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A TEST CF WD M EW6 OoF THE REGULATCRY MECHAN SM
AVERCH JGHNSON AND JCBKOW

|. Introduction

The i npact of regul ation on the production decisions of electric utilities
was first described by Averch and Johnson(1962). They argued that rate-of-
returnregulation gives utilities the incentive to overcapitalize, that is, to
enpl oy a capital-labor ratio that is larger than one that m ni m zes costs for
a given out put level.l! Courville (1974), Spann (1974), Petersen (1975), and
Qowi ng (1978), for exanpl e, find evidence of an overcapitalizationbias using
variations of the Averch and Johnson(A J) nodel .2

The maj or chal | enge to the A-J nodel concerns the nature of the regul atory
environment. Inplicit inthe AJ nodel is a regulator that constantly
nonitors capital returns and adjusts electricity prices to keep capital
returns equal to their "fair" levels. Joskow(1974) argues that regul ators
are nore concerned with nomnal electricity prices than with the rate of
return on capital. As long as nomnal electricity prices are not increasing,
regulators will not actively enforce the rate-of-return constraint, thereby
elimnating the source of the AJ bias. As evidence in favor of his view,
Joskow finds a positive relationship between changes i n the average cost of
electricity production and the frequency of rate hearings initiated by
utilities. He also argues that the inpl enentation of fuel-cost-adjustment
cl auses and environnmental regul ations in the 1970s refl ects his nore general
view of regulators as political entities rather than as Averch and Johnson' s
strict rate-of-return enforcers.

The total inpact of these and other constraints on electric utility

producti on deci si ons was exam ned by Atkinson and Hal vor sen(1984). They
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devel oped a generalized cost nodel that includes the inpact of additional
regul atory constraints and found enpirical evidence of these inpacts in a
cross-section sanple of electric utilities. However, they did not include
Joskow s view of the regulatory process in their nodel.

The purpose of this paper is to test Joskow s view of the regul atory
mechani smby estinating a nodi fied version of the Atkinson and Hal vor sen
nodel . The nodifications are of two sorts. The first allows for different
regul atory inpacts over tine as argued by Joskow The second permts the use
of panel data and the estination of total factor productivity (TFP) and its
returns-to-scal e and t echni cal -change conponents. Joskow argues that when the
A-J bias occurs, utilities have I ess incentive not only to enpl oy an efficient
teamof productioninputs, but also to innovate or to naintain a high rate of
techni cal change. Nel son and Whar (1983) attenpted to exan ne the inpact of
regulationon utility technical change, but they could not estimate a direct
regul atory inpact on technical change. Qur procedure yields such an estinate.

Qur data are a panel sanple of the seven major electric utilities in Chio
over the period 1965 to 1982.3 The advantage of this sanple is that the
t echnol ogi es enpl oyed by these utilities should be fairly simlar; these Chio
utilities are all privately owned, coal -burni ng pl ants and are subject to the
same regul ator. Thus, the estimation of a cormon cost structure for these
utilities should yield a snmaller potential for specificationbias thanis true
of previous studies of electric utilities, whose sanples include utilities
that enpl oy varyi ng technol ogi es or face different regul ators.

Qur results square with Joskows view W find considerable circum
stantial evidence in Chio consistent with Joskows nore general regul atory
mechanism Qur estination results showthat these utilities produce el ec-
tricity less efficiently during the years when Joskow expects regul atory

constraints to be nore binding, and that regulationsignificantly retards the
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rate of technical change inplemented by these utilities. Thus, the enphasis
that regul ators and econom sts pl ace on efficient production using a given
capital stock appears to be m spl aced; the retardation of the rate of

techni cal change inpl emented by these utilities appears to be an inportant
source of bias. However, contrary to Joskow s view, we find that regul ation
retards the technical change inplenmented by these utilities to a | esser extent
during the years when regul atory constraints are nore tightly binding.

The next section of this paper contrasts the Averch-Johnson and Joskow
views of the regul atory mechanism After that, the rate hearing experience in
Chi o over the 1965 to 1982 period is discussed and is found to correspond
quite well with Joskow s vi ew of the regul atory mechanism The fourth part
presents the nodel and outlines the testing procedures; the fifth section
describes the enpirical results. The final section provides sunmmary and

concl udi ng r enar ks.

II. Averch-Johnson and Joskow Vi ews of the Regul atory Process

It is useful to viewthe regulatory process in tw parts: 1) the
nechani cs of setting a utility's electricity price structure, and 2) the
events that initiate arate hearingor areviewof a utility's
electricity price structure. There is little di sagreenent anong econom sts
about the first part. Wat brings a utility to a rate hearing and what
notivates a regul ator are open questions in the enpirical literature. The
predonm nant answers to these questions were influenced by Averch and Johnson.
They investigated the opti mal response of a cost-minimzingutility instatic
equilibriumto. a "fair" rate of return on capital regulatory constraint. They

showed that when the rate of return on capital constraint is binding, and when
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the "fair" rate of returnis larger than the cost of capital, a utility has
the incentive to overcapitalize, that is, to enploy a capital-labor ratio that
is larger than one that minimzes costs for the chosen output level.*

Inplicit inthe AJ nodel are two assunptions about the behavior of the
regulator. Qne is that the notivating factor behind regul atory actionis the
rate of return oncapital; inthe AJ nodel, the constraint on a utility's
profit-maxi mzationactions is that the actual rate of return on capital
earned by a utility is no greater than the "fair" rate. The second is that an
active regulator continually nmonitors utility returns and pounds on a
utility with a "visible hand" to maintain the equality of a utility's profits
withits "fair" profits. This follows fromAverch and Johnson's assunption of
static equilibrium Wen a utility's profit is less thanits "fair" |evel of
profits, the regulator calls a rate hearing to raise the "fair" return and,
hence, the utility's price of electricity. Wen a utility's profits are above
the "fair" level, the regulator calls arate hearing to lower its "fair"
return and the price of electricity.

Wth mnor anendrents, this viewof regul atory behavi or predomnates in
the econonics literature, especially in enpirical studies of electric utility
behavi or, with the exception of Joskow (1974).° Joskow agrees that rate-
of-returnregulationw |l give a utility the incentive to enpl oy an
inefficient mx of input factors, but he argues that the A-J bias nay not
al ways occur in a dynamc world. 1nJoskows view, regulators are politica
institutions whose objective is to mnimze "conflict and criticism"not to
keep the rate of returnon capital equal to the "fair" rate

One inportant source of conflict and criticismis an increase in the
nom nal price of electricity. Consuners will agitate agai nst increases in
el ectricity prices because they typically viewthese i ncreases as price-

gouging. |If electricity prices are not increasing, and especially if they are
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falling, consuners are indifferent to the profits earned by a utility. Thus,
Joskow argues that utilities that are able to adjust their production and

i nvest ment decisions to raise their earned rates of return wthout raising
electricity prices will not be thwarted by the regulator. In this case, there
may be little A-J bias. On the other hand, Joskow argues that regul ators do
not initiate any actions to raise the rate of return on a utility's capital
when it is belowthe "fair" rate unless requested to do so by the utility.
Before arate increase is granted, the utility will earn a return on capital
bel owthe "fair" return. In this case, an AJ bias nay appear.

