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Introduction

Electricity is the most preferred form of
energy because it is versatile in its application,
clean in its use, relatively safe and readily
controlled. The United States currently uti-
lizes about 23% of its energy in the form of
electricity. This is expected to increase to 34%
by 1980, and to 44% by 1990.

A recent study [21] pointed out that the
consumption of electricity in Pennsylvania in

1971 was more than double that of 1956 and

would almost double from 1871 to 1985. It
seemed worthwhile to follow up with an ex-
amination of the reasons for this vigorous
growth.

The three basic objectives of the present
study are:

—to derive the relative proportions of total
increase in output that are caused by
growth in labor and capital formation,

*We are deeply indebted to Professors Lawrence R.
Klein and Philip H. Siegel for helpful suggestions and
fruitfis] discussions. The authors are, however, respon-
sible for any ervors.

+The authors are Director and Research Officers re-
spectively. The Bureau of Statistics, Research and Ilan-
ning, Department of Commerce, Commonwealth of
Pennsylvania.
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—to characterize the manner in which
changes in output occur apart from
changes in the specified inputs, and

—to investigate the question of returns to
scale,

The explanation of the growth of total electric
power production in Pennsylvania, 1956-1971
rests on the assumptions that, in the termi-
nology of the theory of production, if quan-
tities of output and input are measured accu-
rately, ‘growth in total output is largely
explained by growth in total input and that
the complexities and interdependencies be-
tween them can be described by the aggregate
production function.

Previous studies of similar problems have
concentrated their attention on analysis of
technological progress in terms of the produc-
tion function and have attempted to find out
how much, if any, of the decline in the input
requirements is attributable to each of the
following three factors: (1) economies of scale;
(2) factor substitution; and (3) the shift in the
production function. These studies include
those of Nerlove [14], Komiya [12], and
Dhrymes and Kurz [3]. However, they are
concerned exclusively with the nature of the
production function itself as it relates to the
United States steam electric power industry.
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Throughout Nerloves paper he conducts
his investigation on the firm level for the year
1955, using cross-section sample. Assuming
the steam electric generating process to be
described by the aggregate production func-
tion, Nerlove proceeds to estimate its param-
eters via the implied cost function under the
hypothesis that firms act so as to minimize cost
under an output constraint. His main conclu-
sion is that the generating aspect of electricity
supply fs uniformly characterized by increas-
ing returns to scale, the degree of such returns
being a decisive function of the output level.

Komiya, analyzing data from the newly
constructed electric generating plants in the
United States over the period 1930-1956,
tried fo find out how much, if any, of the
decline in the input requirements is attribut-
able to each of the three above-mentioned
factors. He begins by assuming a substitution
model, in which fuel, capital, and labor inputs
are assumed substitutable for each other, No
assumption regarding the market conditions
under which the economic unit operates is
made. This attempt does not yield satisfactory
results, quite likely because of multicollinear-
ity of the input. In his second approach he
introduces the Leontief Model, in which each
of three major inputs is assumed as a logarith-
mic linear function of the output. He stratifies
his sample by technological subclasses and
then conducts an analysis of covariance, treat-
ing technology as the factor level.

Komiya’s study led him to one main conclu-
sion—that in steam power generation the
scale effect is a far more important factor than
the process of technological change.

We agree with Dhrymes and Kurz that
Komiya’s treatment of the number and size
of generating units in explaining the dollar
cost of a plant is questionable. Hence, a par-
ticularly advantageous purchase (very low
price) of a generating unit will be interpreted
by Komiya as a factor of increasing returns
to scale in electricity generation. In turn, cap-

ital is assumed to be measurable by means of
the deflated cost of the generating units. In con-
clusion, we cannot endorse Komiya’s position,

An econometric investigation of the impact
of technology and size on the characteristics
of production in the steam electric generating
industry was also undertaken by Dhrymes and
Kurz. Using data related to newly constructed
plants in the United States over the period
1937-1959, they investigated the question of
returns to scale in electricity supply. and
assessed the effects of technological change on
returns to scale. In the process they employed
the constant elasticity of substitution produc-
tion function and proceeded to estimate its
parameters under Nerlove’s cost minimization
hypothesis and the sample stratification tech-
nique of Komiya.

