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ABSTRACT 

At this time in our nation’s history, which is characterized by an increasingly polarized and slow 

moving Congress, many American states have taken important policy steps to diversify their 

energy supply, encourage local energy production, and reduce carbon emissions.  There are 

many policies that states have adopted in a piecemeal manner, including renewable portfolio 

standards and net metering, which are integral and popular policy tools used to achieve these 

aims.  A related policy instrument that I will be examining is that of interconnection standards.  

Interconnection standards can be thought of as the engineering and procedural corollary to net 

metering, in that they both incent the growth of distributed energy generation.  Some scholarly 

attention has been given in recent years to the empirical study of why states choose to adopt 

these types of energy diversification and greenhouse gas reducing policies.  This research seeks 

to contribute to this literature by conducting an event history analysis on the diffusion of 

interconnection standards adoption across the United States over the course of the past two 

decades.  My empirical findings indicate that neither regional diffusion nor the existence of 

complementary policies can explain the diffusion of interconnection standards.  However, per 

capita income, energy consumption, and, to a lesser extent, citizen liberalness, are positively 

correlated with the probability that a state will choose to adopt. 
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INTRODUCTION 

Interconnection standards play their part in the transformation of our nation’s energy 

supply by encouraging the use of clean distributed generation (DG) systems.  Interconnection 

standards establish clear procedures and technical requirements that apply to utilities within a 

state (EPA, 2006).  In essence, interconnection standards break down bureaucratic and technical 

barriers that impede the ability of distributed generators to connect to the electrical grid.  By 

standardizing these rules, states may garner the benefits of renewable energy production, and 

additional distributed generation, while minimizing the economic burden and system reliability 

concerns.  Moreover, effective interconnection standards can induce investment in transmission 

and distribution infrastructure, which is important because so much of the United States’ 

electricity infrastructure is outdated.  Some of the benefits of increased distributed generation 

include: fostering economic growth, lowering peak electrical demand, decreasing constraints on 

the electric grid, and diminishing the environmental impact of power generation (EPA, 2006).   

Organizations such as National Association of Regulatory Utility Commissioners 

(NARUC), the Interstate Renewable Energy Council, Inc. (IREC), and the Federal Energy 

Regulatory Commission (FERC) have all developed model interconnection rules.  The FERC has 

exclusive jurisdiction over the transmission of electric energy in interstate commerce by public 

utilities.  For intrastate utilities, public utility commissions perform an analogous regulatory role 

for distribution service, which typically occurs at lower voltages on more localized networks.  

Initially, an interconnection request is sent from the distributed generator to the applicable 

transmission provider.  The next steps generally consist of a series of tests.  Most important are 

the feasibility study, which assesses the technical aspects of the proposal, and the system impact 

study, which examines the potential security and reliability concerns associated with the project 
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on the electric system (FERC 2005).  Alternatively, in 2005 FERC issued its Final Ruling on 

small generator interconnection, emphasizing the importance of fast track procedures in this 

process.  The fast track route is designed for small generators no larger than 2 MW, and rather 

than going through the typical studies required for interconnection, the fast track procedure 

includes simpler screens to assess the safety and reliability of the proposed interconnect (FERC 

2005).  See Appendix A for a visual depiction of the interconnection application process for both 

standard and fast track procedures.  

Modern technological advancements have made it possible, and desirable, for small 

electricity generators to enter the market and offer economic, system, and environmental benefits 

(FERC 2005).  In a comprehensive report released by the Rocky Mountain Institute, researchers 

expound upon the myriad benefits of distributed generation.  Specifically, they find that 

distributed, especially renewable, generation creates financial benefits by decreasing lead times, 

enhancing portability, and reducing price volatility by avoiding fuel input costs (RMI 2002).  

Moreover, when the electric grid is congested, distributed generation can relieve some of this 

congestion and simultaneously address reliability concerns.  This report articulates an apt 

metaphor which describes financial incentives as the engine that drives growth in the distributed 

generation market, and net metering and interconnection standards as the road on which this 

growth can smoothly proceed. 

Interconnection standards, by establishing straightforward procedures and requirements, 

enable innovation within and proliferation of renewable-fueled distributed generation (Solar 

Alliance 2011).  However, even amongst the 42 states that have adopted interconnections 

standards since 1998 there exists immense heterogeneity in the rules and their ability to 

adequately encourage distributed generation.  In the 2011 edition of Freeing the Grid, the 
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authors—IREC, The Vote Solar Initiative, and Network for New Energy Choices (NNEC)—

grade every state’s interconnection standards using an extensive set of criteria. To illustrate, in 

2010 four states received the grade of A, sixteen of B, seven of C, four of D, and 5 of F.  These 

grades reflect two general trends; that since 2007, when this coalition of organizations began 

constructing these grades, the quality and effectiveness of interconnection standards has steady 

improved, and second, that some early adopters have failed to revisit and update their procedures 

using best practices developed by other states and regional organizations.  To get a sense of what 

these grades reveal, they define A as, “Policies [that] actively facilitate the interconnection of 

grid-tied customer DG and represent most or all of state best practices.”  A grade of F indicates, 

“Interconnection procedures include many barriers to interconnection.  Few to no generators will 

experience expedited interconnection, and few to no state best practices are adopted.  Many to 

most DG systems will be blocked from interconnecting because of the standards.” 

 By understanding how interconnection standards are diffused across the states, and how 

they interact with related policies, we may illuminate the process by which innovative policies 

are implemented that aim to reduce our dependence on fossil fuels and subsequently improve 

environmental conditions so that we may avoid the most severe effects of climate change. 

There have been numerous scholarly studies over the course of the past two decades that 

have sought to more thoroughly understand the process by which polices diffuse across states.  

Two schools of thought in this theoretical arena were brought together with the research of Berry 

and Berry (1990), wherein they employed an event history analysis in order to combine internal 

determinants and regional effects into a cohesive model that predicts the probability that a 

particular state will adopt a particular policy in a particular time period.  While much scholarly 

effort has been devoted to this line of research, there persists a dearth of it in the area of energy 
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policy, or, more broadly, climate policy.  As states gather experience in the realm of climate 

policy, they can offer valuable insight into the prospects and challenges of using various policy 

instruments to reduce greenhouse gas emissions at the national level (Rabe, 2008).  

Understanding the nuanced reasons why states choose to employ such policy tools can assist 

federal policymakers in crafting appropriate and effective national policies.  Perhaps most 

importantly, lessons obtained from states can shed light on the political coalitions that must 

precede the successful adoption of climate change mitigation policies. 

After more than a decade of climate policy leadership by the states, researchers have 

attempted to uncover the impacts and the successes (and shortcomings) of these policy 

instruments on the problems that they were designed to address.  This type of analysis is 

extremely important as we move forward in developing policies that can effectively mitigate the 

detrimental outcomes of climate change; however, it is presently not my aim to address this 

aspect of climate policy.  In an attempt to contribute to the slowly growing literature that uses 

event history analysis to model the probability of adoption of a particular policy by a specific 

state in a given year, I will employ appropriate econometric methodology to determine what 

impact certain internal factors and regional effects have on the diffusion of interconnection 

standards.  Interconnection standards serve as a complement to net-metering policies, which 

promote renewable energy development, and also serve to foster customer-sited distributed 

generation systems (Carley, 2011). 

LITERATURE REVIEW 

Ever since Walker’s 1969 seminal study on state government innovation, policy scholars 

have sought to empirically understand what drives states to adopt innovative policies.  However, 
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until 1990, these scholars assumed that diffusion of innovative policies followed either one of 

two paths—internal determinants, or regional diffusion.  Internal determinants consist of 

political, economic, and social factors that are inherent for any given state.  Regional diffusion 

theorizes that states will emulate actions taken by their neighbors, with whom they share 

important characteristics (Berry and Berry, 1990).  The pioneering model of Berry and Berry 

(1990) incorporates both internal determinants and regional diffusion considerations into their 

analysis of state lottery diffusion.  Following this study, dozens of researchers have used event 

history analysis to model how various policies have diffused across the United States.  A more 

recent contribution to the empirical literature is assessing how the presence of complementary 

policies, when adopted before the policy we are examining, serves to increase the likelihood of 

adoption (Berry and Berry, 2007).  Several studies have used event history analysis in order to 

quantitatively measure the influence that both internal determinants and regional effects have on 

the diffusion of climate policies (Stoutenborough and Beverlin, 2008 and Matisoff, 2008).    

Although there has been a proliferation of event history analyses in the past two decades, there 

still exists much opportunity to apply this type of model to specific environmental and energy 

policies. 