Thus, incontrast to the active AJ regul ator, the Joskowregul ator is
passi ve, adjusting the rate of returnon a utility's capital only when
requested to do so by a utility or by a consuner advocate. FEarned profits nmay
deviate from"fair" profits over tine if input prices, electricity demand, and
other factors change, but the regul ator does not institute a price change to
re-equate earned profits with "fair" profits until the next rate hearing. In
the neantine, a utility can alter its production and i nvestnent decisions in
ways opposite to those predicted by the AJ nodel; The "fair" rate of return
inJoskow s viewis a means to an end(uncontroversial electricity prices),
not anend initself. After review ng the regul atory experience across the
U S betweenthe 1950s and early 1970s, Joskow concl udes that:

Gontrary to the popul ar view, it does not appear that regul atory
agenci es have been concerned with regulating rates of return per se. The
primary concern of regul atory conm ssions has been to keep nomi nal
prices fromincreasing. Firns which can increase their earned rates
of return w thout raising prices or by | owering prices(depending on
changi ng cost and denand characteristics) have been permtted to earn
virtually any rate of return that they can. Formal regulatory action in
the formof rate of return review is primarily triggered by firms
attenpting to raise the level of their rates or to make maj or changes in
the structure of their rates. The rate of returnis then used to
establish a newset of ceiling prices which the firmmnust live with until
anot her regul atory hearing is triggered. General price reductions do
not trigger regulatory review, but are routinely approved w thout fornal
rate of returnreview
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This regul atory process is therefore extrenely passive. Regulators take
no action regarding prices unless najor increases or structural changes are
initiated by the firns under its jurisdiction. Inshort, it is the
firns thensel ves which trigger a regulatory rate of return review There
isno "allowed" rate of return that regul at ory comm ssions are continuously
noni toring and at sone specified poi nt enforcing. (Joskow, 1974, p. 298)

Because they work in a political environnent, public utility comm ssions
face other sources of conflict and criticism which have resulted i n two
additional constraints on utility behavior. First, in the mid-1970s, when
energy costs increased rapidly, utilities requested rate hearings in greater
nunbers than i n the past. This increased caseload put a | arge burden on these
regul at ory agenci es, who were accustomed to only a fewhearings in a year.

The tinme | ag between the request for a rate hearing and a change in
electricity prices increased, and many utilities were forced to request
another rate hearing imedi ately after their previous hearing. |n order to
shorten this lag and to appease utilities, regulators instituted fuel-cost-
adj ustnent clauses that permtted utilities to pass higher fuel costs to
consuners w thout the need for a fornal rate hearing. Second, environnental
advocat es successfully agitated public utility commssions to establishlimts
on the amount of pollution emtted by fossil-fueled utilities. These two
constraints conplicate the analysis of the inpact of a rate-of-return

constraint on utility behavior.

III. Rate Hearings and Average Costs of Chio Wilities: 1965 to 1982

Sone evi dence consi stent with Joskow s view of the regul atory nmechani smis
found in the history of rate hearings i n Chi o between 1965 and 1982. To put
this evidence into perspective, refer to the figure on page 26, whi ch shows
the behavi or of the average price per kilowatt-hour of electricity charged,
and the quantity of kilowatt-hours sold, by the seven najor Chio electric

utilities.
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For the purposes of this discussion, three distinct periods of- different
nomina electricity price and consumption behavior can be seen: 1965 to 1968,
1969 to 1975, and 1976 to 1982.% W.ithin each period, the directions of
change in price and quantity were the sane for each utility in the sample.
During the 1965 to 1968 period, the average price of electricity changed very
little and electficity sales rose considerably. During the 1969 to 1975
period, theaverage annual growth rate of electricity sales slowed, while that
of prices increased greatly. Between 1976 and 1982, electricity sales
declined for the first time in Ohio's history, while prices increased at their
fastest average annual percentage rate.

The figure also shows the percentage of the seven utilities requesting
rate hearings in each year. In-the first period, utilities rarely requested
rate hearings, and their average costs were falling. This behavior
corresponds with Joskow's first proposition: "During periods of falling
average cost we expect to observe virtually no regulatory rate of return
reviews' (p. 299). The average price of electricity also was falling during
this period, consistent with Joskow's second proposition: "During periods of
falling average costs we expect to observe constant or falling prices charged
by regulated firms" (p. 299). Given that there were few rate hearings in this
period, it is plausible that utility returns on capital were greater than or
equal to what the "fair" returns the Public Utilities Commisson of Ohio
(FUCO) would have defined'had they been requested to do so.” According to
Joskow, i f actual returns were lower than the "fair" return, then the
utilities would have asked for price increases. Hence Joskow's third
proposition: "During periods of falling average costs we expect to observe
rising or constant (profit maximizing) rates of return” (p. 299).

During the 1969 to 1975 period, average costs increased slightly, trig-

gering a modest increase in the frequency of hearings, while during the 1976
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to 1982 period, the average costs increased tremendously. Production costs
increased in the | ate 1960s because of inflation stimnulated by econom c
policies; they increased very quickly and unexpectedly i n the m d-1970s
because of inflation engendered by worl dw de food shortages and by the Arab
oil enbargo. For a given electricity price, such increases in operating costs
drove utility profits belowtheir "fair" levels. Wilities pronptly responded
to these cost increases by requesting electricity price increases that, in
nost cases, were granted by the PUOQ The frequency of hearings increased
sharply as utilities had troubl e keeping up with the effects of the rapid rise
incosts. View ng the 1969 to 1975 period as a transitionfroma period of
falling average costs to one of rising average costs, the nodest increase in
rate hearings during this period is consistent with Joskows fifth
proposi ti on:

The transition froma period of falling average costs to one of rising
average costs for a particular regul ated industry will at first yield no
observabl e increase i n the nunber of rate of returnreviews filed by the
regul atory agency, but as cost increases continue nore and nore rate of
returnreviews are triggered as firns seek price increases to keep their
earned rates of return at | east at the | evel that they expect the comm s-
sionwill allowina formal regulatory hearing. (p. 300)

For estination purposes, the 1965 to 1982 interval was divided into two
periods: 1965 to 1973 and 1974 to 1982. Testabl e hypot heses of the A-J and
Joskowvi ews deal with the absol ute and rel ative production inefficiencies of
the utilities in these two periods. The near absence of regul atory hearings
inthe first period woul d suggest, to both Joskow and A-J, that earned rates
of return of these utilities were at least as great as "fair" rates of return.
Aver ch and Johnson woul d argue that earned rates of return were | ower than
nonopol y rates of return and, hence, that the A-J bias should exist in the
first period. On the other hand, Joskowwoul d argue that earned rates of
return may have been close to nonopoly rates. |f this were true, then because

nmonopol y rates are consistent with efficient production, there may have been
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very little AJ bias inthe first period. |ndeed, as Joskow argues in his
sevent h proposi tion, production nmay have been very efficient in the first

peri od because reduci ng costs woul d have contributed to hi gher earned rates of
return that were not taken away by regul at ors:

During periods of falling or constant nomnal average cost firns have an
incentive to produce efficiently since all profits may be kept as long as
prices stay belowthe | evel established by the regul atory commi ssi on
inthe last fornal rate of return review (p. 303

The hi gh frequency of hearings in the 1974 to 1982 period suggests that
earned rates of returnfor these utilities were |ower than "fair" rates of
return for nost of the period. Because these earned rates were even further
away from nonopolistic rates of return, Joskowwoul d argue that it is nore
likely that there are inefficiencies of the AJ type in the second peri od.

