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The Effect of Regulation

on Ohi

o Electric Utilities

by Philip Israilevich
and K.J. Kowalewski

Introduction

During the pioneering days of the electric utility
industry, it was believed that utilities were natural
monopolies, meaning that one utility could ser-
vice a geographic area more cheaply than any
combination of smaller utilities. More recently,
the economic viability of transferring or wheeling
electricity over long distances, the devel opment
of small-scale generators and efficient windmill
and solar power, and the increased use of cogen-
eration have undermined the view of electric util-
itiesas natural monopolies. Nevertheless, electric
utilities continue to be monopolies because regu-
latory agencies, such as the Public UtilitiesCom:-
mission of Ohio (PUCO), give them exclusive
rightsto produce and distribute electricity in
designated markets.

These regulatory agencies also
attempt to impose profit ceilingson electric utili-
tiesin order to push the price and consumption
of electricity away from monopolistic levelsand
toward competitivelevels. Thisisaccomplished
by regulating the rate of return on capital of elec-
tric utilities. The regul ator determines a “fair” rate
of return that is sufficient to allow a utility to
cover itscapital costs. With production costs and
the demand for electricity, this"fair" rate deter-
minesthe price of electricity.

The impact of thistype of regulation
on the production decisionsaf regulated utilities
wasfirst described by Averch and Johnson (1962).
They argued that thisregulation gives utilitiesthe
incentiveto overcapitaize, that is, to employ a
capital-laborratio that is larger than one that mini-
mizescostsfor agiven output level.! Thus, utili-
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tiesoperating under thisconstraint are not produc-
ing el ectricity ascheaply asthey could. Virtudly

al empirical tests of regulatory biasto date have
adopted the Averch and Johnson (A-J) model,

and most have found an overcapitalization bias.2

The magjor challenge to the AJ
model concerns the nature of the regulatory envi-
ronment. Implicit in the A-J model isa regulator
that constantly monitorscapita returnsand adjusts
electricity pricesto keep capital returnsat "fair"
levels. Joskow (1974) argues that regulatorsare
more concerned with nominal electricity prices
than with the rate of return on capital. Aslong as
nominal electricity pricesdo not increase, regula
torswill not actively enforce the rate-of-return
constraint, thereby eliminating the source of the
A-Jbias. Moreover, utilitiesface additional con-
straints, such as fuel-cost-adjustment clauses,
environmental regulations,strict rules about what
capitd isallowed in the rate base, and the
requirement to meet al demand at given electric-
ity prices. When these additional constraintsare
taken into account, the net impact on a utility's
production decisionsis not clear.

Atkinson and Halvorsen (1984) de-
veloped ageneralized cost model that allowsfor
the impact of additional regulatory constraints
and found empirical evidence of their impact on

This interpretation of the A-J result is attributed to Baumol and
Klevorick (1970).

Courvitle (1974), Spann (1974), Petersen (1975), Cowing (1978),

and Nelson and Wohar (1983), for example, test only for an over-
capitalization bias against an alternative hypothesis of no bias. Of these
papers, only Nelson and Wohar do not find an overcapitalization bias.
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utility production decisions. However, no one has
formally tested the implications of Joskow's view.
The purpose of this paper isto fill thisgap by
estimatinga modified version of Atkinson and
Halvorsen's model . The modificationsare of two
sorts. The firgt allowsfor different regulatory
impacts over time as argued by Joskow. The
second permitsthe use of panel dataand the
estimation of total factor productivity and its
components to evaluate more accurately the
impact of regulation on the technical change
implemented by uitilities.

The Short-Run Effect of Regulation on Utility Prices
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FIGURE 1

The dataare a panel sample of the
seven mgjor electric utilitiesin Ohio over the
period 1965 to 1982.3 Ohio utility datawere used
because of genera interest to most residents of
the Fourth Federal Reserve Didtrict. Also, because
these utilitiesare dl privately owned, coal-
burning plantsthat are subject to the same regu-
lator, their technologies should be fairly similar.
Thus, the estimation of acommon cost structure
for these utilitiesshould yield a smaller potential
for specification biasthan istrue of adl previous
studies of electric utilities,whose samples
include utilitiesthat employ varying technol ogies
and/or facedifferent regulators.

..........................................