In an era when the federal government is gridlocked in terms of enacting a pervasive 

national plan to address climate change, the states have taken on a critical role in addressing 

these pressing issues.  States have implemented, in a fragmentary fashion, an array of policy 

instruments to promote renewable energy development, encourage energy efficiency, reduce 

carbon emissions, and expand location energy production.  These policies have important 

implications as we, domestically and globally, are faced with the increasingly threatening 

challenge of climate change. 
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In their paper, “State Lottery Adoptions as Policy Innovations: An Event History 

Analysis” (1990), Frances Stokes Berry and William D. Berry use a type of pooled cross-

sectional time series analysis to explain the diffusion of state lottery adoption.  This is relevant to 

my thesis because I will closely follow their analytic approach, and they were also the pioneers 

of this type of model.  The unit of analysis for their study, and in my own, is the state-year.  

Their model calculates the probability of lottery adoption by a given state in a particular year as a 

function of: state’s fiscal condition, whether or not there is unified party control of the executive 

and legislative branches of government, where in the election cycle the year falls, the proportion 

of the state’s population that identifies with a fundamentalist religion, and—to measure regional 

effects—the proportion of neighboring states to have previously adopted.  They find that the 

probability of state innovation in this case is positively related to the motivation to innovate, 

inversely related to the obstacles to innovation, and positively related to the availability of 

resources for overcoming these obstacles.  They also find support for the importance of both 

internal determinants and diffusion effects.  My research will use their framework as a 

conceptual model, while acknowledging its shortcomings as articulated by later studies, which I 

will describe below. 

Jack Buckley and Chad Westerland, in their paper entitled “Duration Dependence, 

Functional Form, and Corrected Standard Errors: Improving EHA Models of State Policy 

Diffusion” (2004), take the Berry and Berry model and add in a time counter.  The time counter 

is used in lieu of year dummy variables, and is simply a way of accounting for a possible time 

trend in the diffusion process.  Mechanically, the time counter variable takes on the value of zero 

in a certain year, and increases linearly.  The most striking result of this functional addition to 

their analysis is that they find that the “neighboring states” (or regional diffusion) variable loses 
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its statistical significance at conventional levels of confidence.  Theoretically, one could expect 

this result because over time states may choose to adopt a certain policy since more is understood 

about it or it has been successful in other states, thus the regional diffusion variable—in the 

absence of a time counter variable—may subsume this trend of general increased adoption rather 

than account for actual emulation of neighbors’ policy actions.  

The authors confront the issues of proper modeling of duration dependence, the choice of 

an event history model’s functional form, and the appropriate computation of coefficients’ 

standard errors in the presence of temporal and spatial dependence.  Buckley and Westerland 

demonstrate that the typical functional forms of policy diffusion models, logit and probit, are not 

identically distributed and that the logit function has fatter tails than the probit function.  This is 

consequential in event history analysis because adoption is a rare event, and thus occurs at the 

tail of the distribution.  Therefore, they conclude that the complementary log-log, or “cloglog”, 

functional form is most appropriate and provides sufficient flexibility for event history analyses.  

To address the widely acknowledged problem of spatially dependent error terms, they suggest 

using clustered standard errors
1
.  They support this recommendation by stating that robust 

variance estimation relaxes the assumption that the error terms are identically distributed, and 

clustering extends this by also relaxing the assumption of independence between observations.  

Furthermore, clustering can be used to correct for bias in event history analyses caused by 

temporal or spatial autocorrelation. Buckley and Westerland’s findings have important 

implications for my choice of functional form and the way that I will deal with concerns about 

spatial and temporal correlation of errors. 

                                                           
1
 A standard assumption in multiple regression analysis is that observations and the unobserved error terms are 

independent across time and in space.  When assessing policy diffusion across states, this assumption is obviously 

violated.  States that are geographically close will likely share similar economies and cultural, political, and social 

histories (Buckley and Westerland, 2004).  
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Christopher Z. Mooney also replicates the Berry and Berry state lottery diffusion model 

in his study, “Modeling Effects on State Policy Diffusion” (2001), but his amendment is to add a 

quadratic term for the regional effect variable, measured as the square of the number of 

neighbors to have previously adopted.  Mooney observes that by modeling the regional effect 

with one independent variable, it allows for the estimate to be only linear and unidirectional.  

Thus, he loosens this restriction by including the quadratic term for neighboring states who have 

previously adopted.  What he finds is a statistically significant nonlinear effect, namely that the 

impact of the first one or two neighboring states on the state’s likelihood of adoption is estimated 

to be much higher than the effect of the most recent of its neighbors who have adopted.  

Relatedly, he suggests that adding year dummy variables and/or inserting a quadratic term for the 

regional effect allows for a more flexible regional effect, but does not force the estimation of 

such an effect.  I could potentially use these statistical techniques in order to investigate the 

nature of the regional effect with respect to the diffusion of interconnection standards.  I can use 

these statistical techniques in order to investigate the nature of the regional effect with respect to 

the diffusion of interconnection standards.  With a stronger foundation on which to build the 

functional form of my model, I can now consult the energy policy diffusion literature in order to 

start constructing the actual independent variables that could potentially influence a state’s 

decision on whether to adopt interconnection standards. 

By expanding upon the growing policy diffusion literature that preceded them, 

Stoutenborough and Beverlin (2008) seek to overcome many of the methodological problems to 

which event history analysis is susceptible.  In “Encouraging Pollution-Free Energy: The 

Diffusion of State Net Metering Policies”, the authors use event history analysis to examine 

competing diffusion theories on the probability that a state will adopt a net metering policy.  This 
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paper is methodologically similar to that of Berry and Berry, however, their modeling innovation 

involves how they deal with the regional diffusion variable.  They specify models which use the 

standard approaches of neighboring states and leader-laggard, but they also run different models 

using EPA region as the geographic area through which the diffusion mechanism operates.  The 

neighboring states, or regional diffusion, model posits that states in the same region have a 

strong positive effect on the likelihood of adopting policies for states in that region (Berry and 

Berry, 1990).  Leader-laggard diffusion models proffer that certain states are more likely to 

employ innovative policies, and that other states will follow their example (Walker, 1969).  The 

authors operationalize this concept by using an inversion of Hall and Kerr’s (1991) green policy 

index.  The green policies index is comprised of three components: a count of the number of 

policies each state has out of fifty possible policies, an environmental policy score calculated by 

Renew America, and a score based on four indicators of congressional leadership on the 

environment (Konisky and Woods, 2011).  Thus, their hypothesis is that states with more 

favorable green policies are likely to adopt net metering earlier than otherwise similar states.  In 

the case of renewable energy policies more broadly, states like California and Massachusetts 

may be seen as leaders.  However, Vermont and New Hampshire were the first two states to 

implement interconnection standards. 

In addition to using logit and probit models, which give similar results in this case, the 

authors use a complementary log-log functional form, citing Buckley and Westerland’s 

reasoning.  In addition to specifying the regional diffusion variable as simply a state’s contiguous 

neighbors, the authors also model the regional effect using EPA regions as the geographic 

grouping that influences each state’s probability of adoption.  The authors find that adding 

political and social variables helps to create a better performing model.  Because of the 
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robustness of their research, my own will closely mirror what they have done since 

interconnection standards are closely related to net metering, and the likelihood of adoption for 

both policies is expected to be influenced by many overlapping factors. 

Similarly to the above paper, Daniel C. Matisoff examines the diffusion of renewable 

portfolio standards (RPS) using event history analysis in “The Adoption of State Climate Change 

Policies and Renewable Portfolio Standards: Regional Diffusion or Internal Determinants?” 

(2008).  He estimates RPS diffusion using a probit regression, with a time counter to help control 

for time-related drift, and robust standard errors for dealing with geographic or temporal 

heteroskedasticity.  One central difference from the Stoutenborough and Beverlin study, and one 

which I will incorporate into my research, is the inclusion of per capita income into the model.  It 

is reasonable to hypothesize that states with better economic conditions are likely to implement 

innovative policies, especially when they might require an up-front investment, such as 

interconnection standards do.  Chiefly, it takes significant institutional resources in order to 

research and design adequate interconnection standards, in addition to the bureaucratic resources 

needed once they are instituted.  Matisoff finds that citizen ideology most strongly influences the 

likelihood of adoption of RPS, along with a strong and significant positive relationship with 

renewable energy potential.  The major break from the original Berry and Berry and 

Stoutenborough and Beverlin paper’s that I have discussed above is that he finds no support at all 

for a regional diffusion effect.  He specifies this variable using a neighboring states approach, 

and finds no statistically significant effect of this on the likelihood of adoption. 

Carley (2011), in her review of contemporary energy policy literature, notes that this 

literature offers limited insights on which factors generally lead states to adopt policies that 

encourage renewable energy development.  She observes that current research continues to be 
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inconclusive with respect to the principal drivers of climate policies.  Varying studies have found 

it difficult, both within their own research and across different studies, to identify consistent 

predictors that lead states to adopt climate-focused energy policies.  Comparing my results with 

the existing aforementioned empirical findings may help to discern patterns in this realm, which 

can shed light on the factors that most convincingly influence a state’s decision to adopt 

innovative renewable energy policies. 

