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CHAPTER I 

INTRODUCTION 

Nature of Problem 

Despite many arguments, regulation of private business 

firms is generally believed to be provided for two purposes, 

as suggested by Stigler (1971). One is for the benefit of 

the general public as a whole and the other is for the ben

efit of special interest groups that demand regulation. 

The first purpose is mainly to enhance economic efficien

cy in terms of minimizing welfare loss while the latter pur

pose is to protect the income share of particular interest 

groups under direct influence of the regulation. The design 

and operation of regulatory agencies are believed to result 

from the interaction of these two purposes that conflict 

with each other to a certain extent. As a result, many reg

ulatory agencies are frequently criticized for mismanagement 

and malfunction resulting from professional ignorance, or

ganic and structural characteristics and problems in the 

regulatory process. 

Regulation of electric utilities, which account for about 

35% of total U.S. energy uses, is no exception. Regulation 



of private electric utilities that are extremely 

concentrated owing to the pecularity of natural monopoly is 

intended to let consumers benefit from scale efficiency and 

environmental safety while eliminating or reducing so-called 

monopoly excess profits or economic scarcity rents. Maximi

zation of economic welfare and the most efficient use of re

sources require the marginal cost pricing principle. But 

electricity rate has been traditionally subject to the aver

age cost pricing principle which is modified to a declining 

block pricing system so that electric utilities could gener

ate revenue sufficient to recover the total costs at a larg

er level of output along a (declining) long-run average cost 

curve. 

The main function of Public Utility Commissions is to 

regulate the price of electricity charged by private elec

tric utilities so that an acceptable income distribution is 

achieved between producers and consumers with the least cost 

in economic efficiency. Regulation, in this sense, should 

function as a buffer that prevents abrupt and unjustifiable 

changes in price and quality of service offered to the con

sumers and at the same time as a buffer that minimizes 

possible risks resulting from fluctuations in demand and 

input costs encountered by the utilities. 



However, in times of rapidly rising input prices, 

regulation seems to work for consumers and in times of de

creasing input prices, it seems to work for utilities, owing 

to the nature of the regulatory process that usually takes a 

long time in making a decision. In fact, during the 1960s 

and early 1970s when fuel prices and inflation rates were 

relatively low and stable, regulation did not have a serious 

impact on the operation and profitability of electric utili

ties. Prior studies done by Spann (1976) and Gollop and 

Karlson (1980) indicate that the price of electricity and 

the profit performance were rather favorable to electric 

utilities in spite of regulation during that period. 

However, since the early 1970s, real economic profits of 

regulated electric utilities have fallen drastically while 

electricity rates have risen continuously, according to em

pirical evidence investigated by Spann (1976) and Joskow and 

MacAvoy (1975) and others. A slowing down of the growth 

rate of electricity demand after the first oil shock may be 

partly responsible for the financial difficulties of elec

tric utilities. But the failure of public utility commis

sions to pursue an optimal regulatory policy in terms of 

efficiency and cost minimization seems to be another main 

cause for the adverse result of deteriorating financial 

condition despite rising electric rates. 



Two of the major causes of deviation from an optimal 

regulatory policy are the fair rate-of-return criterion and 

the automatic fuel adjustment mechanism. The fair rate-of-

return criterion in controlling the price of electricity has 

been criticized for its distorting effect toward capital-in

tensive input choice while the automatic fuel adjustment 

mechanism has been attacked for its distorting effect toward 

fuel-intensive input choice in the production process. Rel

atively low rates of return to equity owners may also raise 

the cost of capital borrowing for electric utilities. These 

adverse effects might have shifted the average cost curve 

upward and have led to higher price of electricity charged 

to consumers. There are also arguments about the scope and 

method of rate base determination, test year, block pricing 

system and even about deregulation of electric utilities. 

Deteriorating profits in electric utilities, which re

quire large amounts of initial capital investment and long 

lead times, may jeopardize the quality of electric service 

and may bring about shortage of electricity supply in the 

future. There is a call for an innovative role of the pub

lic utility commission in regulation of electric utilities. 

The ability of the utility commission to find the optimal 

regulatory policy in terms of efficiency and cost 



minimization in the long run is crucial for the benefits of 

both the regulated utilities and the consumers. 

Understanding of the nature of economic regulation, the 

structure of public utility commissions, determination of 

rate of return, production or cost function, determinants of 

electricity price and realized rate of return would help an

alyze regulatory practice and examine its impact on utili

ties and consumers so that we can provide suggestions for 

regulatory reforms in the long-term interests of both regu

lated electric utilities and consumers. 

Objectives of the Study 

The objectives of this study are to provide a theoretical 

basis for regulatory practices in state regulation of pri

vately owned electric utilities of the U.S., to provide em

pirical evidence of the regulatory practices of utilities 

and to identify the regulatory impacts on utilities and con

sumers in terms of cost of electric service, price of elec

tricity and realized rate of return. Specifically, these 

objectives include: 

1) To ascertain organic and structural determinants of 

the allowed rate of return to electric utilities in the 



contexts of the favorableness in the attitude of the public 

utility commission and its effect on financial conditions of 

regulated utilities. Emphasis will be placed on identifying 

the relationships among allowed rate of return, cost of cap

ital borrowing and realized rate of return to common equity. 

2) To evaluate the effects of rate-of-return regulation 

criterion, inclusion of Construction Work In Progress in the 

rate base and automatic fuel adjustment mechanism on the 

overall level of efficiency in input choices in terms of ef

fects on average cost of electric service. In addition, we 

will examine whether inter-firm differences in unit costs of 

capital, labor and fuel have systematic and substantial ef

fects on unit cost of electric service among different util

ities. Whether there exist any economies of scale and 

Averch-Johnson effect will also be examined. 

3) To examine the ultimate effect of regulatory practice 

in electric utility industry on consumers in terms of aver

age price of electricity charged by each utility. We will 

identify what effects allowed rate of return. Construction 

Work In Progress and automatic fuel adjustment mechanism 

have on electricity price. 



4) To suggest policy reforms in state regulation of 

privately owned electric utilities. Based on empirical 

findings, each regulatory practice will be evaluated and 

changes in regulatory policies that would minimize the cost 

of electric service and price of electricity while maintan-

ing healthy financial status of electric utilities for the 

long-term benefits of both consumers and utilities will be 

identified. 

Outline of Chapters 

In Chapter II, a brief introduction to the economics of 

regulation is followed by relevant literature reviews on 

technological characteristics and various regulatory issues 

in the electric utility industry, including scale economies, 

rate-of-return regulation. Construction Work In Progress, 

automatic fuel adjustment mechanism, regulatory climate and 

financial situation. 

In Chapter III, regulatory practices on privately owned 

electric utilities are analyzed in the contexts of 1) al

lowed rate of return, 2) cost of external capital borrowing, 

3) average total cost of electric service, 4) price of 

electricity, and 5) realized rate of return on common 

equity. For these 5 endogenous variables, an empirical 
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model is presented after a conceptual discussion of the 

pertinent variables. Next, econometric estimation procedure 

of the structural equations is developed and collection of 

data follows. 

In Chapter IV, empirical estimation results are presented 

for each of the two sample years and pooled data. The re

sults are evaluated in terms of economic meaning, statisti

cal significance and expected signs based on the empirical 

model developed in Chapter III. 

Finally, Chapter V draws conclusions and implications of 

the Study within the framework of objectives of the study 

after an orderly summary of previous chapters is addressed. 



CHAPTER II 

LITERATURE REVIEW AND EXTENSION 

Understanding of Regulation 

Regulation of a monopolistic industry is generally pur

sued 1) to regulate the price of the products for both con

sumers and producers in an effort to maximize net social 

welfare through the curtailment of monopoly power, 2) to 

control the quality of product and service satisfactory with 

least loss in efficiency, and 3) to maintain a healthy fi

nancial status of the firm so that the regulated firms can 

expand production capacity to meet the growing demand in the 

future. 

According to Stigler (1971), these goals of regulation 

are primarily directed to the benefit of the general public 

and society as a whole in consideration of efficiency and 

equity unless the regulator is captured by a particular in

terest group including firms to be regulated. This theory 

of regulation is referred to as the public interest theory. 

By contrast, the capture theory of regulation argues that 

regulation would be modified in response to the demand of 

the captor as a special interest group, either a subclass of 
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consumers or firms struggling among themselves to maximize 

the net benefit of their members in the context of benefit 

and cost comparison in acquiring a more favorable treatment 

from the regulator. 

In fact, regulation lies somewhere between public inter

est consideration and interest group pressure, and the out

come will vary depending on the relative strength of those 

two considerations. Regulation, in this respect, has both 

distributional and efficiency consequences. Price regula

tion affects the distribution of wealth among producers and 

various consumer groups. Also, regulation affects<the total 

size of wealth by influencing the efficiency of the regulat

ed industry. 

However, Stigler (1971) and Posner (1974) in this point 

fail to find any empirical support of either theory, and 

they call for the necessity of a rational investigation of 

human behavior and political process involved in regulatory 

practices. 



11 

Characteristics of the Electric 
Utility Industry 

The electric utility industry provides for the genera

tion, transmission and distribution of electricity. It has 

the characteristics of natural monopoly since new entry is 

somewhat restricted owing to the large amount of fixed cost 

and traditional technological economies of scale. It is ar

gued that unrestricted competition is thus neither feasible 

nor desirable for optimal performance. 

As Barzel (1964) pointed out, there had been substantial 

amount of economies of scale in steam electric utilities un

til the 1960s and output per firm approximately tripled by 

1970. Christensen and Green (1976), however, assert that a 

large share of firms has exhausted scale economies by 1970 

and further decrease in average cost is rather attributable 

to technical advance than to increases in scale. Atkinson 

and Halvosen (1976) agree on weak economies of scale in 

electric power production in the 1970s. Nevertheless, their 

findings do not underestimate the minimum level of efficient 

output that is large enough to be regarded as monopolistic 

at the least in a geographical concept. 

Given the naturally monopolistic nature of electric 

industry, regulators try to keep the individual utility from 
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exerting excessive monopoly power of charging too high 

price, restricting output or practicing severe forms of 

price discrimination. Regulation is sought as a substitute 

for market competition which seems impossible and undesira

ble in the electric utility industry. 

In this sense, the regulator should find an optimum com

bination of the monopolistic results of lowered costs due to 

economies of scale and the competitive results in terms of 

lowered prices. Admitting the existence of regulation in 

the electric utility industry, regulated utilities try to 

obtain higher profits while consumers try to obtain lower 

price with better quality of service. 

Even though every electric utility in the United States 

had been subject to some kind of regulation from the begin

ning, organized and effective regulation began in New York 

and Wisconsin with the creation of state public utility com

missions in 1907 for rate jurisdiction. 

The most common form of utility regulation since that 

time has been price regulation via a fair rate-of-return 

constraint by which the regulatory authority sets an allowed 

rate of return on the rate base that is just higher enough 

than the cost of capital to maintain the desired level of 
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service quality and to attract additional capital, but lower 

than the monopoly profit-maximizing rate of return. 

Thus, the price of electricity is basically determined by 

the allowed rate of return and the value of the rate base. 

The rate base is the property value of a firm's used and 

useful net investment in plant and equipment after deducting 

accrued depreciation. Items included in the rate base are 

differently stipulated by each state's public utility com

mission. For the valuation of the rate base, most of the 

utility commissions adopt original book value cost instead 

of fair value which reflects part of the replacement cost. 

Once allowed, a rate of return on the rate base is given 

as an upper constraint or target, and actually realized rate 

of return is determined by operational performance of the 

utility and other factors affecting cost of electric ser

vice. 

When the actual rate of return during a period declines 

below a certain target value, as input costs increase while 

price of electricity is fixed, the utility will request an 

electric rate increase and present the amount to the utility 

commission. 
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Petition for a rate increase is reviewed by the 

commission through a lengthy formal public hearing in which 

various interest groups participate and present their own 

views. A final decision on the exact amount of rate in

crease is made based on the prevailing or revised rate of 

return allowed on the rate base. 

Allowed rate of return on common equity is concurrently 

determined with that on the rate base because any earnings 

available after paying all the fixed obligations on debt and 

preferred stock go to common equity capital. 

The annual report on utility and carrier regulation of 

the national association of regulatory utility commissioners 

(1980) reveals that in calculation of the amount of electric 

rate increase and return on common equity, most of the util

ity commissions use historical values of the variables that 

affect profitablity, such as change in input prices or 

change in demand in the future, rather than partially or 

fully predicting those values. It usually takes more than 

three months for the final decision on rate change to be 

made after petition for rate increase has been filed. 
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Regulatory Issues for Electric 
Utilities 

Rate-of-Return Regulation 

Under the rate-of-return regulation, cost of external 

capital included in the rate base is reflected in price of 

output and recovered while equity capital is allowed to earn 

a certain rate of return. Consequently, utilities may have 

a temptation to inflate rate base and to choose overcapital

ized input combinations in their effort to maximize profit 

under the upper constraint of allowed return. This hypothe

sis was theoretically proposed and is known as Averch-John

son effect. 

