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Abstract 
 

Mitigating climate change is a global task.  Adequately reducing the greenhouse gas 

(GHG) emissions that are driving planetary warming trends will require new international 

agreements and national policies.  Yet even as nations struggle to create binding agreements and 

realize mitigation actions, sub-national jurisdictions have been designing plans to reduce GHG 

emissions.  In the Unites States, 36 state governments have developed, or are in the process of 

developing, Climate Action Plans (CAPs) that recommend specific emission reduction goals and 

policies for implementation.  These recommended policies make reductions in a variety of GHG 

emitting sectors using different technological and behavioral strategies, such as efficiency 

improvements, conservation efforts, and the expanded use of renewable electricity generation.   

The primary purpose of this paper is to show differences in the recommended emission 

reduction levels and types of strategies among state CAPs.  Second, this paper provides a 

qualitative analysis of how recommended emission reductions through the renewable power 

strategy may relate to state circumstances.  Specifically, renewable power potential is a measure 

of a state’s natural resource endowments that could be used to achieve GHG emission reduction 

goals.  The current utilization of renewable power is an indicator of the degree of path 

dependency towards carbon-intensive electricity production in a state.   

This study re-categorizes CAP policies into eight emission reduction strategies and 

accounts for overlaps in GHG reduction estimates.  It presents four scenarios of low or high 

renewable power potential and low or high utilization and compares them to the level of 

recommended CAP reductions.  Results show that state CAPs have varying levels of ambition to 

reduce emissions and recommend varied types of strategies to achieve them.  Furthermore, 

results suggest that certain states may be impacted more than others by path dependency issues 

in the electricity sector.  Since GHG emissions reduction policy at the federal level will need to 

account for the diverse resources and electricity generation infrastructure across the country, 

understanding the policy-portfolios developed in state CAPs could improve the effectiveness of 

sub-national and national approaches to mitigating global warming.   
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1.0 Overview 

State Climate Action Plans (CAPs) are proposed portfolios of greenhouse gas (GHG) 

emission reduction policies that groups of stakeholders recommend for implementation at the 

state level in the United States.  This study examines the CAPs of 11 states that used the same 

consultant to provide a menu of reduction options, facilitate consensus-building, and calculate 

estimated emission reductions.  The two main purposes of this paper are: 1) to show the 

differences in the emission reduction levels and types of strategies among state CAPs and 2) to 

provide a qualitative analysis of how recommended emission reductions through the renewable 

power strategy may relate to state circumstances.  In order to address the second purpose, this 

study presents four scenarios of low and high renewable power potential and low and high 

current utilization of renewable resources and then compares the scenario type of each state with 

the level of recommended reductions from renewable power in its CAP.   

This paper begins with an introduction to the challenge of global climate change 

mitigation, the concept of emission stabilization wedges, and the important role of U.S. states in 

addressing the problem.  The purpose, history, process, and current status of state climate action 

planning are then summarized. 

Second, this paper reviews literature on factors that are influential to environmental 

policy outputs at the state level.  Literature on path dependency in the electricity production 

sector is reviewed and used as a frame for one of the factors that may affect state CAPs.  Path 

dependency provides a temporal aspect to the discussion and describes how inertia from some of 

these factors becomes influential in preserving a status quo to state policy over time.   



Third, this paper discusses why the frameworks on factors and path dependency are used 

to qualitatively analyze the renewable power recommendations in state CAPs.  Although there 

are a myriad of relevant factors, this study chose to focus on renewable power potential in order 

to account for one important technical circumstance that may affect state CAPs.  In addition, 

current utilization of renewable resources is used as an aggregate metric to represent path 

dependency.  The characteristics of the four scenarios of renewable power potential and current 

utilization are summarized and possible relationships to recommended CAP reductions are 

discussed.    

Fourth, this paper presents methodologies for re-categorizing emission reduction policies 

in state CAPs according to eight wedge strategies and for taking into account overlaps in the 

estimated reductions of interacting policies.  Then, measures of renewable power potential and 

utilization are presented, and a methodology for comparing the scenarios with recommended 

CAP reductions is discussed.   

Fifth, results of the differences in states’ recommended CAP emission reduction levels 

and types of strategies for meeting the goals are shown.  The circumstances of each state are 

presented according to the scenarios of low and high renewable power potential and low and 

high current renewable power utilization.  These circumstances are then compared with the 

levels of recommended reductions through the renewable power strategies in each state CAP in 

order to examine path dependency and resource availabilities as potential factors in state CAP 

planning.  

Sixth, differences in state recommended CAP reductions through renewable power are 

qualitatively analyzed in relation to the four scenarios.  Notable states from this analysis are 
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discussed further in terms of path dependency and additional social, technical, and political 

circumstances that may have been influential in the CAP development process.    

Finally, this paper discusses the meaning of the results and analysis in terms of the 

broader frameworks of path dependency and other factors that influence environmental policy at 

the state level.  The implications of recommended emission reduction levels in CAPs and type of 

CAP GHG reduction strategies are discussed in relation to national climate change mitigation 

goals and policies.  Questions for further research on the circumstances that might have 

influenced the recommended emission reductions in state CAPs are also offered.  

1.1 Introduction to climate change and GHG emission reduction wedges  

As the scientific community continues to accumulate evidence that the planet is already 

beginning to see the effects of anthropogenic changes to the global climate, policymakers at 

every level of government are in energetic and often heated discussions over what can and 

should be done to address the problem.  The United Nations’ Intergovernmental Panel on 

Climate Change (IPCC) released its fourth and most recent assessment report in 2007, describing 

in detail the trends of global warming, the evidence for anthropogenic GHG emissions driving 

climate change, the likely impacts on ecosystems and human societies, and potential strategies 

for mitigation and adaptation.  In order to avoid the worst effects of global warming, nations 

around the world will need to reduce their GHG emissions dramatically. The IPCC recommends 

that industrialized nations reduce emissions by at least 25% of 1990 levels by 2020, and then 

further by 80% of 1990 levels by 2050 (IPCC, 2007). 

A broad portfolio of policies and technologies will be needed to address the problem of 

climate change (IPCC, 2007).  Pacala and Socolow have presented the concept of “stabilization 

wedges” to suggest potential solutions to the problem of rising levels of GHGs produced from 
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human activities (2004).  They popularized the idea that a portfolio of currently available 

technologies and actions could be assembled to prevent continuing growth of GHG emissions 

over the next 50 years.  Initially, Pacala and Socolow narrowly defined a wedge as a cumulative 

total of 25 G metric tons of carbon emissions that are reduced over 50 years.  Now, many groups 

produce wedge graphs to illustrate their analysis of a viable portfolio of strategies to reduce 

GHGs. By stabilizing emissions over the next few decades, it is hoped that society can set the 

stage for deeper emissions cuts by mid-century, and therefore avoid the most dangerous effects 

of climate change (IPCC, 2007).  

The wedge concept has become a paradigm for mitigating GHG emissions, and its 

meaning has broadened away from a specific set of GHG reductions to incorporate additional 

policies and uses. Wedge graphs have been produced to show worldwide carbon mitigation 

strategies (International Energy Agency, 2008), technologies to stabilize emissions from the U.S. 

electric sector (EPRI, 2007), and a portfolio of actions to reach the GHG emissions target of 

America’s Climate Security Act of 2007 (S. 2191) (Nichols et al., 2009). The wedge concept has 

also been developed into a problem-solving exercise used in schools, industry, and government 

to teach players about the scale of the climate problem and introduce them to GHG reduction 

technologies, their estimated costs, and the tradeoffs they require (Princeton University).  

Over the past several years, American states have begun to tackle this wedge exercise 

seriously by considering a variety of strategies to reduce their GHG emissions.  Public concern 

over climate change has prompted 36 states to develop climate action plans (CAPs).  These 

CAPs are recommended portfolios of policies tailored to reduce GHG emissions in the state 

(Pew Center on Global Climate Change, 2009).  States’ climate action planning efforts are 

important for several reasons. First, states will have a crucial role in American efforts to address 
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climate change because so many of the actions that could reduce GHG emissions – such as 

changes to building codes, electric power sources, or land use – are controlled by state and local 

governments. Second, states are significant GHG emitters. Considered independently and in 

comparison with other nations, American states represent 35 of the top 75 emitters worldwide, 

with Texas alone ranked seventh (Peterson and Rose, 2006). Third, since previous federal 

environmental regulations have been implemented at the state level, the experience states have 

now would be beneficial for crafting a federal response. It is important to note, however, that 

CAPs are non-binding recommendations to state policymakers.  Nevertheless, CAPs provide a 

valuable window into the variety of state responses to climate change.  

