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ABSTRACT 

 

 The transmission network that connects electricity generators with consumers is a critical 

yet often-overlooked component of the nation’s electrical power infrastructure.  However, the 

transmission grid has suffered from chronic underinvestment in recent decades due to various 

economic and regulatory factors that impede timely and efficient investments in transmission.  

One factor that might help offset these obstacles to transmission is the growth in wind power 

generation.  The assumption among many in the electrical power industry is that wind power 

investments necessarily require greater investment in transmission due to the fact that wind 

power is a geographically-restricted resource and cannot always be situated close to areas of high 

electricity demand.  However, to date there have been few, if any, empirical studies to verify this 

connection.  This paper discusses a state-by-state empirical study exploring the relationship 

between increased wind generation capacity and the level of investment in transmission 

infrastructure.  This study begins with the hypothesis that increases in installed wind generation 

capacity, in combination with other policies that promote wind energy more generally, should 

result in higher levels of transmission investment.  Using data from the Federal Energy 

Regulatory Commission (FERC) and the American Wind Energy Association (AWEA), this 

paper develops regression models suggesting that wind investment has a small but distinct 

positive impact on transmission investment.  This paper then explores the effects of other state 

renewable energy promotion policies, and discusses the policy implications of these findings.  
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I. Introduction 
 

 

 The transmission network that connects electricity generators with consumers is a critical 

yet often-overlooked component of the nation’s electrical power infrastructure.  Although a 

modern, reliable, and secure transmission network is essential for our economy’s continued 

prosperity, the transmission grid has suffered from chronic underinvestment in recent decades.  

Since 1982, growth in transmission capacity has lagged behind growth in peak electricity 

demand by 25% (Weisgall, 2010).  According to the Brattle Group, a consultancy, an estimated 

$50-100 billion in new transmission capacity must be built over the next 10-15 years just to meet 

state Renewable Portfolio Standard requirements, before even considering any growth in base 

load electricity demand.  Transmission infrastructure is rapidly becoming the bottleneck that 

constrains our ability to efficiently use our energy resources to drive national economic growth.  

We can build all the new generating capacity that we want, but unless we enjoy living within 

sight of a power plant, we must build new transmission capacity to match. 

 Like most serious problems, there are multiple interrelated reasons why investment in 

transmission infrastructure has not kept pace with power consumption.  Regulatory frameworks 

and requirements at the state and federal levels present an array of challenges to firms seeking 

approval of new long-distance transmission projects.  Deregulation of the transmission network, 

which in many ways remains a natural monopoly requiring regulation, has led to market 

dislocations and dysfunction as the industry searches for effective mechanisms to incent efficient 

levels of transmission investment.  Further, electricity generation firms and transmission 
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companies often have conflicting economic incentives that hinder their ability to efficiently 

invest in transmission capacity. 

 At the same time, however, there are significant mitigating trends that should tend to 

boost investment in transmission infrastructure.  One of the key trends in this category is the 

increased prevalence of wind power generation.  Wind power is a geographically-restricted 

resource because generators cannot place wind farms near population centers, and certain regions 

of the country experience stronger wind patterns than others.  Therefore, in order to bring 

electricity from remotely-located wind farms to the ultimate consumer, generators must out of 

necessity build longer transmission lines and expand the grid’s transmission capacity. 

 This paper presents the results of a state-by-state empirical study exploring the 

relationship between increased wind generation capacity and the level of investment in 

transmission infrastructure.  This study begins with the hypothesis that increases in installed 

wind generation capacity, in combination with other policies that promote wind energy more 

generally, should generally result in higher levels of transmission investment.  The study then 

examines data from the Federal Energy Regulatory Commission (FERC) on transmission 

investments made by reporting utilities and data on wind generating capacity from the American 

Wind Energy Association (AWEA) to investigate whether any statistically significant connection 

in fact exists between these trends.  The study will attempt to control for other variables such as 

state-level renewable energy policies, total electricity generation capacity within a state, and 

general macroeconomic conditions.  This study will then analyze and discuss the policy 

implications of the findings, providing an assessment of which policies are working and which 

are not, and will outline the policy recommendations that emanate from the empirical results. 
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 As our economy transitions away from fossil-fuels and toward greater reliance on wind 

energy to generate electric power, the link between wind generating capacity and transmission 

investment becomes a question of no minor importance.  On the one hand, if fostering the growth 

of wind energy indeed leads to higher investment in transmission assets, then promoting wind 

generation can serve to kill two birds with one stone – growing and strengthening the nation’s 

transmission grid while simultaneously lowering carbon emissions and bolstering energy 

security.  On the other hand, if current wind energy policies and trends are somehow 

inadvertently and unexpectedly inhibiting investments in the transmission grid, policymakers 

should waste no time in reviewing and modifying those policies to remove the obstacles to 

transmission investment. 

 Fortunately, the results of this study tend to support the first alternative: after analyzing 

statistical models derived using two different regression methods, the findings suggest that there 

is a positive (albeit weak) causal relationship between wind investment and transmission 

investment.  Also, certain state-level renewable energy policies also have a statistically 

significant effect on transmission investment.  However, the results also highlight the complex 

nature of these relationships, and underscore the fact that further research will be needed to fully 

explore the interplay of all of these factors. 

 

 

II. Background 
 

 

A. History and Overview of the U.S. Transmission Market 
 

 

 Since the first North American transmission line was built in Oregon in 1889 (Nichols, 

2003), the U.S. electricity grid has grown dramatically in size and complexity.  In the early days 
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of the electric power industry, generation utilities built simple transmission networks that carried 

electricity from their plants directly to their local area load.  Today, however, the transmission 

system forms the critical linkage between the entities that generate electricity and the utilities 

that distribute electricity to customers in a diverse range of locations.  Utilities build transmission 

lines to deliver their power to a far wider service area and thereby generate additional revenues.  

From an economic standpoint, transmission capacity and generation capacity are in a sense 

substitute goods, as utilities can use either type of asset to increase the amount of power they 

sell, depending on which is more economically feasible and attractive.  When utilities decide 

between building transmission or generation, however, they must also take into account 

regulatory guidelines and constraints.  For example, federal regulations require that a generator 

owning a transmission line must allow other competing generators to connect to that line as well, 

although cost-sharing regulations also apply in such cases.  

 The ownership and regulation of transmission assets varies widely from state to state and 

region to region.  In the past, states regulated electric utilities as natural monopolies.  These 

regulated utilities were vertically-integrated in that they owned the generation, transmission, and 

distribution components of the electric power system.  Today, this structure is markedly 

different.  Beginning in the 1990s, many states began the process of deregulating their electric 

utility sectors with the goal of increasing competition and lowering consumer prices.  As part of 

that process, utilities in states seeking to deregulate often divested their transmission assets or 

ceded control over those assets to regional transmission organizations (RTOs).  Today, at the 

enterprise level, transmission assets are typically owned either by utilities or by private 

transmission companies, often depending on whether the state in which the transmission lines are 

located has undergone the deregulation process. 
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 Moving beyond the enterprise level, the transmission market also features various 

regional structures.  First, RTOs and Independent System Operators (ISOs) monitor and maintain 

the stability of the transmission grid in a manner similar to air traffic controllers.  They also 

operate the wholesale electricity markets in the areas that they cover, acting much like 

commodity exchanges.  RTO/ISO operations usually encompass multiple states that have begun 

the deregulation process.  Accordingly, some states in which the transmission lines fall under 

RTO/ISO control have taken the further step of allowing retail customers to choose their 

electricity provider as a means of enhancing competition, while other states do not allow such 

customer retail choice.  As a general rule (though not without exceptions), utilities located in 

states that have not pursued deregulation do not belong to RTOs/ISOs, and for the same reason 

do not allow customer retail choice.  In these states, transmission is still owned and operated by 

traditional vertically-integrated utilities.  All of these RTOs/ISOs and the regulated utilities in the 

remaining states are organized into three large interconnections – the Eastern, the Western, and 

the Electric Reliability Council of Texas (ERCOT).  These three interconnections are in effect 

independent electricity grids spanning multiple regions of the country, and only allow limited 

amounts of electricity to flow between them. 

 Finally, state and federal regulators play an important role in the transmission market.  

State public utility commissions (PUCs) set intrastate wheeling rates, regulate the behavior of 

companies owning transmission assets, and perhaps most importantly, determine the need for 

new transmission lines between regions of the electric grid.  The states also have the authority to 

approve the siting plans and permits required to build new transmission lines.  At the national 

level, the Federal Energy Regulatory Commission (FERC) sets rates on interstate transmission of 

electric power and monitors the activities of the RTOs/ISOs.  FERC also administers and 
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enforces federal legislation pertaining to the electricity markets such as the Public Utility 

Holding Company Act (PUHCA), among others.  FERC shares authority with the Department of 

the Interior (DoI) and the Department of Agriculture (DoA) for siting and permitting of 

transmission projects that cross state lines or that pass through federal lands. 

 

 

B. Problems in the Transmission Market and Obstacles to Transmission Investment 

 

 

 The fundamental problem facing the contemporary U.S. electricity grid is a lack of 

investment in transmission capacity.  Unfortunately, this problem has persisted due to an array of 

factors related to the economics and regulation of the electric power industry.  This section 

highlights the issues related to a weak transmission grid and explores the impediments that so far 

have made this problem intractable. 

 In the 1970s, utilities overinvested in transmission capacity and the country has been 

relying on this aging infrastructure up until the present day (Weisgall, 2010).  Since 1982, peak 

demand for electricity has grown by 35%, while transmission capacity has only risen by 18% 

(Weisgall, 2010).  The electricity grid is overtaxed and is showing increasing signs of strain, as 

demonstrated by the August 2003 blackouts in the Northeastern U.S. and parts of Canada (Amin, 

2003).   The transmission grid is also vulnerable and unprotected from an infrastructure security 

standpoint, particularly in light of cybersecurity concerns.  Former Secretary of Energy Bill 

Richardson has even described the nation’s transmission infrastructure as a “third-world grid” 

(Makansi, 2007).  The United States must invest more in transmission in order to ensure 

reliability and security of the power supply, as well as to enable adequate energy resources for 

continued economic growth and prosperity. 
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 With the partial goal of stimulating private investment and competition in the 

transmission markets, FERC promulgated Order 888.  This Order required utilities falling under 

FERC jurisdiction to “unbundle” their generation assets from their transmission assets.  Prior to 

Order 888, transmission was often built in direct coordination with generation because the 

vertically-integrated utilities needed the transmission capacity to bring their power to nearby 

markets.  Under this pre-Order 888 model, transmission was built with a view toward serving 

local demand, and the utilities often deprioritized the broader goal of creating a stable, reliable 

electric grid within a given region.  As a related issue, state public utility commissions had little 

incentive to burden local ratepayers with the costs of building transmission lines to strengthen 

the grid if the majority of the associated benefits would accrue to customers outside of the state. 

 However, this goal of stimulating greater transmission investment has proved elusive due 

to the particular economic qualities of the electricity and transmission markets.  For example, 

despite the well-intentioned goals of Order 888, transmission nevertheless possesses all the 

economic qualities of a natural monopoly (Stoft, 2002).  It is inefficient for multiple competitors 

in a market to build multiple transmission lines with excess capacity covering the same areas.  