CONCEPTUAL FRAMEWORK 

Building from these previously completed event history analyses, I will examine the 

empirical influence that various regional and internal determinants have on the likelihood that a 

state will adopt interconnection standards in a particular year.  My model will include relevant 

state-specific factors that play a role in a state’s decision to adopt interconnection standards in 

addition to a variable that will capture a ‘neighborhood’ effect.   

In reviewing the environmental policy diffusion literature, there exists several ways to 

measure the regional effects on a state’s probability of adopting specific policies.  For instance, 

Stoutenborough and Beverlin (2008) find that EPA regions provide a more robust explanation 

for the regional diffusion of net metering policies.  Alternative approaches include; defining 

“region” as the number of contiguous states, Independent System Operator (ISO) areas, Regional 

Transmission Organizations (RTO), and North American Electric Reliability Corporation 

(NERC) regions.  Each of these definitions has their conceptual advantages and drawbacks, 

including that the composition of some of the groupings have changed over time.  However it is 

defined, I hypothesize that the more surrounding states that adopt interconnection standards, the 

higher the likelihood that a state which has not yet adopted them will do so.  
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Following Stoutenborough and Beverlin (2008) and Matisoff (2008), I propose a series of 

internal determinants that I think will have statistically significant impacts on the likelihood that 

a state will adopt a policy which encourages renewable energy development.  There have been 

various studies which demonstrate that the more liberal an electorate and legislators in a location 

are the more likely they are to adopt policies that protect the environment.  Since interconnection 

standards encourage clean and renewable distributed generation, thus mitigating the 

environmental impacts of energy production, I predict that more liberal citizenry and 

governments will be positively correlated with the likelihood of adopting interconnection rules. 

If a state’s economy is extremely energy intensive, producing adverse environmental 

impacts such as poor air quality, then they may be more likely to adopt interconnection standards 

because of their ability to promote clean distributed generation.  However, if the coal or natural 

gas industries are very powerful within a state, then they may act as a hindrance to the enactment 

of policies such as interconnection standards that foster renewable energy development.  Overall, 

I believe that energy intensity and the sway of the fossil-fuel industry in a state play important 

roles in determining which states adopt interconnection standards, and when. 

The policy diffusion literature frequently cites state economic well-being as positively 

related to policy innovation.  Berry and Berry (1990) used a measure of the ratio of the state’s 

revenues to its expenditures, while Matisoff (2008) used per capita disposable income to measure 

this concept.  If states have more vibrant economies, then they may be more likely to enact 

policies with up-front economic costs and a certain degree of uncertain outcomes.  Building off 

of this idea, I hypothesize that the higher a state’s per capita gross state product (GSP), the more 

likely it is to adopt interconnection standards. 
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Additional factors that might lead a state to adopt, or deter it from adopting, 

interconnection standards are the amount of utilities in the state, the quantity of distributed 

generation that exists within a state, and physical barriers to feasible interconnection.  In the 

absence of interconnection standards, individual utilities create their own rules and standards for 

interconnection, which means that if there are a multitude of utilities then the statewide process 

for interconnecting can become confusing and complex.  If this is the case, it may provoke a 

state to implement its own standards for the sake of homogeneity and reducing red-tape for its 

inhabitants.  On the other hand, if public utilities use their political power to prevent the creation 

of statewide interconnection rules, then the utilities themselves could act as a deterrent to the 

adoption of this policy.  Utilities might oppose uniform, straightforward interconnection rules 

because it could deprive them of retail sales.  Relatedly, if a certain critical mass of distributed 

generation exists within a state, there may be a serious need for standardized rules so that these 

small generators are able to connect to the electric grid.   

An impediment to the creation of interconnection standards may be physical barriers, 

which make it exceedingly difficult or impossible for a generating site to connect to the grid 

from a particular location.  If a state is very large and has sizeable areas that would be costly or 

onerous to interconnect from, it may hinder the rulemaking process for adopting interconnection 

standards.  On the flip side, however, high population density could be an important reason why 

states choose to adopt interconnection protocols.  If the electric grid is frequently congested and 

serves a diverse population of consumers, encouraging distributed generation may be perceived 

as a positive and desirable policy goal.  Additionally, retail electricity rates could potentially play 

a role in whether or not states choose to adopt interconnection standards; for instance, high retail 

rates creates demand for distributed generation, hence the establishment of clear, fair 
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interconnection procedures.  Alternatively, since net metering rules allow for the sale of excess 

generation at retail rates, higher rates translate to increased incentives to develop distributed 

generation.  

Additionally, public utility commissions act as a bridge between the public, public 

utilities, and government officials.  As a result, if either the public or the government would like 

to adopt interconnection standards, larger public utility commissions will have greater technical 

capacity and legislative influence in contributing to the development of such standards.   

Other factors that play a role in the adoption of interconnection standards are federal 

agencies, and the existence of regional organizations.  For example, in 2005 the Federal Energy 

Regulatory Commission (FERC) prepared model interconnection standards that states may use 

as a reference point for crafting their own standards.  Related to this, the Energy Policy Act of 

2005 stipulated that utilities under FERC’s purview must interconnect customers with distributed 

generation upon request.  State regulatory bodies were also directed to consider federal 

interconnection standards and to come to a decision about them by September of 2007.  Entities 

such as the Mid-Atlantic Distributed Resources Initiative (MADRI) also impact the likelihood of 

interconnection standards adoption by providing technical assistance, facilitating inter-state 

communication and knowledge transfer, and disseminating best practices to participating states. 

Finally, complementary policies may make a state more likely to adopt interconnection 

standards, either because the policies work well in tandem, or because the reasons that the state 

chose to adopt policy one are the same, or very close to, the reasons why they adopt policy two, 

interconnection standards.  These policies include; renewable portfolio standards that stipulate 

carve-outs for small-scale distributed generation, net metering, solar and wind access laws, and 
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financial incentives for renewable energy development.  Renewable portfolio standards mandate 

that utilities acquire a certain percentage of their electricity from renewable generating sources 

by a target date (U.S. Department of Energy)
2
.  Essentially the purpose of an RPS is twofold; 

first, it seeks to increase the absolute amount of renewable electricity generation within a state, 

and second, it strives to increase the share of a state’s electricity generation that comes from 

renewable resources (Carley, 2011).  Oftentimes, an RPS designates that a certain proportion of 

the overall target must come from specific sources.  If one of these technologies is distributed 

photovoltaic solar generation, then this may be made more easily achievable if a state also adopts 

interconnection standards.  Net metering requires utilities to compensate customers that generate 

their own electricity using the same price that they charge users per megawatt (Stoutenborough 

and Beverlin, 2008).  A primary purpose of net metering is to reward ratepayers who invest in 

renewable energy generation.  Solar and wind access laws are put in place to protect the right of 

citizens who invest in renewable generation technologies on their property.  Specifically, access 

laws prohibit local governments from restricting residents from installing wind or solar 

technologies on their property; disallow private land-use controls from unduly limiting solar or 

wind technology installations; and, finally, they defend a person’s right to have unobstructed 

access to the wind or the sun (DSIRE)
3
.   Financial incentives include tax deductions, 

exemptions, and credits, grants, and various rebate programs.  All of these incentives seek to 

reward organizations and individuals who invest in renewable energy systems on their property. 

 

 

                                                           
2
 U.S. Department of Energy. Energy Efficiency and Renewable Energy. “States With Renewable Portfolio 

Standards”. Accessed March 24, 2012. http://apps1.eere.energy.gov/states/maps/renewable_portfolio_states.cfm  
3
 This is from the summary of Wisconsin’s solar and wind access laws, which are reflective of the general purposes 

of these laws in all states. Accessed March 24, 2012. 

http://www.dsireusa.org/incentives/incentive.cfm?Incentive_Code=WI04R&re=1&ee=1  

http://apps1.eere.energy.gov/states/maps/renewable_portfolio_states.cfm
http://www.dsireusa.org/incentives/incentive.cfm?Incentive_Code=WI04R&re=1&ee=1
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DATA AND METHODS 

Data 

With this conceptual framework as a foundation, I contacted other event history 

researchers and began my own search for quantifying the concepts discussed above.  The core 

composition of my dataset comes from the previously cited study of the diffusion of net metering 

policies by Stoutenborough and Beverlin (2008).  The authors compiled a unique dataset for their 

analysis, and were able to provide me with that dataset.  While their dataset covers the time 

period 1974-2004, mine will contain information from 1990 to 2010.   