Because of the essential role that states play in addressing climate change, it will be 

advantageous to understand what types of emission reduction strategies states recommend in 

their CAPs and the state-specific circumstances that underlie their policy choices. In a 

geographically diverse nation like the U.S., it makes sense that states will compose their 

portfolios differently, influenced by their natural resource endowments, energy infrastructure, 

economic circumstances, and political preferences. Since individual states have fundamentally 

different circumstances, states naturally may prefer different GHG reduction strategies, designed 

to minimize their particular risks and maximize their economic opportunities (Rabe, 2008; 

Stephens et al., 2008). As this study’s literature review will suggest, there are multitudes of 

factors that could influence the policy choices in state CAPs.   

1.2 Background on state climate action planning processes 

Climate change legislation is being debated in the U.S. Congress (H.R. 2454, S. 1733), 

but many states have already adopted policies to inventory state GHG sources, set GHG 

emission reduction targets and timelines, developed climate action plans, and began to 

5 
 



implement policies (Peterson, 2004; Byrne et al., 2007; Lutsey and Sperling, 2008; Rabe, 2008; 

Wheeler, 2008). The earliest efforts at climate action planning by the states began in the late 

1980s and early 1990s with a few that initiated climate mitigation studies or targeted a few 

specific GHG emission sources. By the 1990s, the pace of state planning increased as the U.S. 

Environmental Protection Agency (EPA) began requiring GHG emissions inventories and 

offered grants to develop mitigation plans. Recent trends in state planning have focused on 

addressing the breadth of GHG emissions sources and drawing on more diverse approaches to 

reductions. State governments have partnered with outside consultants to bring more expertise 

and structure to their CAP planning processes. The Center for Climate Strategies is a nonprofit 

consulting organization that many states have hired to facilitate the development of a CAP.  Of 

the 36 states that have developed (or are in the process of developing) some form of CAP, 23 

have consulted with this organization to varying degrees, and 11 used a similarly facilitated 

planning process (Figure 1).  This study examines the GHG reduction portfolios of these 11 

states.  
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Figure 1 – Prevalence of state CAPs with year of final report.  Final report years are from the Pew Center 
on Global Climate Change (2009).  The 11 states in light green are the focus of this study.  The states in 
this study are Arizona, Arkansas, Colorado, Florida, Maryland, Michigan, Minnesota, Montana, New 
Mexico, North Carolina, and South Carolina. 
  
 In these 11 states, CAP development was initiated by executive order (AZ, FL, MD, MI, 

MN, MT, NM, SC), legislation (AR, NC), or a nonprofit proposal (CO). Except in Colorado and 

North Carolina, governors appointed the members of the CAP advisory groups which were 

comprised of 18 (MT) to 55 (MN) stakeholders. Stakeholders were appointed as individuals for 

their expertise in policy and technical areas and leadership in public, private, or nonprofit 

sectors. They were chosen to reflect a diversity of perspectives on the challenges each state faced 

in reducing GHG emissions but were formally asked by the consultant not to represent particular 

constituencies (Colburn, 2009). The relatively high level of experience and expertise of advisory 

group members makes these CAPs particularly significant; the challenge of choosing amongst 

the variety of emission reduction options is being confronted by subject matter experts familiar 

with the economic and socio-political circumstances of their state.  

 The consultant developed a master catalog of GHG reduction actions and policies that 

served as a consistent starting point for each state’s deliberations (Center for Climate Strategies, 

2008). These policies are organized into four sectors: 

1. Residential, Commercial, and Industrial (RCI) – 59 policies 

2. Energy Supply (ES) – 63 policies 

3. Transportation and Land Use (TLU) – 120 policies 

4. Agriculture, Forestry, and Waste (AFW) – 54 policies 

While all state advisory groups initially worked from the consultant’s general catalog, each 

customized the policies for their state during the CAP development process.  States combined 
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policies within sectors, added new ones, and even collapsed entire sectors together.1 Once 

advisory board members had been familiarized with their state’s GHG emissions profile and 

introduced to the master catalog of potential GHG reduction policies, they divided into technical 

working groups (TWGs). Most states included four working groups organized by sector: Energy 

Supply (ES), Residential, Commercial and Industrial (RCI), Transportation and Land Use 

(TLU), Agriculture, Forestry and Waste (AFW). Some states also added TWGs on cross-cutting 

issues or carbon markets.  

 To estimate the GHG impacts and cost-effectiveness of policy options, the consultant 

modeled individual policies in each of the four economic sectors. Due to the proprietary nature 

of the consultant’s models, detailed accounts of the calculations used to arrive at reduction 

quantities and costs were unavailable, but some summaries of the methodologies were available. 

To estimate the total emission reductions across sectors, the consultant quantified potential 

interactions among policy recommendations and determined overlaps in GHG reductions. 

Reduction costs were measured based on the direct effects borne by the entities implementing a 

policy recommendation. After determining the aggregate GHG reductions of individual policies 

through 2020 or 2025, the consultant calculated the total net present value (NPV) costs (or 

savings) of implementing each option (Colburn, 2009). They reported the physical benefits of 

each quantifiable policy in dollars per metric ton of carbon dioxide equivalent. The consultant 

did not quantify indirect benefits and costs, such as the net value of employment or health effects 

(Michigan Climate Action Council, 2009).  Consequently, without additional estimates of 

indirect impacts, analyses in the CAP reports may underestimate the total benefits and costs of 

the policies recommended by state advisory groups.  

 Guided by feedback from the TWGs, the advisory groups underwent an iterative process 
                                                            
1 Florida combined the policies of the RCI and ES sectors into a single Energy Supply and Demand (ESD) sector.     
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that built incrementally toward consensus on final policy recommendations. At the point of 

decision on any given reduction option, voting was conducted by a simple request for objections, 

followed by resolution of conflicts with the development of alternatives in the TWGs, as needed. 

Final policy recommendations in the CAPs included support at three levels across the entire 

advisory group: unanimous consent (no objection), super majority (5 to 9 objections) and 

majority (less than half object). By the end of the process, each advisory group had created a 

portfolio of GHG reduction options intended to serve as a non-binding guide for state-level 

policymakers.  
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2.0 Literature Review 

2.1 Factors that influence state policy choices 

Previous studies have found that several factors influence the state-level policies chosen 

to address environmental issues. According to Ringquist (1993), a state’s particular political 

system, political-economic characteristics, and organized interest groups interact to determine 

the stringency and scope of environmental legislation and regulations. Similarly, Allen (1999) 

suggests that policy adoption is primarily a function of a state’s economic environment, political 

institutions, and the activities of bureaucratic entities and interest groups. Lester and Lombard 

(1990)  argue that comparative analyses of state environmental management practices should 

include the severity of the problem, wealth, partisanship, and organizational capacity at the state 

level and then discuss such factors within the broader framework of the complex relationships of 

federalism.  

While it is generally agreed that such factors have multifaceted interactions, there is 

much debate in the literature about which factors have the greatest influence on state policy 

choices. Lester et al. (1983) find that the rigor of hazardous waste policy at the state level is 

primarily a function of the severity of the problem itself.  Bacot and Dawes (1996) determine 

that the level of environmental efforts by states correlates primarily with pollution severity and 

secondarily with interest group strength and organizational structure, while finding little 

evidence for the influence of organizational capacity, state fiscal health, or state ideology. In 

contrast, Hays et al. (1996) find commitment to addressing environmental issues is highest in 

states with liberal public opinion, strong environmental interest groups, and liberal, 

professionalized legislatures. Conversely, they find that manufacturing interests and economic 
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resources explain little, and overall environmental conditions and the influence of the federal 

government explain almost none of the variations in state environmental commitment. In 

addition, Davis (2005) examines the stringency of sulfur dioxide emissions regulations, 

concluding that state legislatures weigh the strength of various consumer and producer interest 

groups and the cost-effectiveness of stricter standards as influenced by state geographic and 

climate characteristics. Moreover, Vachon and Menz (2006) determine that the likelihood of 

states adopting policies that encourage the production of more renewable and efficient electricity 

correlates positively with higher levels of citizen income, education, and participation in 

environmental lobbying groups. Likewise, Matisoff (2008) finds that states with more liberal 

populations, higher per capita GHG emissions of criteria air pollutants, more potential for wind 

and solar energy, and less carbon dioxide intensive industry implement more energy efficiency 

and renewable electricity policies, with citizen liberalism being the greatest predictor of policy 

outputs.  

Overall, many factors interact to influence the type and breadth of state policies and, 

depending on the specific environmental problem being addressed, different indicators appear to 

be more or less significant predictors of policy outputs.  Interest groups and problem severity are 

frequently attributed as drivers of state environmental policy choices. A state government’s 

organizational structure, citizen ideology, and resource conditions are also mentionedin this 

selection of studies.   