Dhrymes and Kurz! concluded that increas-
ing returns to scale prevail throughout, and
the main impact of technology was registered
during the 50%.

In our analysis the Cobb-Douglas produc-
tion function, with unconstrained returns to

scale is used, and we simultaneously intro- -

duced a marginal productivity condition rep-
resenting cost minimization in competitive
factor markets. Time-series data related to the
State of Pennsylvania total electric power
generation over the period 1956-1971 are
employed.

THE PRODUCTION FUNCTION
Let the production process in a certain
industry be characterized by the Cobb-
Douglas production function.
(1) Y, = B XfiX5 U,
where Y,—real output,
X;;—labor input,

'Phoebus |. Dhrymes and Mordecai Kurz: Technology
and Scale in Electricity Generation, Econometrica, Vol.
32, No, 3 (July 1984), p. 288.
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X,,—capital input

.8, and B,—constant parameters,

U,—multiplicative disturbance dis-
tributed independently of X,
and X,, with expectation unity.

This form has constant elasticities with respect
to each of the conditioning variables:

(aYt/GXm)(XKz/n} = fx
where (K=1....K)

1t has been widely used in theoretical and
empirical analyses of production.

This function, with provision for disem-
bodied neutral technical change at the rate
of 103, may be written as:

2) Y, = BoX{ Xz 10U,

The productivity parameter A helps to de-
scribe the manner in which changes in output
occur apart from changes in the specified
input.

Equations (1) and (2} are nearly always
transformed into the log linear relationship.

(3) Log Y, = Log 8, + B, Log Xy,
+ By Log X, + At + Log U;

Where log U, is an additive disturbance, inde-
pendent of X, and X,, with expectation zero.
In this form the function (2} is a single equa-
tion which is linear in the unknown param-
eters: Log 8,.68,.8..A. 7

If we simultaneously introduce a marginal
productivity —condition representing cost
minimization in competitive factor markets,
it can be described as:

Y, 2y,
WX, X oX
W =V
PXy  TYw 9%
| 20Xy 3%,
X
— & P 2 74

——62 X2t !

where Y, is the nonstochastic portion of total
output (which might be interpreted as
“planned output”), PXy, is the price of capital
services, WX, is the wage rate, and V, is a
random disturbance reflecting incomplete cost
minimization. Equation (4), considered by it-
self, is a linear relationship in ratio variables

with an unknown parameter % which be-
2

comes evident when it is transformed to:

WX EE— Xy Log V,
PXy P +L0gX2t e

Estimates of equation {1) or (2) can be ob-
tained by application of the least squares
methods.

In order to avoid multicollinearity problems
among inputs we can estimate Bo:B1:8, and
S,; from the joint distribution of X;, and Xy,
(given WX,,,PX,,, and Y, ), which is based up-
on the system (2) — (4). Estimation is possible
by the introduction of Professor L. R. Klein's?
iwo step procedure. The two-step procedure

5) Log

estimates % from equation (5} (by setting the

2
sum of the log arithmic residuals equal to zero
in the sample) and then regresses log Y, in

equation (3) on t and (g—l Log X, + Log X2z)
2

where —[—gl is the previously obtained estimate
2

of ﬁ The coefficient of the combined var-

2
iables in the regression is our estimate of §,.

B
From the estimate of §, and of —L, we may
2

obtain the estimate of 3, as:

est. B, = %-Bg
2

28ee L. R. Klein: A testbook of Econometrics, Illinois,
and New York, 1953, 226-236, and also Ronald G. Bodkin
and Lawrence R. Klein: Non-linear Estimation of Aggre-
gate Production Function, The Review of Econometrics
and Statistics, Vol. XLIX, (February 1967, No. I}
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Application to Electric Power
Generation in Pennsylvania
1956-1971

THE INPUT-OUTPUT RELATIONSHIP®

Production of electric energy (in KWH;) in
the State in 1971 was about double that of
1956. Using 1956 = 100.0 as the statistical
base, its relative index in 1971 was 200.2, with
an annual average growth rate of 4.8%,

The basic fuel source pattern has not been
altered over the period analyzed. The four
sources of electricity are: coal, gas and fuel
oil, hydro, and nuclear power. Among them,
the main one is still coal. '

The total electric energy production con-
tributed by coal has had, with some faltering,
an upward trend between 1956 and 1971. The
relative index in 1971 was an estimated 177.6,
with 1956 = 100.0. Coal contributed 91.2%-
94.2% to the total electricity production be-
tween 1956 and 1965. Since 1966 we chserve
a gradual distinct decline in its contribution.
In 1971 it was 80.9%.