However, granting a monopoly to a transmission company or utility presents the standard 

problems of how to regulate that owner in order to prevent it from collecting monopoly profits as 

well as how to determine and direct efficient levels of investment in transmission assets.  As a 

related problem, in those states that still regulate their utilities, the state PUCs sometimes grant 

the utilities lower rates of return on investments in transmission capacity than on investments in 

other categories of electric power infrastructure, such as distribution or generation (Edison 

Electric Institute, 2005).  Further, in some cases the allowed rates for transmission investment 

are even too low to justify taking the financial risks of the project (Fox-Penner, 2004).  To the 
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extent that generation and transmission are substitute goods – you can build a power plant down 

the street or bring in power from the next town over – it becomes irrational for such utilities to 

invest in transmission instead of generation.  As a further theoretical tangle, under conditions 

involving deregulation of power markets and fully-merchant-owned transmission, a distinctly 

different problem exists: private companies that own transmission can have conflicting 

incentives that warp their investment decisions.  On the one hand, these companies must invest 

in transmission (sometimes even to an inefficient extent) because this is the asset that generates 

their revenue and return on investment (David, 2001).  On the other hand, they understand that 

by keeping the capacity of transmission artificially low, they can maintain high wheeling prices 

and reap higher profits (Joskow, 2005). 

 Other issues arise due to the inherent nature of electricity as a commodity that create 

difficulties in identifying the specific beneficiaries of transmission investments.  When a new 

power plant is connected to the grid through a new transmission line, the electricity it produces 

cannot be directed toward a specific point or customer along a specific path in the grid (Fox-

Penner, 1997).  Instead, the added electricity raises the total level of power everywhere in the 

grid, along all network paths (Fox-Penner, 1997).  Thus, new transmission supports the entire 

network as a whole (Fox-Penner, 1997).  As a result, the transmission grid takes on the 

characteristics of a public good and creates a classic free-rider problem (Hogan, 2007).  It does 

not make economic sense for a transmission company to invest in transmission from which it 

cannot internalize a sufficient amount of the benefit.  Regulated utilities are similarly 

unenthusiastic about building transmission to help make the grid more stable if this might also 

create competition for its generation services (Stoft, 2002).  Additionally, the customers of these 

companies have no interest in paying higher rates for new transmission lines that might not 
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directly benefit them, and might in fact lower the reliability of their service depending on how 

the network is configured.  In summary, the challenge of identifying discrete beneficiaries of 

new transmission investment makes it difficult to determine who should bear the project cost 

(Fox-Penner, 1997; Hogan, 2007).  In June 2010, FERC issued a Notice of Proposed Rulemaking 

(NOPR) that attempts to address some of these issues by amending the process used to allocate 

costs of transmission projects.  However, no new rule has yet taken effect. 

 Yet another issue relates to the permitting and siting process for new transmission lines, 

which can be lengthy, incredibly complicated, and expensive.  As mentioned previously, the 

authority for permitting and siting transmission lines is split among the state and federal 

government, depending on whether the transmission crosses state lines or federal lands within a 

state.  At the federal level, authority is further split among FERC, the DoI, and the DoA’s 

Forestry Service.  As a result of this morass of environmental, infrastructure, and land use 

regulations, only 668 miles of interstate transmission lines have been built since the year 2000 

(Robinson).  In contrast, over 5000 miles of interstate natural gas pipelines have been built 

during this same period (Weisgall, 2010).  The two key differences related to gas pipelines seem 

to be that 1) FERC has exclusive, undivided siting authority for those projects, and 2) gas is a 

more geographically limited resource than electricity, which can be generated where needed. 

 To summarize all of these points from a more theoretical perspective, as a general 

proposition investing in long-distance transmission (as opposed to distribution lines reaching 

from the power plant just to a local service area) only makes sense when there are electricity 

price differentials between two separate locations that a transmission investor can capture.  But, 

considering that generation assets are economic substitutes for transmission assets (Stoft, 2002), 

and in light of all of the challenges related to transmission discussed above, it becomes perfectly 
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rational for firms in both regulated and deregulated states to invest in generation instead.  There 

have been some administrative and legislative efforts to address these problems, such as FERC 

Order No. 890 (which sought to bring greater transparency to the rules related to transmission 

planning), and the Energy Policy Act of 2005 (portions of which granted FERC authority to issue 

permits for transmission projects in National Interest Electric Transmission Corridors).  

However, these measures have not eliminated the numerous challenges.  In a similar manner, 

RTOs through their role as managers of regional transmission capacity play a constructive role in 

planning new transmission lines.  But their role is limited due to their greater emphasis on 

investments to maintain system reliability rather than investments in response to price signals 

and other underlying economic conditions. 

 

 

C. Wind Power Generation and Transmission Investment 

 

 

 As a possible counterweight against the difficulties related to building transmission, the 

increased prevalence of wind power in parts of the U.S. over the past ten years has been 

hypothesized to have a positive effect on the level of investment in transmission capacity.  There 

is general sense in the electricity industry that increasing investment in wind generation should 

have the effect of boosting investment in transmission.  The theory behind this proposition is that 

wind power is a geographically constrained resource that must be exploited wherever the wind 

resources are located and then transmitted over power lines to customers (Komor, 2009).  In 

contrast, coal or natural gas can be extracted and transported to a power plant located close to a 

city.  Wind cannot be captured in the same way and brought to a wind farm conveniently located 

near a utility’s customers.  Also, siting a wind farm in the middle of an urban area presents 

numerous complications and challenges due to the cost of land and the blocking effect of taller 
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structures, even if wind resources are otherwise strong (Pitts, 2010).  Accordingly, wind farms 

are best built in areas further away from the load that have strong wind patterns, and this 

necessarily requires new investment in transmission lines to move the power from the wind 

farms to the customers (AWEA, 2009; Komor, 2009).  There is also the related idea that policies 

promoting renewable energy more generally, such as state Renewable Portfolio Standards, tax 

credits, and loan or grant programs, should also promote growth in transmission investment.  To 

the extent that these policies positively affect investment in renewable energy generation such as 

wind or solar, they should similarly have an indirect positive effect on transmission. 

 This conventional wisdom seems quite intuitive at first glance.  There also seems to be 

mild supporting evidence in the form of specifically-designated “energy corridors” for planning 

of new transmission lines between “Renewable Energy Zones” and distribution utilities in load 

centers (Vajjhala, 2008).  This view also fits with the proposition that local utilities near a wind 

farm have little incentive to build transmission for wind that will just be exported – the project 

sponsors would likely have to build the transmission assets themselves instead (Meyer 

Comments, 2007).  However, upon thinking through this issue more deeply, questions arise.  

There appears to be something of a “chicken-or-the-egg” issue here – on the one hand, it seems 

obvious that wind generation should lead to transmission investment.  On the other hand, 

however, when planning wind farms, why not just place them near existing transmission lines to 

minimize capital outlays?  “Preemptive” planning of transmission lines in anticipation of future 

generation projects is not common, but it is known to occur (Donohoo).  After closer inspection 

there seems to be a question regarding the direction of the causation between wind generation 

and transmission in addition to the strength of that causation. 
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 All of this sets the stage for the central policy question of this research: is this 

conventional wisdom accurate?  Is it true that greater wind investment leads to higher levels of 

investment in transmission?  As a related matter, do state policies that incent investments in wind 

generation play any constructive role in helping to overcome the barriers leading to more 

investment in transmission?  What empirical evidence exists to substantiate these effects?  Such 

questions are not trivial.  If investing in wind generation somehow circumvents or mitigates the 

economic obstacles related to stimulating investment in transmission as discussed above, then 

this is an important finding when considering the design and management of electricity markets.  

Alternately, if wind or policies promoting renewables in general are somehow inhibiting growth 

in transmission capacity, then this alerts policymakers to a significant problem that deserves their 

attention.  The empirical results of this research will translate directly into policy 

recommendations that will serve to either encourage further transmission investment and 

eliminate any ballast that is preventing transmission investment from growing. 

 

 

D. Literature Review 

 

 

 A thorough review of the literature reveals that there have been extremely few empirical 

studies related to private transmission investment, and no empirical studies of the relationship 

between wind generation and transmission.  This absence of empirical evidence is not surprising 

considering that the current focus of transmission scholarship is more on broader theoretical 

issues of market design.  In the wake of wholesale market deregulation in many states, there has 

been an ongoing debate in the literature over the best way to structure a private transmission 

market so as to alleviate the economic problems related to investment in transmission outlined 

previously. 
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 Much of the earlier research revolved around the idea of Financial Transmission Rights 

(FTRs, which are also referred to as transmission congestion contracts) providing an incentive 

for private transmission companies to invest in transmission capacity at economically efficient 

levels (Bushnell & Stoft, 1996, 1997; Hogan, 2007).  The basic idea underlying FTRs is to use 

derivative contracts to incentivize private firms to build transmission between two separate areas 

that have differences in their wholesale electricity prices.  The utilities in the higher-priced 

region would buy FTRs from transmission companies, which would then have the exclusive right 

to build transmission along that route and deliver lower-priced power to utilities in higher-priced 

regions, subject to RTO’s management of the overall system.  However, FTRs suffer from the 

drawback that once the transmission has been built and the prices in the two regions equalize, the 

FTR loses its value.  Another problem identified by scholars is that FTRs do not enjoy the same 

efficiency or effectiveness under realistic market conditions as they do in a theoretical model 

(Joskow, 2005; Oren, 1997).  In other words, the beneficial theoretical effects of FTRs depend 

on economic assumptions that do not necessarily hold true in a real world market.  The focus is 

now shifting toward an examination of the benefits of hybrid systems in which FTRs and normal 

market prices act to incent investment as much as possible, after which regulators step in only to 

prevent market failure and to provide guaranteed rates of return on the shortfall of required 

transmission investments (Hogan et al., 2010).  State regulation is thereby kept to a minimum 

while still enabling sufficient transmission investment. 

 With prominent transmission scholars at work on these theoretical issues, little attention 

has been paid to the relatively narrow question of how investments in wind power affect 

transmission.  This is not meant as a criticism, since the private transmission market is still 

evolving and the theoretical “heavy lifting” must necessarily be done before exploring actual 
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data and effects.  One team of researchers has released an empirical study using computer 

models to examine the relationship between policies promoting renewable energy and the use of 

“energy corridors” (Vajjhala, et al., 2008).  Specifically, these researchers concluded that the mix 

of state and federal policies promoting renewable generation can substantially affect the location 

of interregional corridors designated for new transmission investment, as well as the priority 

placed on a given corridor.  Another researcher has used computer models to investigate the 

effects of transmission investments on emission levels (Bloyd, 2002).  These papers, however, 

are not directly on point. 

 Despite the dearth of empirical studies on transmission investment and its connection 

with wind power, there is a general sense in the field of certain trends and relationships.  First, 

after a long period of stagnation, investment in transmission is growing again (Edison Electric 

Institute, 2010).  Second, investment in wind generation has also been growing in recent years 

(AWEA data).  Third, policies related to promoting renewable energy do at least have an effect 

of some kind on transmission investments (Vajjhala, et al., 2008; however, their focus was more 

on the location of transmission investments than the amount).  Fourth, 66% of transmission 

projects currently underway are reported to be in support of renewable generation resources 

(EEI, 2009). 