These factors do not operate isolated within each state but rather are also affected by 

relationships with other states and the federal government. Lowry (1996) discusses two 

dimensions of federalism that affect the levels of state commitment to environmental policies: 

vertical involvement and horizontal competition.  The hierarchical vertical relationship between 
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the federal government and the states is characterized by the one-way authority of policy 

mandates or incentives.  Still, state policy experiments, political pressure, or challenges through 

the Supreme Court can certainly influence the decisions of policymakers at the federal level.  

The vertical relationship usually defines the minimum or maximum bounds of state 

environmental policy outputs, with the federal government dictating minimum environmental 

quality standards or maximum allowable emission levels within states, for example. In the case 

of GHG emission reductions, the lack of federal climate change policy has allowed for a wide 

range of state responses, from leadership to avoidance (Figure 1).   

On the other hand, the horizontal relationship between the states is characterized by the 

lack of authority that state have over each other’s jurisdictions. Consequently, states influence 

each other through activities that impact public perceptions, cross-border business transactions, 

and policy innovation.  The horizontal relationship of competition among states has become a 

highly active dimension for addressing climate change in the U.S., from the diffusion of 

renewable portfolio standards to cap-and-trade programs like the Regional Greenhouse Gas 

Initiative (RGGI) among Northeastern states.  

Given the past reluctance of the U.S. federal government to create a national climate 

policy, it seems risky for any one state to initiate GHG emission reduction policies. Since global 

climate change is caused by a multitude of emission sources across the globe, why would any 

single state seek to reduce its emissions without any national or international regulation to level 

the playing field?  Rabe et al. (2005) argue that state competition is a major driver for (or 

against) the development of state CAPs.  They discuss four broad factors that shape climate 

change mitigation policies via competition over limited resources for economic development:  

1. Addressing local environmental harms or creating local benefits. 
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2. Preempting eventual higher standards by federal or regional regulators. 

3. Satisfying constituent preferences and competing for positive reputation in the region. 

4. Expressing concern over events beyond local control (i.e. sea level rise) and seeking to 

influence regional and national climate policymaking.   

Since there are a variety of motivating factors and individual state contexts, it is reasonable to 

expect that the GHG reduction strategies in CAPs will vary notably among the states.   

2.2 Path dependency theory  

This section of the literature review discusses path dependency, a theoretical framework 

that describes how many of the factors previously described function over time to influence state 

policy (Unruh, 2000).  Path dependency occurs when existing incentives, patterns of behavior, 

cultural perspectives, and institutional authority make it difficult to adopt new policies that 

would counter the direction of those conditions.  The specific factors and categories of influence 

on state policy discussed in the previous section could interact in such a way that creates a 

systemic inertia that favors business-as-usual activities.  For example, Ringquist’s (1993) three 

major categories of influential factors at the state level – the particular political system, political-

economic characteristics, and sets of organized interest groups – may interact in such a way that 

reinforces certain policy approaches to an environmental problem. 

Beginning in the late 1970s, W. Bryan Arthur developed the concept of path dependency 

in relation to technological change in society (1994).  Arthur focused on economic factors that 

could influence the eventual “lock-in” of a particular technological system over time, 

emphasizing the importance of increasing returns to scale for the development of conditions that 

exhibit path dependency.  A prominent example of technological lock-in is the prevalence of the 

QWERTY keyboard for computing (David, 1985).  While the pattern of keys in the QWERTY 
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formation was orginally designed to prevent typewriters from jamming, it was later adopted for 

emerging computing equipment because users were accustomed to the layout.  As more and 

more people learned to type on QWERTY keyboards, the technology exhibited increasing 

returns to scale that outweighed the benefits of producing new equipment and retraining people 

for a keyboard more specifically designed for computers rather than typewriters.          

This study’s discussion of path dependency theory is focused on one of the key strategies 

being considered to reduce GHG emissions at the state level: the use of renewable resources for 

electricity production.  Renewable energy is “derived from resources that are regenerative or for 

all practical purposes cannot be depleted” (EERE, 2010).  Using renewable resources for 

electricity generation has been advocated as a win-win technology deployment because they 

reduce carbon emissions and will become increasingly cost-effective as greater use improves 

returns-to-scale (Deyette et al., 2003).   

As a nation, however, the U.S. is far from realizing the promise of renewable power.  

While the nation as a whole generates just over 1% of its electricity from wind, for example, the 

Department of Energy published a report examining the possibility of achieving 20% wind 

energy by 2030 and outlining the technological, infrastructure, and market changes that would be 

necessary to utilize wind to such a degree (DOE, 2008).  Despite the potential of renewable 

power generation to greatly reduce GHG emissions from the energy supply sector, the U.S. has 

barely begun to tap its renewable resources for the purpose of mitigating climate change.   

With the diverse portfolio of GHG reduction strategies at the fingertips of the world’s 

largest GHG emitters, why has it been so difficult for the U.S. to take significant steps toward the 

transition to a low-carbon infrastructure?  Industrial nations like the U.S., argues Unruh (2000), 

are plagued by carbon lock-in.  Their economies “have become locked into fossil fuel-based 
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technological systems through a path-dependent process driven by technological and institutional 

increasing returns to scale” (Unruh, 2000).  Essentially, the inertia of physical and social 

infrastructure toward the use of technologies that emit GHGs is extremely complex and difficult 

to change, and therefore state choices regarding electricity production are highly dependent on 

the previous path of fossil fuel use.  

 According to Unruh’s carbon lock-in framework, the existing societal bias toward fossil 

fuel use explains why renewable sources of energy still do not comprise a large proportion of the 

electricity supply.  From a bottom-up engineering approach, biomass, geothermal, solar, and 

wind generated electricity are ready and available to bring to power markets and reduce GHG 

emissions.  For example, in 2008 the average price of wind power in the U.S. was at or below the 

low end of the wholesale power price range.  In the same year, developers had nearly 300 GW of 

wind power capacity in various stages of planning in the U.S., more the 10 times the nation’s 

installed capacity (Wiser et al., 2008).  Solar photovoltaic (PV) technologies are not yet as cost-

effective as wind power; while the average U.S. price of electricity was about 11 ¢/kWh for 

residential customers in 2008, the levelized cost of energy (LCOE), the ratio of an electricity-

generation system's amortized lifetime costs (installed cost plus lifetime O&M costs) to the 

system's lifetime electricity generation, for solar PV generally ranged from 20-30 ¢/kWh in U.S. 

cities.  Still, from 2004 to 2008 private-sector investments in venture capital and private equity 

for solar power technologies increased by nearly 150% (Price et al., 2008).  Additionally, such 

renewable resources are location specific.  While there are coal-powered electricity plants in 

most U.S. states, the resource potential for renewable power varies greatly among and within 

different states.   
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 As Unruh suggests, the presence of renewable resources and the availability of related, 

cost-effective technologies for electricity generation are still hindered by carbon lock-in.  

Systematic barriers to the diffusion of these technologies can be summed up as the “techno-

institutional lock-in” of GHG-emitting human activities (Unruh, 2000).  The deployment of 

renewable power facilities is inhibited by technological systems such as an electric grid that is 

primarily built to transmit power from large, solitary facilities, organizational forces such as 

energy firms with vast lobbying resources, institutional factors such as monopolistic electric 

utilities that are monitored by risk averse regulators, and social norms such as local preferences 

against the aesthetic of solar panels on roofs or offshore wind turbines.   

As Arthur (1994) emphasizes, increasing returns to scale likely play an important role in 

creating carbon lock-in conditions as well.  For example, up to a point, the marginal cost to 

produce electricity from coal decreases as more and more plants are built to use that fuel.  Once 

institutional forces become invested in such systems because of the economic benefits of 

increasing returns to scale, the positive feedback that creates path dependency is amplified.   

Because of such characteristics in their electric power sectors, certain states may face particularly 

high fixed costs in carbon-intensive production facilities and relatively low demand for 

alternative fuel sources.  The conditions of these types of states create significant barriers to 

entry for electricity generation from renewables.  Thus, the cumulative effect of these forces is 

the inertia of carbon lock-in.  Even with the definitive problem of GHG emissions and 

deployment-ready technologies to take advantage of biomass, geothermal, solar, and wind 

resources, the electricity generation system in American states remains predominantly path-

dependent on fossil fuels.  
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3.0 Comparative analysis frameworks  

3.1 Factors addressed  

The possibility of a natural policy experiment to examine the differences in state CAPs 

was created when a single consultant, the Center for Climate Strategies, began facilitating 

climate action planning processes in several states across the country.  This study takes 

advantage of this situation by recording the recommended emission reduction policies that were 

quantified in the CAPs of 11 states, comparing the reduction goals of their recommended policy 

portfolios, and observing patterns in the technology strategies to be deployed in various GHG 

emitting sectors.   