This dataset includes all 50 states.  The unit of observation in this study is the state-year, 

therefore the data will consist of one observation per state per year for each year in which the 

state had not adopted the policy prior to the beginning of the calendar year.  The dependent 

variable in this study is whether or not a state has adopted interconnection standards.  Thus, this 

is a binary variable, and the duration that a state is captured in the analysis corresponds to the 

year that it adopts interconnection standards.  For information regarding the initial enactment of 

interconnection standards, I will use data from the North Carolina Solar Center and its affiliate, 

the Database of State Incentives for Renewables & Efficiency (DSIRE).  I have collected 

information on when states have adopted interconnection standards; coding them as 0 before 

adoption, and 1 in the year of adoption.  I have performed the same procedure for each of the 

independent policy variables—net metering policies, access laws, and renewable portfolio 

standards with a solar PV carve-out—in this study.  

Having information for when every state adopted interconnection standards, I can thus 

divide states into groupings, namely contiguous neighbors and EPA regions, and then create a 

variable that will be coded as the proportion of states in each state’s group to have previously 
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adopted interconnection standards.  Therefore, the Neighboring_States variables will be coded as 

the proportion of neighbors, either contiguous or those that are in the same EPA region, that have 

adopted interconnection by the conclusion of the previous year.  For instance, for Mississippi in 

the year 2006, the value of this variable will be equal to the share of its neighbors to have 

adopted through 2005.  The number of contiguous neighbors ranges from zero (Hawaii and 

Alaska) to eight (Tennessee and Missouri).  Most states have between three and six contiguous 

neighbors.  The EPA regions consist of between two and eight states, with most of them 

comprised of four to six states. 

Information about state income, population density, and energy consumption has been 

obtained from the U.S. Census Bureau.  Retail electricity rates are gathered from the Energy 

Information Agency (EIA), the data analysis and dissemination arm of the Department of 

Energy.  Data regarding state’s average wind speeds and average percent of sunshine is gathered 

from the National Oceanic and Atmospheric Administration (NOAA).  Several other important 

independent variables, such as the ‘Green Conditions’ index are gathered from relevant scholarly 

research.   

Two variables that may have played a key role in the diffusion of interconnection 

standards are government and citizen ideology.  Berry et al. (1998) originally created two indices 

to operationalize these concepts and measure them over time.  The span of their measures begins 

in 1960 and ends in 1993; however, the authors have revisited the study several times and 

expanded the measures through 2008.  To quantify citizen ideology, the authors identify the 

ideological position of each member of Congress in every year using interest group ratings.  

They then create a measure for each congressional district that captures the ideology score for 

the district’s incumbent, the estimated ideology score for a challenger, and voting outcomes.  
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From these district scores, they create an unweighted average for the entire state.  In computing 

government ideology, the authors combine ideology scores of the governor, and both parties in 

each legislative body (Congress and the state legislature).  They then weight each portion by 

their relative share of power, based on party majority and minority status, and create an overall 

government ideology score.  After careful consideration and consultation, I decided to address 

the missing data for 2009 and 2010 for the thirteen states that this affected by simply imputing 

the 2008 values onto 2009 and 2010, as needed.
4
  The reasoning behind this being that general 

ideology, especially of the citizenry, does not change drastically within a two-year window. 

Analysis Plan 

 To reiterate, my empirical model will address the question; what is the likelihood that 

state i will adopt interconnection standards in time-period t?  By incorporating the element of 

regional diffusion, and including variables that encapsulate political, economic, and 

environmental characteristics, my model will seek to identify which factors play the most 

prominent role in the diffusion of interconnection standards.  I am including all 50 states in my 

analysis.  Theoretically, I could exclude Alaska and Hawaii because they have no contiguous 

neighbors from whom they can learn.  But, following Stoutenborough and Beverlin, I will 

estimate several diffusion measures, one of which is defined by EPA regions—of which Alaska 

and Hawaii are included. 

 To stipulate what my model will look like:  

                                                           
4
 These thirteen states are the 5 that adopted in either 2009 (Kansas, Nebraska, South Dakota) or 2010 (Iowa and 

Maine) plus the 8 states that did not adopt by 2010 (Alabama, Alaska, Idaho, Mississippi, North Dakota, Oklahoma, 

Rhode Island, and Tennessee). 
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P(Interconnection_Standardsit=1) = φ (β0 + β1GSP_PerCapitai,t-1 + β 2Policy_Variablesi,t-1 

+ β 3Renewable_Potentiali,t-1 + β 4Neighbors/ EPA_Regioni,t + β8Ideology_Measuresi,t-1  + 

β9Retail_Rates + β10Energy_Consumption + β11Population_Density +  β12Statei + 

β13TimeCounter + εi,t),  

where i is equal to each state from Alabama to Wyoming, and t is equal to years 1992-2010.  The 

time counter variable will take the value of 1 in 1999, one full year after the initial two 

adoptions, and increase linearly up through 2010, but will differ by the duration period of each 

individual state. 

 Due to the binary dependent variable in this model and the fact that it is a particularly 

rare event, I will initially run either a logit or probit model.  Policy diffusion models, similar to 

this one, have typically been estimated using these types of models.  The conventional approach 

is to use pooled time-series, discrete, nonrepeating event history analysis.  Because I am using 

discrete-time data, the dependent variable is analogous to the duration time of each state.  This 

duration-dimension means that states drop out, or fail to “survive”, in the year following 

adoption of interconnection standards. 

 As an alternative to logit and probit, several researchers that I have discussed 

(Stoutenborough and Beverlin; Buckley and Westerland) recommend using a complementary 

log-log, or “cloglog”, model.  The curves of logit and probit are symmetrical around λ=.5, where   

λ represents the probability of adoption.  The Cloglog approach differs in that it slowly moves 

away from λ=0 and then rapidly approaches λ=1.  Cloglog has been encouraged in diffusion 

studies because it is the discrete counterpart to the Cox proportional hazards model, which is the 

most widespread duration model.  The Cloglog model has also been argued as better suited to 
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handle rare events, which certainly characterizes policy innovation.  To illustrate, the mean of 

the “interconnection standards” variable is equal to .06, with 42 observations taking the value of 

one and 646 observations taking on the value of zero.  

Explanation of Variables 

Dependent Variable 

Interconnection_Standardsit = 0 if state i has not adopted a standardized set of rules 

describing the process by which a generator will interconnect to the grid by year t, and 1 

otherwise.
5
  

Independent Variables 

By including dummy variables for net metering, states that have enacted renewable 

portfolio standards with a carve-out for distributed generators, and states that possess solar or 

wind access laws, I will capture in the model three policies which are complementary to 

interconnection standards.  The Net_Metering variable is coded exacted the same way as 

Interconnection_Standards, however, for the states that adopted net metering policies before 

interconnection standards (or if they adopted net metering and not interconnection standards) 

then a single state may take on the value of “1” more than once for this variable.  The El_DistPV 

variable is defined as states that have an RPS which stipulates that a certain amount of the 

overall target must be met by solar photovoltaic generation.  The Access_Laws variable is coded 

as “1” in the earliest year of my study in which there are statutory protections for citizens who 

                                                           
5
 I considered modeling the existence of amendments to Interconnection Standards, because many states do adjust 

the rules after initially adopting them, however, after personal correspondence with Dr. James Stoutenborough I 

came to the conclusion that this is not presently possible because of the enormous amount of heterogeneity of 

amendments, and modeling the amendment phenomenon would require creating a new hybrid type of analysis, 

which does not currently exist. 
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wish to install renewable energy generation technologies on their property.  The reasoning for 

including these variables is that states who have adopted these policies are more likely to adopt 

interconnection standards than those states that have not. 

The inclusion of per capita gross state product (GSP) is supported by theories which 

suggest that state’s with more income, and thus better fiscal conditions, are more likely to engage 

in policy innovation because they have greater economic resources, more political leverage, and 

the ability to implement policies that require up-front capital investment.  This variable is simply 

calculated as the gross economic output of the state divided by its population, to create a sense of 

the average income in the state. 

Using measures for government and citizen ideology stems from previous environmental 

diffusion studies who have found that a more liberal electorate or legislature is more likely to 

enact policies that seek to protect the environment by intervening in energy markets.  The 

measures that I will use, whose construct methodology have been described above in the “Data” 

section, are scores that range from 0 to 100, with 0 being most conservative and 100 being most 

liberal. 

The reason behind including measures for percent sunshine and average wind speeds is to 

control for potential renewable energy development.  If a state has greater potential for 

renewable generation, they are more likely to adopt policies, such as interconnection standards, 

which facilitate this type of generation.  Percent sunshine is coded as, “The total time that 

sunshine reaches the surface of the earth [sic] expressed as the percentage of the maximum 

amount possible from sunrise to sunset with clear sky conditions.”  Average wind speeds are 

expressed as the average wind speeds over a 50-60 year period in different locations within each 

state.  As previously noted, these two measures are collected and distributed by NOAA. 
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The reasons for including population density, residential electricity prices, and electric 

energy consumption were outlined above in the “Conceptual Framework” section.  Population 

density is calculated as the state’s population, as measured by the Census Bureau, divided by its 

square mileage of land area.  Residential electricity prices are measured in cents per kilowatt-

hour.  Electric energy consumption is measured in trillion British thermal units (Btu), a common 

unit of measurement for energy production and consumption.  