H s proposition eight says: "During periods of rising average cost A-J type
bi ases nmay begin to becone inportant” (p. 30). He does not exclude the
possibility that firms may continue to 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 that:

Unl ess the direction of the cost path can be changed, however, the con-
tinuous interactionof firns and regulators in formal regul atory heari ngs,
resulting fromthe necessity to raise output prices, is exactly the situa-
tion for which the A-J type nodel (wth sone nodifications) would hold. |
woul d therefore expect that it is under this situation of continuously

rising output prices, triggering rate of returnreviews that the A-J type
nodel s and the associated results are nost useful . (p. 304)

Thus, Joskowwoul d argue that utilities would try to organize their pro-
duction nore efficiently in the first period than in the second period. Hs
concept of production efficiency includes the static notion of enpl oying
currently avail abl e productioninputs in the | east-cost way for any given
| evel of output (that is, enploying the | east-cost conbination of inputs al ong
a given isoquant) and the dynamc notion of investing in nore productive

capi tal and nanagenent techni ques over tine(to push the famly of isoquants
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toward the origin). Averch and Johnson deal only with the static notion of
producti ve inefficiency because their nodel anal yzes a static equilibrium
They woul d argue that the amounts of this static inefficiency are the sane in
bot h peri ods because they assume a regul ator who mai ntai ns the earned rate of
return on capital at its "fair" rate.

The distinction between the static and dynam c notions of production
efficiency is inportant. Wen a public utility comm ssion conducts a rate
hearing, it pays attentiononly to the static notion of production efficiency.
I ndeed, nost nodel s of regulatory inpact deal only with the static notion.
However, it is conceivable that regul ation al so affects the rate of technical
change inpl enented by utilities; if regulation bi ases the anount of capital
enpl oyed by a utility, it also may bias the type of capital enployed. Regula
tory inpacts on overall inefficiency and on the rate of technical change are

esti mat ed bel ow

I'V. Enpirical Mdel

A The Generalized or Shadow Cost Model
The A-J and Joskow vi ews are exanm ned using a nodi fi ed versi on of the

Atkinson and Hal vorsen(1984) generalized | ong-run cost function approach wth

capital (K , labor (L) , and fuel (F as inputs.® Atkinson and Hal vorsen
argued that the | ong-run neocl assi cal cost-functionapproach is incorrect for
a regul ated firmbecause it assumes the firmis mninmzing cost in a perfectly
conpetitiveworld constrained only to produce a given | evel of output.®

Wien the firmis subject to a nunber of regul atory constraints, the marginal
product of each input does not equal the market price of the input, but the
mar ket price of the input plus the marginal changes in the additional con-
straints weighted by their Lagrange multipliers. Atkinson and Hal vorsen use

the term"shadow' prices to refer to these nodified market input prices. The
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exact specification of these shadow prices depends on the exact formof the
addi tional constraints. Atkinson and Hal vor sen approxi nmat ed t hese shadow
prices by sinple proportional relationships with market prices; that is, the
shadow price of input i p{ = k,P,, where P, is its market price
and k, is a constant.
The general i zed or shadow cost function is sinply the neocl assi cal cost

functionwith p{ substituted for Pp;:
(la) c® = C*(P, Q, T)
where C is the shadow total cost of electricity production;

P; is the shadow price of input factor i, i =K, L, F;

Q is output of electricity; and

T istine.
I nstead of mninmzing | ong-run actual costs, a utility is assuned to m ninize
| ong-run shadow costs by equati ng the shadow nargi nal cost of each
input with the anount of the input used. If the additional constraints are
not binding, then the k; equal one and m ni mzi ng shadow costs is equival ent
to mnimzing actual costs. If the k; do not equal one, then the firm is
not operating at the | onest point of its |ong-run average cost curve.

An observabl e cost function based on the shadow cost function can be

derived as follows. First, recall the accounting identity for actual cost:
C* =) PX,
i

where X, is the quantity of input i used in production. Simlarly, the

accounting identity for shadow cost is:
(1b) C® =} P:-X,.
i

The shadow cost share equati ons:

S
szl—,"CTxi for i =K, L, F
can be rewitten as:
coM; .
(2) P,X, :_k_ii for i =K, L, F
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and summed over all i to obtain:

M
(3a) c? = CSZ[Ei]
Taki ng l ogarithnms of both sides of (3a) vyields:

, M5
(3b) 1n(C?®) = In(C%) + lnl:}: [k—l] :l .

That is, the | ogarithmof actual cost equals the | ogarithmof shadow cost pl us
the | ogarithmof the sumof the shadow cost shares each wei ghted by the
inverse of its respective k,.

To express each shadow cost share as a function of its correspondi ng

actual cost share, first divide both sides of (2) by ¢*:

P.X, s M;
(4) Eal'_'Mia:(%iJ [f} fori=K, L, F

1

and substitute(3a) into(4) :

&)

(5) M; = —— for i=K L, F
(&)
HE
Atkinson and Hal vorsen estinmate a systemconprising(3b) and two of the

three equations in(5 but without a tinme trend because they use cross-section

data. V¢ add the appropriate tine variables to the shadow cost equation and

add a shadow TFP (TFP®) equationto our systemin order to inprove the

ef fi ciency of the shadow cost equation coefficient estimates. Actual TFP is
nmeasured as the change i n the average cost of productionthat is not due to
changes in input prices. It reflects the overall productivity of all inputs
rather than the productivity of a single input such as | abor. The neocl assi -
cal approach to the neasurenent of TFP assunes an optinal distribution of
production resources in a firm which may be an i nappropri ate assunption for
regul ated el ectric utilities. The generalized cost-function approach yields a
shadow estimate of TFP that is consistent with regul ated behavi or. The nost

inmportant variable for the purposes of exam ni ng Joskow s vi ew on productivity
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behavi or is the pure technical change conponent of TFP. Gollop and Roberts
(1981), anong ot hers, argue that this conponent is a better neasure of
productivity than TFP.
The TFP® equation is derived as follows. First, take the time

derivative of (139:

ac® _ vf act . 9B ac® . 49 , ac®
(6) dT_i[api a | "aq " ar tar -

According to Shephard's Lenmma, the elasticity of actual total cost with

respect to the nmarket price of input i is equal to the share of input i in
total cost:

a _ alngcaz s _
(7 M, = 1n(P)) for i =K, L, F.

