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Abstract:

The innovation of environmental policies and their subsequent diffusion throughout the
U.S. states has been the subject of significant academic attention. Using an event history
analysis, a traditional geographic model for policy diffusion is tested against a model
where states learn from peer groups, defined by political culture. There is evidence for state
learning within peer groups but less support for diffusion across state borders. Policy
characteristics, environmental conditions, economic resources, and political constraints and
opportunities are tested as drivers of differences in policy adoption. More than any other
factor, politics and political culture explains the adoption of energy and climate change
policies. These results also suggest that restricted models that test geographical
mechanisms of policy diffusion likely omit important characteristics that are correlated
across states, leading to biased findings regarding the geographical state diffusion models

in the extant literature.

Keywords: Policy Diffusion; State Climate Change Policy; Policy Adoption; Policy

Innovation; Event History Analysis; State Energy Policies.

Introduction

With global coordinated action towards climate change seemingly at a standstill
(Jordan and Huitema 2014), hopes of addressing climate change through policy initiatives
have fallen to national and subnational governments encompassing a ‘Madisonian’
approach to climate change (Victor, House, and Joy 2005), or alternatively, a climate
regime complex (Keohane and Victor 2010). According to these alternative models,

states may not pursue climate protection directly, but rather, focus policy efforts on an



array of agricultural, forestry, transportation, renewable energy, and energy development
policies that match local conditions (Matisoff 2008). These policies create a polycentric
web of national, state, and regional policies that address the drivers of climate change.
Ostrom (2009) argues that this approach encourages policy experiments at multiple
levels, develops methods for assessing benefits and costs of each policy, and builds on
the successful efforts of medium- and small-scale governance units. Nevertheless,
Ostrom (2009) does not address the conditions that lead to diffusion of successful policy

experiments across a political landscape.

With the U.S. energy-based carbon footprint totalling 5,835 million metric tons in
2008, the U.S. is the world’s second largest emitter of CO, (19 per cent of global energy-
related emissions) and has a larger carbon footprint than all of Europe combined (Energy
Information Administration 2012). We focus on state-level policies because the majority
of policy innovation and activity related to climate change in the U.S. has been at state
level (Rabe 2004) and future efforts to leverage the Clean Air Act to regulate carbon
emissions will likely rely heavily on state innovation and implementation (Nordhaus
2007, Richardson 2011). Further, following a rich history of policy diffusion research
(see Boushey (2010) for a review), the U.S. states offer an ideal environment to study the

adoption and diffusion of public policies.

Climate change programs can encompass a wide array of activities. State climate
change policies may take a wide variety of forms including energy efficiency programs,
financial incentives for renewable energy, financial incentives for alternative fuels, or
regulations targeting the transportation or electricity generation sectors. Climate change

policies may be adopted to address public bads, such as air pollution, producing a



positive externality of GHG reduction. Other programs attack GHG emissions more
directly by promoting carbon accounting and methane recovery, or seeking to implement
regional carbon-trading. Renewable Portfolio Standards (RPS) are an example of an
energy policy that requires that a percentage of electricity generated or purchased in the
state must come from renewable sources. As a result, highly CO, intensive coal power

may be displaced by renewable energy, lowering the GHG footprint of a state.

Here, we focus on energy efficiency and renewable energy policies, which have
the potential to address the largest source of carbon emissions in the U.S. State
legislatures have pioneered a variety of energy policies during the past two decades, yet
there is insufficient insight regarding the specific conditions under which states elect to
adopt these policies. We contribute to the empirical literature by testing the conditions
that lead to the adoption and diffusion of energy policies in the U.S. Further, we
contribute to the theoretical literature by contrasting several different approaches to
measuring the diffusion mechanism and comparing the drivers of diffusion across several
different types of policies. This research is of importance to those substantively interested
in the adoption and diffusion of energy and climate change policies, as well as those
interested in the broader questions of policy diffusion, and how most accurately to test

competing hypotheses regarding the drivers of policy adoption and diffusion.

This is part of a larger effort to better understand why governments innovate
climate change policy. Here, we examine policy innovation through the lens of policy
diffusion, building upon Madisonian theories of federalism, which suggest that successful
policy experiments by states will be mimicked and adopted by other states. In contrast,

this approach says little about the initial invention of a policy or the subsequent



effectiveness of adopted policies, though we provide some brief observations regarding
the initial innovation of these policies in the U.S. (for discussion on the invention of
climate change policies see Bauer and Steurer 2014, Jacobs 2014, Schaffrin, Seubert, and

Sewerin 2014).

We examine state energy policies along dimensions of economic development,
intergovernmental competition, and several mechanisms of diffusion across states, while
testing for the economic, political, and geographic characteristics within states that make
them more likely to adopt a particular policy. We seek to expand upon previous policy
diffusion research by incorporating policy characteristics and provide empirical evidence
by understanding the precise conditions under which policy innovation and diffusion are

likely to occur.

We empirically assess motivations for the adoption and diffusion of eight
different state energy policies that promote renewable energy development and energy
efficiency. We assess programs and policies that are likely to be adopted due to economic
development and competition across states, against those whose adoption ought to be less
influenced by interstate competition for economic development. We test numerous
specifications of policy diffusion to improve upon weaknesses in existing diffusion
research. Results derived from multiple models allow us to reach new conclusions about

policy innovation and diffusion in the U.S.