 It is hoped that this research will contribute to the existing literature on transmission 

investment in three key respects.  First, a strictly empirical study will shed a certain amount of 

light on what is actually happening in the transmission market as it continues to evolve in a post-

deregulation world.  Second, it will provide support for future policy interventions designed to 

increase transmission investment.  Third, to the extent that this research leads to significant, 

robust, and valid conclusions regarding the effects of wind generation and renewable energy 
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policies, it may serve to expand the scope of the more theoretical branches of transmission 

investment research, leading experts to consider the interaction effects of other types of policies 

on transmission markets as they refine their new theoretical framework.  Thus, while this 

research may serve to expand our understanding of what factors affect levels of investment in 

transmission capacity, ultimately this will be only one step on the path of a research trail leading 

to a comprehensive sense of how to best structure transmission markets. 

 

 

E. Conceptual Framework and Hypothesis 

 

 

Conceptual Framework for Investment in Transmission Capacity 

 

 A wide array of factors influence the volume of investment in transmission capacity in 

the U.S. electric power grid.  As is the case with practically any interesting topic worth studying, 

these factors are characterized by complex interrelationships that can be difficult to parse apart.  

Further, the effects of these factors on transmission investments operate on different scales of 

economic analysis.  This conceptual overview will attempt to explore these interrelationships by 

examining the factors at each separate level of economic analysis, starting with broad 

macroeconomic conditions and moving toward greater specificity to identify the factors that bear 

on individual firms and investment projects. 

 

Macroeconomic Factors 

 

 At this scale, overall macroeconomic conditions only indirectly influence the level of 

transmission investment. 
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 Economic Growth:  As economic activity increases, the need for electric power tends to 

increase, which intensifies demand for both generation and the necessary accompanying 

transmission capacity. 

 Population:  As the population increases, overall demand for electricity rises, which will 

require higher levels of generation capacity and related transmission investments.  

Population and electricity consumption are interrelated. 

 Interest Rates:  Reflecting the cost of capital of investments, as interest rates rise 

throughout the economy, fewer projects requiring investment funds will remain 

economically feasible.  Higher interest rates generally reduce the overall rate of project 

development in all sectors, including transmission projects.  However, this affect is 

mitigated in the regulated transmission market as authorized rates of return on 

transmission investments will rise to cover these increased financing costs. 

 

Policy & Regulatory Factors at the Federal & State Levels 

 

 Federal and state governments issue policies and regulations that profoundly affect the 

electricity markets and the level of investment in transmission capacity.  At the federal level, tax 

incentives and regulations on cost recovery have important effects on the viability of 

transmission investments.  Then, at the state level, the degree of deregulation in the electricity 

markets is an important factor determining the incentive framework for firms considering 

transmission investments. 

 Federal and State Siting Procedures and Regulation:  Federal and state regulations related 

to environmental impacts and permitting for transmission projects can have a 

constraining effect on transmission investments.  These regulations often require multi-

year approval processes that increase uncertainty related to the ultimate feasibility of the 
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project, as well as delays which threaten to alter the market analysis underlying a given 

project.  Longer, more onerous permitting processes tend to depress transmission 

investment due to the higher risks involved with a given project. 

 State Policies Incenting Renewable Energy:  Unlike conventional generation, renewable 

energy generation faces less locational flexibility because the necessary resources occur 

naturally only in certain regions.  Therefore, as states adopt policies that stimulate utility-

scale renewable energy generation like Renewable Portfolio Standards (“RPSs”), tax 

credits, and grants, to the extent that the policies are effective they should simultaneously 

stimulate investments in new transmission capacity. 

 

Electricity Market Factors 

 

 The effects of federal and state level policies directly manifest themselves in the various 

regional markets for electric power throughout the nation. 

 RTO Supervision of the Transmission Network:  RTOs closely monitor the capacity of 

the transmission grid within their region.  RTOs use their informed position as managers 

of the grid to facilitate planning for new transmission projects.  Although these projects 

are focused more on reliability criteria than market price criteria, the presence of an RTO 

monitoring the transmission network in a state should lead to higher levels of 

transmission investment. 

 Electricity Prices:  The average wholesale price of electricity in a state should influence 

the level of transmission investment in that state.  Utilities and transmission companies in 

theory should increase their level of transmission investment to take advantage of the 

price differentials between and within states for higher profits and returns, thereby bring 
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wholesale prices into equilibrium.  Accordingly, higher wholesale prices should translate 

into higher levels of transmission investment. 

 

Research Hypothesis 

 

 This study begins with the hypothesis that increases in installed wind generation capacity 

should result in higher levels of transmission investment for the reasons discussed above.  

Similarly, federal and state policies that stimulate investment in wind generation should have the 

additional effect of indirectly stimulating investments in transmission capacity.  After controlling 

for wind investment and other variables in the regression analysis, the statistical results should 

indicate which of these state policies are relatively more effective than others in stimulating 

transmission investment.  This study will develop a regression model that attempts to control for 

as many of the other identified factors as possible in order to isolate the effect of wind generation 

investments, while recognizing that some of those factors will be difficult to quantify. 

 

 

III. Data and Methods 

 

 

A. Data Sources 

 

 

 This project combines core data from three different sources.  Each of the three data sets 

and their sources are discussed below, along with a brief explanation of how the data were 

synthesized.  The remaining data on market conditions was gathered from standard federal 

macroeconomic and market data sources such as the Bureau of Economic Analysis, the St. Louis 

Federal Reserve Bank, or the Energy Information Agency. 
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Transmission Investment Data 

 

 The first data set measures the level of investment in transmission infrastructure in terms 

of dollar costs, segregated on a per year and per state basis.  These data come from the FERC, 

which collects this information through its Form 1 Electric Utility Annual Reports that all 

utilities under its jurisdiction must file.  This study surveys data from the Form 1 reports 

covering the period between 2000 and 2009, which FERC makes publicly available through its 

website.  The overwhelming majority of regulated electric utilities file these Form 1 reports.  

Due to the fact that FERC assesses and collects its annual charges based on a utility’s Form 1 

filings, FERC has the incentive to ensure that this information is collected in a timely manner.  

Data only through 2009 is used because the analogous data for 2010 will likely not be available 

until approximately the second quarter of 2011.  Data for responding utilities that report 

operations in multiple states was allocated proportionally among those states based on their 

population during that year. 

 

Wind Generation Capacity 

 

 The second set of data describes the number of megawatts of installed electrical 

generating capacity that uses wind power as its source.  The American Wind Energy Association 

(AWEA), non-profit trade association, collects this information from its members and provides 

the data on its website.  Once again, measurements of wind generation capacity was gathered for 

the years 2000 through 2009.  As with the transmission investment data, these data were likewise 

segregated on a per year and per state basis.  The exact mechanism by which AWEA collects 

these data from its members is unknown due to the fact that the website was undergoing 

renovations during this study and details were sparse, but likely involves voluntary disclosures 

from its member firms as part of an annual members survey.  The fundamental limitation to 
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using these data is that it is not clear how comprehensive they are with respect to providing 

complete coverage of all wind generation projects/capacity in the country.  Although AWEA is a 

national association and appears to have data for all states, it is uncertain whether all U.S. wind-

owning utilities are members of AWEA, and it is similarly unclear what the response rate among 

AWEA members has been in providing their data to AWEA.  Weighing against this risk, 

however, are the incentives for wind power firms 1) to join AWEA (there are no competing 

national wind trade associations) and 2) to submit their information to AWEA (since this helps 

AWEA at the national level in its lobbying/advocacy roles).  For similar reasons, AWEA has an 

incentive to maximize the response rate to its member surveys.  The fact that numerous federal 

agencies either cite or have verified AWEA data also lends weight to its credibility and 

reliability. 

 

Data on Policies Promoting Renewable Energy 

 

 The last set of core data come from the Database of State Incentives for Renewable 

Energy (“DSIRE”), which is maintained by North Carolina State University.  While this is not a 

data set per se, a data set was built using qualitative (and some quantitative) information posted 

on the website about state policies that are intended to promote renewable energy.  These data 

were used primarily to create indicator variables expressing whether or not certain categories of 

renewable energy policies were in effect during a given year.  The DSIRE website reviews 

legislation from every state to prepare its database on renewable energy policies.  Using the 

qualitative data regarding when certain policies were originally enacted, values for each indicator 

variable were collected for the period between 2000 and 2009 for each state.  This approach 

should in theory have a response rate of 100% because the energy policies for each state (or lack 

thereof) are undoubtedly known for the 2000-2009 time frame.  On the other hand, one limitation 
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of this approach is that it reduces relatively complicated policies into indicator variable codes – 

the subtle differences between different policies and different states that might affect the 

regression model cannot be effectively captured in this manner. 

 

Combining the Data 

 

 The three sets of data described above form the core of the data used in the regression 

analysis.  All of the data were compiled into one large data set containing all of the variables, 

arranged on a per state and per year basis. 

 

 

B. Analysis Plan 

 

 

Population Analyzed & Regression Model 

 

 This study uses the panel data described above in a fixed effects regression model.  A 

fixed effects model was initially chosen (although an multiple least squares regression model 

was also developed, as discussed below in Section V) because it provides a way to control for 

and isolate the entire set of factors affecting the level of investment in transmission infrastructure 

that are constant over time for each of the states in the sample.  An example of such constant 

factors might include a state’s climate and terrain.  In this manner, a fixed effects model was 

expected to mitigate (though not eliminate) the effects of omitted variable bias.  Also, this study 

applied t-statistic tests to evaluate the significance of each of the factors above in the regression 

models.  An early, preliminary specification of the basic “theoretical framework” regression 

model form is presented below as an illustration of the model’s conceptual underpinnings, and 

the next section explains each of these variables in turn. 
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Variables in the Regression Model 

 

TRANS:  This variable measures the amount of new transmission capacity added in a given state 

during a given year.  This variable’s data was collected using two forms of measurement: first, 

transmission data measured in terms of the dollar cost of investment in a given state and in a 

given year, and second, transmission data measured in terms of miles of line length added in a 

given state and in a given year.  This is the dependent variable in the regression model. 

WIND:  This variable measures the amount of new wind electricity generating capacity added in 

a given state during a given year in terms of installed megawatts.  This is the key independent 

variable in the model, i.e., the variable that most directly addresses the core policy question in 

this project regarding the effects of wind generation capacity growth on transmission capacity. 

TAX:  This is an indicator variable signifying that the state in question had in place an income or 

property tax incentive policy intended to promote wind generation during the year in question.  

This variable is primarily included as an independent control variable that might indirectly affect 

transmission investment through wind investment.  The tax incentive policy itself likely does not 

have a direct effect on transmission investment.  Instead, this variable reflects an intention to 

boost wind investment in the state, which by hypothesis also stimulates transmission investment. 

LOAN:  This is an indicator variable denoting that the state in question had in place a loan 

program of some kind intended to promote wind generation during the year in question.  This 
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variable is also primarily included as an independent control variable that might indirectly affect 

transmission investment through wind investment. The loan policy itself likely does not have a 

direct effect on transmission investment.  Instead, this variable reflects an intention to boost wind 

investment in the state, which by hypothesis also stimulates transmission investment. 

GRANT:  This is an indicator variable specifying that the state in question had in place a grant 

program of some kind intended to promote wind generation during the year in question.  This 

variable is also primarily included as an independent control variable that might indirectly affect 

transmission investment through wind investment.  The grant policy itself likely does not have a 

direct effect on transmission investment.  Instead, this variable reflects an intention to boost wind 

investment in the state, which by hypothesis also stimulates transmission investment. 