The seven major electric utilities in Ohio are Ohio Power; Cincin-
3 nati Gas and Electric; Cleveland Electric llluminating; Columbus
and Southern Ohio Electric; Dayton Power and Light; Ohio Edison; and
Toledo Edison. Over the 1965 to 1982 period, they accounted for about
90 percent of electric power sales in Ohio.
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We find considerable circumstantial
evidence consi stent withJoskow's more general
regul atory mechanism. However, the estimation
results suggest that the impact of regulationin
Ohio does not completely square with Joskow's
expectation. In opposition toJoskow's view, we
find that these utilities produce electricity with
their prevailing technologies more efficiently dur-
ing the years when Joskow expects regulatory
constraintsto be more binding. InJoskow'sfavor,
wefind that regulation retardsthe rate of techni-
ca change implemented by these utilitiesto a
greater extent during the yearswhen Joskow ex-
pectstighter regulatory constraints. To our knowl-
edge, thisisthe first paper to explicitly estimate a
regulatory impact on technical changein the
electric utility industry.4 Moreover, this type of
inefficiency is surprisingly large in magnitude.
Thus, the emphasis regulatorsand economists
place on efficient production using a given capi-
tal stock appears to be misplaced; the retardation
of technical change implemented by these utili-
tiesappearsto be an important source of bias.

Thefird part of this paper reviews
the regulatory process and contraststhe A-Jand
Joskow views. Next, the rate hearing experience
in Ohio during the 1965 to 1982 period isdis
cussed and isfound to correspond quite well
with Joskow's view of the regulatory mechanism.
The third section describes the empirical results.

I. The Regulatory Process
It is useful to view the regulatory process in two
parts. 1) the mechanicsof setting a utility's elec-
tricity price structure, and 2) the eventsthat
initiatea rate hearing or a review of a utility's
electricity price structure. There islittle disagree
ment among economists about the first part. Sim-
ply put, a regulatory agency such as PUCO
attempts to maintain acompetitive price for elec-
tricity by regulating the rate of return on a utility's
capital. It establishesa "fair" rate of return (#),
taking into account all of a utility's production
costsand the demand for its electricity, that is
consistent with a"'fair" level of profit and that is
dightly higher than the utility's cost of capital.
The "far" return or profit on capita isthen

m,= Br,
where B isthe rate base or the book value of the
utility's net capital stock. The basisfor arate
change and, hence, a change in the price of elec-
tricity, isthe difference between this"far" return
on capital and the utility's accounting return on

.........................................

4 Nelson and Wohar (1983) estimated the impact of a rate-of-return

constraint on TFP and calculated its impact on technical change
as a residual. Israilevich and Kowalewski (1987) argue that this residual
is an incorrect estimate of the regulatory impact on technical change.

11
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capitd (), which isthe difference between the
utility's operating revenues (8) and its operating
costs (OC):5

T=R-0OC
Electricity pricesare set by the regulator to equate
m with 7, on the date of the hearing. If 7 isless
than =, eectricity pricesare raised, whileif 7 is
greater than 7, ectricity prices are decreased.

Thismechanism isshown in figure
1, assuming thereis only one utility serving the
market for electricity. If therewere no regulation,
the utility would maximize profits (or minimize
costs) by equating margind revenueswith mar-
gina cogts, producing quantity Q,,and charginga
price P,,. Itsprofitswould be Q,(P,,- AC,). If
the utility was acting like a perfectly competitive
firm, it would maximize profits (and minimizeso-
cid costs) by equating the market price, £, toits
margind costs and to its average costs and would
produce the quantity Q... In thiscasg, its profits
would be zero. Note, however, that & both 2,
and P, productionisefficient in the sense thet
input-factor margina productsare equated to
their market prices. A regulator pickssome price
P, that islessthan £,, but greater than £, giving
the utility a"far" profitof Q(P.- AC,) to cover
capita costs. At thispoint, productionisinefficient.

Thisisageneral descriptiond the
price-adjustment mechanism of an dectric utility
regulator. What bringsa utility to arate hearing
and what mativatesa regulator are questionsde-
bated by economists. The predominant answersto
these questionswere influenced by Averch and
Johnson. They investigatedthe optimal response
of acost-minimizing utility in staticequilibrium
to a“fair” rate of return on capitd regulatory con-
graint. They showed that when therate of return
on capital condraint is binding, and when the
"fair" rate of return is larger than the cost of capi-
td, a utility hasthe incentiveto overcapitaize;
that is, to employ acapita-labor ratio that islarger
than the one that minimizescostsfor the chosen
output level.¢ Thisiscalled the A/ bias.

Implicit in the A-J model isthe
assumption that the motivating factor behind
regulatory action isthe rate of return on capitd.

In the A-Jmodel, the constraint on a utility's
profit-maximizationactionsisthat the actud reate
o return on capital earned by a utility is no
greater than the "far" rate. Another assumption is
that an active regulator continually monitors util-
ity returnsand pounds on a utility with a"visble
hand" to maintain the equality of a utility's profits

5 Operating costs include all noncapital costs of production.
6 Actually, Baumol and Klevorick (1970) argue that Averch and
Johnson did not prove this as a general result. Note that if there

are additional production factors, then the amount of capital relative to
these other inputs also will be higher than for the cost-minimizingfirm.
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with its"fair" profits. When a tility's profitsare
lessthan its"far” level of profits, the regulator
cdlsarate hearing to raise » and, hence, the utili-
ty's price of eectricity.When a utility’s profitsare
abovethe "far" level, the regulator cdlsarate
hearingto lower rand the price o dectricity.