Policy Diffusion Theory: diffusion versus internal
determinants

Policy diffusion is a function of factors both internal and external to a state

(Massey and Beiesbroek forthcoming). External factors include social learning, economic



competition, imitation, or coercion (Shipan and Volden 2008). Under the most traditional
theory of policy diffusion, and in the Madisonian tradition, U.S. states serve as
laboratories of policy experimentation (Elazar 1972) and policy learning is exhibited

when states mimic the successful policy experiments of other states.

Theorists have suggested that these diffusion trends are driven by communication
by state legislators and bureaucrats, as well as a variety of networks aimed at delivering
climate friendly technology and moving towards a low carbon economy (Bauer and
Steurer 2014). Numerous intra-state organizations such as the Council of State
Governments, the Federal Commission on Intergovernmental Relations, the Citizen’s
Conference on State Legislatures, the National Governor’s Conference, or professional
associations such as the National Association of State Budget Officers, the National
Association of State Conservation Officers may serve to promote policy learning and
promote policy diffusion (McLendon, Heller and Young 2005, Walker 1969). Because
policymakers are thought to attend conferences and communicate regionally, empirical
models have tested this theory, suggesting that states are more likely to mimic
neighbouring states, and that policies are likely to diffuse across state borders (Berry and

Berry 1990, Lyon and Yin 2010, Matisoff 2008).

Several weaknesses exist with this specification of policy diffusion. First, with
decreasing costs of transportation and communication, it does not seem as likely that
geographic constraints are responsible for driving policy diffusion. While states may
choose to look to geographical neighbours as peers, they may look for comparisons or for
policy experience to other parts of the country or world. Second, empirical research

testing policy diffusion has produced mixed results. Berry and Berry (1990) find policy



diffusion in state lottery adoptions, but more recent studies examining energy policy
diffusion have failed to find compelling evidence of policy diffusion across state borders,
once internal characteristics are controlled for (Lyon and Yin 2010, Matisoff 2008,

Stadelmann and Castro forthcoming).

Instead, research that tests the internal determinants model against the regional
diffusion model suggests that the internal determinants model - and specifically, the
political resources / motivations component of the internal determinants model — seems to
drive policy change (Lyon and Yin 2010, Matisoff 2008). However, as Matisoff (2008)
notes, similarities across states may drive policy diffusion. States may mimic other states
that share similar political, economic, and geographic resources. Existing research
suggests the difficulty of statistically isolating the influence of internal determinants from
shared characteristics and determinants of other states. Research that better informs why
certain types of policies are adopted can help researchers understand how and why policy
innovation occurs, and how it diffuses across states. Further, while regional diffusion has
been found in some cases and not others, research employing event history analysis has
been limited to examining the adoption of one policy, rather than through a comparison
of the adoption of multiple policies. Examining multiple policies allows us to contrast the

motivations of adoption across different types of policies.

Different types of policies may follow different diffusion processes. We consider two
of these possible diffusion processes for two types of policies. First, neighbouring states
may adopt policies due to economic competition amongst states. Second, policy learning
may occur by states imitating cultural cohorts, rather than geographical cohorts. We test

these two mechanisms for diffusion across two policy types, characterized by the amount



of economic competition generated by each policy type. We expect that policies that
promote economic development will diffuse geographically; we expect that policies that
have less economic development implications will diffuse via political cohorts. We test
these external drivers of policy diffusion against the internal determinants model of

policy adoption.

Competition drives Policy Diffusion

We expect some policies to diffuse across state lines due to intergovernmental
competition (Baybeck, Berry, and Siegel 2011). According to this theory, states
strategically compete for locational choices made by individuals and firms, including
business investment decisions and consumer behaviour. Several recent studies support
the economic competition hypothesis. Shipan and Volden (2008) demonstrate that
smaller cities are less likely to adopt anti-smoking regulations until larger neighbours do
so. Boehmke and Witmer (2004) suggest that early adoption of Indian gaming contracts
results from social learning, while later adoptions or modifications to contracts result
exclusively from economic competition. Berry and Baybeck (2005) demonstrate that
competition drives the adoption of state lotteries, while levels of state-determined welfare
benefits are not influenced by competition. Woods (2006) finds that states respond to
competitor states by reducing environmental regulatory enforcement stringency. In
contrast, Saikawa (2013) finds that developing countries implement more stringent

emissions standards as an economic development tool.

In the area of climate change policy, we categorize policies aimed at economic
development and directed towards firms as highly competitive and hypothesize that

intergovernmental competition among states drives adoption of these policies. Policies



such as Renewable Portfolio Standards (RPS) or tax credits for renewable energy
development may result due to competition amongst states, as states attempt to provide a
business environment that can attract renewable energy development. RPS have long
been employed as a rural economic development tool by states (Wiser and Langniss
2001), and tax credits to corporations have been employed as a mechanism to drive
business investment and economic development. If states guarantee a market for
renewably generated electricity through the establishment of an RPS, it provides a clear
regulatory incentive for business investment in renewable energy development in that or
neighbouring states.' Renewable energy policies are frequently promoted as a mechanism

to attract jobs and economic growth (Wei, Patadia, and Kammen 2010).

Berry and Jaccard (2001) argue that RPS use is spreading. For RPS and similar
policies, the spreading phenomenon of certain clean energy policies may be due to a
relationship between regional diffusion and policies that lead to competition between

neighbouring states (Hays and Glick 1997).