Of particular interest to this study are the recommended uses of non-hydro renewable 

energy resources like biomass, geothermal, solar, and wind for electric power generation in state 

CAPs.  While the literature review suggests that there are many aspects to state circumstances 

that might influence the renewable power recommendations during CAP development, this study 

is a partial analysis of two factors that may relate to the deployment of these renewable 

technologies for the purposes of reducing GHG emissions in the electricity generating sector.  To 

stimulate further discussion of the circumstances that underlie policy choices in state CAPs, this 

study will look at the potential for and current utilization of renewable resources for electricity 

generation.  These factors may provide important context for the GHG emission reductions 

recommended through CAP policies that relate to the deployment of renewable power 

technologies.   

From a path dependency framework, the aim of state climate action planning is to 

recommend GHG reduction policies that make up a portfolio of steps to start breaking free from 
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carbon lock-in.  For example, when Minnesota Governor Tim Pawlenty announced the state’s 

“Next Generation Energy Initiative” in Decemember 2006, he charged the Minnesota Climate 

Change Advisory Group (MCCAG) with developing “a comprehensive plan to reduce 

Minnesota’s emissions of greenhouse gases” (MCCAG, 2008).  In state CAPs, renewable power 

strategies are a mix of policy instruments from regulation to incentives that will enable the 

deployment of renewable power technologies and attempt to shift electricity generation away 

from the inertia of fossil fuel use.  In this view, CAPs are blueprints for breaking carbon lock-in. 

From a bottoms-up engineering approach, measures of biomass, geothermal, solar, and 

wind resource potential can indicate the strength of possibility a state has to shift electricity 

production away from fossil fuels.  At a fundamental level, states with more biomass, solar and 

wind natural resources have greater potential to deploy the technologies for power generation.  

This potential can be measured in terms of overall natural resource endowment and then more 

specifically as the amount of electricity that technically could be generated from those resources 

given natural limitations like energy conversion constraints and feasible siting areas.     

On the other hand, the national condition of carbon lock-in means that there are existing 

techno-institutional forces in each state that prevent the optimal use of renewable potential.  To 

varying degrees, states have begun to break down these barriers and deploy renewable electricity 

generating technologies.  Because a state’s current electricity generation from renewables is 

related to multiple factors that are both technical and socio-political, it could be seen as an 

indicator of the progress a state has made in escaping carbon lock-in.  For example, technical 

considerations such as the development of transmission line infrastructure that connect more 

distributed generation sites can influence levels of renewable power production.  Production will 

also be affected by socio-political factors such as the existence of regulations like renewable 
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portfolio standards, political circumstances like the influence of environmental lobbying groups, 

and economic considerations like tax incentives.  Essentially, the current utilization level of 

renewable electricity is a broad metric that can help begin an examination of whether or not a 

state has favorable technical and socio-political circumstances that would encourage the 

stakeholders on the CAP advisory groups to make greater use of renewable power policies in 

order to achieve GHG emission reductions. 

3.2 Scenarios evaluated  

Low High

High  4 2

Low 3 1U
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Scenarios

Potential

Figure 2.  Renewable power 
scenarios according to relative 
state potential and utilization. 

 In order to examine states’ renewable power CAP 

recommendations in light of renewable resource potential and 

current utilization, this study presents four different scenarios of 

state circumstance (Figure 2).  In the context of the path 

dependency framework previously discussed, each scenario 

would present a different incentive structure for states to 

consider recommending GHG reductions through renewable 

power strategies.  Since the primary purpose of the climate 

action planning is to reduce GHG emissions within a state, this study will evaluate how these 

four sets of circumstances might relate to the level of recommended GHG reductions in the 

CAPs.  While state climate action planning can have secondary purposes, such as fostering low-

carbon business opportunities in order to enhance state competitiveness (Rabe et al., 2005), CAP 

reports do not provide measures of such goals (i.e. jobs created).  Since the only metric available 

to compare most individual CAP policies is the estimated level of GHG reductions, the four 

scenarios will be discussed in relation to their primary purpose.           
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Scenario 1:  High Potential, Low Utilization.  These states are under-utilizing their 

renewable resources relative to other states in the study and are experiencing a stronger carbon 

lock-in of the electricity generation sector compared to others.  Greater recommended GHG 

reductions from the electricity generation sector through renewable power policies in these states 

may suggest a motivation to break fossil fuel path dependencies and make more use of their vast 

renewable resources.  Fewer recommended reductions may indicate the relative strength of 

carbon lock-in that a state faces.    

Scenario 2:  High Potential, High Utilization.  These states are making more use of their 

vast renewable resources relative to other states.  They have already taken initial steps to break 

fossil fuel path dependencies and still have plenty more renewable resources to draw upon.  

Greater recommended GHG reductions from electricity generation sector the through renewable 

power policies in these states may suggest an additional breakdown of carbon lock-in that 

improves the feasibility of deploying technologies that make use of their vast renewable 

resources.  Fewer recommended reductions might suggest that these states have already taken the 

“low-hanging fruit” and there are additional aspects of carbon lock-in at the state or national 

level that prevent them from continuing to tap into their renewable resource potential.         

    Scenario 3:  Low Potential, Low Utilization.  These states have barely begun to draw on 

the few renewable resources they have relative to other states.  Greater recommended GHG 

reductions from the electricity generation sector through renewable power policies might suggest 

that current utilization does not indicate the abilities and desires to break down carbon lock-in.  

There are likely other key factors that influence the renewable power policy choices in their 

CAPs.  Fewer recommended reductions compared to other states would suggest the importance 
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of either higher potential or higher utilization for recommending increased renewable power 

production.       

Scenario 4:  Low Potential, High Utilization.  Since these states they are already using 

relatively high amounts of renewable resources despite their relatively low endowments, they 

may have made significant progress in disrupting path dependency.  Greater recommended GHG 

reductions from electricity generation sector through renewable power policies suggest that they 

can find opportunities to continue breaking carbon lock-in.  Fewer recommended reductions 

compared to other states may indicate that these states see few advantages in pushing their 

renewable power production closer to their resource potential.    
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4.0 Methodology 

4.1 Emission reduction strategy categorizing and overlap accounting 

The structured and standardized process that the consultant used to help states develop 

their CAPs includes a comprehensive catalogue of GHG reduction options, a systematic process 

of consensus-building among stakeholders, and consistent emissions calculations and cost 

quantifications. This consistency in resources, process, and calculation makes the portfolio of 

emission reduction options in these CAPs more comparable than among states that used different 

processes to choose policy options and alternative methods to calculate emission reductions and 

costs.   

These 11 state CAPs organize their recommended GHG reduction policies by economic 

sector (Agriculture, Forestry & Waste; Energy Supply; Residential, Commercial & Industrial; 

Transportation & Land Use). To conduct the comparative analysis in this paper, sectors were 

reorganized into policy wedges based on Pacala and Socolow’s stabilization wedges, which are 

based on types of low-carbon resources and technology deployment (2004). Re-categorizing 

policies from sectors to wedges has three main advantages. First, it frames states’ choices in a 

format similar to other studies, enabling rough comparisons to national and international GHG 

reduction projections. Second, the sectors as defined by the consultant often combine dissimilar 

strategies. For example, the Agriculture, Forestry & Waste sector includes sequestering carbon in 

terrestrial sinks, replacing fossils fuels with biofuels, and producing electricity from biomass.  

The latter two GHG reduction strategies arguably could be placed in the Transportation & Land 

Use or Electricity Supply sectors.  Combining these different strategies under one of four sectors 

blurs important distinctions about the resources and groups that must be mobilized to accomplish 

emission reduction goals.  For example, the CAPs placed renewable portfolio standards in the 
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Energy Supply sector but placed incentives to generate electricity from biomass in the 

Agriculture, Forestry, & Waste sector.  While the eight wedge categories also combine diverse 

individual policies, they allow this study to focus on distinct strategies like renewable power.  

Third, not all states placed the same policy within the same sector, so the sectoral portfolios are 

not directly comparable. For example, Arizona placed a solid waste management policy 

recommendation in the Residential, Commercial, & Industrial sector while states with a similar 

emission reduction option placed it in the Agriculture, Forestry, & Waste sector. Re-categorizing 

the CAPs from sectors to wedges allows identification of familiar GHG reduction strategies, 

removal of overlaps, grouping of related actions into the same wedge, and quantitative 

comparisons across different state CAPs.   