MANRPS:  This is an indicator variable designating that the state in question had in place during 

the year in question a mandatory renewable portfolio standard that includes wind generation as a 

qualifying technology.  This variable is also primarily included as an independent control 

variable that might indirectly affect transmission investment through wind investment. 

VOLRPS:  This is an indicator variable showing that the state in question had in place during the 

year in question a voluntary renewable portfolio standard that includes wind generation as a 

qualifying technology.  Like the others, this variable is primarily included as an independent 

control variable that might indirectly affect transmission investment through wind investment. 

YRSREM:  This variable represents the number of years remaining between the panel year and 

the RPS deadline year.  The number of years remaining might have the effect of increasing 

investment in wind generation in order to meet the deadline. 

RGDPGR:  This is a control variable that measures the growth rate of real GDP in a given state 

in a given year. 
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PRIMEINT:  This control variable is the prevailing nationwide prime lending rate at the end of a 

year. 

ELPRICE:  This control variable represents the average retail price of one kilowatt-hour of 

electricity in a given state’s electricity market for all categories of consumers in a given year. 

RTO:  This is a control indicator variable that shows whether all or substantially all of a state’s 

transmission grid falls within the territory of an RTO based on the RTO’s coverage map on the 

FERC website. 

GENCAP:  This is a constructed variable that estimates the average amount of electrical 

generation capacity present in a given state and in a given year.  The estimate was calculated by 

taking total annual statewide electricity production data (collected from the Energy Information 

Administration) in megawatt-hours and dividing by the number of hours in a year.  This variable 

is included in order to control for the relative size of the a state’s electricity market. 

Error Term u:  The error term in this regression model likely contains at least three categories of 

error.  First, the errors may result from omitted variables.  This is a particularly difficult problem 

because some factors that directly or indirectly affect transmission investment, such as the 

difficulty of a state’s transmission permitting process, cannot be easily measured.  Such errors 

also cannot be eliminated through the use of a panel data and a fixed effects model because such 

factors cannot be safely assumed to remain constant over the ten-year period of this study.  

Furthermore, this issue could be the underlying cause of the autocorrelation found in the model 

(as discussed below in Section V) if the omitted variables influence the data over multiple years. 

 Second, the errors for these data are likely to be heteroskedastic due to the dramatic 

differences in the magnitudes of transmission and wind investment in different states, which 

would in turn lead to correlated differences in their variances and errors.  Heteroskedasticity is 
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addressed in this model primarily by running the regressions using the “robust” command in 

STATA, although direct means to correct for heteroskedasticity were also employed in 

alternative specifications (as discussed below in Section V). 

 Third, it is possible that the errors in this regression model are autocorrelated due to 1) 

the fact that the data were not collected by random sample, and 2) the time series aspect of the 

panel data.  In order to avoid inadvertently misinterpreting the resulting coefficients, the study 

calculated the Wooldridge panel data autocorrelation statistic through STATA in order to detect 

autocorrelation (as discussed below in Section V).  If autocorrelation is detected, an attempt will 

be made to reduce or eliminate it by lagging the data for one period. 

 Finally, it should be noted that this model does not include certain variables that logically 

affect transmission investment, but that cannot be easily quantified or for which collecting data is 

extremely difficult.  For example, the earlier section on the conceptual framework underlying 

this research discusses the effect of state and federal siting processes for transmission lines on 

transmission investment.  Gathering data that provides a meaningful measure of the difficulties 

that these citing processes pose is a task to be taken up in future research. 

 

 

IV. Preliminary Analysis and Findings 

 

 

 This section briefly reviews a set of preliminary analyses to help provide context for 

interpreting the regression results presented in the next section.  In addition to these charts, 

summary and basic descriptive statistics of the data set used in this research are included in 

Appendix A.  On the following page is a scatter plot analysis of the ten-year aggregate level of 

investment in wind and transmission in each state.  The chart does not appear to indicate that a 

strong relationship exists between wind and transmission investment. 
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 The following chart lists the Top 15 states ranked in terms of the levels of their respective 

investments in transmission capacity and in wind generation capacity over the entire ten year 

period between 2000 and 2009.  Additionally, a third list of the Top 15 states ranked by a 

constructed “Renewable Energy Policies Index” has been included.  This index is a (very crude) 

measure of the strength and intensity of a state’s policy portfolio promoting wind generation 

based on the number of policies a given state has in place, as well as the duration of those 

policies’ effects.  For example, if a state has both an RPS and a loan program in place for eight 

years, that state’s index will be equal to sixteen (two policies times eight years).  The states in the 

Top 15 ranked by this index are also compared to the states on the two previous rankings to see 
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Correlation of States Featuring Large Investments in Transmission and Wind Generation

Transmission Investment, 2000-2009 Wind Investment, 2000-2009 Renewable Energy Policies Index

State Miles % of U.S. Total State MW % of U.S. Total State Index Value

TX 6,335         24.8% TX 9,232         28.3% IA 39              

WI 2,406         9.4% IA 3,433         10.5% CT 25              

CA 1,851         7.3% WA 1,908         5.9% MT 24              

KS 1,522         6.0% OR 1,733         5.3% NC 24              

MN 1,135         4.4% IL 1,547         4.7% RI 20              

GA 942            3.7% MN 1,537         4.7% VT 20              

FL 899            3.5% NY 1,274         3.9% IL 20              

IL 857            3.4% CO 1,224         3.8% WI 20              

CO 752            2.9% ND 1,202         3.7% AZ 19              

AL 747            2.9% CA 1,165         3.6% MN 19              

MI 647            2.5% OK 1,130         3.5% HI 18              

AZ 629            2.5% IN 1,036         3.2% NY 17              

OK 563            2.2% WY 1,029         3.2% NM 16              

NV 489            1.9% KS 1,012         3.1% TX 15              

NC 442            1.7% PA 748            2.3% OR 14              

List Total 20,215       79.2% List Total 29,210       89.6%

U.S. Total 25,510       U.S. Total 32,615       

how many states are common to more than one list.  The results of this quasi-qualitative analysis 

are illustrated through color coding.  A state with blue shading appears on all three lists, while a 

state with green shading appears on only two of the three.  Based on this preliminary 

investigation, there seems to be at least a weak relationship between these variables. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Another non-regression based approach to glean some insight into the relationship 

between transmission investment and wind investment is to look at the proportion of each 

category of investment in each year as a percentage of the total amounts of investment over the 

entire ten year time frame between 2000 and 2009.  A chart presenting this analysis is on the 

following page.  These findings preliminarily suggest, contrary to the previous analysis, that 

perhaps there is not a strong relationship between investments in wind generation capacity and 

investments in transmission. 
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 Finally, the charts below illustrate investment trends in the four states that added the most 

wind generation capacity between 2000-2009, and that collectively represent 50% of the total 

amount of wind capacity added during that period.  Interestingly, the peaks in wind investment 

lag behind transmission investment in Iowa but appear to lead transmission investment in 

Washington.  At the same time, the peaks in transmission and wind investment appear to fall 

roughly in the same year in Texas and Oregon.  This graphical evidence underscores the 

complicated causal relationships between these two variables from state-to-state and year-to-year 

as implied by the these data generally.  This also suggests that leading or lagging the independent 

variables may not be of much benefit in any effort to reduce autocorrelation, an issue that this 

paper will revisit below in the discussion of regression results in the following section. 
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 Based on these preliminary results, the evidence on whether wind investment drives 

transmission investment is inconclusive.  However, this assessment is based on simplistic 

analyses that do not take into account the effect of other exogenous factors that may be distorting 

the fundamental relationship between wind and transmission.  To obtain a clearer picture, a more 

rigorous mathematical analysis is required using multivariate regression methods that incorporate 

control variables to remove these possible distortions.  The next step is to use the accumulated 

panel data to develop a fixed effects model, thus allowing for a more refined and nuanced 

measurement of the effects of wind on transmission.  Further, at least one such specification 
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should involve using wind as the dependent variable and transmission as one of the independent 

variables to examine the possibility that transmission might drive wind investment. 

 

 

V. Empirical Results and Policy Analysis 

 

 

 The discussion now turns to the results obtained through regression analysis of the panel 

data, as well as the empirical and policy implications of those results.  This section examines two 

distinct sets of regression models in turn.  The first subsection describes a “primary results” 

model set developed by modifying the idealized theoretical framework model introduced in 

Section III of this paper.  This subsection explains and justifies the modifications that distinguish 

this “primary results” model from the theoretical model.  The second subsection describes a 

basic MLS regression model set that removes the year-to-year time series component from the 

panel data and explores the relationship between the ten-year cumulative trends in transmission 

and wind investment in the various states.  Both subsections also discuss the limitations of each 

approach and the lessons for policymakers that flow from them. 

 

 

A. “Primary Results” Model Set 

 

 

 This first set of models is ultimately grounded in the theoretical framework that drives 

investment in transmission assets as discussed earlier in Section III.  This model set was 

developed by using the theoretical framework as a starting point, but then utilizing an iterative 

process to select a set of variables that optimizes the model results in terms of explanatory power 

and the variables’ statistical significance.  Also, this “primary results” model set uses as its 
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dependent variable the measure of transmission investment based on the dollar cost of added 

transmission capacity in a given year and in a given state. 

 This model set differs from the baseline theoretical framework model only in that it 

excludes two variables – the number of years remaining until the state’s RPS deadline 

(YRSREM), and the average retail price of one kWh of electricity in the state (ELPRICE). The 

exclusion of these two variables probably does not weaken the underlying logic of the model 

because neither variable is so closely related to transmission investment as to be essential to the 

model’s explanatory power.  The number of years remaining until a state’s RPS deadline 

(YRSREM) is more closely linked to investment in renewable energy generation more broadly.  

Furthermore, this variable if included in the model would have only a weak effect because the 

RPS deadlines are still many years away in the future.  This attenuates the causal relationship 

that this variable would have with wind investment, let alone with transmission investment 

indirectly. 

 Next, retail electricity prices (ELPRICE) in the states tend to be relatively stable and 

exhibit very smooth trends over time.  In contrast, transmission investment data (as illustrated by 

the state-level graphs of transmission investment in Iowa, Texas, Oregon, and Washington 

presented in Section IV) tend to be very volatile and exhibit spikes in investment in certain years 

as major transmission projects are completed.  Furthermore, wholesale electricity prices likely 

provide a more economically significant connection with transmission investment, considering 

that transmission is often built to take advantage of regional price differentials in the wholesale 

electricity markets.  In light of these charts [must designate from above], this model set probably 

does not lose much explanatory power by excluding the electricity price variable because the low 
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year-to-year variability of the ELPRICE data likely make them poor predictors of the more 

dramatic differences seen in the year-to-year transmission investment levels. 

 Turning to an analysis of the regression specifications, this “primary results” model set 

consists of two variants, one of which includes all fifty states and DC in the regression, and the 

other which restricts the panel data to only those states that added wind capacity during the 2000-

2009 period (i.e., in which the wind investment was greater than zero).  The most interesting 

results obtain from the wind-only regression, and the remainder of this discussion will focus on 

that particular variant.  Both regression variants were run using robust statistical correction for 

heteroskedasticity. 