In contrast, some policies are less likely to be the outcome of intergovernmental
competition. Personal tax rebates and other individualized incentives are unlikely to
generate economic competition and may be less likely to diffuse amongst states. While
states compete for consumer spending or for business investment, personal tax credits

and energy efficiency regulations do not provide a direct economic payoff to states

' The implementation of RPS is a bit more complex, since RPS programs generally allow the trading of
Renewable Energy Credits, providing a strong harmonization pressure on states, but in general, renewable
energy must be sourced from a state with the RPS standard and RPS standards are thought to encourage

renewable energy development.



because they reduce spending and tax revenue. Yusuf and Neill (2013) identify non-
economic development-related policies as those that focus on increasing energy
efficiency and reducing energy costs. Public benefit funds, tax incentives for energy
efficiency and renewables, net metering standards, and energy efficiency mandates for
public buildings may promote environmental goals, but the adoption of each of these
programs appears to be less economic development-driven than policies aimed at
influencing the strategic locational preference of a firm or resulting in increased revenue

for the state.

States Emulate and Learn From Kindred Spirits

Social learning, imitation, or policy emulation are common hypotheses in the
policy diffusion framework. Shipan (2008) distinguishes between social learning and
imitation and argues that social learning is the purposeful adoption of a successful policy
experiment while imitation lacks purpose. Boehmke and Witmer (2004) suggest an
interpretation of adoption among neighbouring states that entails learning and emulation.
Berry (1994) uses factor analysis to derive geographic state clusters and subsequently

finds evidence for policy diffusion.

We depart from existing literature by testing multiple groupings of states. We test
whether states have a fixed group of states from which they learn or emulate, which we
call their ‘kindred spirits’. These state cohorts are determined by a variety of cultural,
ideological, geographic, and historical factors, rather than geographical neighbours.
Grossback et al. (2004) concludes that states are more likely to mimic states that are
ideologically similar while Case et al. (1993) conclude that states mimic states due to

fiscal and demographic similarities. Reese et al. (2009) employ a similar framework,
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finding that the adoption of tax incentives at local level follows a largely path-dependent
trend entailing the cumulative addition of old policies to new ones (i.e., marginal
change). Tavits (2003, p. 651) further suggests that policy adoption is determined largely
by “political and policy histories of policy choices,” as opposed to one that entails active
learning. In this analysis, we do not attempt to measure whether learning or emulation is
active or passive, due to difficulties in quantitatively distinguishing these motives.

Rather, we seek to observe, measure, and verify different patterns of diffusion.

Walker (1969) grouped states into five factor loadings which he titles: the South,
New England, Mountains and Northwest, Mid-Atlantic, and Border, Great Lakes and
California; however, Walker’s categories are not geographically contiguous and are not
mutually exclusive. Walker remains agnostic regarding specific similarities across states
that make them more likely to view each other as cohorts. Walker’s groupings are based
solely on a factor analysis based on the relative order of adoption of 88 policies between
1870 and 1966. While some states, such as New York and Pennsylvania, are grouped
with Mid-Atlantic States and New England, other states, such as Kansas, Colorado, and
Arizona, remain ungrouped. Walker provides a model of interstate relationships based on
proclivity to adopt various policies, in large part due to attitudes and preferences of state
decision makers, and highlights the role of communication among state subsets. While
these state groupings have geographic components, the most important characteristic is a
political path dependency across groupings. Thus, we expect that state history matters
and, despite the elapse of nearly five decades since Walker’s (1969) state groupings, the
logic of path dependency maintains the continuity of the Walker “regions.” We expect

that states with similar policy histories are more likely to learn from each other. To check
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for robustness, we also test specifications that use Census regional groupings and Census

sub-region groupings (included in the online appendices).

Internal Determinants

The internal determinants model explains policy adoption as a function of state
motivation to innovate and obstacles of innovation (Glick 1981, Gray 1973, Regans
1980, Walker 1969). Stream (1999) identifies five categories of internal determinants:
political context, fiscal health, problem severity/demand, and regulatory environment. In
the context of climate change policy, these may include major domestic determinants
such as low air quality, important industries to the state, state energy production and
consumption patterns, the state regulatory environment, political activism, state
geographical and fiscal characteristics, economic capacity, the availability of alternative
energy resources, the strength of local environmental interest groups, and the political
ideology of the public regarding the role of government in shaping individual energy

consumption choices.

Energy Policies: Problem Severity & Demand

States pursue climate change policies for various reasons, including pressures to
promote economic development, improve environmental quality, and improve energy
efficiency. Wei et al. (2010) find that energy efficiency programs and renewable portfolio
standards create more jobs per unit energy than coal and natural gas. Additional
economic development benefits from corporate investment are generated by tax credits

and other investment incentives (Peterson 1981).

The demand for energy policies in states with abundant supplies of alternative

energy sources is likely to be conditional on the wealth of the state. In rural and low
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income areas, RPS is a common economic development tool (Langniss and Wiser 2003),
and wind turbines can provide farmers and rural residents with increased income. At the
same time, wealthier areas may be more likely to oppose wind due to complaints about
obstructing or altering views or noise from turbines. We expect wealthier areas with high
wind resources to have less activity to promote wind electricity production. In contrast to
wind, solar is highly expensive and has been thought of as a conspicuous good or status
symbol. We expect that states’ solar resources will be positively associated with energy

policies, especially in wealthier areas.