 Wedge categories for this study were defined by starting with Pacala and Socolow’s 

stabilization wedges and altering their concept to apply to more detailed policies.  This study 

uses their categories and expands, condenses, or creates new groupings that correspond more 

closely with the language of the CAP consultant’s emission reduction policy menu.  Rather than 

discuss a set amount of GHG reductions that could be achieved by a particular technology, this 

study’s wedges refer to related GHG reduction strategies regardless of quantity.  A strategy is 

defined as a suite of related policies to encourage changes in technology deployment, business 

practices, or individual behavior that would result in reduced greenhouse gas emissions.  Each 

strategy relies on a variety of policy instruments, such as regulations or financial incentives, that 

would impact the set of related human activities that are the source or cause of greenhouse gas 

emissions. For example, the four GHG reduction strategies of more reduced electricity use in 

buildings, more efficient waste management, industrial process improvements, and more 

efficient agricultural activities fit within the general Efficiency & Conservation wedge.  The first 
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step in the analysis was to assign each recommended policy in the 11 state CAPs to a strategy 

and wedge, using the definitions in Table 1. 

Table 1.  Policy wedges, strategies, and descriptions.  Adapted from Pacala and Socolow (2004). 
Wedge  Strategy  Policy Description 
Efficiency and conservation  Efficient buildings  Demand side management, appliance standards, 

incentives to encourage buildings that take less 
energy to construct and operate  

  Industrial process 
improvements 

Industrial energy conservation, efficiency, or use of 
lower GHG materials 

  Efficient waste 
management 

Waste reduction, lower energy waste processing 

  Efficient agriculture  Lower energy practices, less fertilizer use 
Low‐carbon fossil fuels  Efficient power plants  Efficient processes, combined heat and power  
  Fuel switching  Coal to natural gas, or petroleum to natural gas 
Carbon capture and 
sequestration 

CCS  Carbon capture and storage at coal‐fired power 
plants or synfuels plants 

Nuclear power  Nuclear power  Incentives or barrier reductions for nuclear power 

Renewable power  Renewable electricity  Wind, solar, geothermal, RPS (if only renewables 
allowed), green purchasing, distributed generation, 
energy storage  

  Biomass  Biomass for power production 

  Waste to energy  Methane from landfills or anaerobic digesters, 
garbage burners 

Low‐carbon transportation  Efficient and 
Alternative vehicles 

Policies that increase vehicle fuel efficiency, electric 
vehicles, alternative fuel vehicles, supporting 
infrastructure 

  Reduced use of vehicles  Smart growth, mass transit, telecommuting 
  Biofuels  Biofuels for transportation 
  Low‐carbon fuels  Other alternative fuels, renewably produced 

hydrogen, fuel portfolio standards 
Terrestrial Sequestration  Forestry and soils  Reforestation, low‐tillage farming,  greenspace 

preservation 
Technology‐neutral enablers  Carbon price and caps  Cap and trade, carbon caps, carbon tax 
  Portfolio standards  Generation portfolio standards that include 

renewables, low‐carbon fossil fuels, and/or nuclear.  
  Inventories  GHG inventories, reporting, disclosure 
  Studies  R&D, public education, audits 
  Grid improvements  Transmission improvements, smart grid  

 

The second stage of this analysis was to eliminate projected emission reduction overlaps 

between policies. Overlaps were a significant issue in emission reduction estimates, inflating the 
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actual projected impact of state CAPs from 9% of M metric tons of CO2e reduced (Florida) to 

200% (Montana), as shown in Figure 3. Overlaps occur because different policies target the same 

source of GHG emissions or because of feedbacks between multiple policies. For example, 

renewable portfolio standard options in the Energy Supply sector that include biomass electricity 

generation can overlap with policies in the Agriculture, Forestry, & Waste sector that aim to 

increase the production of biomass for the same purpose.  Additionally, vehicle fuel efficiency 

options in the Transportation and Land Use sector, for example, can feed back into policies that 

promote the production of low-carbon biofuels.  Since the former reduces the total amount of 

fuel needed, the GHG reduction outcome of the latter will be diminished compared to a portfolio 

that recommends only increased biofuel production and no efficiency measures.  Overlaps and 

can be found either within the same sector or across different sectors. Because of overlaps, 

individually quantified policies are not necessarily additive.  
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Figure 3.  Comparison of projected GHG emission reductions in 2020 (*2025) before and after 
adjustments for GHG reduction overlaps between policies.  Comparing the “sum of individual reduction 
policies” with the “total reductions reported by consultant” shows the necessity of accounting for overlaps 
between individual policies.  The slight difference between “total reductions reported by consultant” and 
“total reductions in sum of policy wedges” is due to 1) rounded quantities of estimated reductions 
reported in the CAPs and 2) difficulties in accounting for overlaps between sectors when reports did not 
assign responsibility to a particular policy.  The small scale of this difference, however, shows that 
applying this study’s overlap accounting methodology keeps the overall reduction levels consistent with 
the data presented in the CAP reports.   
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 The consultant adjusted the CAP sector totals to remove overlaps but did not present the 

reduction quantifications from individual policies after making these adjustments. Therefore, in 

this analysis the difference between the sum of individual policies and the total reductions 

reported was systematically distributed across each individual policy in two steps.  First, policies 

were adjusted according to any specific overlaps detailed in the quantification methodologies for 

each sector in the CAP appendices.  Second, when that information was not available, the 

remaining overlap was proportionately distributed amongst the appropriate policies.  For 

example, if the sum of individual policy reductions within the Energy Supply sector was 50 M 

metric tons CO2e but the sector total in the CAP was reported as 41 M metric tons CO2e, then the 

9 M metric tons CO2e difference caused by policy overlaps was subtracted from individual 

policies based on the weight of their original amount.  This means that if there were three 

individual policies that still potentially overlapped after accounting for information in the CAP 

appendices, they would not necessarily each be reduced by 3 M metric tons CO2e.  Depending on 

their original quantification amount, a weighted distribution of this overlap may have reduced the 

policies by 2, 3, and 4 M metric tons CO2e respectively.  By eliminating any double counting of 

emission reductions, policy wedge categories could be assigned to recommended policies and 

ensure that the projected emission reductions from each wedge would be additive.  This method 

of accounting for overlaps allowed GHG emission policies strategies to be compared within and 

across states directly. 

Limitations 

 The final CAP reports for each state do not include all the assumptions and methodologies 

that the consultant used to estimate the emission reductions quantities that would result from full 
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implementation of recommended policies.  Without additional information, this study cannot 

evaluate the accuracy of projected GHG reductions.  In particular, because of the consultant’s 

“black box” regarding methods of accounting for overlaps in the impacts of GHG reduction 

policies, this study also introduces new uncertainties with the weighted distribution method.  For 

example, weighted distribution of overlaps assumes that three individual policies will have the 

same ratio of GHG reductions after accounting for their convergent effects.  In reality, the 

interaction of three separate policies might leave only two primarily responsible for any GHG 

reductions that occur.  Nevertheless, these uncertainties in calculations are consistently 

propagated for all 11 states analyzed; therefore, a comparative look at the recommended GHG 

reductions in these state CAPs is still useful.  

 In addition, this study does not account specifically for any state differences that may relate 

to the timeline of the CAP development process.  Final CAP reports for the states in this study 

were produced between 2006 and 2009.  It is possible that states in later years benefitted from 

organizational learning by the consultant over time or were influenced by organizational pressure 

to meet or exceed the emission reduction recommendations of previous states.  Future research 

should consider temporal variations in CAP development in order examine these possibilities of 

organizational influence.   

4.2 Scenario analysis 

To begin investigating the factors of state circumstance that might be related to each 

CAP’s recommended levels of GHG reductions through renewable power policies, this study 

examines each state’s potential for and utilization of non-hydro renewable resources: biomass, 

geothermal, landfill gas, solar, and wind.  For each resource, the potential to generate electricity 

through the deployment of renewable technologies was obtained from a study by the Union of 
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Concerned Scientists (UCS) (Deyette et al., 2003).  UCS obtained measures of resource potential 

from the Energy Information Administration, the Environmental Protection Agency, the Land 

and Water Fund of the Rockies, the National Renewable Energy Laboratory, and the Oak Ridge 

National Laboratory.  UCS’s methodology and assumptions for estimating the potential 

electricity generation from the renewable resources within the state boundary can be found in 

Appendix A.  Because states would use this renewable power generation potential for the sake of 

satisfying electricity demand, UCS normalized the data as a percentage by each state’s annual 

electricity consumption in 2001.  In order to update this normalization of potential for the time 

frame of the state CAP deliberations, this study re-normalized using 2005 data from the same 

sources as UCS (EIA, 2010a).  Thus, the metric to measure the relative state renewable power 

potential referred to in the four scenarios is: 

 MWh of electricity potentially produced from renewable resources 
Potential (%) =            

 MWh of electricity consumed in state during 2005 
   

Existing levels of renewable electricity generation in 2005 were obtained from the Energy 

Information Administration (EIA, 2010b).  Again, since states use this renewable power 

generation for the sake of satisfying electricity demand, the data was normalized as a percentage 

by each state’s total electricity consumption in 2005.  Thus, the metric to measure the relative 

state renewable power utilization referred to in the four scenarios is:  

       MWh of electricity generated from renewable resources in 2005 
 Utilization (%) =                 

   MWh of electricity consumed in state during 2005 
 

2005 data was chosen to represent “current” electricity production and consumption levels 

because it is the most recent year relevant to the climate action planning process of all the states 

in this study.  Michigan developed the latest CAP, with the final report published in 2009, while 

Arizona and New Mexico published final reports in 2006.  Given the four year range of final 
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CAPs in this study, circumstances in 2005 would have been the most applicable to the 

stakeholder deliberations in all 11 states. 

