estimate of protest on emissions. However, the results for several measures (especially population and
gross state product) were very unstable using this alternative specification. Finally, comparing the
models with variables centered at their means did not improve the fit over the Dietz et al. (2015)
results.
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Adding our theoretically relevant measures of social movement activity did not
improve matters and the residual variance parameter for the level 2 measures again
approached zero. Using a conservative approach that adds one covariate at a time
yielded highly unstable estimates, raising more doubts about our ability to use the
mixed model approach.

It seemed reasonable to consider the hypothesis that autocorrelation might be
driving this instability. We then explored a panel-correlated standard errors model
(xtpcse in Stata 14.1) that specified a first-order autoregression (AR1) process. To
test the AR1 assumption, we examined the lag structures and found very high
within-state correlations for many measures, which did not diminish as lags
increased (n = 17). These within-state correlations could be explained by Hoechle’s
(2007) research implementing Driscoll-Kraay standard errors to account for cross-
sectional dependence in panel models.

Following Hoechle (2007), we performed several crucial diagnostics to see if
spatial cross-sectional panel dependence was present (in addition to autocorrela-
tion). In the first step, we used the Pesaran CD to test the assumption of cross-sec-
tional independence. This test yielded a value of 13.6 (p < .0001), which rejects the
null and shows evidence that cross-sectional dependence exists. In addition, this test
shows that, on the average, the absolute correlation of the residuals between states
is .34. In the second step, we performed a test of the assumption of homoskedastic-
ity (xttest3 in Stata 14.1). This yields a chi-square of 1,304.9, which rejects the null
hypothesis (p < .0001).

After confirming that the first-order autoregression assumption was not met,
we next explored the appropriate lag length which the errors structure may be auto-
correlated. While the default selection of lag length is two years, Hoechle’s simula-
tion findings show that this is likely too small in most cases. Hoechle (2007:289)
cautions against selecting a lag length that is close to the maximum lag length in the
data (17 years). We experimented all points in between and chose a maximum lag
length of four years up to which the residuals may be autocorrelated.27

Taken together, the evidence supports use of Hoechle’s (2007) pooled ordinary
least squares (OLS)/weighted least squares (WLS) fixed-effects regression using
Driscoll-Kraay standard errors (xtscc in Stata 14.1) because this method takes both
cross-sectional dependence and multiple autocorrelation lag structures into account
in the same panel model. This estimation procedure is consistent with the idea that
unobservable common factors are correlated with the explanatory factors. In the
context of this study, such unobservable variables might include shifts in national-
level social movement support, legitimacy of environmentalist norms, the global
economy, or other unobserved forces shared contemporaneously among U.S. states
(e.g., see Dietz et al. 2015; Schofer and Hironaka 2005).

27 We also inspected the correlation among lags for each state for key variables, noting that the effect of
autocorrelation did not diminish, even among lags of measures up to 10 years apart. We find it con-
vincing that the direction, magnitude, and statistical significance of all measures remains unchanged
when comparing models with a 1-, 2-, 4-, or even 10-year lag specification (but the standard errors
decrease gradually as the number of lags specified increases).
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RESULTS

Table II reports results from pooled OLS/WLS regression models with
Driscoll-Kraay standard errors predicting state CO2 emissions. The model pre-
sented in Table II shows the effects testing our two hypotheses, including many
important control variables and a time trend.

We first evaluate our key substantive hypotheses. Our first hypothesis is that
increases in pro-environmental activity will be inversely related to CO2 emissions,
net of other factors. In Table II we see that states experiencing increasing numbers
of pro-environmental protests have lower levels of CO2 emissions, after controlling
for all other covariates, a finding that supports Hypothesis 1. Interestingly, this
finding is net of the scope of the environmental policy regime in a state, which is

Table II. Pooled OLS Regression Estimates of the Effects of Social Movement Activity on CO2 Emis-
sions in U.S. States, 1991–2007

Social Movement Activity:
Count of Pro-Environmental Protests –0.012***

(0.002)
Count of Environmental Lobbyist Orgs 0.010

(0.005)
Ratio of Pro-Environmental $ Contribution by
Lobbyist Orgs. / Total $ Contributions