The second source used by generating
plants, according to fuel type, is gas and fuel
0il.* Between 1956 and 1966 about 2.3%-6.8%
of total electric production was attributable
to gas and fuel oil. For the other years of the
period analyzed there has been a steady rapid
increase in its contribution to total electric
energy production. In 1971 its fraction was
18.1%.

Hydro generation contribution to total
electric power production, until 1956, was
insignificant in the analyzed period (In 1958,
6.5%). Between 1957 and 1960, it was rather
constant (2.1%-2.2%). Since 1961, there has
been a gradual decrease in the hydro genera-
tion contribution. In 1971, it was only 0.4%.

Nuclear power contributed 0.02% to the
total electric power production in 1957, Be-

3The detailed data discussed in this section are avail-
able from the authars.
* Approximately 80% fuel oil; 20% natural gas.

tween 1958 and 1967, it had ap upward trend,
except in 1964 and 1966, because of changes
in technology. It ranged from 0.4% in 1958
to 1.0% in 1967. In 1971, it was only 0.6%.

Let us now relate the above described
growth tendencies of output to the trends of
input-productive factors: labor, capital and
technological progress.

Labor, capital and technological progress
are usually considered as the major growth
factors of electric energy production. Electric
power generation is a highly automated proc-
ess and labor input enters the productive
process in three ways: operation and supervi-
sion of the plant which entails work of control
and adjustment; maintenance; and clerical and
office work. Labor requirements move more
or less with the output and number of units
in operation.

The average number of employees or man-
hours are used as measures of labor nput.
However, the average number of employees
does not take into account the length of the
work week, the operation of double shifts, and
similar practices. For that reason, when man-
hour measures are available, they are prefera-
bie from an econometric point of view. In this
case it is a flow variable in the same dimen-
sions as output.

In the long range the technological progress
in electricity generation (as in most manufac-
turing industries where fixed capital equip-
ment plays an important role) requires from
labor less physical effort and more knowledge
and experience.

In order to take these two components of
labor input into consideration, we have cor-
rected the annual average number of em-
ployees, and the annual average number of
manhours by the relative index of total wages
and salaries of employees in thousands of con-
stant dolars, 1958 = 100.0.

The anmual average number of employees
engaged in electricity generation in Pennsyl-
vania between 1956 and 1971 decreased about
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3.8%. From 1966 to 1971, there was a slight

increase in the annual average number of -

employees but it never exceeded that of 1956.

Almost the same growth tendency can be
observed for the armual average number of
manhours employed in Pennsylvania’s electric
power generation industry in the same period.
Tts relative index in 1971 was 97.9, with
1956 = 100.0,

In the same period, the annual average
number of employees and the annual average
nuntber of manhours corrected by the relative
index of total wages and salaries of employees
had quite different growth tendencies. The
annual average number of employees between
1956 and 1963, except for 1959 and 1960, was
less than that of 1956; from 1964 to 1971, there
was a steady and proportionate tendency of
growth. The relative index for 1971 was 138.5,
with 1956 = 100.0. The average annual rate
of growth between 1956 and 1971 was
140.8—an annual average growth rate of 2.2%.

The presence of technical change compli-
cates the measurement of capital input. In a
world of progress, it is difficult to measure, at
successive instants of tiine, an aggregate of
capital stock or input flow, where the different
components of the aggregate consists of highly
durable pieces of nop-uniform quality. The
different vintages of capital goods have differ-
ent technical attributes. The series on capital
stock is constructed from the conventional
national income accounts. Statistics on capital
stock for the industrial sector are obtained from
series on gross investment in fixed capital and
capital consumption or depreciation. In terms
of these statistics, net investment in constant
price system is computed and accumulated to
give capital stock vahues.