 

Primary Results Model Set 
Fixed Effects Regression Using Panel Data  

Dependent Variable: TRANSC (Transmission investment in dollars) 

Model Statistics All States Only States With Wind 

Number of Obs. / Number of Groups 510 / 51 360 / 36 

Overall R
2
 0.0505 0.1324 

F-Test 2.80 4.30 

Prob > F 0.0079 0.0006 

Rho 0.5521 0.7876 

Wooldridge Autocorrelation 0.0023 0.5295 

Key Policy Variable Coefficient P-Value Coefficient P-Value 

WIND 7,212.32 0.230 11,793.68 0.006 

Secondary Policy Variables Coefficient P-Value Coefficient P-Value 

TAX 4,540,377.00 0.352 -898,366.30 0.800 

LOAN -1.87 × 10
7
 0.211 -1.60 × 10

7
 0.007 

GRANT 5.50 × 10
7
 0.154 1.74 × 10

7
 0.018 

MANRPS 2,762,216.00 0.731 1.34 × 10
7
 0.024 

VOLRPS -1.23 × 10
7
 0.098 -1.02 × 10

7
 0.091 

Control Variables Coefficient P-Value Coefficient P-Value 

RGDPGR -1.00 × 10
8
 0.163 -1.05 × 10

8
 0.044 

PRIMEINT -4.10 × 10
7
 0.918 1.37 × 10

8
 0.071 

RTO 7,690,407.00 0.304 8,427,013.00 0.240 

GENCAP 7,915.34 0.016 6,277.86 0.052 
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 The model set developed here features certain limitations.  The R
2
 statistics for these two 

models are low, and the rho autocorrelation measure is high in the “Wind Only” variant.  The 

suspected effect of autocorrelation gains further weight from the Wooldridge autocorrelation 

statistic for the “All States” variant.  This Wooldridge autocorrelation statistic, which is similar 

to the Durbin-Watson test but can successfully be used on a panel data set, is essentially a p-

value associated with a null hypothesis of no autocorrelation.  The value here of 0.0023 permits 

rejection of the “no autocorrelation” hypothesis, despite the fact that the rho value is lower for 

this variant than for the “Wind Only” variant.  This strongly suggests that one or more important 

variables driving transmission investment have been omitted, likely variables that differ over 

time and would affect the time series aspects of the model.  Other possible candidates for these 

omitted variables might be differing characteristics of the states themselves or within their 

state/regional electricity markets that vary over time and cannot be adequately measured, 

quantified, or captured.  These suspected omitted variables are probably related to the volatility 

and differences in leads and lags in wind and transmission investment levels among the states, as 

shown in the four state charts above in Section IV.  A better understanding what causes these 

leads and lags will likely shed light on possible omitted variables that could be used to refine this 

model in future research. 

 Corrective measures attempted on this model set to improve the results included lagging 

and leading the wind investment variable from one to four years, simply to test how the 

coefficients differed.  This did not appreciably improve the results, which makes sense when 

once again considering the state-level graphs presented in Section IV.  Further, in an effort to 

reduce heteroskedasticity, this model set was also run using a new constructed variable labeled 

COSTDIVGEN as the dependent variable.  The COSTDIVGEN variable was created using the 
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transmission investment data for a state (TRANSC) and dividing it by the state’s estimated level 

of generation capacity during a given year (GENCAP).  The purpose of this variation was to 

mitigate the effects of heteroskedasticity by dividing one potentially heteroskedastic variable by 

another, thus cancelling out the heteroskedasticity and resulting in a normalized, relativized 

measure of transmission investment.  This approach similarly did not yield significantly different 

results.  Additional statistics regarding these model variants are included in the Appendix B. 

 In terms of the specific results of this model, wind investment (WIND) is strongly 

significant, as are state loan programs (LOAN), state grant programs (GRANT), and mandatory 

RPSs (MANRPS).  The voluntary RPS variable (VOLRPS) is also marginally significant, which 

makes sense because in theory a voluntary RPS would have an effect similar to (albeit weaker 

than) that of a mandatory RPS.  This wind-only model variant concededly lacks comprehensive 

explanatory power because it restricts the focus to only those states with wind investment and 

misses important causal relationships as evidenced by the low R
2
.  Also, the suspected 

autocorrelation somewhat undermines its overall validity.  However, the portion of the variation 

that the model does explain fits well within the idealized theoretical framework.  This lends at 

least some marginal support to the hypothesis that there is a positive causal connection between 

wind investment and transmission investment. 

 Drawing valid policy conclusions or implications from a model featuring these types of 

potential autocorrelation and heteroskedasticity issues is an uncertain endeavor.  However, 

assuming that the omitted variables and possible autocorrelation do not excessively distort the 

causal picture here, the “wind-only” variant of the “primary results” model provides some 

relevant policy guidance worth highlighting.  First, increased wind investment does seem to have 

a small but highly statistically significant effect on transmission investment.  Every additional 
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megawatt of wind capacity invested over the ten year survey period resulted in an average 

increase of nearly $11,800.  Considering that the ten-year average increase in MW generation 

capacity among the states that built wind was roughly 900 MW, this translates into an average 

positive effect on transmission investment of approximately $10.6 million over ten years (or 

roughly 10 miles of transmission lines, at an average cost of $1 million per above-ground mile).  

Although this effect of approximately one extra mile of transmission line length per state and per 

year is not overwhelming, it should be mentioned that this only represents the effect of wind 

investment in isolation without taking into account the collective effects of wind investment with 

other renewable energy policies.  Despite the small magnitude of the effect, this positive 

correlation lends evidence to support the industry’s conventional wisdom regarding the 

relationship between wind and transmission.  Additionally, this result suggests that policies 

promoting wind investment will at least marginally increase (and perhaps more importantly, will 

not decrease) the level of transmission investment. 

 Second, this tailored model also suggests that certain policy tools intended to stimulate 

investment in renewable generation assets also have a statistically significant effect on 

transmission investment, although the effect is not desirable in every case.  For example, it 

appears based on this model set that states using loan programs to incent investment in 

renewable energy generation are also impairing levels of transmission investment.  States with 

renewable energy loan programs saw transmission investment levels that on average were $1.6 

million lower than in other states without such programs, after controlling for other variables.  

The negative coefficient on the LOAN variable indicates that loan programs may result in a 

“crowding out” effect on transmission investment, implying that investment capital is being 

diverted toward renewable energy generation assets and causing year-to-year investments in 
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transmission to be lower than they would otherwise be.  A possible policy solution to this 

problem might involve states creating similar loan programs specifically to incent transmission 

investment so as to restore the balance in the competition for scarce capital between these two 

categories of projects, or perhaps amend the set of parties/entities that are eligible for such loan 

programs in order to minimize this effect. 

 Fortunately, however, the negative effect of a state’s loan program more than offset by 

the effects of state grant programs and mandatory RPSs, which on average tend to add $1.7 

million and $1.3 million, respectively, in additional annual transmission investment.  These 

significant findings indicate that such policies are indirectly increasing transmission investment, 

although again by a relatively small amount.  The policy prescription in light of these results 

would be to further expand state grant programs for renewable energy generation and state RPSs, 

as the data point to the conclusion that these programs are having a positive effect on 

transmission investment.  As long as such programs are also achieving their primary goal of 

increasing renewable generation capacity, then these policies should be adopted as widely as 

possible. 

 One final interesting result found in this model set is the fact that the RTO variable is not 

significant when looking either at all states or just at the states that saw wind generation 

investment.  There is also a general sense in the electricity sector that membership in an RTO 

tends to have a positive effect on transmission investment, but these results appear to contradict 

that belief. 
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B. Ten-Year Aggregated Trend Model Set 

 

 

 The second model set takes a wholly different analytical approach in terms of the data 

and the regression method.  Whereas the previous model set involved a fixed effects regression 

on panel data, this model set uses a standard MLS regression on cross-section data.  The 

observations consist of the fifty states and DC.  The first critical difference in this data set is that 

the values of the wind and transmission investment variables for each state contain the ten-year 

total amount invested in that state between 2000-2009, essentially becoming a ten-year “trailing” 

total of wind and transmission investment.  The second critical modification in this model set 

involves replacing the variable measuring of transmission investment in terms of dollar cost with 

the variable measuring investment in terms of the number of miles of new transmission lines 

built.  All of the indicator variables contain the values from the panel data set in the “snapshot” 

year 2009, the final year of the sample, and all of the non-indicator control variables are left at 

their 2009 values.  The only exception is that the real GDP growth variable (RGDPGR) was 

converted to a ten-year compounded growth rate to match the ten-year period for wind and 

transmission investment.  Lastly, the prime interest rate variable (PRIMEINT) is removed 

because it is assumed to be the same in every state in any given year, which would lead to 

collinearity issues if included in the regression.  Once again, the two regression variants were run 

using robust statistical heteroskedasticity correction. 

 The primary purpose behind this cross-sectional approach is to remove the time-series 

aspect from the analysis and ideally obviate the need to correct for autocorrelation.  This also 

creates the opportunity to look past the complicated year-to-year causal differences in wind and 

transmission investment illustrated by the four state level graphs in Section IV, and instead to 

focus on the broader decade-long trends to see what patterns emerge.  Finally, exploring 
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transmission investment in terms of the length of the lines built rather than investment dollars 

reconnects the model back to the theoretical prediction that higher levels of wind investment will 

require longer transmission lines.  This prediction rests on the assumption (previously discussed 

in Section II.C.) that wind is a geographically constrained resource, and that the electricity 

generated at wind farms must be transmitted longer distances to the load.  Investigating a 

measure of transmission investment in terms of line distance is important because there is not 

always a clear relationship between the length of transmission lines and their dollar cost.  For 

example, underground lines are far more expensive on a per mile basis than above-ground power 

lines of similar voltage and capacity.  By analyzing the data based on line length, the distortive 

effects of these differences is removed. 

 

Ten-Year Aggregated Trend Model Set 
MLS Regression Using Aggregated Cross-Section Data  

Dependent Variable: TRANSL (Transmission investment in miles of line length) 

Model Statistics All States Only States With Wind 

Number of Obs. 51 36 

Overall R
2
 0.7749 0.7970 

F-Test 8.24 7.35 

Prob > F 0.0000 0.0000 

Key Policy Variable Coefficient P-Value Coefficient P-Value 

WIND 0.4105 0.000 0.4699 0.000 

Secondary Policy Variables Coefficient P-Value Coefficient P-Value 

TAX -100.50 0.496 -84.12 0.709 

LOAN -395.59 0.099 -620.09 0.055 

GRANT -268.61 0.183 -331.84 0.196 

MANRPS 187.88 0.486 248.67 0.436 

VOLRPS -66.02 0.801 -211.58 0.510 

YRSREM -1.74 0.919 -4.80 0.821 

Control Variables Coefficient P-Value Coefficient P-Value 

RGDPGR -214.81 0.658 -179.41 0.787 

ELPRICE 45.09 0.126 59.25 0.114 

RTO -1.45 0.993 91.58 0.654 

GENCAP 0.0378 0.000 0.0283 0.064 
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 Compared to the previous two model sets, this model set appears to have very high 

explanatory power, with the “All States” and “Wind-Only” variants predicting 77.5% and 79.7% 

of the variation, respectively.  In both variants, wind investment in a state is a highly significant 

driver of transmission distance built in that state.  These results suggest that over the ten-year 

period in which the average state added 900 MW of wind capacity (if it invest in any wind power 

at all), this wind investment led to an average of approximately 423 additional transmission line 

miles.  The negative “crowding out” impact of state loan programs promoting renewable energy 

on transmission investment reappears, although here the effect is not quite as statistically 

significant as in the “primary results” model set.  In states that saw wind investment over the ten-

year survey period, renewable energy loan programs on average were associated with 620 fewer 

miles of transmission lines built.  Interestingly, the negative impact of loan programs seems to be 

stronger in this model set than in the “primary results” model set.  It is not immediately clear 

why none of the other variables are more than marginally statistically significant.  However, this 

may be due to the fact that most of the variables are indicator variables assigned the values in 

each state as of the “snapshot” year of 2009.  Accordingly, there is less explanatory variance in 

the data among the states, with a majority of states either having or not having a given specific 

policy, in the case of at least some of the variables.  An additional contributing factor might be 

that this ten-year aggregate “snapshot” approach loses explanatory variance in the data over time 

as states change their renewable energy policies. 