Another motivation to adopt energy programs likely stems from the need to
improve the environmental quality and energy efficiency of a state. States that have air
quality problems and are non-compliant with National Ambient Air Quality Standards
should be motivated to shift electricity consumption away from coal and oil and towards
renewable sources (Matisoff 2008). Further, energy efficiency gains can reduce the need
for new electricity plants, reduce peak load burdens, and keep rates low. If states have
more carbon intensive economies, there are more opportunities for low cost efficiency

gains.

Internal determinants: Political context

States with liberal citizens have repeatedly been demonstrated to be more willing
to adopt energy policies to influence program participation and it is important to control
for the willingness of each state to use the authority of government to solve perceived
policy problems (Lyon and Yin 2010; Matisoff 2008). In addition, environmental interest
groups are likely to lobby for these types of policies, and states more reliant on carbon

intensive industry or fossil fuel production may be less likely to adopt energy programs.
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Internal determinants: Fiscal health

States that have wealthier populations and a larger tax base are thought to have a
greater capacity for regulatory innovation and regulatory enforcement. Further, states that
have wealthier citizens demand more from governments and expect them to provide clean
air and greater environmental quality, as well as to promote increased energy efficiency
and the use of renewable energy. States with higher electricity rates may have more
economic incentive or slack available to invest in renewable energy and energy

efficiency.

Internal determinants: Regulatory Stringency

There is mixed evidence regarding the relationship between citizen and
government activity and corporate performance. Woods (2006) finds that states respond
to competitor states by reducing enforcement stringency. In contrast Potoski (2001) finds
that states race to the top in air quality. Similarly, the record on the relationship between
business investment, environmental performance and regulatory stringency is mixed
(Maxwell and Decker 2006, Porter and van der Linde 1995). Further, we lack time
variant data on regulatory stringency across states. We proxy for regulatory stringency in
particular by using two measures of citizen engagement (voting turnout and
environmental interest group membership rates), which have been demonstrated to be
highly correlated with regulatory stringency (Viscusi and Hamilton 1999). We expect that
states that already have higher regulatory stringency will be more likely to pursue further

energy efficiency and renewable energy policies.
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Data and Methods
Methods: Event History Analysis

We employ event history analysis (EHA) to test the likelihood that a state will
adopt a policy in a given year. EHA is a well-established model in the policy diffusion
literature, popular for testing both internal and external determinants (e.g., Berry and
Berry 1990) with particular attention to regional effects (Mooney 2001), which explains
the occurrence of an event (e.g., policy adoption) based on individual state and policy

diffusion variables.

The adoption of a policy in each state is coded as “1” for the year of adoption and
“0” if the policy has not been adopted. Once a state adopts a policy, it drops out of the
data set. This coding indicates that a particular policy can only be adopted once for each
state (although it can be renewed or strengthened). The model is estimated as a logit
model.” We estimate this model with robust standard errors, a series of regulatory dummy
variables, and a time trend to control for additional geographic and temporal
heteroskedasticity. This model assumes that at any given time after 1990 states are
considering the possibility of adopting a policy and will adopt it once a certain threshold
is exceeded. It assumes that the baseline probability of adoption for each is equivalent for

each state, given the set of variables we control for in our model.

To represent the “pressure” for a state to adopt based on the diffusion level of
that particular policy for both neighbouring and Walker regions, a variable is coded
detailing the percentage of states within the respective region that have adopted a relevant

policy in that year or earlier. We employ two specifications modelling different

? An alternative specification with a Cox hazard model produced very similar results.
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mechanisms at policy diffusion and model two additional specifications based on Census
region and subregion (see online appendices). First, we model a neighbouring states
model, where states are hypothesized to mimic their neighbours, and policies spill over
across state borders. A second specification utilizes Walker regions, based on Walker’s

(1969) state groupings.

Using three models we test the diffusion of the two policy types for a total of 24
event history analyses allowing us to gauge the extent to which these policies motivate
competition or emulation between states. The random effects logit model provides results
that will be compared in three ways. First, we can test the factors that drive adoption for
each of the eight policies by using hypothesis tests on the parameter coefficients. Second,
we can explore a comparison between the internal determinants model and the extent to
which our policy diffusion variables are correlated with state characteristics to better
understand the drivers behind policy diffusion. Finally, by comparing the effect of the
two policy diffusion variables across the eight policies, we can gain a better
understanding of the relationship between policy type (high-competition or low

competition), and whether policies tend to be driven by competition or emulation.

Dependent variable: policy adoption

Policy adoption data for the 48 contiguous states (Alaska and Hawaii are excluded
because they have no neighbouring states) begin in 1990, the first year for which most
policy-relevant data could be obtained and the year that the first Intergovernmental Panel
on Climate Change report was released, concluding that global climate change was likely
caused by human behaviour. Beginning in 1990, state agencies have kept track of

greenhouse gas emissions and their efforts to combat them.
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The adoption year of the eight policies, three representing highly competitive
policies (RPS, renewable energy corporate tax credits, energy efficiency corporate tax
credits) and five representing low-spill-over policies (net metering, personal tax credit —
efficiency and renewable, public building energy standards, public benefits funds), were
obtained from the Database of State Incentives for Renewable Energy which contains
information on state energy efficiency and renewable energy policies (Interstate
Renewable Energy Council 2010)." While the Database of State Incentives for
Renewable Energy provides data on dozens of different policies, we selected only those
that appear to most clearly exhibit or not exhibit economic competition, based on
classifications from prior research. Table 1 categorizes the policies according to whether

they are competitive or non-competitive.