With minor amendments, this view
of regulatory behavior predominatesin the eco-
nomics literature, especidly in empirica studies
o dectric utility behavior, with the exception of
Joskow (1974).7 Joskow agreesthat rate-of-return
regulation will give a utility the incentiveto
employ an inefficient mix of input factors, but he
arguesthat the A-J bias may not dwaysoccur. In
Joskow's view, regulatorsare politicd institutions
whose objectiveisto minimize "conflict and crit-
icism," not to keep the rate of return on capita
egual to the"far" rate.

One important source of conflict
and criticism isan increase in the nominal price
of dectricity. Consumerswill agitate against
increases in eectricity prices because they typi-
caly view these increases as price-gouging. If
eectricity prices are not increasing, and especialy
if they arefdling, consumersare indifferent to
the profitsearned by a utility. Thus, Joskow
arguesthat if utilitiesare able to adjust their pro-
duction and investment decisionsto raisetheir
earned rates of return without raising eectricity
prices, they will not be thwarted by the regulator.
In this case, there may be little AJbias. On the
other hand, Joskow argues that regulatorsdo not
initiate any actionsto raise the rate of return on a
utility's capitd when it isbelow the "fair” rate
unless requested to do so by the utility. Beforea
rate increase is granted, the utility will earn a
return on capital below the "far” return. In this
case, an A-J bias may appear.

Thus, in contrast to the active A-J
regulator, theJoskow regulator is passive, adjust-
ing the rate of return on a utility'scapita only
when regquested to do so by a utility or by acon-
sumer advocate. As time passes, earned profits
may deviate from "fair" profitsif input prices,
eectricity demand, and other factors change, but
the regulator does not initiate a price change to
re-equateearned profitswith "fair" profits until
the next rate hearing. In the meantime, a utility
can dter its production and investment decisions
in ways opposite to those predicted by the A-J
model. The"far" rate of return isameansto an
end (uncontroversia dectricity prices), not an
end in itsdf, in Joskow'sview. After reviewing the
regulatory experience acrossthe U.S. between the
1950s and early 1970s, Joskow concludes that:

Contrary to the popular view, it does#ot ap-

..........................................

duction of a "regulatory lag"; see, for example, Bailey and

‘ A slight modification to the A-J regulatory process was the intro-
Coleman (1971) and Baumol and Klevorick (1970).



http://clevelandfed.org/research/review/

Best available copy

. _____________________________________________________________________]
The Relationshipof Electricity Prices
and Sdesto the Frequency of Rate Hearings

Electricity Prices(per kilowatt-hour)

Current dollars

0.05
0.04 I
003
0.02
0.01 H

0.00 1965

Electricity Sdes

1970

1975

Billionsof kilowatt-hours

140

112
84
56
28

0

1965

1970 1980

1975

Rate Hearing Frequency

Percent of seven utilities

100
80
60
40
20

0

1965

1970

1975 1980

SOURCE: Public UtilitiesCommission of Ohio and Standard and Poor's

Cornpustat Services, Inc., Utility Compustat 1.
]

FIGURE 2

pear that regulatory agencieshave been con-
cerned with regulating ratesof return per
se. The primary concern of regulatory com:-
missions has been to keep nominal prices
from increasing.Firmswhich can increase
their earned rates of return without raisng
pricesor by lowering prices (depending
on changing cogt and demand characteris
tics) have been permitted to earn virtudly
any rate o return that they can. Formal
regulatoy action in the form of rate of
return review is primarily triggered by firms
attemptingto raisetheleve of their ratesor
to make major changesin the structure of
ther rates. The rate of return is then used
to establish anew set of celling prices
which the firm must live with until another
regulatory heering istriggered. Generd
price reductionsdo not trigger regulatory
review, but are routinely approved without
formd rate of return review.

1987 QUARTER 1

This regulatory processistherefore ex-
tremely passve. Regulatorstake no action
regarding prices unless mgor increasesor
dructura changesare initiated by the firms
under its jurisdiction. In short, it isthe
firms themsel veswhich trigger a regulatory
rate of return review. Thereis no "dlowed"
rate of return that regulatory commissions
are continually monitoring and a some
specified point enforcing. (p. 298)

Because they work in a palitical en-
vironment, public utility commissionsface other
sourcesaof conflict and criticism, which havere
sulted in two additional constraintson utility
behavior. Firg, when energy costsincreased rapid-
ly in the mid-1970s, utilitiesrequested rate hear-
ingsin greater numbersthan in the past. Thisin
creased caseload put alarge burden on regulatory
agencies, who were accustomed to only afew
hearings per year. The time lag between the
request for arate hearing and achangein elec:
tricity pricesincreased, and many utilitieswere

forced to request another rate hearing immediately

dter their previoushearing. In order toshorten
thislag and to appease utilities, regulatorsinsti-
tuted fuel-cost-adjustment clausesthat permitted
utilitiesto pass on higher fuel costs to consumers
without the need for aforma rate hearing.