Finally, I will introduce both state dummy variables and a time counter in order to 

address statistical concerns regarding spatial and temporal correlations, which would lead to 

heteroskedasticity
6
.  It has been documented that without accounting for these factors, spurious 

relationships for certain variables, especially the regional diffusion variable, can be found in 

event history analyses. 

What is Captured in the Error Term? 

 What is probably most important in this respect is that I am not (and probably cannot) 

include a measure for the relative ease with which distributed generators can be interconnected, 

regardless of established policies.  Some locations are inherently difficult to connect to the grid, 

while some may require straightforward physical and technical adjustments to connect, which 

may play a role in whether or not states choose to adopt interconnection standards.   

Something else which is captured by the error term is the role that the federal government 

plays in the adoption of interconnection standards.  The Federal Energy Regulatory Commission 

(FERC) enacted its own interconnection rules for interstate utilities over which it has 

jurisdiction.  Moreover, the Energy Policy Act of 2005 stipulated that states must begin 

                                                           
6
 The heteroskedasticity assumption is violated when the variance of the unobserved error terms are not constant 

across observations.  
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deliberation of interconnection connection standards by the conclusion of 2006, and must reach a 

decision on the matter by September 2007.  Therefore, as we will see once I graph the adoption 

of interconnection standards over time, there is a noticeable spike in adoption in 2007.  More 

than just provide a stick for the enactment of interconnection standards, by having their own 

rules, FERC created a model that they encouraged states to use as a starting point in crafting their 

own interconnection protocols.  

Another omitted variable is the effect that regional organizations such as the Mid-Atlantic 

Distributed Resources Initiative (MADRI) have on the likelihood that states within these regions 

will adopt interconnection standards.  This could bias the coefficient on the diffusion variable 

because regional diffusion may, in some instances, not be a result of conventional observation 

and imitation of neighboring states, but the outcome of an involved and committed regional 

entity that collects and disseminates knowledge about policies, including interconnection 

standards, which may guide states along the path to adoption.  It is not feasible to capture this 

effect in an econometric model because the qualitative impact of these organizations cannot be 

justly expressed by a simple dummy variable.  Additionally, different states will not have the 

same amount and type of interactions with these organizations as their fellow states.  Therefore, 

membership itself may have heterogeneous impacts on states within the same groups.  Moreover, 

while MADRI formed in 2004 and had a static composition of members, non-governmental 

organizations such as IREC do not have an analogous membership system, and thus the impact 

of their research and recommendations cannot be easily digested into an empirical model. 

Related to this, in October 2003 the Institute for Electrical and Electronics Engineers 

(IEEE) developed a standard which provides a uniform standard for interconnection of 

distributed resources to electric power systems. It also stipulates requirements relevant to the 
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performance, operation, testing, safety considerations, and maintenance of the interconnection.  

It is feasible to assume that the enactment of this standard subsequently assisted states in 

developing their own interconnection standards. 

Finally, all of the factors that I discussed earlier, which could potentially influence the 

likelihood that a state will choose to adopt interconnection standards, and for which I could not 

attain information are captured in the error term.  This includes the size of public utility 

commissions, the amount of utilities within a state, whether electricity markets are regulated or 

deregulated, and the quantity of existing distributed generation. 

PRELIMINARY FINDINGS 

Table 1: Descriptive Statistics 

 

Variable Observations Mean  Standard Deviation Min Max

Interconnection_Standards 688 0.061 0.240 0.000 1.000

Net_Metering 688 0.272 0.445 0.000 1.000

El_DistPV 688 0.042 0.201 0.000 1.000

Access_Laws 688 0.618 0.486 0.000 1.000

Contiguous_Neighbor 688 0.171 0.272 0.000 1.000

EPA_Neighbor 688 0.159 0.256 0.000 1.000

GSP_percapita 688 26980.210 6539.402 14651.000 55859.000

Citizen_Ideology 688 48.612 15.050 8.450 90.755

Government_Ideology 688 47.854 26.013 0.000 97.917

Government_Ideology_Nom 688 49.606 12.771 23.642 73.430

Electric_Energy_Consumption 665 1724.409 1680.618 149.365 12039.440

Percentage_of_Sunshine 688 57.100 9.631 23.000 81.000

Average_Wind_Speed 688 9.258 1.636 5.700 12.950

Population_Density 688 172.030 239.242 1.031 1082.702

Residential_Price 688 8.558 2.386 4.460 19.110

Green_Conditions 688 1232.568 631.312 0.000 2456.000
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Figure 1, below, shows the cumulative frequency at which states adopted interconnection 

standards, beginning with the initial two states to adopt in 1998, and concluding in 2010.  We 

can observe that there is a fairly linear development of the adoption process over this time 

period.  Figure 2 represents the same adoption process, but this time shown as the cumulative 

proportion of states to adopt.  It is noticeable that the overall adoption rate more rapidly 

approaches 1 after, approximately, the mid-point at the proportion of .5.  Figure 3 depicts the 

yearly frequency distribution of adoption.  In all of these representations, we can see fairly sharp 

spikes in the amount of states to adopt in the years 1999 and 2007.  As the bottom figure 

demonstrates, only in one year was there no adoptions, and that was 2005.  This could have been 

due to regulatory uncertainty, whereby states unsure of how FERC would rule on the matter of 

interconnection standards in the Energy Policy Act (EPA) of 2005 chose to wait until FERC’s 

authoritative ruling before making a final decision. 

Figure 1 
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Figure 2 

 

Figure 3 

 

 In figures 4 and 5, I attempt to visually uncover whether diffusion dynamics existed 

before 2007, which was the deadline by which states had to make a decision regarding 

interconnection standards as required by the EPAct of 2005.  I chose 2001 because this point 

marked four full years of adoption by states, and these first 16 states to adopt could be seen as 

leading “policy innovators” in a sense.  While the Feeding the Grid grades were not initiated 

until 2007, I gather that even though these early adopters were leaders, their standards were not 
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necessarily superb in design.  This observation is rooted in the fact that many early adopters—

New Hampshire, Vermont, Montana, New York, Virginia, and Utah—received very poor grades 

from this report in the first several years that the grades were enacted.  Interestingly, these states 

are located in virtually every region of the country; therefore providing a neat foundation on 

which to determine whether or not regional diffusion characterized the spread of interconnection 

standards.  By looking at all the states who had adopted by the end of 2006, there is some 

evidence to suggest this kind of regional effect.  For instance, Vermont and New Hampshire 

were the first two states to adopt, and by the conclusion of 2006, Massachusetts, New York, 

Pennsylvania, and New Jersey had also chosen to adopt.  We also see five of Ohio’s neighbors 

adopting and two of Wyoming’s. 

Figure 4: Adoption by States Through 2001 
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Figure 5: Adoption by States Through 2006 

 

 In addition to my regional diffusion hypothesis, I also predict that the existence of related 

policies in a state will have a positive effect on the likelihood that a state will adopt 

interconnection standards.  In this simple table below, I represent, for states that have adopted 

interconnection standards, whether they adopted interconnection standards first, net metering 

policies first, or if they were both adopted in the same year.  As we can see, 23, or almost 55 

percent of, states to adopt interconnection standards adopted both policies in the same calendar 

year.  Roughly 30 percent of the 42 states to adopt interconnection standards adopted net 

metering policies first.  And only 14 percent of states that adopted interconnection standards had 

those rules precede the adoption of a net metering policy.  As an additional note for this table, I 

classified South Carolina and South Dakota as adopting interconnection standards first, but as of 

2010 neither of the two had adopted net metering policies.  Furthermore, I placed Texas in the 

same category because the state does have private utility-level net metering policies, but not a 

statewide law, and these private utilities do not cover the entirety of the states’ electricity 
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consumers.  I perform a similar exercise, comparing the adoption timing of interconnection 

standards with RPS that includes a solar PV carve-out and access laws, respectively.  The 

strongest evidence for a causal relationship exists between access laws and interconnection 

standards, however, this may be misleading because many states instituted access laws long 

before interconnection rules. 