Overcapitalized input combination in the production pro

cess means non-minimum-cost allocation of input resources to 

produce certain amount of output and results in higher aver

age cost than would be under efficient input combination. 

In other words, rate-of-return regulated utilities adopt 

input combination biased toward capital and are not minimiz

ing average cost at the level of output selected by the 

firm. Social costs may accrue in the form of higher cost of 

production and higher price of electricity. 
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It has been mathematically proven by Baumol and Klevorick 

(1970) from the extension of Averch-Johnson's two input mod

el: 1) although the capital-labor ratio of the regulated 

firm will be larger than the one that minimizes costs for 

the output level that it elects to produce, the capital-la

bor ratio and the output are not necessarily larger than 

those of a profit-maximizing unregulated monopolist. They 

depend on the nature of the production function and the ad

verse effect on cost caused by input distortion, the amount 

of which is determined by substitutability among inputs; 2) 

the distortion of overcapitalization will increase rather 

than decrease as the allowed rate of return approaches the 

market cost of capital. This results from the profit-maxim

izing behavior of the regulated firm, for by departing fur

ther away from efficient input combination, profit can be 

driven up to the level required by a lower value of allowed 

rate of return on the rate base. 

Bailey and Malone (1970) also synthesized the Averch-

Johnson model on theoretical grounds to demonstrate that 1) 

the profit-maximizing firm would have an incentive to over

capitalize while the sales-maximizing firm would have an 

incentive to undercapitalize, and 2) the profit-maximizing 

output of the regulated firm would fall below that of the 



17 

unconstrained monopolist only in the unusual circumstance 

when capital is an inferior input, a decrease in which is 

accompanied by an increase in output. 

In an empirical study for 35 plants of 24 electric power 

companies in 1963, Spann (1974) found that when the rate-of-

return regulation is binding, the behavior of regulated 

firms is that predicted by Averch and Johnson. This was 

confirmed by the statistically significant non-zero Lagran-

gian multiplier of the constrained profit function. 

In a recent empirical test of regulatory effects, Peter

son (1975) showed by the use of the translog cost function 

that as the allowed rate of return approaches the cost of 

capital, 1) costs of production increase, and 2) the per

centage of total costs paid to capital also increases. He 

observed 56 steam generating electric plants over the three-

year period from 1966 to 1968. 

In case of electricity, output is chosen by consumers at 

the regulated price and utilities are required to supply all 

the electricity demanded. Given the level of output, utili

ties are allowed to choose input combinations. 

However, economists such as Baumol and Klevorick (1970) 

and Ostergren (1975) cast some doubt on the validity or 
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severity of the consequences for public welfare of the 

Averch-Johnson effect in a real world. 

Financial Condition of Electric 
Utilities 

One of the growing concerns related to rate-of-return 

regulation has been the declining profitability and deterio

rating financial condition of the electric utilities, caused 

by low allowed rate of return, unfavorable regulatory cli

mate and the adverse economic situation. As a result, capi

tal investment to meet the future demand may be jeopardized, 

the quality of service may worsen, and in the long-run, the 

consumers may suffer in terms of higher price. 

For instance, the difference between the rate of return 

on equity and the yield on new long-term bond continuously 

fell down from 8% in 1964 to a little more than 1% in 1974, 

according to a study done by Joskow and MacAvoy (1975). As 

a result, average market to book ratio of electric utili

ties' common stock dropped to about 0.75 by the end of 1974. 

Alfred Kahn (1981) also found that the realized returns 

on equity of the electric utilities began to fall below that 

of industrials since 1973 and the gap was as much as 4% in 

1980. 
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Another empirical finding by Paul (1984) indicates that 

the realized rate of return decreased by an average of 0.2% 

a year in nominal terms and 0.6% a year in real terms during 

the period of 1964-1978. 

Nelson (1984) agrees on the financial difficulties in 

electric utilities and is concerned with the possibility of 

reduction in productivity because of lack of incentive to 

innovate and shortage of capital to replace obsolete facili

ties. 

Reasons for these financial difficulties include: 

1. High interest charges and increased capital costs ow

ing to unfavorable regulatory climate and relatively 

low allowed rate of return. 

2. Rising fuel prices and inflation rate coupled with 

institutional problems of regulatory lag and rate 

base determination. 

3. Small or no growth in electricity demand. 

4. Large non-revenue-producing investment to meet regu

latory and environmental requirements. 

And the results would be: 

1. Because of increasing costs of capital, price of 

electricity may keep rising in the long-run despite 

suppressive low allowed rate of return. 
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2. Electric utilities may not meet the demand in the fu

ture and there is a real possibility of power short

age by the end of this century. 

3. Erosion of earnings will ultimately result in a dete

rioration of the quality of service. 

Construction Work In Progress 

One of the controversial items in the determination of 

the rate base is Construction Work In Progress. Construc

tion Work In Progress (CWIP) refers to the value of the 

plant and equipment under construction that may be useful in 

the near future for electric service but that has not yet 

been used in commercial operation at the time of the rate 

base determination. 

When CWIP is included in the rate base, capital costs as

sociated with construction are paid as they accrue and util

ities are more likely to have easier cash flow during the 

immediate periods, especially in times of high interest 

rates. 

Another accounting method commonly used is Allowance for 

Funds Used During Construction (AFUDC). In this method, all 

the financial charges associated with construction work are 
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excluded from rate base determination but compounded and 

deferred until the completion of the construction. 

Hence, the CWIP method means higher immediate electric 

rates but lower future electric rates compared to the AFUDC 

method. The present value of electric rates over time in 

each accounting method depends on years of construction, 

life of plant after completion, discount rate and rate of 

return allowed on CWIP. 

Grieves and Weaver (1980) and Tiemann (1983) provide good 

comparisons of AFUDC and CWIP accounting methods by use of 

the simplified net present value criterion. According to 

their mathematical demonstration, the low rate of return on 

CWIP coupled with the lower discount rate and relatively 

shorter construction years compared to life of plant tends 

to decrease the present value of the CWIP method compared to 

the AFUDC method, and only in that case would consumers pre

fer allowing CWIP in the rate base. 

However, the discount rate representing the time prefer

ence of consumers is normally greater than the rate of re

turn on CWIP, and moreover, consumers are reluctant to pay 

the financial charges on CWIP in advance for power plants 

and facilities that have the possibility of delay in 
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completion or no-operation at all. This makes the present 

value of AFUDC method smaller than that of the CWIP method, 

and consumers prefer deferred payments by the AFUDC account

ing method. 

On the other hand, allowing CWIP in the rate base is con

sidered to make the utility perceived less risky in the fi

nancial market and lower the cost of capital borrowing as 

well as the requested rate of return on common equity. 

Automatic Fuel Adjustment Mechanism 

The Fuel Adjustment Mechanism (FAM) is a provision by 

which a partial or full increase in the cost of fuel is re

flected in electric rate automatically and immediately with

out any formal hearing process. 

FAM was originally introduced to help reduce the adverse 

impact of regulatory lag, the elapsed time after filing of 

rate increase until it is granted, on the profitability of 

utilities in times of unexpectedly soaring fuel price so 

that utilities are able to maintain financial viability and 

raise capital for plant expansion. 

However, FAM has been criticized for its distorting 

effect on efficient input combination. When only fuel cost 
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increase is translated immediately into higher electric rate 

while other inputs' cost-increases are not, the perceived 

relative price among inputs may reflect neither actual mar

ket price nor true scarcity values. 

Conseqently, FAM deters searching efforts toward a more 

fuel efficient electricity generation process. Utilities 

would continue to adopt a fuel-intensive process and use 

higher priced fuel. Inefficiency caused by biased input 

combination leads to higher average cost of electricity gen

eration. 

While Gollop and Karlson (1978) do not deny the factor 

distorting effect of FAM, they attach more importance to 

factor neutral X-inefficiency resulting from the reduced fi

nancial punishment of regulatory lag than to the factor bi

ased inefficiency when FAM is operative. They used the 

translog cost function for 119 electric utilities during the 

1970-1972 period by region and year to test and confirm 

their assertion. 

On the other hand. Baron and De Bondt (1979) reject any 

adverse bias in choice of input or technology on the 

theoretical ground of sales maximization objective of firms 

even after the adoption of FAM when there exist constant or 

increasing returns to scale in electric utilities. 
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A more recent examination by Kaserman and Tepel (1982) 

confirms that FAM not only distorts the input choice, but 

also leads the utilities to pay a higher price for the 

aggregate fuel owing to their lack of motives to use cheaper 

fuel. They utilized the Cobb-Douglas production function 

and constant elasticity demand function to show mathematical 

and empirical evidence. But they give some credit to cer

tain benefits of FAM, such as the resource savings from few

er rate hearings and firms' enhanced ability to raise capi

tal for investment. 

What is interesting is the offsetting effect between the 

distortion caused by rate-of-return regulation which induces 

a capital intensive production process and the distortion 

caused by the fuel adjustment mechanism which induces a fuel 

intensive production process, as argued by Atkinson and Hal-

vorsen (1980) in their test of efficiency in input choice, 

using the translog normalized profit function for 38 elec

tric plants for 1973. 

Overall, the net effect on efficiency and average cost is 

determined by relative strength of those two distortions, 

but remains indeterminate. 
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Regulatory Climate and Allowed 
Return 

Under the public interest concept of regulation, the Pub

lic Utility Commission (PUC) is supposed to control monopo

listic power of electric utilities to the ultimate interest 

of the consumers in terms of lower electricity price without 

sacrificing the quality of service. 

If PUC's regulation of utilities has real effects on the 

behavior and operating results of electric utilities, such 

as cost of production and price of electricity, an unrealis

tic attitude of PUC would hurt not only the utilities but 

also the consumers in the long-run. 

In the capture theory of regulation, PUC's behavior is 

severely influenced by political interaction among various 

interest groups. The outcome indicates relative forces of 

the influence of each interest group and is determined by 

the resultant attitude of PUC toward regulated utilities and 

consumer groups. 

The attitude of PUC toward utilities is called 

"Regulatory Climate" and reflects an assessment of the 

extent to which the PUC favors utilities at the expense of 

consumers in regulatory behavior. 
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Among other things, favorable regulatory climate to 

electric utilities typically indicates 1) higher allowed 

rate of return, 2) shorter regulatory lag in handling rate 

request, 3) adoption of the automatic fuel adjustment mecha

nism, 4) inclusion of CWIP in the rate base, and 5) use of a 

future test period rather than use of historical test peri

od. All of these regulatory practices are expected to help 

raise the profitability of regulated utilities. 

The Public Utility Commission of each state consists of 3 

to 7 commissioners either elected or appointed by the gover

nor. Their terms range from 3 years to 10 years. 

Variables included by Hagerman and Ratchford (1978) and 

Navarro (1982), in their studies for the determinants of al

lowed rates of return on equity and regulatory climate, were 

beta coefficient as an operational measure of risk, debt-eq

uity ratio, total assets, use of book value or fair value 

for the rate base, compensation of the commissioners, number 

and term of the commissioners, method of selection of the 

commissioners, interest rates, percentage of PUC expendi

tures raised from general tax, PUC expenditure size, state's 

percent of oil use in electricity generation, qualification 

and percentage of Democrats among commissioners. 
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With data of 79 utilities from 33 states for 1973, 

Hagerman and Ratchford(1978) applied the generalized least 

squares estimation technique to find that allowed rate of 

return on equity is positively affected by 1) use of histor

ical book value, 2) debt-equity ratio, 3) prevailing market 

interest rate, and 4) term of the commissioners. 

A trinomial logit procedure, which uses 3 qualitative 

categories as dependent variables, was utilized by Navarro 

(1982) to identify the marginal probability for a state PUC 

to be classified in each of the 3 categories of very favora

ble, favorable or unfavorable regulatory climate. According 

to his findings, a PUC composed of directly elected, below-

average salaried, professionaly less qualified, liberal Dem

ocrat and short-termed commissioners is more likely to ex

hibit an unfavorable regulatory climate. 

Summary of the Chapter 

This chapter has attempted to summarize and analyze pre

vious studies on various theoretical issues and empirical 

evidence related to regulatory practices in the electric 

utility industry. 

The results suggest: 
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1. Under the rate-of-return regulation, utilities have a 

tendency to inflate the rate base and to choose an 

overcapitalized input combination so long as allowed 

rate of return is equal to or greater than the market 

cost of capital. However, the magnitude of input 

distortion and technical inefficiency increases as 

the allowed rate of return approaches the cost of 

capital. Consequently, average cost of electricity 

production and electric service would be adversely 

affected by the difference between the allowed rate 

of return and the cost of capital. 