These measures of relative renewable power potential and utilization for each state were 

then plotted as data points on a chart (Figure 11).  In order to delineate four quadrants to 

correspond with the four scenarios already discussed, this study divided states into “low” and 

“high” categories relative to the median data point for each factor.  Although Arizona (the state 

with the median potential) and Florida (the state with the median utilization) could not be 

assigned to a single quadrant, their circumstances of potential and utilization can still be 

examined qualitatively in relation to their recommended reductions.  The median values were 

used to delineate quadrants because this study evaluates the four scenarios only in relation to this 

sample of 11 states.  If the mean value of each measure were used, then extreme values (e.g. 

Montana’s renewable power potential) would have a disproportionate influence over 

distinguishing “low” and “high” states.  Since the recommended reductions in these state CAPs 

are only being compared relative to each other, and not the other 39 U.S. states, median values 

maintain consistency in the scope of this study.   

Finally, the four scenarios were evaluated according to a relative measure of the 

recommended GHG emission reductions through renewable electricity policies.  The main goal 

of a CAP is to reduce the state’s future GHG emission levels to a target relative to its own 

business-as-usual (BAU) emissions.  Recommended policies to require or incentivize the 

deployment of renewable power renewable technologies would reduce projected emissions 

specifically from the electricity sector, which all 11 state CAPs measure on a consumption-basis 

rather than production-basis.  Thus, the GHG emission reductions recommended in state CAPs 
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are normalized as a percentage of projected emissions from the electricity sector.  Accordingly, 

the metric by which to evaluate the four scenarios is:  

Recommended reductions (%) =  

M metric tons of CO2e estimated to be reduced during future benchmark year through renewable power policies 
                      

M metric tons of CO2e projected to be emitted from electricity production under BAU conditions 
 

Recommended reduction levels were obtained directly from summary tables in state CAPs and 

adjusted for overlaps using the previously described methodology.  Projected emissions from the 

electricity sector were obtained from the GHG emissions inventory and projections that were 

used by stakeholders during deliberations and that accompanied each CAP final report (e.g. 

MCCAG, 2008 and others).  

 The four scenarios that depict relative levels of renewable power potential and utilization 

were qualitatively analyzed based on the state rankings of recommended CAP reductions through 

renewable power policies.  The previous description of the four scenarios suggests that the 

meaning of states circumstances of potential and utilization of renewable power may differ 

depending on low or high levels of recommended reductions.  Therefore, this analysis looks for 

and discusses groupings of states in the scenarios that stand out at the low or high end of the 

recommended reduction range.   

Limitations 

 This portion of the analysis is also affected by the overlap assumptions described earlier.  

Again, because this study uses a weighted distribution method to account for interacting effects 

of policies, there is a unquantifiable degree of uncertainty about the precise GHG reductions that 

can be attributed to each recommended renewable power policy in the state CAPs.   

 As noted earlier, the assumptions behind the Union of Concerned Scientists’ data on 

renewable power potential is summarized in Appendix A.  Discussion specific to renewable 
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resource potential in this study is limited to the technical ability of states to use their natural 

resource endowments from a bottom-up engineering perspective.  Renewable power potential 

does not account for factors such as the cost of production or adequate grid infrastructure that 

might be incorporated into an analysis of market potential. 

 On the other hand, the broad metric of 2005 renewable power utilization is probably 

impacted by multiple factors, from the price of renewable power to regulatory management of 

electric utilities.  While this metric can help initiate a discussion of the relative strength of path 

dependency in each state, it cannot help evaluate which specific factors are more influential in 

the current levels of renewable technology deployment and CAP recommendation to implement 

more renewable power policies.  Moreover, this study is only takes a cross-sectional approach by 

using current utilization as a descriptor of a state’s level of carbon lock-in.  Further research 

would benefit from examining how circumstances of path dependency vary over time and across 

geographic regions.  Since carbon lock-in developed over time, states with similar electric sector 

circumstances at one point in time may be quite different when viewed on temporal and 

geographic scales.           

 Finally, evaluation of the four scenarios presented is limited by normalizing recommended 

GHG reductions by BAU emissions in the electricity sector.  Since many states are significant 

electricity importers or exporters, the question of which state is responsible for the resulting 

GHG emissions is a matter of supply or demand perspective.  The CAP advisory groups chose to 

examine only the GHG emissions for which their state’s residents were directly responsible and 

calculated emissions from the electricity sector on a consumption-basis.  Therefore, while the 

data is limited to evaluating the scenarios according to in-state electricity demand, this study will 

discuss the possible implications for states that have significant electricity imports or exports.     
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5.0 Results 

5.1 Recommended emission reduction category comparison 

These 11 states are proposing significantly different approaches to reducing GHG 

emissions, both in the policy wedges they recommend and the scale of reductions for which they 

are aiming. Figure 4 shows policy wedge graphs for Colorado, Michigan, Minnesota and North 

Carolina: chosen to illustrate the variation in state GHG emission profiles, the scale of 

recommended emission reductions, and the types and sizes of policy wedges chosen by the 

stakeholders in each CAP advisory group.  Again, this study further examines differences in the 

renewable power wedge among the 11 states and uses those relative differences to evaluate 

scenarios based on renewable power potential and utilization.  The wedge graph examples in 

Figure 4 illustrate the importance of renewable power policies to achieve the recommended 

reductions in state CAPs.  In all four states, renewable power strategies comprise a sizable 

proportion of the entire reduction wedge.  In addition to showing the variation in projected BAU 

emission levels and possible reductions over time, the wedge graphs indicate the relative 

importance of renewable power in each state CAP.  
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Figure 4.  Policy wedge graphs of Colorado, Michigan, Minnesota, and North Carolina showing 
business-as-usual emissions inventoried through 2005 and then projected through 2020 (CO, NC) or 2025 
(MI, MN).  The dotted lines portray the trajectory of future emissions if all recommendations were 
implemented from the data of the final CAP report.  
 
The variation in emission reduction goals of all 11 states is presented in Figure 5. Total 

recommended emission reductions during the year 2020 (*2025) vary from 11.4 M metric tons 

CO2e in Montana to 237.2 M metric tons CO2e in Florida.  

 
Figure 5. 
Recommended annual 
GHG reductions in 
2020 (*2025). 
Reduction quantities 
are the decrease in 
projected BAU 
emissions only during 
the indicated year; 
they are not 
cumulative from the 
final report date 
through the 
benchmark year.   
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If these plans were implemented as written, GHG emissions in 2020 (*2025) would range from 

53% below 2000 emission levels in Montana to 1% above 2000 levels in Arizona (Figure 6).  

 
Figure 6.  Comparison of potential state GHG emission changes from 2000 to 2020 (*2025) according 
business-as-usual projections and if all recommended CAP policies were implemented. 
 
The states in this sample include both populous states with high annual GHG emissions, such as 

Florida, and states with low populations and proportionately lower annual GHG emissions, such 

as Montana. To make the recommended GHG reductions comparable from a different angle, 

results were also normalized using population forecasts for the same year as the planned 

reductions (U.S. Census Bureau, 2005). The per capita GHG reductions are windows into what 

and how much state governments are asking their citizens to accomplish in response to climate 

change. Variation in reductions is less extreme when population is considered, ranging from 8.2 

metric tons CO2e per capita in Colorado to 18.3 metric tons CO2e per capita in Arkansas during 

2020 (*2025) (Figure 7). 
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Figure 7.  Recommended annual per capita GHG reductions in 2020 (*2025).  Per capita reductions 
were determined using population projections from the U.S. Census Bureau for the same year.  Projected 
population rather than current population was used because the consultant’s quantification methods also 
used estimates of future economic and demographic factors to determine GHG emission reduction 
amounts for each recommended policy. 
 