A nodi fied Shephard's Lenma for the shadow cost functionis:

S
8 s = 8In(C) £ i -k, L, F.
®) i 3In(P)

Di vi di ng bot h sides of (6) by ¢* and using(8 vyields a functional
rel ati onshi p bet ween t he percent age change i n shadow cost and the percent age

changes inthe P;, Q and T:
9 ¢ -3(w5) + via + v3

where a dot over a variable indicates the rate of change, V3 is the

el asticity of shadow cost with respect to output (81nC%/d1nQ), and

vi is the rate of change in shadowcost, holding all other variabl es
constant (31nC®/3T). (1-v3) is a neasure of shadowreturns to

scale, and -v§ is the neasure of shadow technical change of interest in
this paper.
Next, following the traditional definition of actual TFP as a D visia

index of factor inputs, the rate of change i n TFP® (W*) can be defi ned as:

(10) W = g(nixi)
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Totally differentiating the accounting identity(lb) wth respect to time and

usi ng Shephard’s Lenma vyi el ds:
ay ¢ -y(mex) + y(5)
Equations (10) and(11) inply:
(12a) W =C° - );(Mj-fz]
and usi ng(9:
POR, ) = vid + vt
Fi nal |y, because iEMj =1, the above expression can be
rewitteninterns of one of the X,, say X:
(12b) X = I M(K, - X ) + vEQ + v

Equation (12a) cannot be used for estimation purposes because W is not
observed. |t can be used to obtain an equation expl ai ning the actual rate of
change in TFHP as a function of W®, but (12b) is easier to estinate.

The general specification of our estimation nodel includes the total cost
equation(3b) , the My and M; share equations from(5 , and the
THP equation (12b). The estination nodel is based upon the translog

functional form The translog shadow cost functionis:

(13) InC* = a + J(B,1n}) + folnQ + AT + %g}lj( 7,,1nPS1nB} ) +
J(7:10PILQ) + Y7, 1B ]T + Froo(10Q)? +

(InQ)T + 1y T2,

Yot VREY:

with P} = kP, and the usual |inear honogeneity restrictions:
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Z‘Bi =1
1
?’io =0,

foralliandj.

Wsi ng Shephard s Lemma (8), the shadow cost share equations are:
(14) M; = B, + Zyijlnpj + 7,,1nQ + v, T.
J

Substituting (13), (14), and the definitionof P} into(3b) yields an
estimabl e cost equation. Substituting(14) and the definition of P}
into(5 vyields estinable cost share equations. Finally, an estinable TFP
equation is obtained by substituting(14) and the follow ng v§ and

v: expressions into (12b):

(15) Vg =B, + ;—ymlnkiPi + 9;10Q + Y, 1nQ

vi = ‘BT + ;’hrlnkipi + 'yiT'I‘ + 'yTTT.

Two nodi fications are made to these equations. First, separate val ues for
the k, coefficients were estinated for the 1965 to 1973 and 1974 to 1982
periods inorder to estimate a shift inregulatory inpact. The k;
coefficient estimates for the 1974 to 1982 period are denoted wi th a subscri pt
ngn

Second, k; and k; ¢ were nornal i zed to one because the shadow cost
systemis honogeneous of degree zero in the k;. This neans that only
relative price efficiency can be examned using the k,, by testing k;=
k=1 and k;s=k,=1 for i,j = K,F. Dfferences in absolute price
efficiency between the two periods, relevant for a test of Averch-Johnson

versus Joskow, cannot be tested using differences between k, and k.
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Nevert hel ess, the nodel can serve to test Averch-Johnson agai nst Joskow, as
descri bed bel ow. 0

These translog equations forma nonlinear, seemngly unrel ated regression
system It is simlar to that of Gllop and Roberts (1981), only generalized
to allowfor the inpact of all types of regulation on utility behavior. The
maxi mum| i kel i hood LSQ option of TSP, version 4.0E, was used to estimate this
translog system

B. Data

Data for | abor input and the price of |abor are taken from FEi nanci al

Statistics of Selected Hectric Wilities, 1982, Department of Energy

(DOE/EIA-0437(82)), February 1984. The quantity of labor is the nunber of
el ectric departnent enpl oyees, with a part-time worker counted as one-hal f of
afull-time worker. The |abor price is defined as the ratio of |abor expense
to the quantity of |abor, where | abor expense is total sal aries and wages
charged to el ectric operation.

The fuel price data come from Standard and Poor's Conpustat Servi ces,

Inc., Wility Conpustat II. Fuel operation expense is the total cost of

fuel used exclusively for the production of electricity. The price of fuel is
the average cost of fuel per mllion Btu, whichis the total cost of fuel used
for electricity production divided by its total Btu content in mllions. The
quantity of fuel input is mllions of Btu, defined as the ratio of fuel
oper ating expenses to the average cost per mllion Btu.

The data for the capital price and capital stock cone fromvarious issues

of Statistics of Privately Omed Hectric Wilities in the United

States, U S. Federal Power Commssion. The capital price nmeasure is the
conventional narket price of capital, which is a function of the | ong-term
debt interest rate, the required return on equity capital, the preferred stock

dividend rate, the depreciationrate, and the Handy-Wii t man i ndex. The
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capital stock is conputed using a perpetual inventory method.!* The

depreciationrate i s based on a 30-year average service life.}? The
product of capital price and capital stock is the total capital costs.

Total cost is the sumof |abor, fuel, and capital costs.

V. Empirical Evidence

A Mdel Characteristics

The results of estimating the nodel over the 1965 to 1982 period are shown
intable 1. Before testing the regul ation bi as hypot heses, it is useful to
exam ne the sense of the estimated nodel. A quick glance at the t-statistics
shows that the expl anatory variables are just that -- only tw of the 25
estimated coefficients have t-statistics less than 2 i n absol ute val ue. Apart
fromthe k,, the statistical significance of the coefficients does not
necessarily provide strong evi dence about the adequacy of the estinated nodel .
I nst ead, characteristics of the production technol ogy inplied by the
coefficients provide better clues of nodel plausibility. The estinated
returns to scal e are a good check of nodel adequacy for utilities because
utilities ought to display increasing returns to scal e given the large fixed
costs required to supply electricity over an extensive geographi c narket.

Table 2 reports the estimates of the elasticity of cost with respect to
out put averaged over all firns for each year. The shadow estinmate is the
el asticity of shadow cost with respect to output from(15). The act ual
estimate is the shadowel asticity adjusted for the difference between actual

and shadow cost s:

(16) Vg = V3 +

If returns to scale are increasing, then the cost elasticity is | ess than one.