2. Since the early 1970s, the realized rates of return 

of electric utilities have been falling both in abso

lute measure and in relative terms. This deteriorat

ing financial condition of electric utilities is 

partly attributable to the unfavorable regulatory 

practices of the state utility commissions and it may 

bring about a shortage of electricity supply in the 

future, low quality of service and eventually higher 

price of electricity in the long run. 

3. Inclusion of the Construction Work In Progress in the 

determination of the rate base is an alternative 

accounting method to the conventional method of 

Allowance for Funds Used During Construction. These 
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2 accounting methods should be compared by present 

values of electric bills over time. In exchange for 

the immediate recovery of finance charges and easy 

cash flows, partial or full inclusion of CWIP may re

duce the rates of return allowed. 

4. The automatic fuel adjustment mechanism tends to 

cause another input distortion through overuse of ex

pensive fuel, from the same reasoning as the capital 

intensive input bias caused by the rate-of-return 

regulation. Thus, adoption of the automatic fuel ad

justment mechanism may raise both the average cost of 

electric service and the price of electricity without 

any favorable effect on the realized rates of return 

to utilities. 



CHAPTER III 

MODEL DEVELOPMENT AND DATA 

The empirical model is specified by 5 equations for 5 en

dogenous variables that seem to be the most important resul

tants of the regulatory practices on investor-owned electric 

utilities. 

These 5 variables are: 1) rate of return allowed on com

mon equity by the state utility commission; 2) average cost 

of capital borrowing for years of capitalization; 3) average 

total cost of electric service including production, trans

mission and distribution of the electricity; 4) composite 

price of electricity aggregated for all kinds of ultimate 

users inclusive of the residential, commercial, industrial, 

public and resale uses; 5) rate of return realized on common 

equity in percentage. 

The directions and interactions among the 5 endogenous 

variables are depicted in figure 1, the flow chart for the 

regulatory process. As indicated in the flow chart, real

ized rate of return in last year affects this year's allowed 

rate of return and the cost of capital borrowing. Allowed 

rate of return in turn affects all the other endogenous 

variables while cost of capital borrowing influences 

30 
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I REGULATORY CLIMATE and REALIZED ROR in LAST YEAR 

I 
I ALLOWED RATE OF RETURN ON COMMON EQUITY I 

COST OF CAPITAL BORROWING ^ 

I 
I AVERAGE COST OF ELECTRIC SERVICE 
I 

COMPOSITE PRICE OF ELECTRICITY 

V. 

ACTUALLY REALIZED RATE OF RETURN 
I 

I 

I 
j REGULATORY CLIMATE and ALLOWED ROR in NEXT YEAR I 
I I 

Figure 1: Flow Chart for the Regulatory Process 
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average total cost, average total cost determines the price 

of electricity, and realized rate of return is determined by 

the price and the cost of electric service. 

For the empirical model development, explanatory vari

ables regarded as influencing the endogenous variables are 

chosen and explained in terms of their effects and expected 

signs. A linear model is adopted for each structural equa

tion and each equation is estimated for 2 different periods, 

1976 and 1980, and pooled data. The 2 years are chosen be

cause of data availability. 

The first section of this Chapter explains notations of 

the variables used in the empirical model. An empirical 

model for each of the 5 structural equations is developed in 

the next 5 sections. The last 2 sections deal with the es

timation technique and the data collection. 

Variables Used in the Empirical 
Model 

This section explains all the variables used in the em

pirical model as well as in the conceptual model. Units of 

the variables are also specified. For the sources of data 

and construction of data, refer to the last section (Data 

Collection) of this Chapter. 
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A 

Al 

AE 

AEl 

DAI 

ASSET = 

ASSET1= 

SAL 

TERM = 

TAXPER= 

VALUE = 

TESTYR= 

AFAM = 

ACWIP = 

allowed rate of return on common equity (%/year) 

allowed rate of return on common equity 

in last year (%/year) 

actually realized rate of return on common 

equity (%/year) 

actually realized rate of return on common 

equity in last year (%/year) 

Al-AEl 

assets of a utility (million $) 

assets of a utility in last year (million $) 

salaries of the commissioners (1000 $/year) 

term of the commissioners (years) 

the percentage of commission expenditures 

paid from general tax funds (%) 

dummy variable of rate base valuation method 

0 if original cost is used, 1 otherwise 

dummy variable of type of test year 

0 if historic test year is used, 1 otherwise 

dummy variable of automatic fuel adustment 

0 if not adopted, 1 if adopted 

dummy variable of Construction Work In Progress 

0 if excluded from rate base, 1 if included 

CWIP = proportion of amounts of Construction Work In 

Progress to total electric utility assets 

CWIPA = ACWIP multiplied by CWIP 
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R 

Rl 

MB 

EQR 

EQRl 

C 

LC 

Q 

LQ 

LQ2 

PK 

LPK 

LPK2 

PL 

LPL 

LPL2 

PF 

LPF 

= cost of capital borrowing (%/year) 

= cost of capital borrowing in last year 

(%/year) 

= market to book value ratio per common stock 

= common equity % in capitalization (%) 

= common equity % in capitalization in 

last year (%) 

= average cost of electric service ($/1000 KWH) 

= natural log of C 

= total sales of electricity (million KWH/year) 

= natural log of Q 

= square of LQ 

= price of capital (%/year) 

= natural log of PK 

= square of LPK 

= price of labor (1000 $/man-year) 

= natural log of PL 

= square of LPL 

= price of fuel ($/1000 KWH) 

= natural log of PF 

LPF2 = 

LPKLPL= 

LPKLPF= 

LPLLPF= 

LQLPK = 

square of LPF 

LPK multiplied by LPL 

LPK multiplied by LPF 

LPL multiplied by LPF 

LQ multiplied by LPK 
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LQLPL = LQ multiplied by LPL 

LQLPF = LQ multiplied by LPF 

APK = A - PK 

P = composite price of electricity ($/1000 KWH) 

LP = natural log of P 

DPC = LP - LC 

LF = annual load factor (%) 

YEAR = dummy varaiable of sampling year 

0 for 1976, 1 for 1980 

Allowed Rate of Return on Common 
Equity 

In most cases, the public utility commission may not have 

enough information or knowledge about the financial condi

tion of electric utilities, and allowed rate of return on 

the rate base or common equity seems to be more influenced 

by the amount of rate increase requests of utilities than by 

any other variables to the extent that their requests have 

been proved reasonable and honest, as suggested by Joskow 

(1972) in cases of New York state public service commission 

jurisdiction. 

On the other hand, rate of return requested by a utility 

is determined by estimated market cost of capital. But 
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overall market cost of capital is under great controversy 

because the cost of common equity capital is unobservable 

and subjective, although the cost of external capital (debt 

and preferred stock) is observable and fixed. 

From conceptual and theoretical viewpoints, the public 

utility commission might consider the following variables in 

the determination of the allowed rate of return, in addition 

to the requested amount of rate increase: 

1. allowed rate of return during previous period 

2. realized rate of return in previous period 

3. change in financial status of utilities 

4. average rate of return of the economy 

5. overall change in interest rate 

However, for empirical verification of the determinants 

for the allowed rate of return (A) which is the primary in

dicator of regulatory climate, the following variables some 

of which were included in Hagerman and Ratchford (1978) and 

Navarro (1982) are considered: 

1. Salaries (SAL): salaries of the commissioners may af

fect their attitude toward utilities. When salaries 

are high, better qualified persons would be attracted 

to utility commissions and the commissioners would 

feel more obligation and responsibility in the 
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regulatory process. They would be more efficient in 

handling rate requests and shorten the regulatory 

lag. Furthermore, to retain their jobs from the or

ganized criticism of utilities, higher salaried com

missioners would be more favorable to utilities since 

more than 80 % of commission expenditures are funded 

by utilities on average. 

2. Terms (TERM): Longer terms of commissioners may lead 

them to be less sensitive to pressure from customers 

and they would be more favorable to utilities. 

3. Source of funds (TAXPER): Even though most of the 

funds for PUC expenditures are collected from utili

ties for general or specific regulatory purposes, 

part of the expenditures are paid from general tax 

funds in more than 30 states. The lower the percent

age of expenditures paid from taxpayers' general tax 

funds is, the less commissioners would be put under 

pressure by consumers and they are expected to remain 

more favorable to utilities. 

4. Valuation method of the rate base (VALUE): More than 

40 state PUC's adopt the original cost of electric 

assets as the rate base. But in states where fair 

value or replacement cost is used for the valuation 

of the rate base, the allowed rate of return may be 
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smaller than in those states using original cost in 

order to take the difference between original cost 

and replacement cost into consideration. On the oth

er hand, the PUC adopting fair value or replacement 

cost is generally more favorable to utilities and 

tends to allow higher rate of return. These two con

flicting effects would offset each other to some ex

tent, making the overall effect ambiguous. 

Test year (TESTYR): About half of the PUC's employ 

historic test year instead of projected or future 

test year in their determination of the amount of the 

electric rate change requested for adjustment by 

utilities. In an inflationary period, adoption of 

future test year itself has a positive effect on the 

realized rate of return. To offset this favorable 

treatment to utilities, PUCs employing future test 

year may deliberately cut down allowed rate of re

turn. Meanwhile, these states tend to give favorable 

treatment to utilities. The final effect on allowed 

rate of return would depend on the relative magnitude 

of the two offsetting forces. 

Asset size (ASSET): Bigger utilities with larger 

asset size may be better organized and more effective 

in influencing PUC, leading to higher allowed rate of 

return. 
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Adaptive adjustment behavior of PUC (DAI = Al-AEl): 

Experience may play a central role in the decision

making and allowed rate of return of the last period 

(Al) may be a starting point in the determination of 

this period's allowed rate of return. This backward 

looking behavior would lead the PUC to adjust allowed 

rate of return partly based on the last period's dif

ference between allowed and actually realized rate of 

return on common equity (AEl), regarding allowed rate 

of return of last period as a base level. 

Fuel Adjustment Mechanism (AFAM): In a period of in

creasing fuel price, the automatic fuel adjustment 

mechanism is expected to help secure a higher rate of 

return realized on common equity. In those states 

where there is not any mechanism to reflect the 

change of fuel price on the electricity rate immedi

ately, PUC may initially allow higher rate of return 

than that of states with FAM to compensate the disa-

vantage faced by utilities. 

Now we may build a conceptual model for the allowed rate 

of return on common equity. 

A = A (SAL,TERM,TAXPER,VALUE,TESTYR,ASSET,Al,Al-AEl,AFAM) 
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As conceptually specified and discussed above, allowed 

rate of return on common equity (A) would depend on 

1) salaries of the commissioners (SAL) 

2) term of the commissioners (TERM) 

3) the percentage of commission expenditures paid from 

general tax funds (TAXPER) 

4) whether fair value is used as rate base (VALUE = 1) or 

not (VALUE = 0) 

5) whether future test year is adopted (TESTYR = 1) or 

not (TESTYR = 0) 

6) asset size of an utility (ASSET) 

7) allowed rate of return of last year (Al) 

8) difference between the allowed and actual rate of return 

on common equity in last year (DAI) 

9) whether automatic fuel adjustment is provided (AFAM = 1) 

or not (AFAM = 0) 

Of these variables, SAL, TERM, ASSET and Al are expected 

to exert positive effects while TAXPER, Al-AEl and AFAM are 

expected to have negative effects on the allowed rate of re

turn on common equity. The effects of VALUE and TESTYR re

main ambiguous as previously discussed. 

In a linear regression equation, the empirical model is 

A = A (SAL,TERM,TAXPER,VALUE,TESTYR,ASSET,Al,DAI,AFAM) 

+ + - ? ? + + - _ 
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To impose adaptive behavior of the PUC, we restrict the 

coefficient of Al to unity. 

Cost of Capital Borrowing 

Cost of capital borrowing, defined as the percentage of 

the sum of interest charges for debt and declared dividend 

for preferred stock to total fixed obligation including long 

term debt, short term debt and preferred stock, is one of 

the variables that determine overall cost of capital as well 

as total cost and price of electricity. 

Cost of capital borrowing (R) is very sensitive to the 

financial condition and the level of risk perceived by pro

spective investors or lenders. 

Allowed rate of return on common equity investors (A) and 

actually realized rate of return in the previous period 

(AEl) may be regarded as indicators that show regulatory 

climate and financial condition of a utility. When finan

cial strength looks good, additional capital raising would 

be easy and the cost of capital borrowing would be lower 

than otherwise. 