 One important implication of these results is that they suggest that the positive effect of 

wind investment on transmission investment may be very real despite the weak predictive value 

of the panel data model and despite the suspected omitted-variable autocorrelation in the results.  

Stepping back from the complicated year-to-year changes and looking instead at the ten-year 
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trends, the fact that this positive effect persists from the previous model set and is so strong in 

this model set adds further weight to the scales in favor of a true positive causal relationship 

between wind and transmission.  It may be that the omitted-variable autocorrelation in the 

“primary results” model set is only partially masking the intensity of this positive correlation 

without completely distorting the fundamental underlying relationship.  Of course, additional 

research will be necessary to make a conclusive determination, but these results indicate that 

such research would not be a wasted effort. 

 

 

C. Policy Recommendations 

 

 

 The broad policy implications of these two model sets are easy to summarize – building 

wind generation assets will likely stimulate investment in transmission assets, and therefore 

policies intended to promote wind investment should simultaneously increase transmission 

investment as well.  However, such policies should be designed with two considerations in mind.  

First, while the effect of wind investment on transmission is highly statistically significant in 

both model sets, the effect is also small.  For every gigawatt of new wind generation capacity 

brought on line, on average a total of only about 470 miles of new transmission lines are built 

under the “Ten-Year Aggregate” model set.  This may not be enough additional transmission to 

help carry all of the wind-generated electricity in all cases, and policymakers may wish to 

employ supplementary policy tools to further intensify the level of transmission investment.  In 

short, relying on policies that stimulate wind generation alone could be insufficient in addressing 

the problem of underinvestment in transmission.  Second, these model sets raise the issue of the 

possible negative relationship between state renewable energy loan programs and transmission 

investment through some form of “crowding out” effect, so policymakers must modify these loan 
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programs or develop other tools to stimulate transmission investment in order to offset this loss.  

Interestingly, the other state policies promoting renewable energy investment do not have a 

significant effect on transmission investment.  This suggests that indirectly stimulating 

transmission investment using these policies alone will likely be ineffective unless the policies 

are refocused to target wind investment in particular, as opposed to renewable generation more 

generally. 

 One final finding of this research relates to the direction of the causal relationship 

between wind investment and transmission investment.  Under both model sets, supplemental 

specifications were run that swapped these two variables, with wind investment replacing 

transmission investment as the dependent variable.  The results of these regressions are included 

in Appendix B.  Under the “primary results” panel data model set based using investment cost as 

an independent variable, this change led to no significant interesting results.  This suggests that 

the causal effect acts in only one direction – from wind investment to transmission investment, 

and not vice versa.  Accordingly, this analysis hints at an answer to the “chicken or the egg” 

issue with respect to which investment factor drives the other, or whether there is a positive 

feedback relationship between wind and transmission investment.  However, the “Ten-Year 

Aggregate” model set using transmission line length as an independent variable reflects results 

similar to those observed when transmission investment is the dependent variable.  Specifically, 

transmission line length is highly statistically significant, as are the RPS variables and real GDP 

growth.  The symmetry of these results when switching wind and transmission investment 

revives the question of the direction of the causation.  Ultimately, while these results do not 

conclusively answer the “chicken or the egg” question, they do shed additional light on its 

complexity. 
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D. Next Steps 

 

 

 When considering any future research on the relationship between wind investment and 

transmission, three key recommendations emerge.  First, in order to better address the problem of 

autocorrelation-related omitted variable bias, a more refined theoretical framework must be 

developed that better explains the significant differences in transmission investment volatility 

among various states, along with the differences between states in terms of the leading and 

lagging timing effects.  If a set of variables can be identified that more satisfactorily and 

comprehensively predicts the year-to-year peaks and valleys in the state-level investment data 

shown in the four graphs, this might successfully address the autocorrelation issue. 

 Second, correcting for heteroskedasticity using direct techniques instead of indirect 

techniques may provide a clearer picture of the relationship between wind and transmission 

investments.  The approach taken in this study – the use of the COSTDIVGEN variable – was 

likely ineffective because the variable was constructed using data on annual electricity 

production divided by the number of hours in a year to create a proxy for generation capacity.  

These data likely capture seasonal effects that filter through into the COSTDIVGEN data, and 

that the regression model is subsequently attempting to explain.  The electricity production data 

upon which the GENCAP variable was originally based will vary dramatically between the 

summer and winter seasons (as people use more or less air conditioning and electrical heat), and 

these differences could be distorting the results.  Obtaining better measurements of generation 

capacity in a given state and in a given year would likely eliminate this problem, and could be 

safely divided into transmission cost data in order to construct a heteroskedastically-neutral 

dependent variable. 
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 Finally, wholesale electricity prices in different states is likely a more important driver of 

transmission investment than retail prices, and as such follow on research should incorporate 

such data during the process of refining these findings. 

 

 

VI. Conclusion 

 

 

 The problem of underinvestment in transmission in the United States remains a serious 

issue with no easy, obvious answers due to the economic and regulatory obstacles that impede 

growth in transmission capacity.  However, based on this study’s findings, it appears that 

investment in wind generation capacity likely serves to directly stimulate investment in 

transmission capacity.  Although the positive effect is relatively small, it nonetheless suggests 

that first and foremost wind power is doing no harm.  Wind power clearly is not a panacea that 

will cure what ails the transmission network, but these findings lead to the conclusion that wind 

investment is likely a beneficial element within the larger framework of a comprehensive policy 

solution to help strengthen the U.S. power grid.  Additionally, these research results show that by 

some measures other policies intended to stimulate investment in renewable energy generation 

are having a simultaneous indirect effect on transmission investment.  State-level grant programs 

and RPSs tend to have a positive effect, likely due to their influence on investments in wind 

generation.  On the other hand, state-level loan programs appear to have the negative effect of 

crowding out transmission investment, and states should strive to modify their renewable energy 

loan policies accordingly to reduce this harmful impact.  Most importantly, this study recognizes 

that it is only the first step in a longer process of research on the relationship between 

investments in wind power (and renewable energy more broadly) and its effect on transmission 

investment.  This study identifies its own inherent flaws and hopefully points the way for future 
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research to improve upon these results and to offer a clearer picture of this relationship, with the 

ultimate goal of successfully addressing the problem of transmission underinvestment. 
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Chart 1: Summary of Transmission Investment by State by Year (In thousands of US$)

Sum of TRANSCDIV Year

State 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 Total

CT -         -         -         -         -         -         150,549    -            1,142,426 -            1,292,975   

CA 33,517   40,462   40,782   124,312 111,929 113,676 330,620    128,796    62,485      169,732    1,156,312   

WI 5,742     18,489   21,352   45,274   71,570   106,090 297,422    92,353      136,288    226,151    1,020,731   

FL 17,404   26,055   59,056   61,192   24,377   56,871   137,698    81,731      158,113    139,708    762,204      

IL 72,158   -         4,084     5,265     16,319   51,096   119,558    20,781      154,762    69,875      513,898      

GA 36,035   51,097   46,584   31,110   34,608   31,973   131,245    74,499      27,899      10,103      475,154      

TX 21,728   51,590   26,595   29,039   43,693   58,452   23,330      54,456      96,836      26,292      432,010      

AL 6,912     95,340   48,871   41,658   19,620   24,650   16,851      50,133      32,771      64,114      400,921      

MN 6,955     7,314     6,950     11,226   9,702     1,587     17,459      81,052      63,701      105,014    310,959      

NC 6,718     9,989     16,273   18,732   19,670   17,731   35,298      39,047      58,527      84,170      306,154      

SC 4,432     10,073   9,087     14,604   54,867   11,327   33,767      41,575      39,346      63,308      282,385      

NJ -         -         -         -         34,483   71,475   -            86,074      45,221      27,306      264,559      

MI 30,791   19,341   10,917   7,073     30,509   51,752   10,823      15,055      22,690      53,348      252,299      

AZ 2,893     10,699   18,537   46,317   15,793   3,774     27,517      54,624      26,288      30,853      237,293      

NV 10,427   24,250   33,312   48,827   11,076   29,193   10,716      13,302      21,873      30,704      233,681      

NY 8,653     28,417   511        3,463     38,534   -         16,171      58,403      23,702      50,755      228,609      

VA -         2,456     -         -         2,297     26,195   135,797    8,874        17,008      35,766      228,394      

MA 5,200     -         -         -         9,947     1,500     41,829      63,434      82,754      5,670        210,334      

CO -         -         -         13,302   10,040   42,915   4,076        20,704      55,011      61,556      207,604      

KS 6,880     11,609   1,568     14,793   6,873     5,427     4,819        13,727      80,738      50,116      196,550      

ME 13,948   1,340     623        -         7,762     6,159     -            126,469    16,551      561           173,412      

OK 5,607     12,623   4,437     8,739     12,836   3,664     16,486      57,362      23,051      17,644      162,450      

TN 5,857     838        1,794     -         -         5,255     108,138    3,117        12,177      3,791        140,966      

OR 3,306     8,551     836        13,537   2,949     6,021     7,686        45,640      19,579      25,152      133,257      

LA 3,891     -         469        660        4,007     17,983   1,428        7,408        14,022      65,677      115,545      

OH 18,025   29,345   4,419     1,485     1,281     14,282   13,722      6,589        5,294        16,760      111,203      

IN 4,500     6,400     5,276     3,018     3,407     15,782   30,245      21,996      7,399        11,617      109,639      

WA 949        876        2,641     2,539     14,742   2,645     18,675      46,528      6,013        12,804      108,411      

MO 21,589   951        5,428     9,844     2,260     8,427     13,808      13,392      5,384        1,197        82,281        

MD -         5,233     3,651     -         3,800     17,482   2,699        35,179      5,792        8,340        82,176        

MS 988        2,644     8,728     11,894   2,123     3,479     7,861        10,213      6,471        9,060        63,461        

PA 2,559     3,095     3,529     -         12,633   5,367     -            -            28,211      -            55,393        

AR 4,936     783        2,945     1,624     3,573     3,800     6,931        7,487        8,432        13,827      54,338        

SD 1,186     658        1,303     1,742     1,896     712        9,258        12,654      12,154      9,842        51,407        

ID 209        3,255     585        5,202     3,590     2,048     3,061        18,867      4,923        5,920        47,662        

KY 1,182     5,841     6,679     -         -         -         242           -            15,242      16,124      45,309        

WV -         614        -         -         228        598        32,093      914           2,978        1,096        38,522        