Second, the fossil-fuel generators
operating before the mid-1970s emitted a consid-
erableamount of pollutionintothe atmosphere.
Successful agitation by environmental advocates
forced public utility commissionsto establish
limitson the amount of pollutionthat utilities
could emit. These additional constraintscompli-
cate the andysisof the impact of arate-of-return
congraint on utility behavior.

II. Rate Hearingsand Average Costs

of Ohio Utilities: 1965 to 1982

Some evidence cong stent with Joskow’s view of
the regulatory mechanismisfound in the history
of rate hearingsin Ohio between 1965 and 1932.
To put thisevidenceinto perspective,firs con-
sider the behavior of the average price per
kilowatt-hour of eectricity charged, and the quan-
tity of kilowatt-hourssold, by the seven mgor
Ohiodectric utilities(figure 2).

For the purposesdf thisdiscussion,
three digtinct periods of different dectricity price
and consumption behavior can be seen: 1965 to
1968, 1969 to 1975, and 1976 t0 1982.8  Within

Note that the average price shown in figure 2 is not the regulated

price, but the ratio of average total revenue for the seven utilities
to their average total sales. In general, different consumers face different
regulated price schedules, and utilities serving different geographic
markets may be allowed to charge different prices for the same category
of consumer.

13
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each period, the directions of change in priceand
quantity were the samefor each utility in thesam-
ple. During the 1965 to 1968 period, the average
price of eectricity changed very little and electric:
ity salesrose considerably. During the 1969 to
1975 period, the average annua growth rate of
dectricity salesslowed, while that of prices
increased greetly. Between 1976 and 1982, the
dectricity salesdeclined for the firg timein
Ohio's history, while pricesincreased & their fas-
est averageannual percentage rate.

It isimportant to notethat the
average price shown in figure 2 isalso the aver-
age cos of dectricity. Al regulators, including the
PUCO, definethe price of capital to be 7 divided
by B, hence equating operating revenueswith
operating costs. The neoclassicd economist's
measure o average cost usesa market price of
capital and, hence, the neoclassical measure of
average cods can differ from the PUCO’s defini-
tion. Bemdt and Fuss (1986) argue thet a capita
price measure such asthat used by the FUQO is
more appropriate because it isarental price or
user cost of capita and because it controlsfor
changesin capacity utilization. For these reasons,
and because it is the measure the FUCO usesand
towhich utilitiesrespond, the rental price of cap-
ital isemployed in this paper.

Figure 2 al so showsthe percentage
of the seven utilitiesrequesting rate hearingsin
each year. In thefirg period, utilitiesrarey re
quested rate hearings, and their average coss were
fdling. This behavior correspondswithJoskow's
firs proposition: "' During periods o faling average
cost we expect to observevirtudly no regulatory
rate of return reviews' (p. 299). Theaverage price
of electricitywasa sofalling during this period,
congistent with Joskow's second proposition: "Dur-
ing periodsof falingaverage costswe expect to
observe congtant or falling prices charged by reg-
ulated firms' (p. 299). Given that there werefew
rate hearingsin this period, it is plausiblethat
utility returns on capitd were greater than or
equal to the "far" returnsthe FUCO would have
defined had they been requestedto do so.®  Ac:
cording toJoskow, if actua returnswere lower
than the"far" return, then the utilitieswould
have asked for price increases. HenceJoskow's
third proposition: "During periods o faling aver-
age costswe expect to observerising or constant
(profit maximizing) rates of return” (p. 299).

During the 1969 to 1975 period,
average cods increased dightly, triggeringa
modest increasein the frequency o hearings,
while during the 1976 to 1982 period, average