<<insert table 1 about here>>

Independent variables’

Problem Severity and Demand

We measure the motivations for states to adopt energy and renewable policy by
measuring state geographic resources, air quality, energy consumption and production,
and carbon intensity. Wind potential is measured as the total percentage of U.S.
electricity consumption that could be produced by state wind generation (Elliot and
Schwartz 1993). Solar potential is coded as annual average global radiation for each state
(kWh/M?*/day). Biomass potential is measured in thousand dry tonnes / year / capita and
is obtained from table 10 in Milbrandt (2005). Air quality is measured using the average

percentage of a state’s population living in a nonattainment area for six major criteria air
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pollutants: NOy, SO,, CO, Pb, 1 hour Ozone, and PM-10 (Matisoff 2008). The carbon
dioxide intensity of a state is measured in tons per thousand of current 2010 dollars of

Gross State Product (GSP) (Energy Information Administration, 2012).

Political Context

The ideology of a state’s citizens is measured using a citizen ideology index,
which seeks to measure the mean position on a liberal-conservative continuum of the
“active electorate” in a state, scaled from 0 (conservative) to 100 (liberal) (Berry et al.
1998). Sierra club membership is obtained directly from Sierra Club. Energy production

per capita is collected from the EIA.

State Financial Capacity

GSP per capita data is drawn from the U.S. Bureau of Economic Analysis. State

revenue data is drawn from the U.S. Census of State Governments.

Regulatory Stringency

We employ civic engagement as a proxy for regulatory stringency using voter
turnout, which has a well-established relationship with regulatory stringency (Viscusi and

Hamilton 1999).

Additional Control Variables

In addition, we include dummy variables measuring whether or not state

electricity restructuring is active, state size and population density.

Results and Discussion

<<insert Tables 2 - 3 about here>>

Table 2 shows logistic regression results for the internal determinants specification
without accounting for spill-over or policy learning. Table 3 summarizes the impact of

the inclusion of the diffusion metric in policy diffusion with the set of internal
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determinants included in Table 2. Complete statistical results, as well as results from the

Census region and subregion specifications are listed in the online appendices.

Internal Determinants Hypotheses

Without controlling for external pressures that drive policy adoption, we explain
as much as 50 per cent of the variation of a state’s likelihood of adopting a policy in a
particular year (see Table 2). We also find powerful relationships between specific state

characteristics and the likelihood of adoption.

Problem Severity and Demand

States demonstrate a mixed record at tailoring policies to take advantage of
unique geographic attributes. Solar density is negatively correlated with adopting net
metering standards, but positively correlated with passing building efficiency standards.
Wind potential is significant and positive for several policies by itself (corporate
renewables, public benefits, net metering) but with less increase in likelihood of adoption
at increasing levels of gross state product per capita for net metering adoption and public
benefit funds. Biomass resources are negatively correlated with adoption of RPS, and

corporate incentives for renewables.

Some policy adoptions, such as RPS and Public Benefit Funds, are associated
with worse air quality, suggesting that states adopt these programs to improve air quality.
States with more energy consumption are more likely to adopt tax incentives for net
metering, suggesting that high energy demand may lead states to pursue distributed

generation.
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Political Context

Perhaps the most consistent finding between this and previous and accompanying
research is that more liberal states are more likely to adopt policies to address energy
efficiency and renewable energy. Increasingly, liberal states have a greater likelihood of
adopting RPS, corporate tax incentives for efficiency, public benefit funds, and personal
tax for renewables. Climate change is a political challenge more than an economic or
technological challenge. Environmental group membership is correlated with net
metering. This demonstrates that states are responsive to citizen ideology and organized
environmental interest groups, but less responsive to other problem characteristics. (In
contrast, results from an international model suggest little influence of NGOs on policies

(Stadelmann and Castro forthcoming).

CO; intensity is negatively correlated with net metering and personal tax
incentives for renewables. This suggests that carbon intensive industry may also lobby
against certain new energy programs promoting renewables or energy efficiency. This
result is consistent with the political market hypothesis and previous findings that states
with larger reliance on the fossil fuel industry were less likely to adopt energy regulations

(Matisoff 2008).

Fiscal Health

State revenue is statistically significant as a motivation for public benefit funds
and corporate incentives for energy efficiency. Given the structure of PBF, which allows
utilities to recoup costs of energy efficiency projects, it is unsurprising that states with
larger government budgets have the capacity and funding to design and implement these
types of programs. Higher electricity prices are correlated with higher incentives for

public benefit funds.
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Regulatory Stringency

Voting turnout positively influences the likelihood of adoption for RPS,
suggesting that citizen engagement is a mechanism to improve policy adoption. State
product per capita is significant and positive for corporate tax incentives for efficiency

and public benefit funds.

External Drivers of Policy Diffusion

Including state adoption patterns, we can explain up to 62 per cent of a state’s
likelihood of adopting a policy in a given year (see tables in online appendices).
Controlling for neighbouring state and Walker region adoption modestly influences the

statistical significance of the internal determinants.

Neighbouring States Models

Of the three highly competitive policies, only corporate incentives for renewables shows
a statistically significant parameter estimate, suggesting differentiation, rather than
diffusion. Among the five low competition policies, only public benefits policies have a
positive and statistically significant parameter estimate. These results question the

applicability of the neighbouring states specification for policy diffusion research.