NH -         -         -         5,140     4,775     2,570     5,636        1,416        10,728      1,200        31,464        

ND 990        552        1,052     1,407     1,543     197        2,205        9,425        9,420        4,669        31,462        

IA 74          -         144        140        73          1,774     12,088      3,304        1,260        11,901      30,758        

NM 336        14,241   -         26          1,208     409        621           83             -            2,317        19,241        

MT 267        29          431        -         2,101     -         4,043        4,557        2,471        4,872        18,771        

UT -         335        555        988        266        1,056     1,996        4,293        625           1,586        11,700        

WY 67          88          255        207        313        214        2,587        401           1,459        3,030        8,621          

AK 391        -         -         -         -         -         -            -            -            5,013        5,404          

DE -         -         -         -         189        2,630     -            558           897           387           4,661          

DC -         -         -         -         -         -         -            3,283        -            -            3,283          

HI 82          -         -         -         -         -         -            -            -            -            82               

VT 44          -         1            4            -         -         -            -            -            -            48               

RI -         -         -         -         -         -         -            -            -            -            -              

NE -         -         -         -         -         -         -            -            -            -            -              

Total 367,429 505,474 400,262 584,382 653,460 828,237 1,847,054 1,439,754 2,568,968 1,558,928 10,753,949 

 

Appendix A:  Summary and Descriptive Statistics of the Panel Data Set 
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Chart 2: Summary of Transmission Investment by State by Year (Line Length in Miles)

 Year

State 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 Total

TX 910.13    807.25    1,210.61 831.61    1,134.26 188.71    184.93    251.32    486.44    330.07    6,335.32   

WI 24.81      65.02      32.90      162.07    458.27    537.49    389.39    240.50    194.22    301.25    2,405.92   

CA 104.51    149.81    146.48    209.70    287.31    182.16    187.89    217.22    155.26    210.34    1,850.68   

KS 31.19      134.53    17.47      725.67    55.56      25.21      23.82      305.45    40.54      162.13    1,521.58   

MN 59.30      85.33      65.52      48.32      62.24      7.25        48.10      79.28      60.94      618.67    1,134.95   

GA 69.23      79.63      83.19      68.58      49.73      51.34      501.19    16.98      6.10        16.19      942.14      

FL 39.61      73.11      133.64    77.82      34.86      86.87      209.67    74.19      135.58    33.77      899.13      

IL 55.80      -          47.67      13.77      18.99      416.25    154.21    26.70      27.64      96.09      857.12      

CO -          -          -          21.67      46.21      76.44      8.26        6.16        335.14    257.76    751.64      

AL (0.17)       136.79    107.04    84.31      48.02      48.77      13.87      50.27      230.46    27.84      747.20      

MI 87.35      78.30      51.40      22.94      48.62      179.54    29.25      33.11      48.23      67.91      646.65      

AZ 7.64        35.34      113.23    72.10      52.42      9.24        87.50      100.94    51.82      99.03      629.27      

OK 24.89      49.59      16.57      39.14      67.48      11.09      98.44      168.25    69.35      18.43      563.23      

NV 19.68      68.61      95.42      108.18    26.62      19.99      12.62      18.70      115.30    3.66        488.78      

NC 16.99      10.38      34.90      32.44      26.33      36.74      108.64    48.02      36.19      91.26      441.87      

OH 129.28    92.70      14.75      3.70        4.13        27.89      87.84      43.74      10.27      19.92      434.22      

NM 1.53        372.33    -          0.10        4.88        1.51        2.49        1.78        -          6.74        391.37      

IN 33.93      9.36        35.79      9.75        14.86      53.25      110.52    66.26      10.24      21.13      365.09      

OR 26.50      40.26      3.54        12.23      5.64        14.87      12.05      84.86      28.95      99.80      328.71      

NY 11.24      20.72      14.90      21.23      2.88        -          66.13      8.72        113.80    62.40      322.01      

SC 10.20      8.71        15.80      25.01      105.15    (22.90)     49.28      39.15      24.89      44.04      299.33      

ME 72.95      1.42        2.46        17.85      10.20      26.70      -          84.40      59.40      (0.80)       274.58      

WA 14.57      36.98      11.48      7.00        24.06      6.08        34.22      30.98      71.84      8.41        245.61      

PA 3.04        1.79        29.79      -          28.16      17.65      4.71        -          41.89      116.87    243.90      

CT -          -          -          -          -          -          20.50      -          183.56    1.59        205.65      

VA 0.92        6.87        6.19        6.40        6.00        50.86      47.70      21.84      10.49      41.48      198.74      

NJ 11.83      -          0.07        -          31.23      39.90      -          43.42      36.72      26.59      189.76      

MO 56.76      4.27        17.09      32.64      7.02        13.81      25.03      22.40      4.09        0.51        183.63      

LA 12.14      1.67        1.68        0.83        4.22        40.24      9.65        19.04      15.70      51.39      156.56      

SD 11.18      4.10        13.89      7.47        9.49        2.03        23.55      37.15      10.07      34.04      152.96      

MS 2.85        6.87        27.57      22.37      2.85        18.97      21.99      12.61      14.01      20.12      150.22      

AR 12.74      4.41        10.26      9.18        9.42        8.69        24.73      20.19      11.37      14.44      125.44      

ID 3.20        22.38      2.54        4.70        6.29        3.62        4.80        30.06      17.26      15.82      110.67      

ND 9.41        3.44        10.63      6.06        7.79        0.90        6.07        28.58      7.56        13.04      93.48        

MD -          7.15        1.05        -          6.18        27.68      2.65        17.67      10.86      9.80        83.04        

MT 4.63        0.29        4.19        -          2.71        -          12.31      30.50      4.94        22.04      81.61        

MA 4.20        -          -          -          2.50        0.50        12.20      17.50      34.30      8.30        79.50        

TN 14.76      2.96        3.81        -          -          7.47        35.91      2.59        7.18        1.89        76.57        

NH -          -          -          13.50      13.07      9.50        10.15      0.83        17.89      (0.09)       64.86        

IA 0.33        -          4.25        0.48        0.04        3.47        22.28      5.46        2.19        20.29      58.79        

KY 7.90        13.00      12.97      -          -          0.83        1.09        -          13.15      4.98        53.92        

WY 1.32        0.57        2.35        0.57        0.39        0.49        7.05        16.74      0.37        12.82      42.67        

UT -          1.93        2.35        2.72        1.93        2.43        1.89        6.60        1.53        2.66        24.04        

WV -          1.15        -          -          0.51        0.85        10.66      0.76        1.07        0.55        15.54        

HI 0.68        -          -          -          1.62        1.88        6.58        1.76        2.87        -          15.39        

AK 1.08        -          -          -          -          3.26        1.50        -          -          3.20        9.04          

DE -          -          -          -          0.35        4.17        -          1.16        1.68        0.92        8.28          

DC -          -          -          -          -          -          -          1.06        -          -          1.06          

VT 0.38        -          0.03        0.01        -          -          -          -          -          -          0.43          

NE -          -          -          -          -          -          -          -          -          -          -            

RI -          -          -          -          -          -          -          -          -          -          -            

Total 1,910.51 2,439.01 2,405.46 2,722.13 2,730.51 2,243.68 2,733.30 2,334.93 2,763.31 3,019.30 25,302.14 
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Chart 3: Summary of Wind Investment by State by Year (MW Installed)

 Year

State 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 Total

TX -     912.24    -       203.50    -       671.81    773.70    1,707.60 2,671.30 2,292.07 9,232.22   

IA -     81.75      98.48   49.17      162.17 202.31    99.68      260.70    1,599.75 878.75    3,432.76   

WA -     176.88    48.10   15.60      -       149.40    428.10    345.10    203.60    541.70    1,908.48   

OR -     131.76    64.80   41.00      -       75.00      100.50    443.95    185.10    690.95    1,733.06   

IL -     -          -       50.40      0.66     56.10      -          592.20    215.70    631.50    1,546.56   

MN 17.82  28.59      17.90   220.55    41.85   145.30    150.45    403.00    455.60    55.50      1,536.56   

NY 18.15  30.00      0.30     -          -       137.05    184.80    54.50      282.00    567.50    1,274.30   

CO -     39.60      -       162.00    7.50     0.05        60.00      776.00    0.90        178.10    1,224.15   

ND -     0.90        3.50     61.50      -       31.50      80.48      166.50    369.66    488.10    1,202.14   

CA -     66.60      102.42 202.50    93.53   59.75      212.00    63.00      89.00      276.50    1,165.30   

OK -     -          -       176.25    -       298.25    60.00      154.50    141.90    299.10    1,130.00   

IN -     -          -       -          -       -          -          -          130.50    905.45    1,035.95   

WY 18.12  50.00      -       144.00    -       3.82        -          -          387.60    425.00    1,028.54   

KS -     112.20    -       -          -       150.00    100.50    -          450.30    199.00    1,012.00   

PA 10.40  24.00      -       94.50      -       -          50.00      114.50    67.20      387.50    748.10      

NM -     -          -       205.32    60.00   140.00    90.00      -          1.50        100.00    596.82      

WI -     30.00      -       -          0.07     -          -          -          341.85    54.00      425.92      

MT -     -          -       -          -       136.17    9.00        1.50        124.50    103.50    374.67      

WV -     -          66.00   -          -       -          -          -          264.00    -          330.00      

SD -     2.82        0.20     41.25      -       -          -          54.00      88.50      126.40    313.16      

MO -     -          -       -          -       -          -          56.70      105.80    146.00    308.50      

UT 0.23    -          -       -          -       0.66        -          -          18.90      203.50    223.29      

ME -     0.05        -       -          -       -          9.00        33.00      4.50        128.10    174.65      

NE -     0.66        10.50   -          -       59.40      -          -          -          81.00      151.56      

ID -     -          -       0.22        -       75.00      0.10        -          -          71.40      146.72      

MI -     1.80        -       -          -       0.20        -          -          126.80    14.00      142.80      

AZ -     -          -       -          -       -          -          -          -          63.00      63.00        

HI -     -          -       -          -       -          40.56      21.00      -          -          61.56        

TN 1.98    -          -       -          27.00   -          -          -          -          -          28.98        

NH -     -          -       -          -       -          1.35        -          24.00      0.10        25.45        

MA -     0.66        -       -          -       0.10        2.46        1.50        0.70        9.20        14.62        

NJ -     -          -       -          -       7.50        -          -          -          -          7.50          

OH -     -          -       3.60        3.60     -          0.22        -          -          -          7.42          

AK 0.10    -          0.10     -          0.15     0.30        0.22        -          1.73        4.50        7.09          

RI -     -          -       -          -       -          0.66        -          -          0.10        0.76          

AR -     -          -       0.10        -       -          -          -          -          -          0.10          

DC -     -          -       -          -       -          -          -          -          -          -            

NV -     -          -       -          -       -          -          -          -          -          -            

VT -     -          -       -          -       -          -          -          -          -          -            

AL -     -          -       -          -       -          -          -          -          -          -            

DE -     -          -       -          -       -          -          -          -          -          -            

KY -     -          -       -          -       -          -          -          -          -          -            

NC -     -          -       -          -       -          -          -          -          -          -            

VA -     -          -       -          -       -          -          -          -          -          -            

LA -     -          -       -          -       -          -          -          -          -          -            

GA -     -          -       -          -       -          -          -          -          -          -            

FL -     -          -       -          -       -          -          -          -          -          -            

MD -     -          -       -          -       -          -          -          -          -          -            

SC -     -          -       -          -       -          -          -          -          -          -            

CT -     -          -       -          -       -          -          -          -          -          -            

MS -     -          -       -          -       -          -          -          -          -          -            

Total 66.80  1,690.51 412.30 1,671.46 396.53 2,399.67 2,453.77 5,249.25 8,352.89 9,921.52 32,614.68 
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Chart 4: TRANSC (In thousands of US$)