Table 2: Relative Adoption Timing 

Interconnection Standards First Simultaneous Adoption (Same Year) Net Metering First Total 

6 23 13 42 

.1429 .5476 .3095 1 

    

Interconnection Standards First Simultaneous Adoption (Same Year) RPS with Carve-Out 

First 

Total 

35 0 7 42 

.83 .00 .17 1 

    

Interconnection Standards First Simultaneous Adoption (Same Year) Access Laws First Total 

13 2 27 42 

.309 .048 .643 1 

Table 3: Descriptive Statistics for States that Adopted in 1998 

 

Variable Observations Mean  Standard Deviation Min Max

Interconnection_Standards 2 1.000 0.000 1.000 1.000

Net_Metering 2 1.000 0.000 1.000 1.000

El_DistPV 2 0.000 0.000 0.000 0.000

Access_Laws 2 0.500 0.707 0.000 1.000

Contiguous_Neighbor 2 0.000 0.000 0.000 0.000

EPA_Neighbor 2 0.000 0.000 0.000 0.000

GSP_percapita 2 27292.500 3353.807 24921.000 29664.000

Citizen_Ideology 2 54.948 27.244 35.684 74.213

Government_Ideology 2 67.763 35.549 42.626 92.900

Government_Ideology_Nom 2 58.486 21.134 43.542 73.430

Electric_Energy_Consumption 2 227.521 103.485 154.346 300.696

Percentage_of_Sunshine 2 49.500 7.778 44.000 55.000

Average_Wind_Speed 2 7.850 1.626 6.700 9.000

Population_Density 2 97.579 47.807 63.775 131.384

Residential_Price 2 12.765 1.633 11.610 13.920

Green_Conditions 2 2193.000 287.085 1990.000 2396.000
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Table 4: Descriptive Statistics for States that Adopted in 1999 

 

Table 5: Descriptive Statistics for States that Adopted in 2007 

 

Variable Observations Mean  Standard Deviation Min Max

Interconnection_Standards 7 1.000 0.000 1.000 1.000

Net_Metering 7 0.857 0.378 0.000 1.000

El_DistPV 7 0.000 0.000 0.000 0.000

Access_Laws 7 0.857 0.378 0.000 1.000

Contiguous_Neighbor 7 0.029 0.076 0.000 0.200

EPA_Neighbor 7 0.000 0.000 0.000 0.000

GSP_percapita 7 28622.140 4377.191 22045.000 35360.000

Citizen_Ideology 7 54.137 11.149 41.342 68.772

Government_Ideology 7 31.584 18.523 6.063 57.561

Government_Ideology_Nom 7 40.267 8.498 31.977 55.318

Electric_Energy_Consumption 7 3788.821 3762.029 396.150 11700.390

Percentage_of_Sunshine 7 54.143 8.821 39.000 64.000

Average_Wind_Speed 7 9.690 1.454 7.900 12.600

Population_Density 7 289.665 374.620 6.065 1082.702

Residential_Price 7 8.696 2.677 5.750 13.230

Green_Conditions 7 1163.857 758.822 201.000 2252.000

Variable Observations Mean  Standard Deviation Min Max

Interconnection_Standards 7 1.000 0.000 1.000 1.000

Net_Metering 7 0.857 0.378 0.000 1.000

El_DistPV 7 0.429 0.535 0.000 1.000

Access_Laws 7 0.571 0.535 0.000 1.000

Contiguous_Neighbor 7 0.640 0.185 0.250 0.800

EPA_Neighbor 7 0.647 0.351 0.000 1.000

GSP_percapita 7 41454.140 7698.598 34761.000 55859.000

Citizen_Ideology 7 61.961 16.389 32.411 77.893

Government_Ideology 7 74.632 24.278 27.805 95.188

Government_Ideology_Nom 7 56.424 13.371 31.595 69.100

Electric_Energy_Consumption 7 1857.599 1245.753 302.256 4089.547

Percentage_of_Sunshine 7 59.429 9.981 52.000 81.000

Average_Wind_Speed 7 8.564 1.386 6.200 10.100

Population_Density 7 329.722 258.265 54.276 728.053

Residential_Price 7 11.576 3.764 7.690 19.110

Green_Conditions 7 1140.000 420.699 552.000 1814.000
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 Based on the descriptive and preliminary statistics presented thus far, I foresee that the 

regional diffusion effect will be significant, that ideology may not play as integral a role as I 

have hypothesized, and that renewable potential may not exert a strong influence on a state’s 

decision for whether or not they adopt interconnection standards. 



 
 

 
 

Table 6: Regression Results 

  Model 1   Model 2   Model 3   Model 4   Model 5 

Interconnection_Standards Coef. P>z   Coef. P>z   Coef. P>z   Coef. P>z   Coef. P>z 

  Main Model   

 

    

 

    

 

        

Net_Meteringt-1 -0.6983 0.2200 

 

-0.6363 0.196 

 

-0.6161 0.2370 

 

-0.8509 0.1780 

   Net_Metering 

            

3.5547 0.0000 

El_DistPvt-1 0.9163 0.3310 

       

0.7140 0.4350 

 

0.6467 0.5640 

Access_Lawst-1 -0.0558 0.8880 

          

-0.9293 0.0500 

lnGSP_percapitat-1 4.8512 0.0110 

 

4.0094 0.043 

    

4.5279 0.0230 

 

1.0899 0.5880 

GSP_percapitat-1 

      

0.0001 0.0340 

      Citizen_Ideology 0.0323 0.1010 

 

0.0211 0.236 

 

0.0293 0.1490 

 

0.0258 0.2140 

 

0.0154 0.5870 

Government_Ideology -0.0039 0.6060 

 

0.0078 0.996 

    

-0.0011 0.8960 

 

-0.0226 0.0380 

Government_Ideology_Nom 

      

-0.0067 0.6730 

      Green_Conditions 

   

0.0004 0.492 

 

0.0003 0.4860 

 

0.0003 0.4660 

   Contiguous_Neighbor -0.2762 0.7800 

 

0.9442 0.955 

 

-0.0308 0.9740 

    

-2.5881 0.0360 

EPA_Neighbor 

         

-0.3345 0.6220 

   Electricity_Consumptiont-1 0.0003 0.0000 

 

0.0001 0.000 

 

0.0003 0.0000 

 

0.0003 0.0000 

 

0.0003 0.0000 

Percentage_of_Sunshine 0.0186 0.2420 

 

0.0159 0.257 

 

0.0185 0.2450 

 

0.0161 0.3320 

 

0.0001 0.9960 

Average_Wind_Speed -0.0326 0.7820 

 

0.1110 0.981 

 

0.0139 0.8970 

 

-0.0163 0.8900 

 

-0.3038 0.1080 

Population_Densityt-1 -0.0016 0.1770 

 

0.0011 0.136 

 

-0.0018 0.1330 

 

-0.0015 0.1820 

 

-0.0016 0.3190 

Residential_Price 

   

0.0888 0.884 

         lnResidential_Price 

      

0.0788 0.9330 

 

-0.2752 0.7840 

   lnResidential_Pricet-1 -0.5693 0.6290 

          

0.1743 0.8980 

Time Counter 0.2998 0.2020 

 

0.3805 0.129 

 

0.4358 0.0560 

 

0.3631 0.0940 

 

0.6216 0.0160 

Time Counter
2
 -0.0216 0.1690 

 

-0.0250 0.117 

 

-0.0291 0.0550 

 

-0.0244 0.0990 

 

-0.0255 0.1720 

Constant -54.17 0.0040 

 

-47.72 0.015 

 

-10.34 0.0000 

 

-51.98 0.0080 

 

-14.53 0.4700 

Log likelihood -120.53   -121.01   -120.79   -120.36   -93.91  

Wald chi
2
 108.57 0.0000  90.54 0.0000  106.84 0.0000  99.95 0.0000  94.56 0.0000 

N 674   674   674   674   674  

Note: All standard errors clustered by State 

             

3
2
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EMPIRICAL RESULTS AND POLICY DISCUSSION 

Main Model 

 As I began and continued to specify a variety of iterations of my preliminary model, I 

came across an important econometric discovery.  Initially, I was using a complementary log-log 

(cloglog) model type with random effects, to reflect the panel nature of the dataset.  However, 

after observing the consistent test statistic on the likelihood-ratio tests of many of these models, I 

ascertained that the panel component of the dataset was not integral to the results.  The 

likelihood-ratio test of whether rho is equal to zero is essentially testing whether or not the 

pooled and the paneled models produce different results.  I could not reject the null hypothesis in 

this case, and therefore could conclude that the paneled model did not produce different results 

from the pooled models.  Thus, all of the models discussed in this section are based on the 

pooled sample. 

The first column of the Results Table depicts the coefficients and corresponding p-values 

for each of the variables that I settled on as the best fit specification for the data available and the 

research question that I am addressing.  Surprisingly, many of my initial hypotheses are 

disproved by this econometric analysis.  It is worth noting that when I run a regression of this 

same specification using a logit model, the sign and significance for every variable remain 

exactly the same as those found in the main cloglog model.  The pseudo-R
2 

for this model 

is .2039.  