Walker Regions Models

All eight policies are strongly and positively significant for the Walker diffusion
metric. Different Walker regions were also more likely to adopt different types of policies.
RPS were adopted in all 8 region 2 states and in 6 of 7 region 4 states, while only being
adopted in 4 of 17 region 1 states, and in 4 of 14 region 3 states. Public benefit funds

have a similar pattern. In contrast, regions 1 and 3 were much more likely to adopt
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personal and corporate tax credits than regions 2 or 4. This finding suggests a preference

for policy types by states that share a similar political culture.

Policy diffusion discussion

More than anything, our results demonstrate that across all types of policies,
political culture — even as measured six decades ago — matters. After controlling for the
observable internal determinants, the most predictive characteristic of each state is that
states' political culture, as measured by its Walker region. In all 8 policies tested,
adoptions by Walker region cohorts is a statistically significant predictor of future policy

adoption, even when Census region diffusion is included as a control variable.

This suggests that states learn from a relatively fixed set of states, regardless of
the type of policy, and that reference groups have remained relatively fixed since 1850
(though Walker demonstrates some movement over time). Some of these states are
neighbours, others are not. This suggests that instead of policies diffusing across
neighbours, they diffuse in a similar pattern that they did pre-1965 (and spanning back to
the 1800s), suggesting that globalization is not to credit / blame for this, but that state
policy seems to be path dependent. States emulate other states because of political
attributes that make some states more innovative than others. More innovative states
move first, and other states follow the innovators in their "Walker region" that they seek

to emulate.

Moreover, these data (presented in the online appendices) allow us to examine
whether certain states are more frequently first-movers for each Walker region. In region
1, Texas was the first mover in 2 of the 8 policies; in region 2, New York was a first

mover in 6 of the 8 policies, and Massachusetts was a first mover in 2; in region 3,
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Maryland was the first mover in 3 of the 8 policies, and Oregon was the first mover in 2.
In region 4, New York was the first mover in 6 of the 8 policies, and Wisconsin was the
first mover in 2. In region 5, California was the first mover in 3 of the 8 policies. This
analysis points to just a few states being particularly important in policy innovation
leading to the diffusion of energy policies among U.S. states. While this analysis has only
been conducted with 8 policies, it suggests that certain states are more likely to be policy

innovators in the area of energy and climate.

Internal determinants versus diffusion

Table 3 illustrates results for the diffusion variables across the eight policies
without controlling for internal determinants, and shows how exclusion of relevant
independent variables can impact results. Comparing these results to the parameter
estimates after controlling for internal determinants demonstrates the amount of variation
absorbed by the diffusion models. For neighbouring states, much of the statistical
significance of the neighbouring models is absorbed by adding the internal determinants
variables and vastly changes the interpretation of the results. Without internal
determinants controls, four policies are statistically significant (and all are positive).
Once controls are added, two remain significant; corporate incentives for renewables
changes valence and demonstrate differentiation, rather than emulation. In contrast, for
the Walker model, adding internal controls does not decrease the significance of the
estimated effects — all policies show policy learning across Walker regions with and
without internal determinants controls. This result highlights the susceptibility of the

neighbouring states model to specification error and excluded variable bias.
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High Competition vs. Low Competition

We expected economic development (high competition) policies to diffuse across
neighbouring states, while low competition policies would diffuse across Walker regions.
There is little evidence to support this hypothesis. Amongst high competition policies, no
policies appear to have diffused across state borders. Amongst the 5 policies expected not
to diffuse across state borders, public benefit funds was the only policy to diffuse across
state borders. Although we only test our theory on a limited number of policies, economic
development policies do not appear to diffuse more readily across state borders. These
results support findings by Holzinger et al. (2008, 2011) that do not show diffusion due to
regulatory competition in environmental policy and by Biesenbender and Tosun
(forthcoming) that show a complicated relationship between regulatory pressures and

policy adoption.

Amongst the low competition policies, Walker regions were more predictive for
policy adoption. All 8 policies diffused across Walker regions. However, most of these
policies also diffused across Census regions and sub-regions (see online appendices). In
robustness checks where the Census region diffusion variables are included in the
regression as well as Walker regions, Census regions become statistically insignificant

and Walker regions remain significant.

Conclusions and new directions for research

This study provides implications for the study of policy diffusion and the
specification of event history analysis models, as well as implications for the adoption
and diffusion of energy programs. The neighbouring states model of policy diffusion

seems to consistently underperform other methods of modelling policy learning. While
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supportive findings can be selectively chosen from the literature, these findings do not
compare the neighbouring state hypothesis with other mechanisms of grouping states and
may crucially exclude relevant explanatory variables. We find that Walker regions
provide more explanatory power in all 8 policies than the neighbouring state model.
Walker is a statistically significant (and one of the most correlated) predictor of policy
adoption in all 8 policies and provides a unique contribution to our understanding of
policy diffusion, separate from internal determinants. These Walker regions hold even
after controlling for geographic, political, economic, and environmental characteristics of
states, and when Census region adoption is included as a control variable. In contrast,
internal determinants seem to absorb most of the variation explained by the neighbouring
states approach. That the Walker regions remain an important determinant of policy
diffusion speaks volumes about the durability of external sources of information that

policy decision-makers draw from in the U.S.