The dilemma arises from the fact that when PUC tries to 

minimize the allowed rate of return and thereby minimize the 
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price of electricity, financial strength and regulatory 

climate perceived by investors or lenders are deteriorating. 

This deteriorating regulatory climate raises the cost of 

capital borrowing and the final effect on the overall cost 

of capital and the price of electricity will remain ambigu

ous. Only when the direct effect of higher allowed rate of 

return on the price more than offsets the effect of lower 

cost of capital borrowing, would the allowed rate of return 

be positively related to the price of electricity. 

The common equity ratio (EQR) in capitalization may be 

another variable that indicates financial stability of firms 

in the financial market. When profitability and financial 

condition of a firm look good, equity owners would want to 

raise capital through equity capital rather than through 

debt capital, elevating the common equity ratio. High com

mon equity ratio thus indicates strong financial condition 

and may lower the cost of capital borrowing. 

The proxy for risk perceived by prospective lenders may 

be market-to-book-value ratio (MB) per share of common 

stocks. High market-to-book-value ratio would be understood 

as involving lower risk in investment and may reduce cost of 

capital borrowing. 
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Another proxy for risk would be whether or not CWIP is 

included in the rate base (ACWIP). When CWIP is included in 

the rate base, investors may feel safer and request lower 

yields on bonds. 

Finally, cost of capital borrowing of the previous year 

(Rl) would affect that of the current year, owing to the way 

it is defined. In fact, cost of capital borrowing is aver

aged for years of capitalization. 

A conceptual model for cost of capital borrowing (R) is 

R = R (Rl,A,AEl,EQR,MB,ACWIP) 

Above conceptual specification gives us the determinants 

of the cost of capital borrowing (R): 

1) cost of capital borrowing of the previous year (Rl) 

2) allowed rate of return in this year (A) 

3) actually realized rate of return on common equity in 

previous year (AEl) 

4) common equity ratio in capitalization (EQR) 

5) market to book value ratio per share of common stock (MB) 

6) whether CWIP is included in the rate base (ACWIP = 1) or 

not (ACWIP = 0) 

We expect Rl is positively related to R while A, AEl, 

EQR, MB and ACWIP are negatively related to R as previously 

argued in this section. 
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Now, a linear form of structual equation may be 

presented. 

R = R (Rl,A,AEl,EQR,MB,ACWIP) 

Cost of Electric Service 

Electric operating costs comprise operation expenses, 

maintenance expenses, depreciation expenses, amortization, 

interest charges and other capital costs incurred by the 

plant in service. 

Operation expenses include labor costs for supervision 

and engineering, fuel and purchased energy expenses for the 

production, transmission and distribution of electricity. 

Maintenance expenses include labor costs for maintenance 

supervision and engineering and maintenance part costs for 

electricity production, transmission and distribution. Ex

penses for plant operation and maintenance constitute most 

of the variable costs in operating the electric utility 

plant. Administrative and general expenses are included in 

operation and maintenance costs. 

Depreciation expenses, amortization, interest charges, 

dividend declared for preferred stock and opportunity cost 
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of common equity capital constitute fixed capital costs for 

the plant serving electricity production, transmission and 

distribution. 

There is no difficulty in defining and measuring the 

variable costs in operating the electric utility plant since 

payments for the variable inputs are made explicitly accord

ing to the market prices of the variable inputs such as la

bor, fuel and ordinary replacement or maintenance material. 

Of the fixed capital costs, amortization and explicit in

terest payment on debt, declared dividend on preferred 

stocks and depreciation expenses are easily observable. 

However, implicit capital cost or opportunity cost involved 

in the use of equity capital is not clearly measured. 

Average implicit capital cost, which is the opportunity 

costs of a firm's own capital on the best alternative use, 

averaged for years of capitalization, may be approximately 

measured by setting the unit price of equity capital equal 

to the rental price of externally financed capital that in

cludes short term debt, long term debt and preferred stocks. 

Here, unit price of externally financed borrowed capital is 

defined in the section of 'Data Collection' as the summation 

of 1) weighted average of interest rate on debt and dividend 
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rate on preferred stock, and 2) reported depreciation rate 

on the plant in service. 

Rate of return required and realized on the equity capi

tal is normally greater than the rental price of external 

capital, reflecting a risk premium in the operation of elec

tric utilities. However, the difference between actually 

realized rate of return on common equity and the unit price 

of capital may be regarded as a proxy for the pure economic 

profit per unit of equity capital. 

Now, annual total costs of electricity production, trans

mission and distribution can be better defined as the summa

tion of the variable cost, which comprises operation cost 

and maintenance cost,and the fixed cost which includes 

depreciation expense, amortization, interest charges, pre

ferred stock dividend and the opportunity cost of equity 

capital measured at unit price of external capital. 

Average cost of electric service is simply total costs 

divided by KWH sales of electricity. For the measurement of 

total costs from accounting statistics, we can set up the 

total costs equation. 

TC= OE + ME + DE + AM + (IC + DP)•EUP/AUP-l/(1-EQR) 

where TC = annual total costs of electricity production, 

transmission and distribution 
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OE = annual operation expense for electric plant 

ME = annual maintenance expense for electric plant 

DE = annual depreciation expense for electric plant 

AM = annual amortization for electric plant 

IC = annual interest charges for all utility plants 

(electric utility plant + gas utility plant) 

DP = annual dividend declared on preferred stocks 

EUP= electric utility plant assets 

AUP= all utility plant assets 

EQR= common equity ratio in capitalization 

Here, we set up a restricted profit function for electric 

utilities under 1) rate-of-return regulation and 2) automat

ic fuel adjustment mechanism, to identify which variables 

affect the cost function. 

When K = capital assets of electric utility plant in 

service 

L = quantity of labor in service 

F = quantity of fuel in service 

TR = total revenue from sales of electricity 

R = average interest rate paid on debt 

D = reported depreciation rate on capital assets in 

service 

CWIP= proportion of construction work in progress to 

total electric utility plant assets 
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EQR = common equity ratio in capitalization 

PK = price of capital = R + D 

PL = price of labor 

PF = price of fuel 

A = allowed rate of return on common equity 

ACWIP= 1 when CWIP is included in the rate base 

0 when CWIP is excluded from the rate base 

t-1 = previous period of electricity rate 

jurisdiction 

AFAM = 1 when FAM is effective 

0 when FAM is not effective 

APK = A - PK 

m, n = Lagrangian multipliers (0<m,n<l) 

The electric utility plant is assumed to maximize profit 

for common equity capital owners under the constraints of 1) 

allowed rate of return and 2) the fuel adjustment mechanism. 

Maximize profit PR =Total revenue - Total explicit costs 
=TR - PK. K- (1-EQR) 

- R-K-CWIP/(1-CWIP)- (1-EQR) 
- PL- L 
- PF- F 

=TR (K, L, F) 
-K-(1-EQR)-(PK+R-CWIP/(1-CWIP)) 
-PL-L 
-PF-F 

Subject to PR < A-EQR-(K+K-CWIP/(1-CWIP)-ACWIP), 
TR-PF-F < (K-(1-EQR) -(PK+R-CWIP/d-CWIP) ) 

+A-EQR-(K+K-CWIP/(1-CWIP)-ACWIP) 
+PL-L) 

t-1 
and K, L, F > 0 
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Kuhn-Tucker conditions for this non-linear maximization 

problem lead us to conclude that the marginal rates of tech

nical substitution (MRTS) among input factors K, L and F, 

which indicate whether efficiency conditions in production 

are met so that costs are minimized to produce a given out

put, are determined by the values of variables revealed in 

equations above along with the relative price among inputs. 

Level of output is additionally included as a scale vari

able. 

For instance, MRTS between capital K and fuel F is a 

function of PK,PF,A,EQR,CWIP and ACWIP since 

9Q/8K 9TR/8K 
MRTS = = 

K,F aQ/gF aTR/aF 
PK. (1-EQR) (l-in)+R.i=̂ 2̂ -. (l-in)-m.A-EQR- (1+ ACWIP_) 

ll̂ ZJ£_____ ______1."_9?H_ 
PF.(l-m) 

= MRTS(PK,PF,CWIP,ACWIP,EQR,AFAM,A) 
PK 

^ 

> PF 
While 

8Q/8F 8TR/8K 
MRTS = = 

F,L 8Q/3L 8TR/8F 
PF(l-m-n) 

PL(l-m) 
PF 

< 

PL 
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Consequently, technical efficiency, total cost and aver

age cost are functions of Q,PK,PL,PF,CWIP,ACWIP,AFAM,EQR and 

APK. 

Basically, the total cost function which we are interest

ed in is derived from the production function through the 

application of duality theory. When a production function 

can be specified by the quantity of each input, a total cost 

function or an average cost function is specified by the 

price of each input and the amount of output. 

As argued above, other variables that may influence the 

total or average cost function would be: 

1) whether FAM is allowed in the price of electricity 

(AFAM) 

2) whether CWIP is included in the rate base (ACWIP) 

3) the portion of CWIP in total electric assets (CWIP) 

4) common equity capitalization ratio (EQR) 

5) The difference between allowed rate of return on common 

equity and (annual rental) price of capital (A-PK). 

A conceptual model for the average cost function (C) is 

C = C (Q,PK,PL,PF,AFAM,ACWIP,CWIP,EQR,A-PK) 

To identify the structure of production empirically, a 

cost function is often used instead of direct estimation of 
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the production function on the practical grounds that data 

for relevant variables of the cost function are easier to be 

collected and more abundant than those of the production 

function. 

Recently, the use of a translog cost function developed 

by Christensen, Jorgenson and Lau (1971, 1973) is popular 

because of the generality it contains. In fact, it imposes 

no a priori restrictions on elasticities of substitution be

tween inputs, and the economies of scale can vary with the 

level of input in a translog cost function. Mathematically, 

a translog cost function is a second order approximation of 

any generally specifiable cost function. 

With 4 independent prime variables of price of capital 

(PK), price of labor (PL), price of fuel (PF) and level of 

output (Q), an empirical translog cost function may be spec

ified linearly, 

LC = LC (LQ,LPK,LPL,LPF,LQ2,LPK2,LPL2,LPF2 

LPKLPL,LPKLPF,LPLLPF, 

LQLPK,LQLPL,LQLPF, 

AFAM,ACWIP,CWIP,EQR,APK) 

Here, AFAM, ACWIP, CWIP, EQR and APK are added as 

separable and marginal variables that affect average cost of 
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electric service (C), as previously discussed in this 

section. 

Price of Electricity 

Price of electricity is determined by each state PUC in

directly through rate-of-return regulation. The way in 

which price is determined is in fact average full-cost pric

ing. Average unit price of electricity comprises 1) average 

variable cost, 2) average fixed cost, and 3) net economic 

profit to common equity owners. 

Average variable cost and average fixed cost constitute 

average total cost while net economic profit, which is the 

difference between actually realized rate of return on com

mon equity and the price of capital, would be influenced by 

the allowed rate of return on common equity. 

Thus, the average price of electricity (P), which is to

tal revenues from sales of electricity divided by total KWH 

sales, would be definitely related with average total cost 

(C) and allowed rate of return on common equity (A). 

In reality, average full-cost pricing is modified by 

declining block systems, regardless of the shape of cost 

curves, to meet the total electric bill allowed by the PUC. 
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A large part of the fixed cost is collected from the large 

number of residential and small commercial users while big 

commercial and industrial users, who have more alternatives 

in acquiring electricity, are paying very little more than 

the variable costs. 

The declining block pricing scheme is a kind of price 

discrimination that satisfies both the profit-maximizing ob

jective and the sales-maximization objective of utilities. 

Even though profits are restricted by the regulatory commis

sion, sales are definitely greater than those under uniform 

pricing at the sacrifice of equity and energy conservation. 

For measurement convenience, we use the composite price 

of electricity averaged for residential, commercial and in

dustrial users. 

Whether change in fuel price is reflected immediately and 

automatically in the electric rate or not (AFAM) may be a 

variable that affects price of electricity. Provision of 

FAM is expected to have a positive effect on the price of 

electricity as intended by the regulatory commission. 

Inclusion of CWIP in the rate base (ACWIP) would be 

another variable that has a marginally positive effect on 

the price of electricity, because CWIP is not actually being 
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used in electric service. The effect of the inclusion of 

CWIP in the rate base will be magnified by the proportion of 

CWIP to total electric asset. 

Common equity ratio (EQR) may be another variable that 

has effect on the price of electricity. As argued previous

ly, high equity capital ratio lower the cost of capital bor

rowing. However, rate of return allowed and realized on 

common equity is normally higher than that on preferred 

stock or long-term debt. If high common equity ratio does 

not lower the cost of capital borrowing enough to bring down 

the price of electricity, the effect of common equity ratio 

on the price of electricity should be positive. 