Perhaps most stunning is that none of the three policy variables that are specified are 

found to be statistically significant.  Each of the three variables—net metering, RPS with 

distributed photovoltaic (PV) carve-out, and solar or wind access laws—are lagged one year in 

an effort to establish a causal relationship.  The logic behind this specification being that if a 
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state already has these policies in place they are more likely to adopt interconnection standards, 

either because the policies complement each other or due to overlapping reasons for adopting 

both policies.  However, the results do not support this intuition.  As mentioned, none of these 

variables are statistically significant; moreover, the coefficients on net metering and access laws 

are negative, which is quite counterintuitive.  The coefficient on the distributed PV carve-out 

variable, in addition to being the only positively signed policy variable, is also the largest in 

magnitude.  The coefficient implies that having this policy implemented increases the probability 

of adopting interconnection standards by 5 percentage point.   

The mean predicted probability of adoption across the entire sample is .06, and the 

median predicted probability of adoption is .02.  Restricting the sample to only the years 1998 

through 2010 (the relevant window of policy adoption in this study) yields a more refined view 

of these statistics.  In this case, the mean predicted probability of adoption is .10, and the median 

is .07.  This tells us two things.  One is that most observations carry with them a very low 

probability of adopting.  In other words, a randomly selected state in a randomly drawn year is 

likely to have an extremely low predicted likelihood of adopting interconnection standards.  

Second, a coefficient with a magnitude of .05, as in the case of the access laws variable, provides 

a substantial increase in the probability that a state will choose to adopt.   

The next set of variables of interest is the two measures of ideology, and that of 

neighborly adoption rate.  As discussed in a previous section, the measures of citizen and 

government ideology come from an index generated by Berry et al. (1998) and range in value 

from 0 to 100, which indicates greater levels of liberalism as the index figure rises.  The 

contiguous neighbor variable is defined as the proportion of contiguous states to have already 

adopted interconnection standards.  For instance, the value of this variable in 2006 is equal to the 
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proportion of a state’s neighbors to have adopted through 2005.  The coefficient on government 

ideology is highly insignificant and negative, which is not the result that I expected.  However, 

the size of the coefficient on government ideology is an order of magnitude smaller than the 

corresponding coefficient on the citizen ideology variable. The coefficient on citizen ideology is 

marginally significant and positively signed, which is the correlation that I predicted.  Increasing 

citizen liberalism by one-standard deviation results in a change in the predicted probability of 

interconnection standards adoption by .026.  This is a relatively substantial increase given the 

mean value of interconnection standards, and is consistent with the notion that more liberal 

citizenry will desire cleaner forms of electricity generation and the policies that encourage them.  

This result corroborates the finding of Matisoff (2008), who finds citizen liberalism positively 

and significantly correlated with the probability of RPS adoption, but inconsistent with the 

results of Stoutenborough and Beverlin (2008), who find this relationship insignificant in the 

case of net metering adoption.  The findings from these two papers are reversed with respect to 

the regional diffusion variable.  Matisoff finds no statistically significant relationship between 

contiguous neighbors and the likelihood that states will adopt renewable portfolio standards.  

However, Stoutenborough and Beverlin find that, as a central hub of information and guidance 

on policy formulation and implementation, EPA regional offices play an integral role in the 

diffusion of net metering policies.  The coefficient on the contiguous neighbor variable in my 

models suggests that this effect is not a statistically significant driver of interconnection 

standards adoption.  

The effect of natural renewable resource endowment is found to be a statistically 

insignificant cause of interconnection standards adoption, as evidenced by the coefficients on the 

percentage of sunlight and average wind speed variables.  These two variables are meant to 
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capture the renewable energy potential of each state, and the logic is that states with higher 

renewable development potential are more likely to adopt interconnection standards with the 

goal of harnessing and profiting from these resources.  To demonstrate, the coefficient on the 

solar variable suggests that a ten percent increase in the amount of sunlight increases the 

likelihood of adoption by 17 percentage points, an almost two-hundred percent increase over the 

mean for adoption in the period 1998-2010.  An alternative explanation which conforms to the 

empirical results may be that states with high wind or solar potential, such as those in the 

Southwest or Midwest, have few utilities and therefore do not need state-wide interconnection 

rules for small-scale generators to connect to the electrical grid.  This hypothesis would hold if 

the utilities were conducive to distributed generation and their interconnection rules are 

transparent and straightforward.  A more fundamental issue could simply be the data itself; 

specifically, that these ways of defining renewable potential are not the most precise or 

appropriate measures.  For instance, the National Renewable Energy Lab (NREL) renewable 

potential maps that I depict in my preliminary results arrive at their solar potential calculations 

by taking “hourly radiance images from geostationary weather satellites, daily snow cover data, 

and monthly averages of atmospheric water vapor, trace gases, and the amount of aerosols in the 

atmosphere to calculate the hourly total insolation (sun and sky) falling on a horizontal surface” 

(Perez et al., 2002).  To arrive at their wind potential maps, NREL based their images on surface 

wind data, coastal marine area data, and upper-air data, where this information was applicable.  

While my choice of operationalization seems very crude compared to these complex scientific 

calculations, they both reflect possibilities.  And it is investment, technology, and physical 

constraints that reside between what remains potential and what is realized when it comes to 

renewable energy deployment.     
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Turning to the remaining explanatory variables, I find several intriguing results.  Another 

seemingly confusing finding is that the coefficient on the log of the residential electricity price 

variable is not statistically significant, and it is negative.  The relationship hypothesized was 

positive, with the reasoning that as electricity prices rise so too will demand for distributed 

generation, since this can relieve some of the pressure from electricity prices.  A possible 

explanation for the results found is that some omitted variable that is driving up electricity prices 

also reduces the likelihood that a state will adopt interconnection standards.  The economic and 

political clout of the fossil fuel industry could shed light on this result.  While prices on fossil 

fuels such as natural gas and coal are rising, those industries may use their influence to 

counterbalance attempts at encouraging renewable energy development.  As a point of reference, 

the average price of wellhead natural gas in the U.S. was $1.96 per thousand cubic feet in 1998, 

$7.97 in 2008, and fell to $4.48 in 2010 (EIA)
7
.  Similarly for coal, the inflation-adjusted price 

per ton in 1998 was $20.66, while the real price in 2010 increased to $32.20 (EIA).
8
  Relatedly, 

utilities that possess significant political power, and therefore the ability to gain regulatory 

approval for higher retail prices, could potentially hamper the implementation of effectively 

crafted interconnection rules in an effort to deter distributed generation and reap greater profits. 

A final surprising result is that the coefficient on population density is negative and not 

significant.  This finding may stem from the fact that states with relatively higher population 

densities are those which are smaller, such as Delaware and Rhode Island, and thus possess less 

of a need for implementing interconnection standards.  Similarly, states with higher population 

                                                           
7
 U.S. Energy Information Administration (EIA), Natural Gas Wellhead Prices. Accessed March 25, 2010. 

http://www.eia.gov/dnav/ng/hist/n9190us3a.htm  
8 EIA, Annual Energy Review, Coal Prices.  Accessed March 25, 2010. 

http://www.eia.gov/totalenergy/data/annual/showtext.cfm?t=ptb0709   

http://www.eia.gov/dnav/ng/hist/n9190us3a.htm
http://www.eia.gov/totalenergy/data/annual/showtext.cfm?t=ptb0709
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densities are located in the Northeast, which generally has lower renewable energy potential, and 

hence a relatively lower demand for interconnection standards, than other regions of the country.  

Two variables that are statistically significantly related to the probability of adopting 

interconnection standards are energy consumption and the log of gross state product per capita.  I 

hypothesized that these two variables would be positively related to the probability of adoption 

and the empirical findings confirm this intuition.  A one-percent increase in per capita gross state 

product is associated with a 26 percentage point increase in the predicted likelihood of adoption.  

This is an enormous impact given the very low expected probability of adoption in the sample.  

The results also indicate that a one-standard deviation increase in electric energy consumption 

leads to a 2 percentage point increase in the predicted probability of adoption, which is a much 

more modest effect.  This runs counter to the findings of Matisoff, who concludes that per capita 

gross state product and gas and coal consumption per capita are not statistically significantly 

correlated with the likelihood that a state will adopt renewable portfolio standards. 

Sensitivity Analysis and Alternative Specifications 

 Columns two through four of my results table are variations on the main model described 

above to test for the robustness of the results of this model.  Generally, the findings are 

consistent across many models, both those shown here and those not revealed for the sake of 

avoiding redundancy.  The prime example of consistency is the coefficient on the lagged net 

metering variable, which persists in sign and significance across all specifications.   

 The second model excludes the PV carve-out and access law policy variables and 

includes the green conditions variable, an inversion of the index developed by Hall and Kerr 

(1991) that measures the environmental health of each state along many dimensions, including 
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pollution, waste disposal practices, and forest protection.  This broader measure of 

environmental conditions is meant to capture the impact that more historically ‘environmentally 

friendly’ states have on the probability that states will adopt interconnection standards.  This 

model specification reverses the sign on the government ideology, neighbor, wind speed, and 

population density variables, yet they are still not statistically different from zero.  