It can never be known whether eamed returns were greater than
"fair" returns because there were no rate hearings for all firms
during these years.
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cogts increased tremendoudly. Production cogtsin-
creased in the late 1960s because of inflation stimu-
lated by economic policies; they increased very
quickly and unexpectedlyin the mid-1970sbe
cause of inflationengendered by worldwidefood
shortagesand by the Areb oil embargo. For agiven
dectricity price, such increasesin operating costs
drove utility profitsbelow their "far" levels. Utili-
ties promptly responded to these cost increases
by requesting dectricity price increasesthat, in
most cases, were granted by the PUCO. Thefre
quency of hearings increased sharply as utilities
had trouble keeping up with the effects of the
rapid risein cogts. Viewing the 1969 to 1975
period as a trangition from a period of faling
average coststo one o rising average costs, the
modest increasein rate hearings during this period
isconsi stentwith Joskow sfifth proposition:
Thetransition from a period of fdling
average coststo one of rising averagecosts
for a particular regulated industry will a
firs yield no observableincrease in the
number of rate d return reviewsfiled by
the regulatory agency, but as cost increases
continue more and more rate of return
reviews are triggered as firms seek price
increases to keep their earned rates of
return a leest a the leved that they expect
the commissionwill allow in aforma reg
ulaory hearing. (p. 300)
For estimation purposes, the 1965to
1982 interva was divided into two periods: 1965
t0 1973 and 1974 to 1982. Testable hypotheses of
the A-J and Joskow views deal with the absolute
and relative production inefficienciesdf the utili-
tiesin these two periods. The near absence of
regulatory hearingsin the firg period would sug-
gest, to both Joskow and A-J, that earned rates of
return of these utilitieswere & leest asgreet as
"fair" rates of return. Averch and Johnson would
argue that earned ratesof return were lower than
monopoly rates o return and, hence, that the A-J
biasshould exist in the fird period. On the other
hand,Joskow would argue that earned rates of
return may have been closeto monopoly rates. If
thiswere true, then because monopoly ratesare
consistent with efficient production, there may
have been very little A-J biasin thefirst period.
Indeed, asJoskow arguesin his seventh proposi-
tion, production may have been veary efficientin
thefirg period because reducing costswould
have contributedto higher earned rates of return
that were not taken avay by regulators:
During periods of faling or constant nom-
ina average cogtsfirms have an incentive
to produce efficiently since dl profits may
be kept aslong as pricesgay below the
levd established by the regulatory com-
mission in thelag formd rate of return
review. (p. 303)
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The high frequency of hearingsin
the 1974 to 1982 period suggeststhat earned
rates of return for these utilitieswere lower than
"fair" rates of return for most of the period,; that
is, m < . Becausethese earned rateswere even
further away from monopolistic ratesof return,
Joskow would argue that it is more likely there
are inefficiencies of the A-Jtypein the second
period. His proposition eight says. "During peri-
ods of rising average costsA-J type biases may
begin to become important” (p. 304). He does
not exclude the possihility that firms may con-
tinueto try to be as efficient as they were in the
first period in order to earn greater than "fair"
rates of return. However, he argues:

Unlessthe direction of the cost path can
be changed, however, the continuousinter-
action of firmsand regulatorsin formal regu-
latory hearings, resulting from the necessity
to raise output prices, is exactly the situa
tion for which the A-J type model (with
some modifications) would hold. | would
therefore expect that it is under thissitua
tion of continuously rising output prices,
triggering rate of return reviewsthat the A-J
type models and the associated resultsare
most useful. (p. 304)

Thus, Joskow would argue that
utilitieswould try to organize their production
more efficientlyin the firg period than in the
second period. His concept of production effi-
ciency includesthe static notion of employing
currently available production inputs in the least-
cost way for any given level of output (that is,
employing the least-cost combination of inputs
along agiven isoquant) and the dynamic notion
of investing in more productivecapital over time
(that is, investing in productivecapital to push
the family of isoquants toward the origin). Averch
andJohnson deal only with the static notion of
productiveinefficiency because their model ana
lyzes a static equilibrium. They would argue that
the amounts of this static inefficiency are the
same in both periods because they assume a reg-
ulator who maintainsthe earned rate of return on
capitd a its"far" rate.

The distinction between the static
and dynamic notions of production efficiencyis
important. When a public utility commission
conducts arate hearing, it pays attention only to
the static notion of production efficiency. Indeed,
most models of regulatory impact deal only with
the static notion. However, it is conceivable that
regulation also affectsthe rate of technical change
implemented by utilities; if regulation biasesthe
amount of capital employed by a utility, it may
also bias the type of capital employed. Regulatory
impactson overdl inefficiency and on the rate of
technical change are estimated below.

1987 QUARTER 1

III. Empirical Evidence About

the A-J and JoskowViews

The A-Jand Joskow views are examined using a
modified version of the Atkinson and Halvorsen
(1984) generalized long-run cost-function ap-
proach with capital (K), labor (L), andfud (F)
asinputs.’® Atkinson and Halvorsen argued that
the long-run neoclassical cost-function approach
isincorrect for a regulated firm because it
assumes the firm is minimizing costsin a per-
fectly competitiveworld constrained only to pro-
duce agiven level of output. When afirmis
subject to a number of regulatory constraints,as
isgeneraly true today, firmsview al input prices
differently from their market or rental prices. The
exact specification of these nonmarket or
"shadow" pricesdepends on the exact form of
the additional constraints. Atkinson and Hal-
vorsen approximated these shadow prices by
simple proportional relationshipswith market
prices,; that is, the shadow price of input i: P}=
k.P., where P, isits market price and &, isacon-
stant. Thus, the generalized cost function is
simply the neoclassical cost function with 2/
substituted for £,. Instead of minimizing long-
run actual costs, a utility isassumed to minimize
long-run shadow costs by equating the shadow
marginal cost of each input with the amount of
the input used.