Further, there are significant theoretical problems with the neighbouring state
model. While intergovernmental competition is the most compelling story behind this
model, many policies do not facilitate the type of competition that would drive
neighbouring state diffusion. It is also unclear whether competition should drive states to
differentiate themselves or to imitate each other. In these findings, states mimic each
other for certain policies, but differentiate themselves for others. As a result, we do not
believe that the neighbouring states model should continue to be employed unless there
are clear reasons to believe that state competition across state lines is driving policy
adoption. There are other mechanisms for policy diffusion, such as trade networks

(Saikawa 2013), that are more theoretically justified than the neighbouring states model.
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That states emulate a fixed set of states that they view as cohorts has enormous
implications for policy that depart from much existing literature. Given that the US has
been a chief advocate of abandoning international regime efforts to address climate
change for a more bottom up approach, the extent to which these efforts have been
implemented in the U.S. is of interest to the global policy community. The vast majority
of literature suggests that states learn from each other or compete with each other.
Because states appear to take cues from a fixed set of states, in an ideal policy world
where policymakers could manipulate policy experiments (or where federal funding for
policy experimentation is doled out to specific states), it would make sense to seed policy
experiments to states in different Walker regions. As discussed above, certain states
appear to be clear leaders in the Walker regions. New York is a leader amongst region 2
and region 4. Maryland, Massachusetts, Oregon, Wisconsin, Texas, and California also
appear to be consistent policy innovators, likely because these (generally larger states)
have larger budgets, capacity, and culture that promote policy innovation. This lesson
provides insight for international policy diffusion as well. If certain states are consistent
leaders and others are consistent laggards, it may be possible to seed policy experiments
in states that are more open to policy experimentation. International institutions and
networks can be used to push laggards to adopt successful policy experiments. These
results are consistent with Howlett and Joshi-Koop (2011), who find that the training and
expertise of policy analysts dictates whether a government is open to policy
experimentation. If policy diffusion occurs through professional networks and institutions

and professional policy analysts are also able to push policy experimentation, then
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professional networks appear to be a mechanism to both open government to policy

experimentation and diffuse policy experiments.

Certain types of policy are more likely to be adopted in states with different
political cultures. Walker regions 2 and 4 were near-universal adopters of RPS programs
and Public Benefit funds, while these programs were very unpopular in regions 1 or 3. In
contrast, tax benefits were relatively more popular in these regions than in regions 2 or 4.
This suggests that policy-makers may win greater acceptance by choosing culturally

appropriate policies for states.

The most consistent correlations across energy policies point towards political
attributes of specific states including citizen interest groups and political liberalism. To
increase the policy adoption of climate change policies, the results of the model
emphasize the importance of citizen interest groups, paired with specific policy types that
might make states more (or less) receptive to policy adoption. For participants in the state
policy process, these results provide useful guidance regarding the possible acceptance of

a particular policy, based on its characteristics.

Jordan and Huitema (2014) suggest that future research focus on mechanisms of
diffusion, and the characteristics of policies that lead them to diffuse. While we have
attempted to understand both the role of intergovernmental competition and the role of
political culture (among other characteristics) on policy diffusion, future research can
continue to address the causal drivers of intergovernmental competition and whether we
ought to expect states to imitate or to compete with each other. The selection of well-
chosen policies can aid in understanding differences across policies and how policies

diffuse. Recent research has made improvements specifying the economic relationships
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between political entities (e.g. Saikawa 2013), but more complex spatial econometric
methodology allows for more sophisticated approaches to understanding relationships
between states. Recent advances in statistical computing and methodology, such as

spatial econometric techniques, ought to allow for an improvement in the identification of
policy relationships across states. Specifications that allow for a combination of fixed
effects as well as time-variant political-economic relationships between states hold
significant promise for understanding the diffusion of policy (Neumayer and Pliimper
2012). Finally, understanding how the success of policy experiments provides feedback
to the development and subsequent improvement of policies holds promise to understand

policy learning.
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Table 1. Policies by type

Corporate Incentives
High Competition

Individual Incentives
Low Competition

Regulatory
Renewables

Renewable Portfolio
Standards

I Access Laws or Net
Metering

Financial Incentives

Business and

Personal Tax Credits

Renewables Corporate Tax Credits

Regulatory Public Building

Efficiency Energy Standards;
Public Benefits Funds

Financial Incentives
Efficiency

Business and
Corporate Tax Credits

Personal Tax Credits
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Table 2. Internal Determinants Specification for all 8 policies: Logistic Regression