As shown in table 2, the cost elasticities averaged over firns indicate
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increasing returns to scal e over the whol e sanpl e period. Both the shadow and
the actual elasticities behave simlarly over time: the size of the increasing
returns to scale grows noderately over the first period and shrinks over the
second, and returns to scale are greater on average i n the second peri od.
These results are consistent with the behavior of output over these peri ods.
Inthe first period, as output was increasing, these utilities were operating
on | ower portions of their average cost curves, where returns to scale are
lower. 1In the second period, as output grewnore slowy and eventually fell,
these utilities operated on higher portions of their average cost curves,
where returns to scal e are higher. These results are the opposite of those of
Gollop and Roberts (1981), who do not allowfor a regul atory bias. They find
anincrease inreturns to scaleinthe first period and a drop in returns to
scale in 1974-75, the |l ast years of their sanple.

As further evidence, constant returns to scal e and honogeneity of the cost
function are tested. Hormogeneity means that scal e economes are the sane for
firms of all sizes in all years, and constant returns to scal e means t hat
there are no cost savings to increasing plant size. Honogeneity requires that

g™ e V19 0 O
constant returns requires honmogeneity pl us ,BQ=I . Both honmogenei ty and
constant returns to scale are rejected at better than the 0.5 percent
signi ficance | evel .

The estimated actual and shadow cost shares for the inputs are shown in
tabl es 3a and 3b, respectively. The actual cost shares showthat capital was
the | argest conponent of actual cost inthe first period, and that | abor
becare the | argest cost conponent in the second period; fuel was the small est
cost conponent in both periods. The shadow cost shares showthat capital and
| abor were the |largest and snal | est cost conponents, respectively, in both

periods. The difference between the actual and shadow cost shares is rather
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dramatic, and again reflects the ratio of shadowto actual cost from(4) and
(5. The large difference suggests that |ooking at the actual cost shares
will give a msleading picture of the reaction of these utilities to changes
inregulated prices.
Tabl e 4 shows the deconposition of the growth rate of actual average cost
into its components. This deconpositionis simlar to that for the growth

rate of shadow cost (11):

(17) C* - Q=3 MP, + (v3-1)Q + v2.

. i

The first colum of table 4 shows the average growth rate of actual average

cost for each year. The next three colums are the M{P, terns for

the three inputs; the fifth col um shows the contributionof the returns to

scale term (\rg-l)Q using v3 from(16) ; the sixth shows the contribution
of the technical change termwva:
7i'.l‘
Ly
+ 2
M

I

i i

(18) ve = Vi

The last colum is sinply the difference between the first columm and the sum
of the next five. This remainder is not zero, because the five conponents on
the right-hand side of (17) are estinmated. Note that this remai nder is not
derived fromany of the estimated regressi on equati ons.

Every cost conponent except scal e econom es on average added to the growt h
of average costs in both periods. Capital and fuel were the | argest contrib-
utors to average cost growth in both periods, and capital and technical change
accounted for nuch of the increase in the growth rate of average costs between
the two periods. The remainder i s about one-sixth the size of the average
growt h rate of average costs in the first period, but it is very small in the
second. This suggests that the shadowcost nodel fits the second period much

better than the first.
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Esti mated val ues for actual and shadow TFP and its conponents are shown in
tabl es 5a and 5b. The shadow TFP neasure is the partial derivative of shadow
average cost with respect to tinme, which is the sumof two terns, the first
reflecting scal e economes and the second representing techni cal change:

(19) TFP® = (1-v®)Q - 5.

Actual TFP (TFP®) comes from(19) but with v§ from(16) replacing v§, and

va from(18) replacing vi. The results in table 5a showthat scal e econom es have
boost ed TFP® growth in every year except 1980, though the gai n was signif-
icantly less i n the second period. However, technical change was negative in
every year but 1965, pulling the growth of TFP* down, especially in the

second period. The results for TFP®, shown in table 5b, are qualitatively
simlar to those of TFP* and its conponents, though it is interesting that

vi was slightly positive on average in the first period.

The nost notabl e characteristic about both technical change estinates is
their strong downward trend.!® This rather uniformdecline is due to
the strong estimated tine trend .. That shadowinput prices have
little influence on technical change is not surprising, because el ectricity
production offers little input substitutability in the short and nedi umruns.

B. Regul atory | npact

The estimationresults in table 1 showthat all of the log(k,) are
individually significantly different fromzero at better than the 0.5%signif-
icance level. Thejoint test of the statistical insignificance of all four of
the log(k;) is rejected at better than the 0.5 percent significance |evel.
Thus, relative price efficiency is rejected over the whol e sanpl e, and the
neocl assi cal cost function approach for regul ated firns enpl oyed by Gollop and
Roberts(1981) and others is inappropriate for this sanple.

Atest of the A-J viewand a test of the inplications of Joskows viewis

whet her production inefficiencies due to regulationdiffer in the 1965 to 1973
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and the 1974 to 1982 periods. The AJ viewis that the inefficiencies should
be the same in each period, while the Joskowviewis that there shoul d be
greater inefficiencies inthe second period than inthe first. The true cost
of regul ation, and hence the magni tude of the inefficiencies created by
regul ation, cannot be estimated, because there is no evi dence to suggest how
the utilities woul d have organi zed their productionhad regul ati on not existed
over the sanpl e period. For exanple, the activities of production and

di stributionmght have been separated, different amounts of capital m ght

have been enpl oyed, and different technol ogi es m ght have been chosen. *°
Hence, it is inpossible to knowwhat these firns' cost functions and
associ ated returns to scal e and productivities woul d have been.

However, "instantaneous"” tatal and dynamic inefficiency estimates can be
conputed. The total neasure conpares actual utility costs predicted by the
estinmated nodel with the actual costs predicted by the nodel, but with kg
and k; set equal to one in both periods. That is, current production costs
for actual |evels of output, which are generated by current production
techni ques and regul atory constraints, are conpared with the costs generated
wi th the sane production techniques and for the same actual output | evels, but
wi thout the regul atory constraints. This estimate, al so exam ned by Atkinson
and Hal vor sen, measures novenent al ong the isoquant to the efficient input
m X.

An estinate of the dynamc notion of inefficiency can be obtained by
examni ng the techni cal change experienced by these utilities with and w thout
regul ation. As above, technical change with regulationis that inplied by the
estinated nodel ; technical change w thout regulationis that inplied by the
estimated nodel , but with all %, set equal to one. The difference does not
have a real -worl d counterpart or explanation, but it does indicate the

direction of regul atory bi as.
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Note that our nmeasure of the regulatory inpact on techni cal change is
different fromthat of Nel son and Whar (1983). Intheir nodel, TFP is the
sum of the technical-change term the returns-to-scaleterm and a separate
regul atory inpact. Wthout regulation, TFPis the sumof only the returns-to-
scal e and techni cal -change terns. This naturally begs the question of how
regul ation affects TFP if it does not affect the conponents of TFP.
Qobvi ousl y, Nel son and Whar cannot test for a regulatory inpact on technical
change. Their neasures of a regulatory inpact on techni cal change are purely
hypot het i cal , based on the difference between different TFP val ues cal cul at ed
usi ng assumed, not estimated, values for the regul atory inpact coefficient,
and their returns-to-scale and regul atory inpact terns. The reader is left to
wonder why the authors believed that regul ati on does not affect the
returns-to-scale term