To better illustrate the strategic variety among states’ recommended reductions, Figure 8 shows 

the relative make up of each state’s portfolio.  While the next section of results examines state 

circumstances that are related specifically to the renewable power wedge, it is important to keep 

in mind that the recommended reduction policies in state CAPs came from a broad menu of 

options.  Renewable power strategies were chosen as part of a larger portfolio of recommended 

emission reduction policies.  This wider context will be addressed again later in the analysis of 

the four scenarios related to renewable power strategies.        
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Figure 8.  Percent of total recommended annual GHG reductions in 2020 (*2025) according to broad 
policy wedge category. 
  

5.2 Renewable power potential and utilization scenarios 

 This study examines the recommended GHG emission reductions from renewable power 

strategies (the green-colored strategy in Figure 8) in relation to four scenarios that describe the 

relative renewable power potential and utilization of the 11 states.  Figures 9 and 10 suggest that 

there is little to be explained by comparing each factor individually to relative levels of 

recommended GHG reductions.  A logarithmic trend line (Figure 9) and linear trend line (Figure 

10) indicate that neither factor alone is a significant explanation of the variation in recommended 

reductions amongst these 11 state CAPs at the 95% confidence interval (p < .05).  Qualitatively, 

it appears that there may be an inverse relationship between renewable power potential and the 

level of recommended reductions from renewable power policies in state CAPs.  Such a possible 

relationship is counterintuitive to the understanding that states with more renewable resources 

would want to use them for the purpose of reducing GHG emissions.  While this relationship 
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needs to be tested further using more state data points, this study is a qualitative analysis of the 

combined circumstances of potential and utilization.    

 
Figure 9.  Renewable power potential compared with recommended emission reductions through 
renewable power strategies.   

 
Figure 10.  Year 2005 utilization of renewable power compared with recommended emission reductions 
through renewable power strategies. 
 
 Therefore, this study uses the combination of renewable power potential and utilization to 

divide the states up into four quadrants that represent the scenarios discussed earlier (Figure 11).  

This approach is used to evaluate the combination of both factors on CAP recommendation and 
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account for synergistic effects.      

 

Utilization

Potential

Figure 11.  A plot of each state according to the measures of renewable power potential and utilization.  
The median state value of each measure is used to delineate the quadrants that represent each of the four 
scenarios.  Using median values is preferable because extreme values (e.g. Montana’s renewable power 
potential) have a disproportionate influence on the averages.  Each state’s data point label also shows the 
level of recommended GHG reductions in the CAP (% of projected BAU electricity consumption 
emissions that is estimated to be reduced by renewable power policies). 
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Figure 12.  Renewable power 
scenarios according to relative 
state potential and utilization and 
placement of states. 

To clearly show the relative position of the states within the each 

quadrant, Figure 11 can be simplified into the scenario matrix 

previously shown (Figure 12).  To evaluate these four scenarios in 

relation to recommended reductions, this study compares the 

ranking of states in relative amounts of renewable power policies 

(Figure 13).  Of particular interest are the states in the scenarios 

that stand out at the low or high end of the recommended reduction 

range.  The following discussion picks groups of states with the 

extremes of recommended reductions to evaluate in relation to Scenario 1 and Scenario 3.  Since 

Scenario 2 and Scenario 4 do not have multiple states at the extreme ends of recommended 

reductions, this study does have enough evidence to make any inferences about the possible 
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relations between circumstances and recommended reductions for states in these scenarios   

Figure 13.  Recommended emission reductions through renewable power policies as a proportion of 
projected emissions from the electricity generation sector (consumption-basis) in 2020 (*2025).   

 The two groups that stand out when the matrix in Figure 12 is compared with the rankings 

in Figure 13 are states in Scenario 1 and Scenario 3.  Montana and Colorado have two of the 

lowest relative recommended reductions from renewable power policies, yet fall in the group 

with high potential and low utilization (Scenario 1).  On the other hand, North Carolina and 

Maryland have two of the highest relative recommended reductions from renewable power 

policies, yet fall in the group with low potential and low utilization (Scenario 3).  Arkansas, 

Minnesota, and New Mexico have very different relative levels of recommended reductions even 

though they are in the same high potential, low utilization group (Scenario 2).  South Carolina 

and Michigan are in the middle range of the recommended reduction rankings and have low 

potential and high utilization (Scenario 4).  Since this study examines which groups of states 

stand out in their level of recommend reductions relative to the other states, the following 

analysis will focus on possible interpretations for states in Scenario 1 and Scenario 3.  
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6.0 Analysis of results   

 Based on their position amongst the bottom ranked states in terms of relative recommended 

reductions, Montana and Colorado may provide evidence of path dependency dynamics at work.  

Scenario 1 (high potential, low utilization) describes the circumstances of states that are under-

utilizing their vast renewable resource endowments.  Since Montana and Colorado recommend 

fewer GHG reductions from renewable power policies compared to other states in this study, it 

appears that carbon lock-in of the electricity sector may be a highly influential force in these 

states.    

 It may be more intuitive that states with high renewable power potential and low utilization 

would have the most incentive to reduce emissions from electricity production by deploying 

renewable power technologies. Montana, in particular, has the highest relative renewable resource 

potential by a wide margin.  Two important circumstances may help explain this result.  First, 

Montana’s exceptionally high potential to meet electricity demand with renewable power generation 

is partially due to its relatively small population and thus small electricity consumption.  This is 

paired with a relatively large area and thus far more potential sites to collect or capture biomass, 

solar, and wind resources.  Second, Montana’s low recommended reductions may be influenced by 

the exportation of electricity to other states.  In 2005, the state exported nearly 52% of its electricity 

production, the highest of any of the 11 states.  Because electricity exports are an important economic 

benefit to a state, Montana might have less incentive to cut emissions from the electricity sector when 

GHGs are being inventoried and projected on a consumption basis.  In addition, nearly 64% of 

Montana’s electricity is produced from coal and the state has the largest coal reserves in the nation 

(CAIT, 2010).  Consequently, the coal industry may have been a powerful influence on decisions to 

avoid emission cuts from the electricity sector.      
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 Additionally, carbon lock-in suggests that states that benefit economically from current types 

of electricity generation might have more incentive to reduce electric sector emissions through 

alternative strategies like efficiency and conservation rather than spend the time, money, and effort to 

fight the inertia of fossil fuel use.  For example, Montana’s CAP recommends the second highest 

percentage of emission reductions through efficiency and conservation policies (Figure 8).  On the 

other hand, these factors only partially help explain the relatively few reductions recommended by 

Colorado.  While Colorado also recommends a similar percentage of reductions through efficiency 

and conservation as Montana, it is appreciably more populous and only exports about 3% of its 

electricity production. 

 Second, based on their position amongst the top-ranked states in terms of relative 

recommended reductions, North Carolina and Maryland provide evidence that there are more 

important factors at work than natural resource endowment or the technical and socio-political 

circumstances behind current utilization of renewable power.  Scenario 3 (low potential, low 

utilization) describes the circumstances of states that have barely begun to draw on even the few 

renewable resources they have relative to other states.  North Carolina and Maryland might suggest 

that states in the Scenario 3 situation saw the CAP development processes as an opportunity to pick 

the “low-hanging fruit” since they have yet to make any significant use of renewable power.  Florida, 

which is the state with the median utilization that delineates Scenario 3 from Scenario 4, might also 

be supportive of this interpretation because it recommends the most relative GHG reductions through 

renewable power and has low potential and the median utilization; it may still have enough readily 

available renewable resources relative to states with high current utilization.   

 On the other hand, the idea of “low-hanging fruit” does little to explain why Florida, North 

Carolina, and Maryland recommended far more reductions through renewable power than Montana 
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and Colorado, which have much greater renewable power potential.  More likely is that other factors, 

such as economic opportunities, citizen ideology, or interest group influence, disrupted path 

dependency issues in the CAP development processes.  It is important to note that this study does not 

address questions of path dependency related to the actual enacting of recommended CAP policies 

by state legislatures or implementation by government agencies.  The level of recommended 

reductions by states in Scenario 3 might suggest a breaking of carbon lock-in only as it relates to the 

deliberation and choices of stakeholders in the CAP advisory groups.      

 The decision of the stakeholders in Florida, North Carolina, and Maryland’s CAP advisory 

groups to recommend GHG reductions through policies that require or encourage the deployment of 

renewable power technologies appears not to be hindered by their relatively few natural resources.  If 

technical factors like having ample renewable resources or transmission infrastructure favorable to 

renewable generation were not a major influence on the renewable power policy outputs in these 

state CAPs, there must be additional socio-political factors driving their emission reduction 

recommendations.  Stephens et al. (2008) categorize a variety of socio-political areas that might 

influence technology deployment at the state level: institutional, regulatory and legal, political, 

economic, and social. Florida, North Carolina, and Maryland seem to be influenced by other socio-

political factors that could not be addressed directly by examining current utilization of renewables.  