The modificationsmade to the
Atkinson and Halvorsenapproach are 1) the
inclusion of time variablesto accommodate panel
dataand to permit the estimation of total factor
productivity (7FP) and itsreturnsto scaleand
pure technical change components, and 2) the
distinction between the 1965 to 1973 and 1974 to
1982 time periods.

THP is measured asthe changein
the cost of production not due to changesin in-
put prices, and reflects the overall productivity of
al inputs rather than the productivity of asingle
input such as labor. The neoclassical approach to
the measurement of THP assumes an optimal dis
tribution of production resourcesin afirm, which
isan inappropriate assumption for regulated
electric utilities. The generalized-cost-function
approach yieldsan estimate of TFP that is con-
sistent with regul ated behavior. The most impor-
tant variable for examiningJoskow's view on
productivity behavior is the pure technical
change component of TFP Gollop and Roberts
(1981), among others, argue that this component
isa better measure of productivity than TFP

See Israilevichand Kowalewski (1987) for complete details
about the data, the specificationand estimation of the
shadow-cost model, and the results.

1 Nevertheless, some authors, for example Gollop and Roberts
(1981, 1983), use the neoclassical approach to study electric

19
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The distinction between the two
periodsis made by estimating separate coeffi-
cientsfor them. Thisdlows the production deci-
sions, aswell asthe degree of regulatory con-
graint, to differ between the two periods."

The &, coefficients measurethe
degreeto which the neoclassical first-order con-
ditionsare not satisfied and, hence, serveto test
for productioninput biases. If al 4, equal one,

then shadow prices equal market and rental prices,

and regulation does not affect production deci-
sions; actual, not shadow, long-run costs are min-
imized. If the &, for al inputs except capital
egual one, then there is only an overcapitaliza
tion bias. If any other &, do not equal one,
regardiessaf the &, valuefor capital, then the A-J
view isrejected.

Theresultsdof estimating the
model over the 1965 to 1982 period show that
both %, and %, are separately and jointly Statisti-
cdly different from one a better than a5 percent
sgnificancelevd in both periods.’* Thus, pro-
duction efficiency is rejected,and the neoclassicd
cost-functionapproach for regulated firms
employed by Gollop and Roberts (1981) and
othersisinappropriatefor this sample. Moreover,
these resultsregject the A-Jview over thewhole
sample; regulation affects the efficient utilization
o dl production inputs by these utilities.

Ancther test of the AJ view,and a
test of the implicationsof Joskow's view, is
whether productioninefficienciesresultingfrom
regulation differ in the 1965 to 1973 and 1974 to
1982 periods. TheA.J view isthat the inefficiencies
should be the same in each period, while the
Joskow view isthat there should be greater ineffi-
cienciesin the second period than in the fir.
Two approachesare taken here. In the firgt, the
differencesin &, and k. are examined. TheA-J
view is not rejected if the differencein &,
between the two periodsiis insignificantlydiffer-
ent from zeroand both &, equal one. If the
k, suggest greater inefficienciesin the second
period than in the firgt, then the Joskow view is
not rejected.

Thetest resultsshow that the A-J
view isrejected a better than 0.5 percent, and the
differencesin the &, and k. coefficientsbetween
the two periodsare sgnificantly different from
zeroa better than 5 percent. However, the Jos-
kow view is also rejected, because the differences
inthe %, and k&, coefficients,second period

1 A test of similar production behavior in the two periods was
convincinglyrejected.

1 For technical reasons, only two of the threek, can be esti-

mated. The k, coefficient on the price of labor is normalized

to one, and only kx and k¢, for capital and fuel, respectively, are
estimated.
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minusthe firgt, are significantly negative; to not
reject Joskow, this differenceshould have been
postive. Unfortunately, due to technica reasons
related to the specification of the cost function,
the sources df the differences in these coeffi-
cientscannot be identified.

The second approach examines
edimatesof the differencesin tota and dynamic
inefficiency due to regulation between the two
periods. Thefull cost of regulation and, hence,
the magnitude of the inefficienciescreated by
regulation, cannot be estimated becausethereis
Nno evidenceto suggest how the utilitieswould
have organized their production had regulation
not existed over the sample period. Of courseg, it
isimpossibleto know how these utilitieswould
have behaved without regulatory congtraints. For
example, the activities of production and distribu-
tion might have been separated, different
amounts of capita might have been employed,
and different technol ogies might have been
chosen.”* Hence, it isimpossibleto know what
these firms cost functionsand associated returns
to scaleand productivitieswould have been.