Now a conceptual model for the average composite price of 

electricity (P) is 

P = P (C,A,AFAM,ACWIP,CWIP,EQR) 

What is of most concern to consumers is the price of 

electricity in the long-run in terms of present value of the 

prices over time. 

As previously argued about rate-of-return regulated 

electric utilities, average cost (C) is an immediate 

determinant of the price of electricity(P). 



55 

Given the average cost of electric service, allowed rate 

of return (A) would exert positive force on the price of 

electricity. However, the final effect of A on P still re

mains indeterminate because of the negative effect of A on 

C. 

AFAM, CWIPA and EQR are expected to be supplementary 

variables that have positive effects on P as discussed pre

viously. 

We use logarithmic form for P and C to maintain consis

tency in structural equations. 

LP = LP (LC,A,AFAM,CWIPA,EQR) 

+ ? + + + 

Actually Realized Rate of Return on 
Common Equity 

Actually realized rate of return on common equity (AE), 

which is the percentage of earnings available for common eq

uity to the average of the beginning and year-end balances 

for propriety capital less preferred stock, would be largely 

determined by the allowed rate of return (A) so far as 

rate-of-return regulation works in an intended way by the 

regulatory commission. 
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This positive relationship would be reinforced by the 

Averch-Johnson effect that the larger the difference between 

allowed rate of return and price of capital is, the less 

distortion is induced in input combination. Less distortion 

in input combination means lower average cost of production 

and higher realized rate of return on common equity, given 

the allowed rate of return. 

The difference between price (P) and average total cost 

(C) would be another strong determinant of actually realized 

rate of return on common equity, ignoring corporate taxes 

and miscellaneous accounting discrepancy. 

The common equity ratio in capital structure (EQR) may 

have a positive effect on the rate of return. Utilities 

with high proportion of common equity capital may have 

stronger profit motives than those with low common equity 

ratio. 

The load factor (LF), which is the ratio of average sys

tem load to the peak load, indicates how much of the system 

capacity is used in generation of electricity to meet the 

demand on average. After rate of return on equity is 

allowed and price of electricity is fixed, a higher load 

factor would imply larger total profit and higher rate of 
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return realized on common equity unless (short-run) average 

total costs of electric service severely increase with out

put. 

Inclusion of CWIP in the rate base (ACWIP) may be another 

relevant variable to realized rate of return. Although to

tal profit going to common equity is larger with the inclu

sion of CWIP, a greater number of common stocks would tend 

to reduce the rate of return realized by each unit of the 

common equity, especially when the load factor is low. 

Besides, we should not understate the role of managerial 

skill and other variables that can hardly be quantified or 

be explained by explicit economic variables. However, what

ever the determinants of actually realized rate of return 

are, realized rate of return is smaller than allowed rate of 

return in most cases. It is mainly because of the backward-

looking procedure of the regulatory process, including the 

adoption of original cost valuation and historic test year 

in the determination of the rate base and allowed rate of 

return. 

A conceptual model for the actual rate of return on 

common equity may be specified: 

AE = AE (A,P,C,EQR,LF,ACWIP) 
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As has been argued, realized rate of return on common 

equity (AE) to which electric utilities are more sensitive 

than to any other variable would be largely determined by 

the difference between price (P) and average cost of elec

tric service (C). 

In addition, allowed rate of return on common equity (A), 

common equity ratio (EQR), load factor (LF) and whether CWIP 

is included in rate base (ACWIP) are considered to have mar

ginal effects on realized rate of return. 

In a linear regression form, the structural equation is 

AE = AE (A,DPC,EQR,LF,ACWIP) 

Estimation Technique 

As indicated in the flow chart for the interaction among 

exogenous and endogenous variables, the system of equations 

is recursive rather than simultaneous in the sense that each 

of the 5 endogenous variables can be estimated sequentially. 

The interaction between any 2 endogenous variables is uni

lateral, not reciprocal. 

For a recursive system of equations, 1) error terms 

across the equations are not correlated with each other, and 
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2) any endogenous variable that appears on the right side of 

an equation is not correlated with the error term of the own 

equation. 

Therefore, a linear recursive model has 1) a diagonal 

variance-covariance matrix of error terms and 2) a triangu

lar coefficient matrix of endogenous variables. 

These 2 special features make the ordinary least squares 

(OLS) estimation technique appropriate for the self-identi

fied recursive system of equations, and the OLS estimators 

of the structural equation parameters have the desirable 

properties of consistency, efficiency and asymptotic normal

ity. 

However, in case of estimation of the allowed rate of re

turn, use of state-specific independent variables such as 

SAL, TERM, TAXPER, VALUE and TESTYR would make the naive ap

plication of the OLS technique inefficient. When we apply 

direct OLS estimation on state-specific variables that do 

not vary within a state, there may arise systematic measure

ment errors in the estimation of dependent variable (A) that 

varies slightly within a state. 

These systematic estimation errors in the dependent 

variable would lead to autocorrelation of error terms. 
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Because of this mutual interdependence of error terms in 

cross sectional data, OLS estimation becomes inefficient, if 

not biased. To solve this problem, the Cochrane-Orcutt 

method of iterative procedure with autocorrelation coeffi

cient convergence of 0.001 is adopted for the estimation of 

allowed rate of return A. 

Data Collection 

We are using two sets of cross sectional data for 1976 

and 1980. Each year has 77 observations of privately owned 

electric utilities in the United States. 

Observations include 27 utilities in eastern states, 39 

utilities in central states and 11 utilities in western 

states as classified by The Value Line Investment Survey. 

Observations are limited to electric utilities with pur

chased power less than 20% of total KWH sales, with hydrau

lic generation less than 20% of total KWH generation and 

with nuclear generation less than 50% of total KWH genera

tion, to maintain similiar production structure for the ob

served electric utilities. 

The Value Line Investment Survey (1975-1977, 1979-1981) 

provides us with 

1) allowed rate of return on common equity (A and Al in %) 
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2) regulatory climate ranking of each state PUC 

3) annual load factor (LF in %) 

4) market to book value ratio per common stock (MB) 

5) utility's revenue share in each state 

6) reported composite depreciation rate (in %) 

Annual Report on Utility and Carrier Regulation of the 

National Association of Regulatory Utility Commissioners 

(1976, 1977, 1980, 1981) contains state commission-specific 

data for 

1) salary of the commissioners (SAL in 1000 $) 

2) term of the commissioners (TERM in years) 

3) fuel adjustment clause (AFAM) 

4) type of test year used in determining rates (TESTYR) 

5) method of valuation (VALUE) 

items allowed in the rate base (ACWIP) 

assessment of cost of regulation (TAXPER in %) 

Statistics of Privately Owned Electric Utilities in the 

United States (1975, 1976, 1979, 1980) furnishes the follow

ing firm-specific data. 

1) assets of utility plant in service (ASSET in million $) 

2) electric construction work in progress (in million $) 

3) total debt 

4) preferred stock propriety capital 

5) electric operation and maintenance expenses 
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7 
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11 

12 
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14 

15 
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amortization expense 

depreciation expense 

interest charges 

dividends declared for preferred stock 

total KWH sales (Q in million KWH) 

total revenues from sales of electricity 

total KWH generated 

purchased power expense 

fuel expense by type of fuel 

total salaries and wages for electric utility 

number of electric department employees 

common equity ratio in capitalization (EQR in %) 

actually realized rate of return on common equity (in %) 

From the primary data obtained from above sources, sever

al secondary data are constructed. 

R= cost of capital borrowing (%/year) 
Interest+Amortization+Dividends for preferred stock 

Total debt + Preferred stock propriety capital 
PK=price of capital (%/year) 
=cost of capital borrowing+reported depreciation rate 

PL=price of labor (1000 $/man-year) 
Total salaries and wages 

Number of (Full time employees+0.5*Half time employees) 
PF=price of fuel ($/1000 KWH) 

Total fuel expenses 

Total KWH generation 
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C =average cost of electric service ($/1000 KWH) 
Total costs of production, transmission and distribution 

Annual total KWH sales 
P =average price of electricity ($/1000 KWH) 

Total revenues from sales of electricity 

Annual total KWH sales 
Construction work in progress (in million $) 

CWIP= 7 
Total electric utility assets (in million $) 



CHAPTER IV 

EMPIRICAL RESULTS AND EVALUATION 

Based on the empirical model and estimation technique 

presented in Chapter III, we estimate structural equations 

of the recursive system for the regulatory practices, by 

utilizing the Ordinary Least Squares regression method for 

each of the 5 equations. As previously discussed, Cochrane-

Orcutt type transformation is added for the estimation of 

the structural equation for the allowed rate of return. 

First, structural equations for 1976 are estimated se

quentially using cross-sectional data of 77 observations. 

Next, structural equations for 1980 are estimated sequen

tially using cross-sectional data of 77 observations. Em

pirical results for 1976 and 1980 will be compared and eval

uated in terms of statistical meaning as well as economic 

implications. Finally, combined structural equations for 

1976 and 1980 are estimated using pooled data of all 154 ob

servations to verify any structural change or shift between 

these two sample years, under the null hypothesis of 'no 

structural change' between those two years. By comparing 

the error sum of squares (SSE) for unrestricted form of the 

model for each year with that for the restricted model of no 

structural change, we can test the null hypothesis. 

64 
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As presented in Table 6, all of the calculated test 

statistic F-values for each endogenous variable A, R, LC, 

LP, and AE are less than the critical F-values at the 5% 

level of significance. Thus we cannot reject the null hy

pothesis that there has been no structural change in any of 

the structural equations between 1976 and 1980. 

Estimation results are presented in Table 1 through Table 

5 in the order of 5 endogenous variables, at the end of the 

Chapter, and each table includes estimation results for all 

of the 3 data sets. Table 6 provides the summarized rele

vant statistics for the test of structural changes. 

Allowed Rate of Return on Common 
Equity 

The estimation results for the equation of the allowed 

rate of return on common equity (A) for the year of 1976, 

1980 and the combined data set are presented in Table 1. 

Estimation Results for 1976 

Although most of the estimated coefficients show correct 

signs, only SAL, Al and DAI turn out to be statistically 

significant at the acceptable level as is illustrated in 

Table 1. Salary of the commissioners (SAL) has a positive 
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effect on the allowed rate of return and is significant at 

the 20% level. A high-salaried utility commission tends to 

allow higher rate of return than a low-salaried commission 

does, as anticipated, and this result is in agreement with 

the finding of Navarro (1982). 

But previously allowed rate of return (Al) and its devia

tion from realized rate of return during previous period 

(DAI) are the most relevant and significant (at the 1% and 

10% level, respectively) variables that affect allowed rate 

of return in this period. This result supports the argument 

that allowed rate of return is largely determined through 

backward-looking adaptive and partial adjustment of the Pub

lic Utility Commissions. For each 1% deviation of Al from 

AEl, PUCs lower their allowed rate of return on common equi

ty by about 0.06% from that of last year. 

High R-Square of 0.827 and low RMSE of 0.547 indicate 

fairly reliable estimation results. 

Estimation Results for 1980 

All of the estimated coefficients show correct signs 

while TESTYR, DAI are significant at the 20% level and AFAM 

and Al are significant at the 1% level. As it was for 1976, 
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allowed rate of return is heavily influenced by that of last 

year (Al) and its deviation from the realized rate of return 

during last year (DAI). Based on last year's allowed rate 

of return, the public utility commission adjusts this year's 

allowed rate of return by about 0.06% for each 1% deviation. 

Significant AFAM means that public utility commissions 

adopting automatic fuel adjustment in price of electricity 

undercut the allowed rate of return by 1.2%. 

R-square of 0.512 is lower than that for 1976 and RMSE is 

bigger than that for 1976. The mean value of allowed rates 

of return in 1980 has dropped by 0.34% from that of 1976. 

Estimation Results for the Combined 
Data 

All the variables specific to each Public Utility Commis

sion, such as SAL, TERM, TAXPER, VALUE and TESTYR, turn out 

to have negligible effects on the allowed rate of return, 

both in magnitude and in statistical significance. It seems 

that organizational characteristics or structural differenc

es among utility commissions have little effect on the 

allowed rate of return. 
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Instead, historical behavior or past attitude of utility 

commissions continues to prevail. Based on last year's al

lowed rate of return. Public Utility Commissions determine 

this year's allowed rate of return for a specific utility 

through partially adjusting by 0.06 % for each 1% deviation 

of last year's allowed rate of return from last year's real

ized rate of return for the utility. In this sense, their 

behavior is backward-looking and adaptive. 

Firm-specific asset size exerts a positive effect on al

lowed rate of return and its effect is significant at the 10 

% level. Bigger utilities in asset size may be more favora

bly treated by utility commissions than smaller utilities, 

through their effectively organized influence on utility 

commissions. This finding coincides with that of Hagerman 

and Ratchford (1978). 