For example, Matisoff (2008) finds that citizen liberalism is the greatest predictor of which states 

actually implement more energy efficiency and renewable electricity policies.  While this might be a 

significant factor in a more liberal state like Maryland, it probably does not explain the policy choices 

in the CAPs of more politically conservative states like Florida or North Carolina.2 

                                                            
2 Berry el al. (1998) provide measures of citizen liberalism.  On a conservative to liberal scale of 0 to 100 that is an 
average of data from 2001-2005, Maryland residents are more liberal (65.6) than those in Florida (45.6) or North 
Carolina (47.9).  This data can be obtained from the website of Richard Fording at http://www.uky.edu/~rford.    
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7.0 Discussion and conclusions  

 This study shows that states have markedly different preferences regarding both the level 

of GHG reductions to pursue and which policies and technologies should be utilized.  The 

overall picture suggests a willingness to set goals and develop plans to make the deep emission 

cuts that scientists suggest are needed by mid-century.  If the entire country reduced GHG 

emissions by the average amount recommended in these CAPs, U.S. emissions in 2020 would 

fall to 42% below year 2000 emissions. 

 As the results of this study show, however, this willingness to address climate change 

varies across states.  The recommendations of some state CAPs are more ambitious than others 

regarding the emission level they wish to achieve in 2020 or 2025 (Figure 6).  Of course, the 

GHG emission levels of some states, such as Arizona, are growing at much faster rates than 

others, such as Michigan.  Given the current inertia of its emissions trajectory, Arizona would 

need to make more extensive changes to achieve the same percentage of reductions as other 

states.  Consequently, federal legislation to mitigate climate change will need to account for 

these varying degrees of state ambition to reduce their emissions.  There will be political debate 

over the definition of what is fair: Should all states be required to reduce GHGs relative to a 

consistent proportion below the same baseline year?  Or should federal standards take into 

account the different levels of population or economic growth in each state and divide the 

responsibility of reducing emissions accordingly?  Additionally, since some states have already 

acted to reduce emissions, McKinstry et al. (2008) argue that federal legislation will need to 

award credit to those states that have made early efforts, including implementing any policies 

recommended in their CAPs.     
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While a federal climate policy is essential to providing national direction for reduction 

goals, designing and implementing effective GHG emission reduction programs will require 

understanding geographic variations in reduction strategy preferences and capabilities.  

Stakeholders in the CAP advisory groups analyzed, debated, and chose GHG reduction options 

from a menu of over 300 individual policies provided by the consultant.  This study re-

categorized the recommended policies into eight different strategies that state CAPs rely on to 

varying degrees.  Amongst the 11 states in this study, their portfolios range widely in regards to 

the proportion of each strategy recommended (Figure 8).  Michigan, for example, intends to rely 

heavily on efficiency and conservation measures but avoids making emission reductions through 

low-carbon transportation policies.  Additionally, while the recommended reductions in 

Arkansas and Minnesota depend markedly on Terrestrial Sequestration, Arizona and Colorado 

make little use of the strategy.   

Since states hold many of the tools to implement GHG emission reductions, such as 

electric utility regulation, land use management, and building code standards, the most effective 

federal legislation would take account of state perspectives on their own circumstances and how 

to best reduce emissions using multiple strategies (Peterson and Rose, 2006; McKinstry et al., 

2008; Rabe, 2008).  The various emission reduction strategies and levels of recommended use in 

state CAPs suggest that states have the capacity and forethought to achieve climate change 

mitigation goals.  Whether the federal government sets a consistent requirement of proportional 

emissions reductions or adjusts for state differences such as population growth, the strategic 

diversity of state emission reduction portfolios suggests that is would be beneficial to give states 

a wide degree of flexibility in determining how reductions should be achieved. 
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Because the strategic differences between these 11 state GHG reduction portfolios matter 

for both state and federal climate change mitigation goals, this study has raised questions about 

the drivers behind these policy choices.  The literature on environmental policy outputs suggests 

that there are numerous factors that influence the type and outcome of state policies.  Stephens et 

al. (2008) argue that state circumstances may facilitate or foil state attempts to address 

environmental problems like climate change, and thus a more thorough understanding of the 

variety and level of influence of technical and socio-political factors is important to effectively 

address the issue.  This study took advantage of a novel opportunity to examine emission 

reduction policies that are still working their way through the political process.  While the 

recommendations in state CAPs emerged through a stakeholder consensus process that was 

initiated by elected officials, most CAP policies have yet to be passed into law and implemented.  

Thus, a more thorough understanding of state circumstances may still be able to affect the 

realization of recommended emission reduction policies.     

In order to add to the discussion of factors influencing decisions to recommend GHG 

reductions from the electricity sector by using increased renewable power, this study did a partial 

analysis of factors related to the renewable power wedge strategy: potential and utilization.  The 

study presented four scenarios that described the circumstances of states with low or high levels 

of potential and utilization combinations.  Evaluating these scenarios by the levels of 

recommended emission reductions through renewable power indicates that the pairings of 

Colorado and Montana and of Maryland and North Carolina deserve further study regarding 

these factors.   

According to the path dependency framework presented, it appears that Colorado and 

Montana show signs of electric power sector carbon lock-in because of their low recommended 
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reductions through renewable power, despite their circumstance of high potential and low 

utilization.  Maryland and North Carolina, on the other hand, may have started to overcome path 

dependency barriers in their CAP development processes because of their high recommended 

reductions through renewable power, despite their low potential and low utilization.  Further 

research to examine the workings of electric sector path dependencies in relation to climate 

action planning would benefit from detailed case studies of these sets of states.  Stephens et al. 

(2008) suggest numerous additional factors that need analysis, including technical circumstances 

like transmission capacity, and socio-political circumstances such as the types of electric utilities, 

employment opportunities, interest group power, and public perceptions of technologies.  For 

example, future studies might consider using Berry et al.’s measures of citizen and government 

ideology to see if the prevalence of a liberal or conservative culture has an effect on the ambition 

level of state CAP recommendations.   

While more complete and detailed models of the factors influencing state climate action 

planning would be beneficial, the natural experiment engaged here was limited to the 11 states 

that used the same consultant, facilitation process, and quantification methods.  This small 

sample size limited the ability to use statistical methods to ascertain which factors have the most 

significant effect on the level of recommended emission reductions in state CAPs.  While partial 

analyses like this study can qualitatively evaluate the combination of a couple factors, it would 

be difficult to develop a quantitative model of the state circumstances that influence renewable 

power policy outputs or any other strategy. 

In addition, since these CAPs were developed through a deliberative process that included 

a diversity of stakeholders, factor analyses of these policy outputs would benefit from directly 

questioning participants.  A survey of CAP advisory group participants or selected interviews with 

stakeholders could help determine which state circumstances were the most important in shaping 
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an individual’s GHG reduction strategy preferences, and furthermore, how participants’ 

perspectives on such factors interacted to influence the final CAP recommendations.  This could be 

done in order to further analyze the factors that influenced particular reduction strategies and 

evaluate how stakeholders weighed the different strategies in light of state circumstances.  For 

example, this study has provided evidence that path dependency may still be a major issue in the 

electric power sector for Colorado and Montana, but Maryland and North Carolina recommend 

making more considerable use of renewable power to break carbon lock-in and reduce GHG 

emissions.  More information is needed directly from CAP participants about their perceptions of 

barriers to renewable power in order to elaborate on state path dependency issues as they relate to 

climate action planning.  Furthermore, stakeholder input could help determine how policy options 

were weighed against each other.  For example, it may be that some states with fewer 

recommended reductions through renewable power saw more favorable options using efficiency 

and conservation strategies to reduce the need for electricity production in the first place. 

 In summary, state CAPs provide a unique policy development context in which to examine 

the level of ambition, types of strategies, and underlying factors involved in sub-national 

jurisdiction efforts in the U.S. to address global climate change.  Understanding the variations 

among state GHG reduction portfolios and the degree of carbon lock-in that directs their 

circumstances can lead to more informed policy choices at state and federal levels.  As 

governments across the globe struggle to commit to a path forward that mitigates the worst 

potential effects of climate change, these Climate Action Plans provide instructive examples of 

how multiple emission reduction strategies can be amended to the particular circumstances and 

interests of each state.  For the U.S., an effective path forward to address climate change will take 

into account the diverse planning being done at the state level.     
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9.0 Appendix A 

The following excerpt from pages 35-36 of “Plugging in Renewable Energy: Grading the States” 
describes the UCS methodology and assumptions for calculation renewable power potential 
(Deyette et al., 2003). 
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