"Instantaneous" inefficiency esti-
mates can be computed, however. A total ineffi-
ciency measure comparesactua utility costs pre
dicted by the estimated mode with the actud
costs predicted by the model, but with &, and
k; set equa to onein both periods. Thet is, cur-
rent production costs for actud levelsof output,
which aregenerated by current capitd, labor, and
fue inputs; production technigues;and regulatory
congtraints, are compared with the costsgenerated
with the sameinput levelsand production tech-
nigues and for the sameactual output levels, but
without the regulatory congtraints. Thisestimate,
a so examined by Atkinson and Havorsen, mea
sures the shift in the cost curve due to regulation.

An estimatedf the dynamic notion
o inefficiency can be obtained by examining the
technical change experienced by these utilities
with and without regulation. Technical changeis
defined here asthe negative of the derivative of
total costswith respect to time, holdingdl other
factorsconstant. It isafunction of aconstant
term, shadow input prices, output (returnsto
scale), and time, and it shiftsthe position of a
firm's average cost curve over time. As above,
technical change with regulation isthat implied
by the estimated model; technical changewith
out regulation isthat implied by the estimated
model, but with &, and %, set equal to one.
The differencedoes not havea rea-world coun-

1 4 Under the current regulatory environment, the productionand

distribution of electricity must be handled by each utility.
Moreover, the transferal of electric power across state lines is also
impeded.
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terpart or explanation, but it doesindicatethe
direction o regulaory bias.

These inefficiency estimates provide
mixed evidenceabout Joskow'sview. The differ-
ence in the total inefficiency measure between
the two periodsis the opposite of Joskow's expec:
tation. Instead of greater totd inefficiency in the
second period, when Joskow expects regulaory
condraintsto be binding, our estimatesshow
greater totd inefficiency in thefirgt period, when

Joskow expects regulatory constraintsto be less

binding. In the fird period, the totd inefficiency
varies between 26 percent and 49 percent and
averages 36 percent. In the second period, it var-
ies between 16 percent and 19 percent and aver-
ages 17 percent. Thisdifference in totd ineffi-
ciency squareswith the differencesin &, and &
between the two periods described earlier.

An interesting feature of these total
inefficiency estimatesis their large magnitude in
the firgt period. Atkinson and Halvorsen find
much smaller inefficiency losses (9.0 percent) in

L]
Egimated Technical Change

Technical change
in percentagepoints, average
Year over firm
1965 0.3
1966 -0.1
1967 -0.3
1968 -0.6
1969 -1.0
1970 -1.2
1971 -14
1972 -1.7
1973 -2.0
1974 -34
1975 -3.6
1976 -3.6
1977 -3.8
1978 -3.8
1979 -4.0
1980 4.2
1981 -4.4
1982 -4.6
Averageover year
1965-1973 -0.9
1974-1982 -3.9
SCQURCE: Authors.
TABLE 1

1 It is likely that our estimates are more accurate for Ohio
because our sample includes only Ohio firms, which are fairly
similar in a number of important respects, as mentioned earlier.
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their crosssection sampl e, which includestwo of
our firms.’> However, the Atkinson and Hal-
vorsen result capturesonly the static portion of
total inefficiency costs because the authorsdo not
usetime variablesin their cost equation. Our
estimatesinclude the dynamic inefficiency costs
and, hence, are more representative of the tota
costsof regulation.

The difference between the Atkin-
son and Halvorsen result and ours suggeststhat
the dynamic inefficiency may be quite large.
Indeed, wefind tha regulation retarded the
growth of technica change, on average, by 0.3
percentage point per year in the firg period and
by 04 percentage point per year in the second.
Thisisan important result, and one that has been
neglected by economistsand regulatorsalike.
Regulation not only affects the efficient utilization
o existing production inputs, but it aso affects
the implementation of efficient capital and man
agement techniguesover time. Unlike our tota
inefficiency estimates, our dynamic inefficiency
estimatessupport Joskow's view.

The behavior of technica change
over timea so confirmsJoskow's view. Table 1
showsthe technical-change estimatesover the
whole period, averaged over al firmsfor each
year. AsJoskow argues, the rate of technical
changeislower in the second period, when heex-
pects regulatory constraintsto be more binding.

The mogt notable characterigtic
about these technical-changeestimatesis their
strong downward trend.’¢ Starting at 0.3 percent
in 1965, the annud averagerate of technica
changedrops seadily each year to -4.6 percent in
1982. Thisrather uniform decline, except around
1973 and 1974, when period one ends and
period two begins, is due to dominant estimated
timetrendsin each period. That shadow input
priceshave little influence on technical changeis
not surprising, because dectricity production
offerslittle opportunity for input substitution in
the short and medium runs. The timetrend cap-
turesthe effectsof puretechnica change embod-
ied in the capitd investments of these utilities
and may be additiona evidence in favor of Jos-
kow's seventh proposition. Although thisis not
conclusive proof of Joskow's seventh proposition,
becausewe do not know the nature of the capita
investmentsmade in these and earlier periods, it
& least does not contradict it.