–0.058***
(0.013)

Pro-Environmental Policies:
Cumulative Number of Pro-Environmental Policies 0.016**

(0.005)

Control Variables:
State Tax Rate on Gasoline (0–100) –0.379***

(0.019)
Oil and Gas Industry GDP 0.065***

(0.009)
Citizen Liberal Ideology (0–100) –0.023

(0.045)
Population (in millions) 0.851***

(0.045)
Gross State Product (in millions) –0.085

(0.049)
Unemployment Rate –0.045

(0.027)
LCV Score –0.031*

(0.013)
Time Trend (in years) 0.009***

(0.001)
Constant 5.156***

(0.590)
Observations 850
Number of Groups 50
R-squared 0.896
Degrees of Freedom 12

Notes: *p < .05, **p < .01, ***p < .001. All variables logged. All covariates, except for the time trend, are
lagged one year and thus begin in 1990. Estimates use xtscc in Stata 14.1. (Driscoll-Kraay standard errors
in parentheses). Estimates use a maximum lag set to four years. See text.
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consistent with our conjecture that the demands voiced by environmentalists during
protests may indeed raise awareness and change behaviors that reduce carbon emis-
sions in a state, net of a strong pro-environment policy regime.

The more institutional, pro-environmental lobbyist arm of the environmental
movement is measured first by the number of lobbyist organizations in a state, and
is not significantly related to emissions. But the relative proportion of donations to
political campaigns from pro-environmentalist lobby organizations decreases the
magnitude of carbon emissions in a state significantly. This suggests that desired
environmental outcomes are more sensitive to the balance of power between pro-
and anti-lobbyist forces, net of the effects of the numbers of lobbyist organizations
and protest events favoring environmentalism in a state (see also McAdam et al.
2010). Taken together, these results suggest that lobbying efforts have a larger
impact when contributions can counter those by the oil and gas lobby. At least for
CO2 emissions during this period, our results suggest that leverage from financial
contributions may tip the balance in favor of pro-environmental forces.

Unexpectedly, the cumulative number of environmental policies enacted in a
state is positively associated with emissions. However, the measure of cumulative
policies is correlated over .5 with the time trend, which suggests multicollinearity
may be influencing this result (removing this measure did not change any of the
results). We replaced this cumulative measure with the count of newly enacted envi-
ronmental policies, and this effect is not significant. There was no significant inter-
action effect between policies and protest. Taken together, the positive effect of
policies on emissions is generally unstable and nonrobust under different specifica-
tions of the measure. Hypothesis 2 fails to receive support under any
specification.28

Many control variables in Table II behave in the way we would expect. More
populous states emit more CO2, as expected. Not surprisingly, a state’s economic
reliance on the oil and gas industry increases CO2 emissions significantly. And over
time, despite activities generated by the environmental movement, states have emit-
ted more CO2.

Two control variables that significantly lower emissions merit attention. First,
the negative effect of gas taxes on emissions suggests that our initial rejection of pol-
icy influence may have been too hasty. Such a result is consistent with the view that
consumers make rational economic calculations decreasing their fuel consumption
as gas taxes rise, which subsequently reduces carbon emissions. These results also
support those who favor a “stick” approach to policies on climate change. Second,
states electing members of Congress with higher scores from the LCV significantly
reduce CO2 emissions. Such findings extend the “ecological habitus” perspective.
Dietz et al. (2015:8256) interpret this same finding as indicating a strong effect of
environmentalism, which can potentially counter harmful influences of population
and industry emissions.