Results
RPS Corp.Tax Corp. Tax Pub Ben Bldg Stds Net Pers. Tax Pers. Tax
Eff. Renew Meter Eff Renew
Solar Density 0.624 0.492 -2.491 -0.308 5.555%* -6.844** 3.893 4.821
(4.030) (1.539) (3.375) (2.969) (2.397) (3.231) (3.485) (4.338)
Wind Potential 0.184 0.360 0.763* 1.093** -0.325 0.665%** 0.437* 0.249
(0.281) (0.365) (0.395) (0.484) (0.401) (0.221) (0.239) (0.295)
Solar * GSPPC -15.17 8.138 42.45 -40.22 -156.9** 165.4* -96.96 -95.92
(101.5) (72.59) (146.8) (80.72) (71.61) (88.95) (96.48) (100.6)
WindPot * 0.0147 -5.321 -14.77 -37.97** 4.636 -20.10%*** -5.655 -7.991
(6.636) (5.519) (11.32) (15.86) (9.885) (5.331) (5.585) (6.857)
BiomassPC -546.9** -232.9 -446.2%* -397.4 -88.71 -272.9 -555.8 201.2
(226.0) (290.1) (223.4) (533.0) (181.1) (215.3) (380.8) (207.1)
HouseVote 17.10%** -11.69 -17.07 6.959 9.148 -6.106 1.411 -3.426
(4.651) (16.15) (30.13) (5.397) (9.275) (5.886) (19.15) (11.63)
Critindex 4.617** -2.870 -0.269 6.423%** 0.706 0.551 4.198 3.759
(2.328) (3.062) (2.851) (2.489) (2.677) (1.242) (5.093) (3.061)
EnergyProdPC -0.000630 -0.000176 0.000389 -0.000243 -0.00108 | 0.000234 0.000391 7.91e-05
(0.00132) (0.000202) | (0.000418 | (0.000443) | (0.00119) | (0.000129 | (0.000341) | (0.000354
ElectricPrice 0.261 -0.0269 -0.270 0.467*** 0.133 0.0609 -0.677 -0.125
(0.200) (0.284) (0.774) (0.137) (0.178) (0.112) (0.912) (0.238)
ConsumptionP -1.547 0.125 -2.995 6.467 2.419 4.352* -5.165 3.843
7 (6.142) (3.427) (17.12) (5.141) (2.009) (2.229) (15.46) (3.862)
CO2Intensity 0.917 0.143 -1.991 -3.431 0.811 -1.368** -2.612 -2.119**
(2.420) (0.715) (2.023) (2.530) (1.274) (0.589) (2.837) (1.074)
Liberalism 0.108*** 0.0694* 0.0687 0.0760* -0.00630 0.0287 0.0738 0.0605*
(0.0355) (0.0364) (0.0830) (0.0434) (0.0284) (0.0219) (0.0701) (0.0324)
SierraPC -131.6 -250.7 60.51 -135.7 -68.28 176.0%** 6.959 -6.039
(247.5) (359.1) (162.8) (320.1) (224.4) (38.12) (196.0) (90.91)
StateRevenueP 0.0298 0.427** -0.196 1.723%** -0.0400 -0.0679 -0.361 0.339
7 (0.257) (0.191) (0.234) (0.624) (0.210) (0.187) (0.294) (0.264)
GSPPC 219.1 -144.4 -328.3 -15.12 730.6** -582.9 110.6 304.5
(442.2) (301.8) (659.3) (335.6) (299.5) (368.4) (481.6) (425.9)
PopDens 0.00660 0.000343 -0.000457 0.00192 0.00365 | -0.00932* 0.00289 0.000479
(0.00522) (0.00472) (0.0114) (0.00359) (0.00580) | (0.00487) (0.0118) (0.00453)
LandSqKM 1.34e- 2.33e-06 4.51e-07 8.50e-06 1.07e- -4.07e-06 3.77e-06 5.22e-07
(3.18e-06) (5.93e-06) | (4.37e-06) | (6.16e-06) (3.10e- (2.74e- (5.21e-06) (3.91e-
Restructure 0.317 0.570 -0.205 -0.364 -0.901 0.122 -1.513 0.432
(0.874) (0.599) (1.343) (0.859) (0.812) (0.571) (1.321) (0.693)
Time 0.320** 0.393* 0.603*** 0.211 0.363** 0.183** 0.923* 0.339*
(0.155) (0.218) (0.219) (0.216) (0.145) (0.0748) (0.528) (0.192)
Constant -32.84 -7.991 10.99 -18.56 -39.67*** 21.42%* -16.37 -28.64
(21.80) (6.661) (21.44) (13.66) (11.12) (12.96) (18.22) (21.04)
Obs, 708 647 755 643 662 523 744 690
pR’ 0.501 0.232 0.228 0.436 0.337 0.265 0.335 0.207
Wald X* 105.19 43.56 131.42 122.38 96.59 149.70 76.78 78.48
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p-value: * <.1; ** < .05; *** < .01; Robust standard errors are in parentheses, clustered
by state
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Table 3. Diffusion variables; With and Without Controlling for Internal Determinants

High-competition Policies

Low-competition Policies

RPS Corporate Corporate | Public Building Net Personal Personal
Efficiency | Renewable | Benefit Standards | Metering | Tax Tax
Renewable | Efficiency
Without Controlling for Internal Determinants
Neighbo 3.486%** 1.258 -3.327 3.101%** 3.805%** 1.567%** 0.938 0.142
ur (0.703) (0.913) (3.111) (0.918) (0.674) (0.459) (0.898) (1.238)
Walker 4.987%** 7.243%** 10.27%** 4.010*** 5.424%%* 4.656%** 8.574%** 14.60%**
(1.000) (1.524) (3.054) (0.745) (0.838) (0.748) (1.563) (2.709)
With Controlling for Internal Determinants
Neighbo -0.482 -1.984 -10.70%** 3.315%* -0.586 -2.359 -0.808 -3.001
ur (1.391) (1.530) (4.121) (1.408) (1.136) (1.581) (1.998) (2.507)
Walker 9.239%** 13.42%** 14.83* 9.024*** 3.967** 9.767*** 14.32%** 24.85%*
(2.269) (4.191) (8.173) (2.489) (1.796) (2.471) (5.506) (13.06)

p-value: * <.1; ** < .05; *** < .01; Robust standard errors in parentheses, clustered by state
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Notes

" The online appendices include a detailed description of each of the eight policies and
samples of legislation particular to representative states. http://danmatisoff.net/policy-diffusion/

2 Descriptive statistics, sources, and units for the variables discussed in this section are
included in the online appendices.
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