16 A strong downward trend in the rates of technical change

experienced by utilities also was found by Nelson and Wohar
(1983), Gollop and Raberts (1981), and Goflop and Jorgenson (1980), all
of whom used samples that ended in the 1970s. Thus, the results report-
ed here confirm these earlier findings for the late 1970s and early 1980s.
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V. Summary and Conclusions

Electric utility regulatorsattempt to maintaina
competitive price for electricity by adjustingthe
rate of return on a utility's capital. At first blush,
this pricesetting scheme appearssensible. It
seems reasonably efficient to allow utilitiesto
pass along operating costsand cover their cost of
capital. However, potentially serious problems
with this type of regulation relate to consumer
reactionsto price increasesand to the typesof
incentivesgiven to utilities. First, price increases
may lower the consumption of eectricity, which
may reduce earned rates of return below "fair"
ratesand trigger a price increase, which in turn
may lower consumption and trigger another price
increase, and so on. That is, the proper response
tofalling utility profits because of lower demand
may not beto raise prices.

Second, utilities may be ableto ef-
fect price increasesby overcapitalizing,which
inflatestheir rate base. Indeed, rate increases
lower the risk of capita investment below the
risk level of unregulated industries, clearly giving
utilitiesthe incentiveto overcapitalize. This poten-
tia biaswas recognized by Averch and Johnson,
and many empirical studies that adopted their
model found an overcapitalization bias.

Finaly, the ability to passalong
operating cost increasesthat originated from pro-
ductivity declines suggeststhat utilities may not
have the incentiveto raise productivity. This
dynamic source of inefficiency was recognized by
Joskow, who also argued that the regulatory
mechanism is more complicated than that
assumed by Averch and Johnson.

This paper is, to our knowledge,
thefird to test the A-J view against Joskow's more
general view. Using a modified version of the
generalized long-run cost function derived by
Atkinson and Halvorsen (1984) and a sample of
the seven mgjor electric utilities in Ohio over the
1965 to 1982 period, substantial evidence is
found againgt the A-J view. However, the evi-
dence is not wholly in agreement with Joskow's
view, either. The circumstantial rate hearing evi-
dence is consistent with Joskow's view of the
regulatory mechanism, but our estimation results
do not wholly confirm the implicationsJoskow
drawsfi-om his regulatory mechanism. Two sets
of resultsimply that regul atory constraintswere
more binding during the years in which Joskow
expects them to be less binding. Nevertheless, in
accordancewithJoskow's view, we find that regu-
lation substantially retardsthe rate of technical
change experienced by these utilities,and the
retardationis greater when Joskow expects regu-
lation to be more binding. Thisisthe firs dem-
onstration of a regulatory impact on technical
change. It clearly suggeststhat regulators ought to
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pay closer attention to the incentivesthey give
utilitiesto innovate.™

A reconciliation of these findingsis
difficult. They may suggest that the circumstantia
rate hearing evidence is not closely correlated with
the degree of regulatory constraint. Utilities may
have been constrained in the 1965 to 1973 period
by the possihility or fear of a rate hearing that
would eliminate the above "fair" returnsthey were
currently earning. Another possibility isthat fre
quent ratehearingsin the 1974 to 1982 period pre-
vented utilitiesfrom artificialy fatteningtheir rate
bases. That is, given the incentiveto overcapita-
ize, utilitieswere prevented from taking advantage
of the regulatory system by frequent and accurate
regulatory review. In this case, the price of elec-
tricity may have remained close to competitive
levels, where production, though different fi-om
monopolistic levels, nonethel essis efficient. The
poor technical-change performance between 1974
and 1982 may be the primary cause of the greater
rate-hearing frequency, and not the reverse.

Or Joskow may be correct,and utili-
tieswere smply lax about maintaining efficient
production in the first period, or they anticipated
future regulatory constraintsand took actionsto
fatten their rate bases while they had the oppor-
tunity.’® Clearly,there is much to learn about the
impact of regulation on utility performance.

The poor technical-changeperformance also may be due to
1 7 increased investment in nuclear power plants. Many of these
plants were cancelled after the mid-1970s, but they diverted managerial
attentionand funds away from conventional power-generationcapital
investments.

Joskow can also be defended by arguing that our inefficiency
]_8 measures are incorrect. As was mentioned earlier, it can
never be known how utilities would have behaved without regulation.
Without this knowledge, any inefficiency measure can be faulted. Never-
theless, the estimated change in k¢ and & between the two periods
is hard evidence against Joskow's view.
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