28 We explored but found no consistent evidence that the count of environmental climate change policies
was endogenous to the process (i.e., that more policies are implemented in states confronting high
emissions). Such evidence cannot rule out problems of endogeneity that undermine many studies,
including those that use longitudinal panel design as we do here.
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We find no evidence for effects of several other controls. Gross state product,
unemployment, and citizen ideology do not have significant effects on CO2

emissions after other factors are considered (but see Dietz et al. 2015).29

DISCUSSION AND CONCLUSION

Our evidence supports the argument that some aspects of social movements
have more real-world consequences than others, at least with respect to CO2 emis-
sions at the state level. Stepping back from the details, our study advances our
understanding of the effects of pro-environmental mobilization on outcomes
because it includes measures that move beyond a focus solely on either the impact
of policy or protest on environmental outcomes. We find that social movement pro-
test lowers carbon emissions significantly, net of the effect of state-enacted policies
and gas taxes designed to reduce these emissions. Relative financial contributions
by pro-environmentalist social movement organizations also significantly reduce
emissions.

As in most studies, the analysis presented here has several important limita-
tions. Because we lack access to reliable surveys linking an individual’s exposure to
protest with changes in environmental behavior, we are unable to identify which of
the mediating mechanisms affect carbon emissions. While we have shown that the
volume of pro-environmental protests systematically reduces CO2 emissions at the
state level, we also cannot determine whether the effect of protest on emissions is
driven by changes in firm behavior, industry environmental performance, or indi-
vidual “everyday” behaviors (or due to some combination of factors). Future
research should analyze environmental performance disaggregated by these groups.

To play devil’s advocate, we consider at least one plausible alternative explana-
tion for the significant effect of protest we found. Importantly, we ask if the effect of
protest on the reduction in carbon emissions might be spuriously related to more
fundamental changes in liberal attitudes, which independently favor environmental-
ism and protest. Fortunately, our results can partially address this question by com-
paring the effects of liberal citizen ideology and the volume of protest on emissions.
Recall that earlier we suggested that states that are more liberal and that generate
more environmental movement activity might reflect a supportive environmental
“habitus” that reduces a state’s overall environmental footprint. Our results show
that increases in liberal opinions—as a proxy for environmental attitudes—did not
affect emission levels, even though protest is associated with lower emissions.

Our evidence suggests that there are effects of environmentalism that work not
only within and between states, but that there are also effects that are shared con-
temporaneously across states (see also Dietz et al. 2015). Because our panel model
indicates cross-sectional time dependence exists, shifts in environmental outcomes
are not spatially independent. Such spatial dependence is consistent with theories
that emphasize the national scope of social movements (McCright and Dunlap

29 The discrepancy between our results and those of Dietz et al. (2015) regarding gross state product
may be due to differences in the inclusion or exclusion of protest and lobbyist organizations measures,
differences in measures of ideology, or differences in estimation methods.
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2011). Substantively, our results provide some indirect evidence that environmental-
ism has some effects at the national level.

Many questions prompted by our study invite further study. First, controlling
for protest and a host of other factors, we find it puzzling that the scope of pro-
environmental policies implemented by a state does not significantly improve its
emissions level. One likely explanation is that the number of all policies does not
adequately capture the argument about the extent of a state’s pro-environmental
regime. Alternatively, the absolute number of policies may be less effective than
implementing a single but powerful policy that affects all citizens.30

The latter explanation is consistent with our finding that higher taxes on gaso-
line effectively reduce carbon emissions and it is internally consistent with claims
that economic considerations provide some leverage over energy use. Comparison
of the relative efficacy of different policies (raising fuel taxes versus mandating elec-
trical decoupling policies versus implementing LEED certification programs) would
bring even more clarity to debates over which policies best reduce carbon emissions.
It would also be fruitful to explore whether environmental policies that can be
implemented regionally over several states are more effective than small-scale plans
that are tailored to specific state concerns. Finally, as environmental issues and con-
cerns have continued to grow and face resistance, future research could explore how
the dynamics found in this article may or may not be changing in contemporary
U.S. society.

This project contributes to social movement research by examining the impact
of mobilization on outcomes desired by a social movement. By showing that
increases in movement protest is systematically related to lower carbon emissions,
we also suggest a successful strategy for affecting social change that is open to ordi-
nary citizens interested in improving their natural environment. Our key result here
is that pro-environmental protests systematically precede a reduction in CO2 emis-
sions, net of a host of other socioeconomic and political measures expected to affect
this outcome. This finding underscores the potential significance of a state’s support
for environmentalist goals for changing the natural environment.
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