 Model three illustrates that using the level of gross state product per capita and an 

alternative measure of government ideology does not substantively change the empirical findings 

of the main model.  Additionally, using the level of electricity prices, rather than the log, does 

change the sign on the coefficient—however, the effect of residential electricity prices still 

remains an insignificant driver of interconnection standards adoption.  Model four finds that 

using EPA regions as the defining characteristic for the neighbor variable still rejects the regional 

diffusion hypothesis, and also does not change the results for the remainder of explanatory 

variables. 

 The fifth model differs in specification from the rest of the models in that it does not 

restrict the adoption of net metering to occurring in the years prior to interconnection standards 

adoption.  Rather, it models the impact of either adopting net metering previously or 

concurrently (in terms of years) as interconnection standards.  This amendment drastically 

changes the results of the model, as is depicted in the results table.  The net metering variable is 

now positive and statistically significant at the one percent level.  In fact, the results say that the 

presence of net metering in the current or prior year increases the likelihood of adopting 

interconnection standards by 17 percentage points, a considerable impact.  I think that this is 

evidence of the fact that net metering and interconnection standards are generally implemented 

together because they are complementary policies.  Interconnection standards remove technical 
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and logistical barriers, and net metering provides economic incentives for distributed generators.  

The coefficient on the access laws variable remains negative, but becomes statistically 

significant.  According to this model, having access laws on the books reduces the predicted 

likelihood of adopting interconnection standards by 4 percentage points.   

 Strangely, the effect of per capita income becomes insignificant under this specification. 

Similarly, government ideology is significant for the first time, although surprisingly it is 

negatively signed.  The effect is rather modest, however, with a one-standard deviation increase 

in government liberalism corresponding to a decrease in the predicted probability of adoption 

equaling 3 percentage points.  Another odd outcome is that the contiguous neighbor variable is 

significant, but is also negative.  As Matisoff implies, this result could stem from the fact that we 

are controlling for many political, economic, and environmental conditions—which are typically 

similar amongst neighboring states—and could be the driving factors behind adoption rather than 

a regional learning effect.  In this model, the coefficient on wind speed is marginally significant, 

but like the previous two variables it is surprisingly negatively related to the probability that a 

state chooses to adopt interconnection standards.  

 Despite the statistical significance of net metering in this model, it is not my primary 

model for one chief reason: causality.  In this empirical analysis, I am seeking to identify the 

factors that cause states to adopt interconnection standards.  The first rule in establishing 

causality is that event X must precede outcome Y.  This is why nearly all of the variables in this 

analysis are coded with a one year lag—in an effort to establish causality.  Thus, while the fifth 

model provides useful insight into state energy policymaking, it does not directly address the 

research question of why states choose to adopt interconnection standards. 
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General Policy Reflections 

 In general, my empirical findings indicate that better fiscal health, a more liberal 

citizenry, and higher electricity consumption are positively and significantly related to the 

probability that a state chooses to adopt interconnection standards.  These findings are plausible 

for reasons outlined above and in earlier sections.  The first and last of these results are probably 

highly correlated; in places of high economic growth there is subsequent expansion of electricity 

usage.  Depending on the nature of the economic development, it could have detrimental impacts 

on the environment.  Policies such as interconnection standards, which encourage more 

renewable energy generation, can counter some of these harmful effects by garnering the 

environmental benefits of renewable electricity generation, such as lower carbon emissions.  

 The results related to the policy variables I have included are puzzling, and warrant 

deeper consideration.  A simple cross-tabulation reveals that thirteen states had net metering in 

place in the year prior to adopting interconnection standards, twenty-seven had access laws 

implemented, and seven had an RPS with a carve-out for distributed PV before adopting.
9
 I 

believe that this speaks to the heterogeneity between states with respect to the reasons for which 

they choose to adopt policies that aim to diversify the energy supply and reduce carbon 

emissions.  It also demonstrates that states are choosing from a plethora of possible energy 

policies, and policymakers are combining them in ways which makes sense for the complexly 

interrelated circumstances of time and place. 

 

 

                                                           
9
 Recall that this is out of 42 states that adopted interconnection standards in the sample. 
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Concluding Remarks 

 Reflecting on commentary offered by the Freeing the Grid reports produced in 

conjunction by the Interstate Renewable Energy Council (IREC), The Vote Solar Initiative, and 

Network for New Energy Choices (NNEC) leads to some interesting considerations.  From my 

own econometric analysis I find that three of the first states to adopt—New Hampshire, 

Vermont, and Montana—all have low predicted probabilities, around .01, of adoption.  This 

makes sense given the fact that no state had adopted in the years before these states.  What is 

intriguing is that the aforementioned organizations give four Ds and one C to New Hampshire, 

three Fs and two Cs to Montana, and five Cs to Vermont in each year that they have constructed 

grades for the quality of interconnection rules.  In my view, this says that while these states were 

policy innovators, they have failed to readjust their standards to reflect the contemporary best 

practices as developed by other states, federal agencies, and nongovernmental organizations. 

 States such as New York and New Jersey, who adopted early (1999) and received 

respectable marks in Freeing the Grid, stood out as somewhat anomalous.  New Jersey received 

a grade of B in each of the five years, while New York earned Cs for the first two years, and then 

Bs for the latter three.  I suspected that The Mid-Atlantic Distributed Resources Initiative 

(MADRI), which aims to identify and remove barriers to the deployment of distributed 

generation, could have played a role in the development of interconnection for these two states.  

However, some investigation revealed that MADRI was not formed until 2004, and while New 

Jersey is a member, New York is not.  Thus, MADRI can certainly help explain why New Jersey 

consistently has efficacious interconnection rules, but it leaves unanswered the question of why 

New Jersey adopted earlier than most other states. 
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 This inquiry leads to the broader question of what makes the diffusion of interconnection 

standards adoption different from either that of related policies, namely net metering and 

renewable portfolio standards, and from the general policy diffusion models.  These models 

hypothesize that policy innovation spreads by either a regional learning mechanism, or by state-

specific factors and complementary policies.  My empirical results are moderately strong in their 

rejection of both the neighbor diffusion model and the complementary policy hypothesis.  While 

certain state-specific characteristics, such as economic activity and electricity consumption, are 

important predictors of interconnection rules adoption, it leaves unresolved the question of what 

separates interconnection standards from net metering policies and renewable energy policies.  I 

believe that the primary difference between these policies are that interconnection standards are 

much less likely to garner public attention, and they directly affect a small yet highly organized 

sect of society.  Renewable portfolio standards have attained national attention and are discussed 

in virtually every policy conversation on how to diversify our energy portfolio and induce local 

economic development.  Although they are not the most economically efficient way of 

encouraging renewable energy development and reducing carbon emissions, their political 

attractiveness has allowed them to be the most widely implemented conventional climate policy 

(Rabe, 2008).   

Net metering is similarly popular, and is much more easily digested as a policy tool by 

the lay citizen.  Both of these policies are relatively straightforward and focus on economic 

principles to drive growth in renewable energy generation.  Interconnection standards, on the 

other hand, are highly technical and deal with complex issues involving electrical and civil 

engineering.  While the procedural aspect of interconnection standards can be well understood by 

most, they certainly do not conjure up the public zeal that renewable portfolio standards attract.  
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Because of public inattention, relatively complex and highly technical issues at hand, and 

the fact that there are many organizations—such as the FERC, MADRI, IREC, and NARUC—

contributing to the development of these standards over time and in differing capacities, the 

process by which states implement interconnection standards are by circumstance more nuanced 

and more difficult to model relative to net metering and renewable portfolio standards.  In a 

demonstration of the complexity with which interconnection standards are developed, the Solar 

Energy Industries Association (SEIA) recently petitioned the FERC to amend its fast-track 

procedures as they pertain to small scale solar generation.
10

 Thus, SEIA has written alternative 

rules which it hopes that the FERC will adopt, and that in turn state rulemaking authorities will 

then amend their own procedures in order to promote increased production of solar distributed 

generation.  This process reflects the complex, multi-stakeholder dynamics that interact to 

produce interconnection policy. 
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 “Solar Energy Industries Association Petition for Rulemaking to Update Small Generator Interconnection Rules 

and Procedures for Solar Electric Generation.” 2012. 

http://www.seia.org/galleries/pdf/Petition_For_Rulemaking_FINAL.pdf  

http://www.seia.org/galleries/pdf/Petition_For_Rulemaking_FINAL.pdf
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Appendix A 

Figure 6. Flow Chart for Interconnecting a Small Generating Facility Using the "Study 

Process" (Source: FERC 2005) 
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Figure 7. Flow Chart for Interconnecting a Small Generating Facility Using the "Fast 

Track Process" For Facilities No Larger Than 2 MW (Source: FERC 2005) 
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