R-square of 0.689 and RMSE of 0.656 indicate modest esti

mation results. 

Summary of the Estimation Results 

For the allowed rate of return (A), valuation method 

(VALUE) and asset size of a utility (ASSET) show positive 

signs consistently while adoption of the automatic fuel ad-
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justment (AFAM) and type of test year (TESTYR) carry consis

tent negative signs for all 3 data sets. All these signs 

are as expected. Of these, the coefficient of TESTYR is 

significant at the 20% level in 1980 and coefficient of AFAM 

is significant at the 1% level in 1980, while the coeffi

cient of ASSET is significant at the 10% level for the com

bined data set. 

Nevertheless, allowed rate of return in the last year 

(Al) and its deviation from the realized return (DAI) are 

the two variables that show correct signs at the consistent 

and significant level for all 3 data sets. In case of the 

combined data, their significance is within the 1% level. 

The coefficient of DAI implies that utility commissions ad

just allowed rates of return by 0.06% for each 1% deviation. 

Cost of Capital Borrowing 

Table 2 provides the results of estimation for the equa

tion of the cost of capital borrowing (R) for the year of 

1976, 1980 and the combined. 
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Estimation Results for 1976 

Although statistically insignificant, realized rate of 

return during last year (AEl), common equity ratio (EQR) and 

market to book value ratio of a firm (MB) show correct neg

ative signs, indicating that these variables may be rough 

proxies for risk perceived by prospective investors in fi

nancial markets. 

Cost of capital borrowing in last year (Rl) is the only 

significant variable at the 1% level and it is so because 

cost of capital borrowing in this year cannot vary much from 

that of last year. 

R-square of 0.691 and RMSE of 0.352 show satisfactory es

timation results. 

Estimation Results for 1980 

Cost of capital borrowing is heavily and significantly 

influenced by that of the previous year (Rl). In addition, 

realized rate of return of last year (AEl), common equity 

ratio (EQR), market to book value ratio (MB) and the 

inclusion of CWIP in the rate base (ACWIP) show correct 

negative signs as proxies for risk perceived in financial 

markets. Higher values of these variables tend to lower the 
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cost of capital borrowing as anticipated and EQR is 

statistically significant at the 2% level. 

In 1980 when the interest rate remained high and unsta

ble, explanatory power of the model is relatively low with 

R-square of 0.462 and RMSE of 0.705. 

Estimation Results for the Combined 
Data 

Common equity ratio (EQR) and market-to-book-value ratio 

(MB) are negatively related to the cost of borrowing. Their 

effects are significant at the 5% level. These variables 

seem to be regarded as proxies for financial strength and 

investment risk by prospective investors in financial mar

kets. Utilities with higher EQR and MB are considered fi

nancially healthy and less risky and they can attract addi

tional capital at lower cost of borrowing. 

Last year's cost of capital borrowing (Rl) dominantly af

fects this year's cost of capital borrowing at less than 1% 

level of statistical significance. However, the effect of 

realized rate of return in last year (AEl) is negligible and 

insignificant. 
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Summary of the Estimation Results 

For the cost of capital borrowing (R), consistently in

correct sign of the allowed rate of return (A) may be the 

result of high interest rates during the sample periods. 

Between 1975 and 1976, increase in asset size was 158.1 mil

lion dollars on average and it was 262.4 million dollars be

tween 1979 and 1980. So long as interest rates in 1976 and 

1980 were higher than the average interest rates of the pre

vious years, the negative correlation between the allowed 

rate of return (A) and common equity ratio (EQR) should lead 

to a positive effect of A on R. 

Realized rate of return in last year (AEl), common equity 

ratio (EQR) and market-to-book-value ratio (MB) show consis

tent negative signs correctly, as proxies for the perceived 

financial strength and risk of a utility. Coefficients of 

EQR and MB are significant at the 5% level for the combined 

data. But inclusion of CWIP in the rate base (ACWIP) is 

neither consistent nor statistically significant for any of 

the 3 data sets. 
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Cost of Electric Service 

The results of estimating the equation for the average 

total cost of electric service (C) for 1976, 1980 and the 

combined data for both years are summarized in Table 3. 

Estimation Results for 1976 

The average cost of electric service is not affected at a 

significant level by the level of KWHs sold, by the price of 

capital or by the price of labor. Average cost seems rather 

affected by the price of fuel consistently and significant

ly. Coefficients of the variables related to the price of 

fuel (LPF) show direct and statistically significant effects 

on average cost. For instance, LPF2 at the 5% level, LQLPF 

at the 1% level, LPKLPF and LPLLPF at the 10% level. 

The automatic fuel adjustment mechanism (AFAM) also turns 

out to have a positive effect on average cost and the effect 

is significant at the 1% level. This result supports the 

assertion that automatic fuel adjustment mechanism may cause 

fuel-intensive input distortion toward high-priced fuel as 

well as factor neutral X-inefficiency in the operation of 

utilities. 
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We do not find any strong evidence of Averch-Johnson 

effect since coefficient of APK is small and insignificant. 

The R-square of 0.805 and RMSE of 0.125 are satisfactory. 

Scale economy at the sample mean values of LQ, LPK, LPL 

and LPF is 

1 - 3LC/9LQ = 1 - (- 1.3234 + 0.0138 LQ + 0.3307 LPK 

+ 0.0405 LPL + 0.1392 LPF) 

= 1.037 > 1 

Scale economy greater than 1 implies positive economies of 

scale and average cost would decline as output expands. But 

the gain is small at 3.7% drop in the average cost for a 

100% increase in output. We may safely say that economies 

of scale for electric utilties are almost negligible and the 

long run average cost curve is nearly horizontal. 

Elasticities of average cost with respect to changes in 

price of capital, labor and fuel are, respectively: 

3LC/9LPK = - 10.6370 + 5.9444 LPK + 0.3307 LQ - 1.014 LPL 

- 1.0627 LPF - 0.0071 PK 

= 0.4526 > 0 

8LC/3LPL = 5.5148 - 0.8914 LPL + 0.0405 LQ - 1.014 LPK 

- 0.5274 LPF 

= 0.2247 > 0 

8LC/9LPF = 1.6323 + 0.531 LPF + 0.1392 LQ - 1.0623 LPK 

- 0.5274 LPL 
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= 0.3821 > 0 

All of the price elasticities of average cost are greater 

than zero but less than unity in conformity with economic 

theory. 

Estimation Results for 1980 

Of the three inputs (K,L,F), fuel is the only input that 

has consistent and significant effect on average cost as it 

was for 1976. Level of output turns out to have little ef

fect on average cost. The negative coefficient of APK indi

cates there may exist Averch-Johnson type input distortion 

effect. But the effect is significant only at the 20% lev

el and its magnitude is on average 1.1 $/1000 KWH for each 

1% marginal difference between the allowed rate of return 

and the price of capital. 

Other regulatory variables such as ACWIP, CWIP, AFAM and 

EQR tend to exert adverse effects on average cost but their 

effects turn out to be small and insignificant. 

At mean values of LQ, LPK, LPL and LPF, scale economy is 

1 - gLC/aLQ = 1 - (- 0.27115 - 0.03168 LQ - 0.04971 LPK 

+ 0.08889 LPL + 0.13741 LPF) 

= 1.035 > 1 
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Scale economy close to unity supports the contention that 

most of the utilities are being operated in the horizontal 

region of the long run average cost curve and economies of 

scale are already exploited. 

Elasticities of average cost with respect to the price of 

capital, labor and fuel are, respectively: 

8LC/9LPK = - 4.2095 + 1.6438 LPK - 0.04971 LQ 

+ 0.41522 LPL - 0.02499 LPF + 0.02691 PK 

= 0.3162 > 0 

8LC/aLPL = - 2.5496 + 0.30878 LPL + 0.08889 LQ 

+ 0.41522 LPK + 0.06631 LPF 

= 0.2474 > 0 

8LC/9LPF = - 1.7074 + 0.26928 LPF + 0.13741 LQ 

- 0.02499 LPK + 0.06631 LPL 

= 0.4800 > 0 

All the elasticities are greater than zero and less than 

unity. 

In 1980, owing to high fuel price (74% increase from 

1976), elasticity of average cost with respect to the price 

of fuel is the greatest at 0.480. In fact, cost of fuel 

accounted for 47.9% of average total cost and 63.4% of 

average 0 & M cost, on average in 1980. 
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R-square of 0.783 and RMSE of 0.136 indicate acceptable 

estimation results. 

Estimation Results for the Combined 
Data 

Of the three inputs, capital, labor and fuel, fuel is the 

only input the price of which has a consistent effect on av

erage cost of electric service, at a significant level, and 

we do not find any significant effect of output level on av

erage cost of electric service. It would be because most of 

the electric utilities are already operating on the nearly 

horizontal segment of the long-run average cost curve. This 

result coincides with the findings of Christensen and Green 

(1976). 

Adoption of the automatic fuel adjustment mechanism 

(AFAM) tends to raise the average cost by 8.66% and its ef

fect is significant at the 5% level. This adverse effect is 

attributable to the fuel-intensive input distortion and X-

inefficiency in management resulting from the automatic fuel 

adjustment mechanism. Inclusion of CWIP in the rate base 

and high common equity ratio have positive effects on 

average cost. But their effects are neither substantial nor 

significant. 
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Existence of Averch-Johnson type capital-intensive input 

distortion is not supported empirically although APK shows 

negative sign correctly. 

Scale economy at the sample mean values of LQ, LPK, LPL 

and LPF is 

1 - 3LC/8LQ = 1- (- 0.28035 + 0.00178 LQ + 0.01293 LPK 

- 0.03079 LPL + 0.10329 LPF) 

= 1.044 > 1 

Since scale economy is greater than 1, we may find evi

dence of economies of scale and declining long-run average 

cost at the mean values. But the effect of output level on 

average cost is almost negligible. A 100% expansion in out

put reduces the average cost by 4.4% at best. With input 

prices fixed at the mean values, scale economy for the 

smallest utilty (LQ = 6.8533) is 1.048 and for the biggest 

utility (LQ = 11.038) it is 1.041. The relevant portion of 

the long-run average cost curve is nearly horizontal and 

utilities have almost exploited economies of scale. 

At the mean values of LQ, LPK, LPL and LPF, elasticities 

of average cost with respect to the input prices of capital, 

labor and fuel are, respectively: 

9LC/9LPK = - 1.4311 + 1.39564 LPK + 0.01293 LQ 

- 0.23784 LPL - 0.33586 LPF - 0.00629 PK 
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= 0.2464 

8LC/3LPL = 1.3281 + 0.20044 LPL - 0.03079 LQ 

- 0.23784 LPK - 0.28104 LPF 

= 0.2968 

9LC/8LPF = 0.5296 + 0.1975 LPF + 0.10329 LQ 

- 0.33586 LPK - 0.28014 LPL 

= 0.5278 

All the input price elasticities of average cost at mean 

values of prices and output are greater than zero but less 

than unity. Of the three inputs, elasticity of average cost 

with respect to price of fuel is the greatest. This result 

implies the importance of fuel and its price in terms of 

cost share and effect on average cost of electric service. 

Summary of the Estimation Results 

For the average total cost of electric service (LC), 

scale economies close to unity and statistically insignifi

cant coefficients of LQ and LQ2 indicate that the level of 

output or electricity sales does have negligible effect on 

the average cost. Although the common equity ratio (EQR) 

shows consistent positive sign, its effect is significant 

only at the 20% level for the combined data. 
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When the automatic fuel adjustment is allowed (AFAM), it 

has a consistent and positive effect on the average total 

cost. The coefficient is significant at the 5% level for 

the combined data set. During the years of high fuel pric

es, this result looks obvious. As Gollop and Karlson 

(1978), and Kaserman and Tepel (1982) have argued, the auto

matic fuel adjustment mechanism may induce fuel intensive 

input distortion and factor neutral X-inefficiency in the 

management and operation of electric utilities, especially 

during years of rising fuel prices. Elasticity of average 

total cost with respect to fuel price has also increased 

from 0.3821 in 1976 to 0.480 in 1980 at the sample means. 

Moreover, interaction terms pertinent to the price of fuel 

(PF), such as LPF2 and LQLPF, have consistent positive ef

fects for all 3 data sets and their coefficients are signif

icant at the 10% and 1% level, respectively, for the com

bined data. All these findings indicate that fuel is the 

only input the price of which exerts a consistent, statisti

cally significant and most substantial effect on the average 

total cost of electric service. 
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Price of Electricity 

Table 4 illustrates the estimation results for the equa

tion of the price of electricity (P) for the year of 1976, 

1980 and the combined sample. 