Two sets of neasures can be examned for a regulatory inpact: actual and
shadow As shown in Israilevich and Kowal ewski (1987), the actual cost and
the actual and shadow r et urns-t o-scal e and t echni cal -change equations are
honogeneous of degree zero in the k;, while the shadow cost equation is not.
Thus, either the actual or the shadow returns-to-scal e and t echni cal -change
measures can be used to examne the regul atory bias. The regulatory bias to
the translog shadow measures is a constant for each variable in each period.
Thi s can be seen by subtracting the translog shadow equation for any of these
variabl es fromthe sane equation, but with the k, set equal to one. The
reason is that the cost-mnimzationnodel is set ina static equilibrium
framework. The regul atory biases to the actual variabl es are not constant
because they differ fromthe shadow neasures by a proportional function of the

rati o of shadowto actual cost. This ratio, and hence the degree of
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regul atory bi as, varies over tine. V& prefer to use the actual neasures to
examne the regul atory bias for this reason and because the shadow neasures
have no real -wor| d neani ng.

our i nefficiency estinmates reject Averch and Johnson's vi ew and do not
rej ect Joskow s view As shownintable 6, the total inefficiency neasure
differs between the two periods, contrary to Averch and Johnson's vi ew.

Mor eover, the direction of change between the two periods is what Joskow woul d
expect -- total inefficiency is about 16 percentage points greater in the
second period. In the first period, total inefficiency steadily increases
fromabout 61.5 percent to 73.8 percent and averages about 66.6 percent. In
the second period, it steadily increases from74.9 percent to 87. 4 percent and
aver ages about 82.6 percent.

These total inefficiency estimates give the appearance of being overly
large i n magni tude. Atkinson and Hal vorsen find nuch snal | er inefficiency
| osses (9.0 percent) in their cross-section sanple of 1970 firns, which
includes two of our firms.® However, the Atkinson and Hal vorsen resul t
captures only the static portion of total inefficiency costs because they do
not use time variables in their cost equation. Qur estinates include the
dynam c i nefficiency costs, and hence are nore representative of the total
costs of regul ation.

The di fference between the Atkinson and Hal vorsen result and ours suggests
that the dynamc inefficiency may be quite large. |Indeed, as shown in table
7, we find that regul ati on may have retarded the growh of technical change on
aver age by about O. 64 percentage poi nt per year in the first period and
by O. 44 percent age poi nt per year in the second. This an inportant
result, and one that has been negl ect ed by economsts and regul at’ors al i ke.
Regul ation not only affects the efficient utilization of existing production

inputs, but it also affects the inplenentation of efficient capital and
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managerrent techni ques over tine. UWnlike our total inefficiency estimates, the
dynam c portion of our total inefficiency estimate rejects Joskow s vi ew of
greater regul atory bias in the second peri od.

This regul atory bias on techni cal change is opposite to the casual
i mpression given by the trends in actual and shadow techni cal change shown in
tabl es 5a and 5b. The strong downward trends i n both technical change
nmeasures, especially given the total inefficiency cost estinmates shown in
table 6, mght | ead sone anal ysts to infer that tighter regul atory constraints
contributed to the sl owdown i n techni cal change i n the second peri od.
However, table 7 shows that the regul atory bias on technical change was | ess
i n the second peri od.

Finally, aninterestingresult intable 7 is that regul ati on bi ased
returns to scal e upward on average i n both periods. Contrary to Joskow s
view, the regulatory bias onreturns to scale is snaller in the second peri od.
Netting out the two conponents, TFP was bi ased down by O.46 per cent age poi nt
per year in the first period and by about O.33 percentage point per year in
the second. This result also rejects Joskow s view of greater dynamc

inefficiency i n the second peri od.

VI. Summary and Concl usi ons

Hectricutility regulators attenpt to maintain a conpetitive price for
electricity by adjusting the rate of returnon a utility's capital. At first
bl ush, this price-setting scheme appears sensible. It seens reasonably
efficient toallowutilities to pass al ong operating costs and to cover their
cost of capital. However, there are potentially serious problens with this
type of regulationrelated to consuner reactions to price increases and to the
types of incentives givento utilities. First, price increases nay | ower the

consunption of electricity, which nay reduce earned rates of return bel ow
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“fair" rates and trigger a price increase, which in turn may | ower consunption
and trigger another price increase, and so on. That is, the proper response
tofalling utility profits because of |ower denmand nay not be to raise prices.

Second, utilities nmay be able to effect price increases by using "too
nmuch" capital, that i s, by overcapitalizing, which inflates their rate base.

I ndeed, rate increases | ower the risk of capital investment bel owthe risk

I evel of unregulated industries, clearly giving utilities the incentiveto
overcapitalize. This potential bias was recogni zed by Averch and Johnson, and
many enpirical studies that adopted their nodel found an overcapitalization

bi as.

Finally, the ability to pass al ong operating cost increases that origi-
nated fromproductivity declines suggests that utilities nay not have the
incentive to raise productivity. This dynamc source of inefficiency was
recogni zed by Joskow, who al so argued that the regul atory mechani smis nore
conpl i cated than that assuned by Averch and Johnson.

This paper is the first, to our know edge, to explicitly test the Averch-
Johnson vi ew agai nst Joskow s nore general view Using a nodified version of
the generalized | ong-run cost function derived by Atkinson and Hal vor sen
and a sanpl e of the seven major electric utilities in Chio over the 1965 to
1982 peri od, substantial evidence is found against the AJ view. Qur total
i nefficiency neasure shows that regul atory constraints were nore bi ndi ng
during the years in whi ch Joskow expects. them to be nore binding. W al so
find that regul ation substantially retards the rate of technical change
experienced by these utilities. However, the retardationin technical change
is greater during the years when Joskow expects regul ati onto be | ess bi ndi ng.
This is the first denonstration of a regul atory inpact on techni cal change.