Year

Statistic 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 Total

U.S. Total 367,429     505,474     400,262     584,382     653,460     828,237     1,847,054  1,439,754  2,568,968  1,558,928  10,753,949 

Range Maximum 72,158       95,340       59,056       124,312     111,929     113,676     330,620     128,796     1,142,426  226,151     1,142,426   

Range Minimum -             -             -             -             -             -             -             -             -             -             -              

State Mean 7,204         9,911         7,848         11,458       12,813       16,240       36,217       28,230       50,372       30,567       21,086        

Standard Deviation 12,884       17,732       14,132       22,082       21,012       26,317       69,877       33,980       160,726     46,091       61,289        

Chart 5: TRANSL (In miles of line length)

Year

Statistic 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 Total

U.S. Total 1,910.51    2,439.01    2,405.46    2,722.13    2,730.51    2,243.68    2,733.30    2,334.93    2,763.31    3,019.30    25,302.14   

Range Maximum 910.13       807.25       1,210.61    831.61       1,134.26    537.49       501.19       305.45       486.44       618.67       1,210.61     

Range Minimum (0.17)          -             -             -             -             (22.90)        -             -             -             (0.80)          (22.90)         

State Mean 37.46         47.82         47.17         53.38         53.54         43.99         53.59         45.78         54.18         59.20         49.61          

Standard Deviation 128.05       125.21       170.21       154.12       171.69       99.84         96.18         69.89         92.33         110.83       125.19        

Chart 6: WIND

Year

Statistic 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 Total

U.S. Total 66.80         1,690.51    412.30       1,671.46    396.53       2,399.67    2,453.77    5,249.25    8,352.89    9,921.52    32,614.68   

Range Maximum 18.15         912.24       102.42       220.55       162.17       671.81       773.70       1,707.60    2,671.30    2,292.07    2,671.30     

Range Minimum -             -             -             -             -             -             -             -             -             -             -              

State Mean 1.31           33.15         8.08           32.77         7.78           47.05         48.11         102.93       163.78       194.54       63.95          

Standard Deviation 4.47           130.83       23.73         66.00         27.61         110.79       128.20       281.22       436.20       383.44       223.81        

Chart 7: TAX

Year

Statistic 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009  

Number of States 10              13              14              18              18              18              20              24              27              33              195             

Percent of States 19.6% 25.5% 27.5% 35.3% 35.3% 35.3% 39.2% 47.1% 52.9% 64.7% 0.38235294

Chart 8: LOAN

Year

Statistic 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009  

Number of States 4                6                6                6                6                7                7                7                9                12              70               

Percent of States 7.8% 11.8% 11.8% 11.8% 11.8% 13.7% 13.7% 13.7% 17.6% 23.5% 13.7%

Chart 9: GRANT

Year

Statistic 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009  

Number of States 2                2                2                2                2                3                4                7                9                11              44               

Percent of States 3.9% 3.9% 3.9% 3.9% 3.9% 5.9% 7.8% 13.7% 17.6% 21.6% 8.6%

Chart 10: MANRPS

Year

Statistic 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009  

Number of States 6                7                9                11              16              19              20              25              29              31              173             

Percent of States 11.8% 13.7% 17.6% 21.6% 31.4% 37.3% 39.2% 49.0% 56.9% 60.8% 33.9%

Chart 11: VOLRPS

Year

Statistic 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009  

Number of States -             4                4                3                2                4                5                6                7                8                43               

Percent of States 0.0% 7.8% 7.8% 5.9% 3.9% 7.8% 9.8% 11.8% 13.7% 15.7% 8.4%
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Chart 12: YRSREM

Year

Statistic 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009  

Range Maximum 12 19 18 17 16 15 15 18 17 21 21

Range Minimum 0 0 0 0 0 0 0 0 0 0 0

State Average 0.9 2.0 2.2 2.1 3.0 3.5 3.9 6.1 6.4 7.5 3.74313725

Standard Deviation 2.9 4.6 4.4 4.1 5.0 5.2 5.3 6.7 6.3 6.4 5.56747342

Chart 13: RGDPGR

Year

Statistic 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 Overall

Range Maximum 10.8% 7.1% 7.7% 5.8% 9.2% 9.4% 10.0% 5.8% 7.5% 6.6% 10.8%

Range Minimum -3.6% -2.4% -2.5% -2.1% -1.0% -1.0% -2.2% -4.3% -3.0% -6.4% -6.4%

State Mean 3.7% 1.6% 2.0% 2.5% 3.5% 2.5% 2.6% 2.1% 0.8% -1.2% 2.0%

Standard Deviation 2.9% 2.1% 1.6% 1.6% 2.1% 2.3% 2.3% 1.8% 2.0% 2.5% 2.5%

U.S. Overall 2.0% 7.1% 1.8% 1.6% 3.2% -0.8% 9.3% 2.2% 6.6% 5.4%

Chart 14: PRIMEINT

Year

Statistic 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 Grand Total

Prime Interest Rate 9.1% 4.8% 4.3% 4.0% 5.3% 7.3% 8.3% 7.0% 3.3% 3.3% 0.0905

Chart 15: ELPRICE

Year

Statistic 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 Overall

Range Maximum 14.03         14.05         13.39         14.47         15.70         18.33         20.72         21.29         29.20         21.21         29.20          

Range Minimum 4.17           4.24           4.26           4.42           4.63           5.01           4.92           5.07           5.61           6.08           4.17            

State Mean 6.88           7.25           7.15           7.35           7.56           8.11           8.87           9.21           10.13         9.94           8.25            

Standard Deviation 2.13           2.23           2.07           2.19           2.28           2.67           3.28           3.41           4.32           3.40           3.08            

Chart 16: RTO

Column Labels

Statistic 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009  

Number of States 6                22              22              22              25              26              26              25              25              25              224             

Percentage of States 11.8% 43.1% 43.1% 43.1% 49.0% 51.0% 51.0% 49.0% 49.0% 49.0% 43.9%

Chart 17: GENCAP

Year

Statistic 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 Overall

U.S. Total 434,030     426,557     440,463     443,286     453,260     462,948     464,007     474,514     470,250     450,878     4,520,193   

Range Maximum 43,121       42,532       44,022       43,288       44,555       45,282       45,729       46,289       46,209       45,278       46,289        

Range Minimum 16              14              30              8                4                26              9                9                8                4                4                 

State Mean 8,510         8,364         8,637         8,692         8,887         9,077         9,098         9,304         9,221         8,841         8,863          

Standard Deviation 7,913         7,750         8,006         7,997         8,197         8,363         8,461         8,572         8,471         8,226         8,132          
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Appendix B:  Results of Supplemental Regression Models and Specifications 
 

Regressions Using COSTDIVGEN as Dependent Variable to Mitigate Heteroskedasticity 

 

Primary Results Model Set 
Fixed Effects Regression Using Panel Data  

Dependent Variable: COSTDIVGEN (Transmission investment in dollars divided by 

estimated generation capacity in megawatts) 

Model Statistics All States Only States With Wind 

Number of Obs. / Number of Groups 510 / 51 360 / 36 

Overall R
2
 0.0234 0.0893 

F-Test 1.94 4.33 

Prob > F 0.0677 0.0008 

Rho 0.0997 0.3442 

Wooldridge Autocorrelation 0.3419 0.0000 

Key Policy Variable Coefficient P-Value Coefficient P-Value 

WIND -0.8824 0.644 0.7812 0.280 

Secondary Policy Variables Coefficient P-Value Coefficient P-Value 

TAX 619.35 0.671 1,832.78 0.148 

LOAN -5,099.66 0.194 -4,336.63 0.063 

GRANT 14,800.4 0.388 7,618.91 0.080 

MANRPS 4,333.79 0.731 1,710.52 0.001 

VOLRPS -965.20 0.716 -2,062.18 0.343 

Control Variables Coefficient P-Value Coefficient P-Value 

RGDPGR -4,967.73 0.719 -11,414.18 0.160 

PRIMEINT 20,478.25 0.708 26,046.34 0.123 

RTO 3,037.25 0.081 2,088.04 0.053 

 

 The GENCAP variable is excluded from these regressions because these data affect the 

model through their incorporation into the dependent variable instead. 
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Regressions Using Wind as the Dependent Variable and Transmission as an Independent 

Variable 

 

Primary Results Model Set 
Fixed Effects Regression Using Panel Data  

Dependent Variable: WIND (Wind generation investment in megawatts) 

Model Statistics All States Only States With Wind 

Number of Obs. / Number of Groups 510 / 51 360 / 36 

Overall R
2
 0.1785 0.2165 

F-Test 3.55 4.56 

Prob > F 0.0013 0.0004 

Rho 0.9007 0.7876 

Wooldridge Autocorrelation 0.1013 0.0980 

Key Policy Variable Coefficient P-Value Coefficient P-Value 

TRANSC 6.69 × 10
-8

 0.507 6.25 × 10
-7

 0.175 

Secondary Policy Variables Coefficient P-Value Coefficient P-Value 

TAX 10.72 0.664 16.23 0.598 

LOAN -70.05 0.196 -50.19 0.329 

GRANT 15.32 0.766 35.06 0.692 

MANRPS 77.76 0.005 66.32 0.037 

VOLRPS 165.45 0.242 191.48 0.242 

Control Variables Coefficient P-Value Coefficient P-Value 

RGDPGR -319.77 0.378 -548.34 0.310 

PRIMEINT -1,183.49 0.023 -1,655.78 0.028 

RTO -24.45 0.569 -43.89 0.486 

GENCAP 0.0703 0.090 0.0918 0.085 
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Regressions Using Wind as the Dependent Variable and Transmission as an Independent 

Variable (Cont.) 

 

Ten-Year Aggregated Trend Model Set 
MLS Regression Using Aggregated Cross-Section Data  

Dependent Variable: WIND (Wind generation investment in megawatts) 

Model Statistics All States Only States With Wind 

Number of Obs. 51 36 

Overall R
2
 0.8044 0.8583 

F-Test 6.19 10.78 

Prob > F 0.0000 0.0000 

Key Policy Variable Coefficient P-Value Coefficient P-Value 

TRANSL 0.7595 0.012 0.6685 0.024 

Secondary Policy Variables Coefficient P-Value Coefficient P-Value 

TAX -167.36 0.466 -207.55 0.473 

LOAN 491.75 0.114 637.54 0.105 

GRANT -70.27 0.800 -150.25 0.637 

MANRPS 922.68 0.014 617.49 0.117 

VOLRPS 1,152.49 0.009 1,186.52 0.009 

YRSREM -44.06 0.061 -45.05 0.082 

Control Variables Coefficient P-Value Coefficient P-Value 

RGDPGR 2,309.66 0.016 2,360.26 0.038 

ELPRICE -71.41 0.129 -57.34 0.276 

RTO -79.20 0.721 -187.28 0.426 

GENCAP 0.0412 0.140 0.0645 0.061 
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