Estimation Results for 1976 

Elasticity of electricity price with respect to the aver

age cost is 0.9175 and statistically significant at the 1% 

level. If average cost increases by 1%, there would be 

0.9175% increase in the price of electricity. However, al

lowed rate of return (A) is neither positively related to 

cost nor statistically significant. AFAM, EQR and CWIPA 

tend to have positive effects on the price of electricity 

but their effects are not significant. 

We may conclude that price of electicity is mostly deter

mined by average cost of electric service and is little af

fected by other variables including allowed rate of return. 

High R-square of 0.921 and low RMSE of 0.069 indicate good 

estimation. 
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Estimation Results for 1980 

Elasticity of electricity price with respect to average 

cost is 0.8939 and significant at the 1% level. But it is 

lower than the elasticity of 0.9175 for 1976, indirectly im

plying worsened regulatory climate for electric utilities. 

Allowed rate of return (A) has neither positive nor sig

nificant effect on the price of electricity. EQR, AFAM and 

CWIPA have direct effects on price but their effects are 

small and insignificant. 

High R-square of 0.935 and low RMSE of 0.062 show relia

ble estimation results. 

Estimation Results for the Combined 
Data 

Elasticity of electricity price with respect to the aver

age cost is 0.9162 and significant at the 1% level. A 1% 

increase in average cost would raise the price of electrici

ty by 0.9162%. 

High common equity ratio (EQR) also tends to raise the 

price of electricity at the 5% level of significance. For 

1% increase in EQR, price would rise by about 0.1 $/1000 

KWH. 
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Adoption of the automatic fuel adjustment mechanism 

(AFAM) has a direct effect of raising the price of electric

ity by about 1.04 $/1000 KWH. At a time of rising fuel 

price, this result seems evident. However, effects of the 

inclusion of CWIP in the rate base and its proportion to 

electric assets (CWIPA) are not statistically significant. 

Contrary to common belief, the effect of allowed rate of 

return on electricity price is neither substantial nor sig

nificant. We may find the reason from the fact that elec

tricity price is dominantly determined by average cost of 

electric service, and for utilities with high average cost, 

utility commissions discreetly allow relatively low rates of 

return to keep the price as stable as possible among utili

ties. 

High R-square of 0.960 and low RMSE of 0.064 indicate re

liable overall estimation results. 

Summary of the Estimation Results 

For the price of electricity (LP), average cost of 

electric service (LC) has a consistent and significant 

effect at the 1% level for all data sets. Cost elasticity 

of price is 0.92. However, allowed rate of return (A) shows 
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a very small and statistically insignificant coefficient. 

These results suggest that price of electricity is predomi

nantly determined by the average total cost while allowed 

rate of return on common equity has a negligible independt 

effect on price. 

The common equity ratio (EQR) exerts a positive effect 

consistently as expected and its coefficient is significant 

at the 5% level for the combined data set. This result sup

ports the assertion that a high common equity ratio ulti

mately leads to a high electricity price, although a high 

common equity ratio tends to lower the cost of capital bor

rowing. It is because rates of return allowed and realized 

on common equity are normally greater than the cost of bor

rowed external capital. 

Adoption of the automatic fuel adjustment mechanism 

(AFAM) exerts a positive effect on price for all data sets 

and its coefficient is significant at the 10% level. Elec

tricity prices of utilities with fuel adjustment mechanism 

are higher by 3% than those of utilities without adjustment. 

Contrary to common belief, inclusion of CWIP in the rate 

base (CWIPA) does not affect the price at a significant and 

substantial level, although its coefficient is positive 

consistently. 
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Actually Realized Rate of Return 

Table 5 presents the estimation results for the actually 

realized rate of return on common equity (AE) in 1976, 1980 

and the combined sample years. 

Estimation Results for 1976 

Actually realized rate of return is directly affected by 

the allowed rate of return (A). However, 1% increase of the 

allowed rate of return raises realized rate of return only 

by about 0.6%. Difference of the price and the cost (DPC) 

is another variable positively and significantly related to 

the actually realized rate of return. 

As expected, average load factor (LF) has a positive ef

fect although it is not significant. Inclusion of CWIP in 

the rate base (ACWIP) and high equity ratio (EQR) tend to 

disperse profits available to common stocks and reduce the 

realized rate of return. But ACWIP is the only variable 

statistically significant at the 5% level. 

Actually realized rate of return is the most sensitive 

and volatile variable to be predicted. Relatively low 

R-square of 0.31 and relatively large RMSE of 1.653 are the 

proof. Actually realized rate of return may be somewhat 
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influenced by managerial factors, tax structure and other 

unexplained variables hard to be quantified. 

Estimation Results for 1980 

As in 1976, 1% increase in allowed rate of return causes 

about 0.6% rise in actually realized rate of return and the 

effect is statistically significant at the 1% level. Dif

ference between the price and the average cost (DPC) is also 

positively related to the realized rate of return and its 

effect is significant at the 1% level. 

However, inclusion of CWIP in the rate base (ACWIP) rath

er tends to disperse profits available to common equities 

and has significantly negative effect on realized rate of 

return. 

Average load factor (LF) has a direct effect which is 

significant at the 10% level. 1% rise in load factor would 

raise the actual rate of return by 0.05%. The effect of EQR 

is not only negligible but also statistically insignificant. 

The mean value of the actually realized rate of return 

for 1980 is 11.713% and has dropped from 1976 by 0.26% 

despite 0.34% higher mean value of the allowed rate of 

return for 1980. This result implies deteriorating 

financial condition for electric utilities. 
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Estimation Results for the Combined 
Data 

As expected, allowed rate of return (A) has a direct ef

fect on realized rate of return. But a 1% increase in al

lowed rate of return raises the realized rate of return by 

only 0.6%. Difference between the price and average cost 

(DPC) is another variable exerting a positive effect on the 

realized rate of return. Their relations are significant at 

the 1% level. 

Average load factor (LF) also has a positive effect on 

realized rate of return. With electricity price fixed at 

the regulated level, profits would increase with more elec

tricity sold unless increase in total cost more than offsets 

the increase in total revenue owing to a sharply-ascending 

short run average cost curve. A 1% rise in load factor 

tends to raise the realized rate of return by about 0.04%. 

However, inclusion of CWIP in the rate base disperses 

profits among investors and reduces realized rate of return 

available to common equity owners. 

As previously argued, actually realized rate of return is 

the most sensitive and volatile variable to be predicted. 

That is why we have relatively low R-square of 0.357 and 

large RMSE of 1.743. 
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Summary of the Estimation Results 

For the actually realized rate of return (AE), allowed 

rate of return (A) definitely exerts a direct effect, but 

its marginal effect is about 0.6% for each 1% change in A 

and is significant at the 1% level for all 3 data sets. 

Difference between price and average cost (DPC) is another 

variable that exerts a consistent positive effect at the 1% 

significance level for all data sets. 

The load factor (LF) shows a positive effect consistently 

and its coefficient is significant at the 10% level for the 

combined data set. A 1% increase in the load factor tends 

to raise the realized rate of return by about 0.04%. 

The effect of the common equity ratio (EQR) on the real

ized rate of return is neither consistent nor statistically 

significant. However, inclusion of CWIP in the rate base 

(ACWIP) consistently tends to lower the realized rate of re

turn and its coefficient is significant at the 2% level in 

case of the combined data set. 
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Evaluation of the Empirical Results 

What is interesting is that we could not find any evi

dence of structural change between 1976 and 1980 for any of 

the 5 endogenous variables. A 4-year interval may be too 

short for a structural change to occur in such a heavy in

dustry as electric utilities. Since statistical results in 

general are better for the combined data set owing to the 

desirable properties of asymptotic consistency and asymptot

ic normality of the estimators, we need put more emphases on 

the results for the pooled data, in drawing conclusions. 

The coefficient of some of the exogenous variables shows 

a different sign between estimates for a sample year. In 

such a case, the coefficient is also statistically insignif

icant, indicating that economic effect of the variable on 

the relevant endogenous variable is unstable for a different 

sample year. An instability in the economic conditions dur

ing the late 1970s and the early 1980s would partly explain 

the inconsistency in the statistical estimation results for 

this desegregated empirical model. 

In the estimation results for the average cost of 

electric service, sum of the elasticity of average cost with 

respect to the price of capital, labor and fuel at each 
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sample mean is slightly greater than unity. Translog cost 

function in a regulated model would not be linear homogene

ous of the first degree of input prices, since Shephard's 

lemma which states that the partial derivatives of the total 

cost function with respect to the input prices equal the 

cost-minimizing quantity for the inputs postulates an effi

cient input combination without any distortion in a perfect

ly competitive input market. Moreover, homogeneity of the 

average cost function with respect to the input prices holds 

only when the level of output remains constant for any 

change in input prices. Consequently, Elasticity of the av

erage cost with respect to the input price does not repre

sent the exact cost share of the input when any distortion 

takes place in input combination. 
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TABLE 1 

Allowed Rate of Return on Common Equity (A) 

VARIABLE 

SAL 

TERM 

TAXPER 

VALUE 

TESTYR 

ASSET 

AFAM 

Al 

DAI 

Intercept 

1976 

Coeff. 

0.0102 

-0.4653 

0.0022 

0.0720 

-0.0871 

0.3E-4 

-0.0629 

1.0000 

-0.0592 

-0.0807 

t-value 

1.38 

-0.70 

1.09 

0.45 

-0.55 

0.73 

-0.31 

13E8*** 

-1.82* 

-0.17 

Sample Year 

1980 

Coeff. 

0.0033 

0.7275 

-0.0001 

0.0693 

-0.2681 

0.4E-4 

-1.2124 

1.0000 

-0.0647 

1.2961 

t-value 

0.03 

0.93 

-0.02 

0.33 

-1.36 

1.08 

-2.33*** 

Combined 

Coeff. 

-0.0021 

0.0186 

0.0001 

0.0022 

-0.1633 

0.5E-4 

-0.1652 

5.9E9***1.0000 

-1.58 

1.92* 

-0.0634 

0.4430 

t-value 

-0.30 

0.33 

0.03 

0.02 

-1.21 

1.90* 

-0.80 

10E19*** 

-2.39*** 

1.00 

R-SQUARE 0.827 0.512 0.689 

RMSE 

SSE 

DF 

0.547 

23.013 

68 

0.690 

36.703 

68 

0.656 

66.208 

145 

Significance level: 

* * 

10% 

5% 

* * * 1% 
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TABLE 2 

Cost of Capital Borrowing (R) 

Sample Year 

1976 1980 Combined 

VARIABLE Coeff. t-value Coeff. t-value Coeff. t-value 

A 0.4607 1.32 0.1576 1.82* 0.0945 2.27** 

AEl -0.1406 -0.60 -0.0174 -0.38 -0.0200 -0.79 

EQR -0.0015 -0.12 -0.0492 -2.39***-0.2596 -2.22** 

MB -0.1803 -0.59 -0.9746 -1.05 -0.6775 -2.21** 

Rl 0.7942 10.552***0.6937 6.61*** 0.6738 10.40*** 

ACWIP 0.0326 0.39 -0.0958 -0.56 -0.0445 -0.47 

Intercept 1.1529 1.29 2.8759 1.73** 2.7168 3.02*** 

R-SQUARE 0.691 0.462 0.486 

RMSE 0.352 0.705 0.486 

SSE 8.711 34.775 45.715 

DF 70 70 147 

Significance level: * 10% 

** 5% 

*** 1% 
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TABLE 3 

Cost of Electric Service (LC) 

VARIABLE 

LQ 

LPK 

LPL 

LPF 

LQ2 

LPK2 

LPL2 

LPF2 

LQLPK 

LQLPL 

LQLPF 

LPKLPL -

LPKLPF -

LPLLPF -

ACWIP 

CWIP 

1976 

Coeff. 

1.3234 

10.6370 

5.5148 

1.6323 

0.0069 

2.9722 

0.4457 

0.2655 

0.3307 

0.0405 

0.1392 

1.0140 

1.0627 

0.5274 

0.0391 

0.1145 

t-value 

-1.67* 

-1.18 

1.70* 

0.93 

0.41 

1.43 

-0.88 

2.35** 

1.15 

0.34 

2.90*** 

-0.79 

-1.73* 

-1.68* 

1.12 

-0.65 

Sample Year 

1980 

Coeff. 

-0.2716 

-4.2095 

-2.5496 

-1.7074 

-0.0158 

0.8219 

0.1544 

0.1346 

-0.0497 

0.0889 

0.1374 

0.4152 

-0.0245 

0.0663 

0.0229 

0.0976 

t-value 

-0.54 

-0.84 

-0.66 

-1.06 

-0.80 

1.11 

0.44 

1.36 

-0.32 

0.92 

2.37** 

0.41 

-0.06 

0.21 

0.55 

0.70 

Combined 

Coeff. 