It clearly suggests that regul ators ought to pay closer attention to the

incentives they give utilities to innovate.?t’
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TABLE 1
QCE-H A BNT' ESTI MATES

Estinate

2.309321
2. 408440
2. 504495
1. 756207

-7.
.1308763

.5894347

593048

-.8838121p-01

.149072
.3794210D-01
.1025558
.3669283D-02
.6479785D-02
.9260517D-01
.1460668D-02
.2607712D-02
.8006320D-02
.1572125
.2782344D-02

Sd. Bror

.1192982

.1239441

.2273822

.2103573

1. 780928
.2288987D-01

.7871482D-01
.2978847D-01

.3934191
.5171896D-02

.1416839D-01

.4092725D-02
.1919976D-02
.9527101D-02
.4497358D-03
.9782291D-03
.3311198D-02
.4352119Dp-01
.5384827D-03

T-Statistic

19.35756
19.43167
11.01447
8.348686
-4.263535
5.717650

-7.488230
-2.966960
5.462553
7.336208
-7.238348
-.8965380
-3.374931
9.720184
3.247836
-2.665748
2.417953
-3.612320
5.167008

QCE-H A BENTS GOMPUTED FROM PARAMETER RESTR CT1 ONS

Qoeffi ci ent

Estinate

6. 46143-02
1. 06233-01

-3.42733-02
-8. 61253-02

1. 14703-03

Sd Eror

8.0374E-02
1. 69563-02
1. 40533-02

5.43513-03
9.5677E-03

1. 05543-03

T-Statistic

18. 1472
3. 8108
7.5588

-6. 3058
-9. 0017

1. 0869
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TABLE 2

ESTIMATED ELASTICITY = COST WITH RESPECT TO OUTPUT
(averaged over firms)

Y ear Actual Shedow
1965 0.7838 0.7250
1966 0.7731 0.7151
1967 0.7747 0.7166
1968 0.7618 0.7045
1969 0.7598 0.7027
1970 0.7699 0.7135
1971 0.7736 0.7188
1972 0.7659 0.7120
1973 0.7601 0.7070
1974 0.6832 0.6937
1975 0.6825 0.6926
1976 0.6726 0.6826
1977 0.6644 0.6742
1978 0.6767 0.6865
1979 0.6749 0.6847
1980 0.6901 0.6998
1981 0.6871 0.6967
1982 0.6992 0.7088
1965-1973 0.7692 7128
1974-1982 0.6812 0.6911

NOTE: The elasticity of shadow cost with respect to output is computed using
vg from equation (15). The elasticity of actual cost is
computed from equation (16).
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TABLE 3a

ESTI MATED ACTUAL GOST SHARES
(averaged over firns)

Year Capital Labor Fuel

1965 0.5494 0.2824 0.1682
1966 0.5381 0.2938 0.1681
1967 0.5345 0.2932 0.1723
1968 0.5245 0.3047 0.1707
1969 0.5154 0.3085 0.1761
1970 0.4981 0.3203 0.1816
1971 0.4790 0.3433 0.1777
1972 0.4668 0.3572 0.1760
1973 0.4536 0.3694 0.1770
1974 0.3635 0.3738 0.2626
1975 0.3503 0.4045 0.2452
1976 0.3508 0.4131 0.2362
1977 0.3426 0.4358 0.2215
1978 0.3436 0.4305 0.2260
1979 0.3406 0.4395 0.2200
1980 0.3401 0.4386 0.2213
1981 0.3379 0.4551 0.2070
1982 0.3439 0.4614 0.1947
1965-1973 0.5066 0.3192 0.1742
1974-1982 0.3459 0.4280 0.2261

NOTE The actual cost shares are conputed using equation(?).
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TABLE 3b

ESTI MATED SHADOW COST SHARES
(averaged over firms)

Year Capital Labor Fuel

1965 0.7076 0.0372 0.2552
1966 0.7021 0.0389  0.2590
1967 0.6957 0.0386 0.2657
1968 0.6915 0.0405 0.2680
1969 0.6815 0.0410 0.2774
1970 0.6665 0.0430 0.2905
1971 0.6605 0.0476  0.2919
1972 0.6569 0.0508 0.2923
1973 0.6483 0.0532 0.2985

1974 0.6829 0.0634 0.2537

1975 0.6833 0.0713  0.2454
1976 0.6891 0.0734 0.2375
1977 0.6920 0.0798 0.2282
1978 0.6891 0.0780 0.2329
1979 0.6903 0.0805 0.2292
1980 0.6884 0.0804 0.2313
1981 0.6957 0.0846 0.2198
1982 0.7076 0.0856 0.2067
1965-1973 0.6790 0.0434 0.2776
1974-1982 0.6909 0.0774 0.2316

NOTE: The shadow cost shares are computed using equation (14).
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Year
1966
1967
1968
1969
1970
1971
1972
1973

1974
1975
1976
1977
1978
1979
1980
1981
1982

1966-1973
1974-1982

NOTE: These figures are conputed usi ng equation(17).
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TABLE 4

ESTI MATED COMPONENTS CF THE RATE OF CHANGE
| N ACTUAL AVERAGE OCBT
(percentage change, averaged over firns)

Aver age
Cost

. 435%

066
337
974
563

. 067
. 920
. 714

.748
425
.196
.661
.324
.493
.059
.481
.609

.509
.999

Capi t al

. 210%

217

. 040
412

503

. 720
. 679
. 069

.848
.295
.204
.864
.564
.614
.348
.365
.431

.606
.504

Scale  Tech.
Fuel Econ. Change Remai nder
0.516% -2.888% 0.038% -3.413%
1.083 -2.012 0. 362 0. 129
0.733 -2.963 0.719 1.384
2.046 -2.418 1. 054 1. 296
6.117 -1.353 1.327 1. 326
4.822 -0.742 1. 587 2.397
2.512 -2.250 1.912 1. 253
3.689 -2.857 2.241 1.833
16.299 -0.616 2.305 1.437
4,342 -0.717 2.567 0.457
-0.316 -1.865 2.909 -0.343
1.642 -1.394 3.214 0.191
3.977 -0.192 3.498 -1.049
1.038 -1.372 3.806 -0.097
2,776 0.560 4,065 -0.558
1.848  -0.537 4.360 -1.413
0.857 1.741 4.610 2.931
2.690 -2.185 0.992 -0.997
3.607 -0.488 3.481 0.173

The sum of the

capital, | abor, fuel, scal e economes, and technical change col ums is

the estinat ed percentage change in actual average cost. The difference
bet ween the average cost colum and this estinated percentage change is
the renai nder.
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TABLE 5a

ESTIMATED ACTUAL TOTAL FACTOR PRODUCTIVITY
AND QOMPONBNTS
(percentage change, averaged over firms)

Total

Factor Scale Tech.
Year Produc. Econ. Change
1965 2.5797% 2.2673% 0.312%
1966 2.8500 2.8876 -0.038
1967 1.6501 2.0123 -0.362
1968 2.2433 2.9627 -0.719
1969 1.3636 2.4177 -1.054
1970 0.0256 1.3526 -1.327
1971 -0.8451 0.7419 -1.587
1972 0.3383 2.2503 -1.912
1973 0.6156 2.8567 -2.241

1974  -1.6893
1975  -1.8499
1976  -1.0434
1977  -1.8196

.6161 -2.305
.7169 -2.567
.8654 -2.909
.3943 -3.214

PO ORFRPROHEPE OO
=
\O
=
(=)

1978  -3.3061 -3.498
1979  -2.4337 .3723 -3.806
1980  -4.6240 -0.5596 -4.065
1981  -3.8231 .5366 -4.360
1982 -6.3510 -1.7409 -4.610
1965-1973  1.2023 2.1943 -0.992
1974-1982 -2.9933 0.4881 -3.481

NOTE Actual total factor productivity and its two components are computed
from equation (19) but with v§ from (16) replacing v and
vg from (18) replacing v3.
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TABLE 5b

ESTI MATED SHADOW TOTAL FACTOR PRODUCTI VI TY
AND COVPONENTS
(percent age change)

Tot al

Fact or Scal e Tech.
Year Produc.  Econ. Change
1965 3.1640% 1.7794% 1.3841%
1966 3.3126 2.2927 1. 0200
1967 2.3547 1.6574 0.6974
1968 2.6819 2.3561 0. 3259
1969 1.9193 1.9313 -0.0121
1970 0.7850 1.0827 -0.2976
1971 -0.0224 0.5651 -0.5876
1972 0.8984 1.8291 -0.9304
1973 1.0881 2.3624  -1.2743

1974  -1.0104
1975 -1.1941
1976  -0.3551
1977 -1.1613
1978  -2.6797
1979  -1.7847
1980  -4.
1981  -3.2077
1982  -5.8026

.6339  -1.6441
.7356  -1.9299
L9217 -2.2766
L4370 -2.5986
.1993  -2.8786
-3.1936
.5744  -3.4520
.5494  -3.7574
.7951  -4.0074

o

el

[e))

~
'

o = HOOF,OKKE OO
S
o
el
=

1965-1973 1.7980
1974-1982 -2.3580

.7618 0.0362
.5018 -2.8598

NOTE: Shadowtotal factor productivity and its conponents are conputed using
equation (19).



http://clevelandfed.org/research/workpaper

Best available copy

Year

1965
1966
1967
1968
1969
1970
1971
1972
1973

1974
1975
1976
1977
1978
1979
1980
1981
1982

1965-1973
1974-1982

- 34 -
TABLE 6
TOTAL REGLATCGRY | MPACT
ON ACTUAL aCsT
No
Estimated Regulation
Act ual Act ual
Qost Qost
102. 614 63. 958
114. 387 70. 675
121. 560 75. 208
140. 683 86. 073
156. 215 95. 322
185. 397 111. 908
223. 909 132. 645
267. 667 157. 020
329. 468 191. 387
449 484 260.410
583.524 330.424
673.849 378.174
822.803 452.890
963.641 532.468
1119.011 614.231
1260.033 689.946
1532.749 829.544
1672.927 899.412
182.433 109.355
1008.669 554.167

Regul at ory
| npact
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TABLE 7
REGQULATORY IMPACT ON ACTUAL
TOTAL FACICR FRODUCTIVITY
(percentage change)

Total
Factor Scale Tech.
Year Produc. Econ. Change

1965 -0.4696% .2141%  -0.6837%
1966 -0.4120 .2571  -0.6691
1967 -0.5156 .1557 -0.6713
1968  -0.4020 .2553  -0.6573
1969 -0.4514 .2024  -0.6539
1970 -0.5337 .1071  -0.6409
1971  -0.5463 .0650 -0.6113
1972  -0.4313 .1623  -0.5936
1973  -0.3850 .1939  -0.5789

0

0

0

0

0

0

0

0

0

1974 --0.3443 0.1349 -0.4791

1975  -0.3133 0.1416  -0.4549

1976  -0.0026 0.4483  -0.4509

1977 -0.0709 0.3629  -0.4337

1978 -0.3737 0.0634 -0.4371

1979 -0.1324 0.2983  -0.4307

1980 -0.5391 -0.1080 -0.4311

1981  -0.3020 0.1187  -0.4207

1982 -0.8671 -0.4460 -0.4211
0
0

1965-1973  -0.4608
1974-1982  -0.3273

.1792  -0.6400
.1127  -0.4399

NOTE The columns show the difference between the estimated actual measures
and the estimated actual measures with the k;, all set equal to.one.
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FQOTNOTES

YThis interpretation of the Averch-Johnson result is due to Baunmol and
Kl evori ck (1970).

2That i s, Courville (1974), Spann (1974), Petersen (1975), Cowi ng (1978),
and Nel son and Whar (1983), for exanple, test only for an overcapitalization
bi as agai nst an alternative hypothesis of no bias. O these papers, only
Nel son and Whar do not find an overcapitalization bias.

3The seven najor electric utilities in Chio are Chio Power; G ncinnati Gas
and Bl ectric; develand Hectric Illum nating; Gol unbus and Sout hern Chio
Bl ectric; Dayton Power and Li ght; Chio Edison; and Tol edo Edi son. COver the
1965 to 1982 period, they accounted for about 90 percent of electric power
sales in Chio.

“Actually, Baunol and Kl evorick (1970) argue that Averch and Johnson did
not prove this as a general -result. Note that if there are additional
production factors, then the anount of capital relative to these other inputs
also wi Il be higher than for the cost-minimzingfirm

5A slight nodificationto the Averch-Johnson regul atory process was the
introduction of a "regulatory | ag"; see, for exanpl e, Bailey and Col eman
(1971) and Baunol and Kl evori ck(1970).

5The average price shown in the figure is not the regul ated price, but the
rati o of average total revenue for the seven utilities to their average total
sales. |n general, different consurmers face different regul ated price sched-
ules, and utilities serving different geographic narkets nay be allowed to
charge different prices for the sane category of consurrer.

It can never be known whet her earned returns were greater than "fair®
returns because there were no rate hearings for all firns during these years.

80ther production inputs, such as materials, nanagerial skills, and
avail abl e infrastructure, for exanpl e, are excl uded because there are no
reliable data for these factors.

SNevertheless, sone aut hors, for exanpl e Gollop and Roberts (1981, 1983) ,
use the neocl assi cal approach to study electric utilities.

1A strict test of Averch and Johnson's viewusing the k; is k; not
equal to 1 and kg not equal to one, because Averch and Johnson consi der
only arate-of-returnregulatory constraint. |f these hypotheses cannot be
rej ected, then Nel son and Whar (1983) and ot her papers that test only this
constraint are potentially incorrect.

1see Cowi ng, Smal |, and Stevenson(1981) for the equations used to
conpute the capital stock and capital price variables.

12capital Stock Estimates for |nput -Output | ndustries: Methods and
Data, Bulletin 2034, US Department of Labor, Bureau of Labor
Statistics, 1979.
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FOOINOTES

13A strong downward trend in the rates of technical change experienced

by utilities al so was found by Nel son and Vhar (1983), Gollop and Roberts
(1981), and Gollop and Jor genson (1980), all of whomused sanpl es that ended
inthe 1970s. Thus, the results reported here confirmthese earlier findings
for the late 1970s and early 1980s.

Y¥The strict test of Averch and Johnson's viewis rejected; k. and

kg are jointly statistically different fromzero at better than a 0.5
percent significance | evel .

Sunder the current regul atory environnent, the production and
distributionof electricity nust be handl ed by each utility. Mreover, the
transferal of electric power across state lines also is inpeded.

®1t is likely that our estimates are nore accurate for Chi o because
our sanple includes only Chio firns, which are fairly simlar in a nunber of
i nportant respects, as mentioned earlier.

YThe poor techni cal -change perfor nance al so may be due to increased
i nvest ment in nucl ear power plants over this period, which drewfunds away
fromconventional power-generation capital investnents.
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