-0.2804 

-1.4311 

1.3281 

0.5296 

0.0009 

0.6987 

0.1002 

0.0988 

0.0129 

-0.0308 

0.1033 

-0.2378 

-0.3359 

-0.2801 

0.0162 

0.0459 

t-value 

-0.87 

-0.46 

0.80 

0.68 

0.08 

1.24 

0.49 

1.78* 

0.10 

-0.50 

2,99*** 

-0.44 

-1.19 

-1.55 

0.63 

0.45 

AFAM 0.1688 3.01*** 0.0786 0.70 0.0866 1.98** 
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TABLE 3 
(Continued) 

EQR 0.0022 

APK 0.0071 

Intercept 10.786 

0.46 

0.56 

0.94 

0.0035 

-0.0269 

14.2510 

0.78 

-1.43 

1.41 

0.0048 

-0.0062 

2.4529 

1.60 

-0.62 

0.47 

R-SQUARE 0.805 0.783 0.855 

RMSE 0.125 0.136 0.135 

SSE 0.895 1.065 2.445 

DF 57 57 134 

Significance level: * 10% 

** 5% 

*** 1% 
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TABLE 4 

Price of Electricity (LP) 

1976 

Sample Year 

1980 Combined 

VARIABLE 

LC 

A 

EQR 

AFAM 

CWIPA 

Intercept 

Coeff. 

0.9175 

0.0024 

0.0028 

0.0251 

0.0001 

0.3780 

t-value 

27.41*** 

-0.40 

1.25 

1.15 

0.01 

2.17** 

Coeff. 

0.8939 

-0.0012 

0.0025 

0.0359 

0.0433 

0.4480 

t-value 

30.80*** 

-0.17 

1.40 

0.83 

0.97 

2.53** 

Coeff. 

0.9162 

-0.0013 

0.0028 

0.0311 

0.0330 

0.3602 

t-value 

55.26*** 

-0.29 

2.10** 

1.71* 

0.09 

4.04*** 

R-SQUARE 0.921 0.935 0.960 

RMSE 0.069 0.062 0.064 

SSE 

DF 

0.335 

71 

0.276 

71 

0.617 

148 

Significance level: 

* * 

10% 

5% 

*** 1% 
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TABLE 5 

Actually Realized Rate of Return (AE) 

VARIABLE 

A 

DPC 

ACWIP 

LF 

EQR 

Interc 

— 

— 

ept 

1976 

Coeff. 

0.5997 

8.9369 

0.7795 

0.0259 

0.0177 

1.5283 

t-value 

4.15*** 

3.13*** 

-2.03** • 

0.83 

-0.33 

0.50 

Sample Year 

1980 

Coeff. 

0.6123 

20.627 

-0.7752 

0.0502 

0.0344 

-4.3808 

t-value 

2.84*** 

6.39*** 

-1.84* 

1.64 

0.66 

-1.23 

Combined 

Coeff. 

0.6055 

14.666 

-0.7396 

0.0391 

-0.0021 

-1.1128 

t-value 

4.95*** 

6.90*** 

-2.58** 

1.79* 

-0.06 

-0.49 

R-SQUARE 0.310 0.450 0.357 

RMSE 1.653 1.793 1.743 

SSE 193.99 228.15 449.48 

DF 71 71 148 

Significance level: * 10% 

** 5% 

*** 1% 
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TABLE 6 

Statistics for the Test of Structural Change 

EQUATION YEAR 

A 

R 

LC 

LP 

AE 

1976 
1980 

1976+1980 

1976 
1980 

1976+1980 

1976 
1980 

1976+1980 

1976 
1980 

1976+1980 

1976 
1980 

1976+1980 

SSE 

23.013 
36.703 
66.208 

8.711 
34.775 
45.715 

0.895 
1.065 
2.445 

0.335 
0.276 
0.617 

193.99 
228.15 
449.48 

OBS 

77 
77 
154 

77 
77 
154 

77 
77 
154 

77 
77 
154 

77 
77 
154 

K 

10 

7 

20 

6 

6 

F-VALUE 

1.457 

1.025 

1.422 

0.228 

1.533 

CRITICAL F 

1.83 

2.01 

1.66 

2.10 

2.10 

Where SSE = error or residual sum of squares for 
the regression equation 

SSE = SSE for 1976 
1 

SSE = SSE for 1980 
2 

SSE = SSE for 1976 and 1980 pooled sample data 
P . . 

K = number of restrictions 
= number of parameters including the intercept 

M = number of observations in 1976 
N = number of observations in 1980 

(SSE - SSE - SSE ) / K 
p 1 2 

F-VALUE = 
(SSE + SSE ) / M+N-2K 

1 2 
CRITICAL F = F value at the 5 % level with 

degrees of freedom of K and M+N-2K 



CHAPTER V 

SUMMARY AND CONCLUSIONS 

Summary and Results of The Study 

The objective of this study was to investigate the empir

ical evidence for the impact of state regulatory practices 

on electric utilities in the context of: 

1. Determinants of the rate of return allowed on common 

equity of a utility by the state public utility commission. 

2. Interactions among the allowed rate of return, the 

cost of capital borrowing, the cost of electric service, the 

price of electricity, and the realized rate of return. 

3. Effects of rate-of-return regulation, inclusion of 

Construction Work In Progress in the rate base, and adoption 

of the automatic fuel adjustment mechanism on the overall 

efficiency, the cost and price of electric service, and the 

realized rate of return. 

4. Structure and characteristics of the cost function in 

the electric utility industry in terms of economies of scale 

and elasticities of average cost with respect to input 

prices. 

5. Regulatory reforms in the attitude and behavior of 

public utility commissions for the long-term benefits of 

98 
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both consumers and utilities, based on the results and 

implications of the study. 

In the spirit of existing theoretical and empirical lit

erature, a structural equation for each of the 5 endogenous 

variables, including the allowed rate of return, the cost of 

capital borrowing, the cost of electric service, the price 

of electricity, and the realized rate of return on common 

equity, was developed to accomplish the objectives of this 

study. 

Because of the unilateral sequence in the regulatory pro

cess, the structural model chosen was a recursive system of 

equations rather than a simultaneous one. For the recursive 

system of 5 equations, the ordinary least squares estimation 

method was applied to each of the equations. In addition, 

Cochrane-Orcutt type iteration procedure was utilized for 

the estimation of the allowed rate of return, to reduce au

tocorrelation among the error terms. 

The data used were for 77 privately-owned electric utili

ties in the U.S. for the year 1976 and 1980. Three esti

mates of the system of equations were made—one using the 

1976 data, one using the 1980 data, and one using the 1976 

and 1980 data combined. THe combined data set was used to 

test any structural change in the two periods. 
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The estimation results are: 

1. Rate of return on common equity allowed by the public 

utility commission is principally determined by firm-specif

ic variables, such as the asset size of a utility, allowed 

rate of return on a utility in the previous year and its de

viation from the actually realized rate of return, rather 

than by commission-specific variables such as salaries, 

term, valuation method, and the type of test year. More

over, public utility commissions are characterized by their 

backward-looking and adaptive behavior. 

2. Cost of external capital borrowing is lowered by a 

high common equity ratio and a high market-to-book-value ra

tio of a utility that are perceived as proxies for financial 

strength and investment risk by prospective investors. Be

cause of a heavy reliance on debt financing instead of equi

ty financing when the market interest is high and market-to-

book-value ratio is low, the allowed rate of return is 

positively related to the average cost of capital borrowing, 

which indicates the general trend of the cost of capital 

borrowing confronted by a utility. 

3. Long-run average cost of electric service, including 

electricity generation, transmission and distribution, is 
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not characterized by any substantial economies of scale. 

Most of electric utilities are already operating along the 

nearly horizontal segment of the average cost curve. In

stead, any inter-firm difference in average cost is predomi

nantly explained by the difference in the aggregate price of 

fuel that a utility uses and whether or not the automatic 

fuel adjustment mechanism is adopted. Adverse effect on the 

average cost caused by a stringent rate-of-return regulation 

and resulting over-capitalization is consistently confirmed 

although the effect is of an insignificant level. 

4. Owing to the nature of the full-cost pricing system 

currently adopted in the utility industry, average total 

cost is directly and entirely reflected in the price of 

electricity. This full-cost pricing in turn encourages a 

declining block-pricing scheme which is in conformity with 

both the sales-maximization objective and profit-maximiza

tion objective of utilities at the sacrifice of efficiency 

and resource conservation. An insignificant and small ef

fect of the allowed rate of return on electricity price may 

result from its offsetting indirect effect on the average 

cost and predominant influence of the average cost on the 

price. In fact, a high price of electricity is not 

explained by a high allowed rate of return in cross-section 
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data. A utility with a high common equity ratio turns out 

to exhibit a higher price, although the magnitude of the ef

fect is negligible. Price of electricity also tends to rise 

when the automatic fuel adjustment mechanism is adopted. 

5. Regulation of electric utilities by the public utili

ty commission is effective mainly in the sense that the al

lowed rate of return directly and significantly affects the 

realized rate of return more than any other variable. A po

sitive effect of the load factor on the realized rate of re

turn implies that even the short-run average cost curve is 

declining or horizontal as the output expands, and indicates 

that most of the electric utilities are operating at an out

put level much below their peak load. 

6. Adoption of the automatic fuel adjustment mechanism 

consistently raises the average cost as well as the price of 

electricity without any significantly favorable effect on 

the actually realized rate of return. In times of high fuel 

prices, resultant inefficient input combination toward high 

priced fuel and managerial X-inefficiency are clearly iden

tified. 

7. Inclusion of Construction Work In Progress in the 

rate base does not affect the cost of electric service or 
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the price of electricity at any substantial or significant 

level. Instead, it adversely affects the realized rate of 

return per unit of equity capital by spreading the available 

returns and by tempting non-essential investment. 

8. Interestingly, there is no evidence for any structur

al change during the periods of 1976 and 1980. For the 

electric utility industry which requires long lead periods 

before the completion of a new plant, large amount of ini

tial capital investment, and 25 to 30 years of plant life, a 

4-year interval might be too short for a structural change 

to occur. 

Policy Implications of The Study 

The results of this study suggest the following policy 

implications for the long-term benefits to both consumers 

and utilities in the context of state regulatory practices. 

1. The actually realized rate of return falls short of 

the rate of return allowed by the public utility commission, 

and the gap widened from 1.68%/year in 1976 to 2.27%/year in 

1980. Moreover, as the allowed rate of return deviates 

further from the cost of capital, the average cost of 

electric service tends to drop, and the ultimate effect of 
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the allowed rate of return is not so much on the cost or 

price of eletricity as it is on the realized rate of return. 

In this point, rate-of-return regulation is effective and 

public utility commissions need not be restrictive in allow

ing a higher rate of return, especially for those utilities 

in financial difficulty or in need of a large investment. 

2. Price of electricity predominantly depends on the 

aggregate price of fuel that a utility uses. Encouraging 

utilities to modify and update their electric plants adapta

ble to less expensive fuel,such as hydro, coal or nuclear, 

and adaptable to more fuel-efficiency, by providing a more 

favorable regulatory climate, is an urgent task of public 

utility commissions. 

3. Adoption of the fuel adjustment mechanism and the in

clusion of Construction Work In Progress in the rate base 

tend to raise both the price and the cost without any favor

able impact on the realized rate of return. Public utility 

commissions might initially allow a higher rate of return as 

an alternative to the automatic fuel adjustment and Con

struction Work In Progress, adopting a future test year. 

Through this regulatory reform, input distortion or 

factor-neutral X-inefficiency would be minimized and price 

of electricity would be lower than otherwise in the 

long-run, while maintaining utilities financially healthy. 
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4. A low load factor is one of the main reasons for a 

low realized rate of return. An inordinarily high peak-load 

leads to an unnecessarily large system capacity, about a 

half of which remains idle during non-peak times of the day 

or seasons of the year. To reduce this irregularity and in

efficiency in terms of high cost and waste of resources, a 

reform in the electricity pricing system and a thorough 

study of demand for electricity are called for. 

Suggestions for Further Research 

This study used desegregated data for electric utilities 

in all regions of the U.S. For a more stable analysis of 

the regulatory impact on utilities, a study utilizing segre

gated data by region, by individual plant of a utility, by 

type of fuel, and by production stage is suggested. 

To identify the general trend of the behavior of electric 

utilities and public utility commissions over time, time se

ries data for more than 10 years along with cross sectional 

data may be analyzed. 

In this study, financial variables have been analyzed at 

a minimum level. A more integrated model incorporating 

extensive financial considerations would give additional 
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explanation for the impact of state regulatory practices in 

the electric utility industry. 
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