In some studies, direct physical estimates,
such as horsepower ratings of equipment, can
be used as an alternative capital measure.

In highly capitalized industries measures of
productive capacity may serve as a measure
of capital stock.

We have examined:

—Net investment in thousands of constant
dollars, 1938 = 100.0,

—-capital expenditures in thousands of con-
stant dollars, 1958 = 100.0, and

—total installed capacity in KW.

Net investment has increased about 68.6%
in the state electric power industry over the
past sixteen years. Its average annual rate of
growth between 1956 and 1971 was 3.5%.

There was substantial growth in capital ex-
penditures. In 1971 they were over five times
as large as those of 1956. Capital expenditures
had, with some faltering, an upward trend
between 1956 and 1971. An intensified growth
tendency in new capital formation can be
observed particularly from 1962 to 1971. The
annual average growth rate between

This intensified growth tendency of capital
formation suggests a rather striking impact of
technological improvement on the degree of
mechanization. The reduetion in labor and
capital requirements due to these changes is

~ very substantial.

During the sixteen year period from 1956
to 1971, the labor and capital requirements per
unit of produced electric power declined by
28.7% and 15.8% respectively.

They are reflected in. a significant increase
in total installed capacity. Total installed ca-
pacity for the same period increased approxi-
mately 138.9%, with an annual average growth
rate of 6.0%.

The basic fuel source pattern of the total
installed capacity to generate electric energy
in Pennsylvania, 1956-1971, was practically
unchanged between 1956 and 1966. About
93.1%-96.0% of the total installed productive

* capacity was for coal plants; 0.4%-1.0% for gas

and fuel oil plants; about 2.9%-2.0% (between
1957 and 1966, in 1956—6.6%) for hydro-
electric plants; and 1.3%-1.0% for atomic
planis.
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Between 1967 and 1971 the basic installed
capacity pattern was subject to substantial
changes. In 1967 coal accounted for 88.1% of
electric generation, gas and fuel oil 4.2%,
hydroelectric 6.7% and nuclear 1.0%; in 1971,
coal capacity dropped to 60.0% of the total;
oil and gas rose to 33.1%; hydroelectric
dropped slightly to 6.1% and nuclear dropped
slightly to 0.8%.

The long-run trend seems to be substitution
of capital for fuel and labor inputs,

The quantitative expressions of the com-
plexities and interdependencies between input
and output in these relationships are discussed
in the following section.

Estimation

FIRST PHASE OF ESTIMATION

Using a productive input-output relation
like (2), the following set of variables was taken
for consideration:

Y,—The total electric energy production
{in KWH),

Xy—An annual average number of em-
plovees,

}%lt———An annual average number of em-
ployees corrected by relative index of
total wages and salaries of employees
(in thousands of constant dollars,

1958 = 100.0).
Xipe——An annual average number of man-
hours,

)?mt—An annual average number of man-
hours corrected by relative index of
total wages and salaries of employees
{in thousands of constant dollars,
1958 = 100.0),

Xy—The total installed generating capac-
ity {in KW),

The variable for time appears in our regres-
sion models to characterize the impact of
technical change on the production function.
It will be seen that under the phrase “technical

change™ we have in mind Solow’s special case
of neutral technical change. This “neutral”
type is expressed by a shift in the production
function. “Shifts in the production function are
defined as neutral if they leave marginal rates
of substitution untouched but simply increase
or decrease the output attainable from given
inputs,”?

Introducing data described in the last sec-
tion, four variants of equation (2) have bheen
estimated corresponding to different labor
input measures:

L 1) LogV, = LogfB, + B;LogX,,
+ By Log Xy, + A+t + Log U,

2) Log Y, = Log B, + 8, Logilt
+ By Log Xy, + A+ ¢ + Log U,

IL 1) LogY, =Logf, + B; Log X,
+ By Log Xy + A+t + Log U,

2) LogY, =LogfB, + 8, Log ilht
+ By Log X, + A+t + Log U,

We proceeded to estimate the parameters by
regressing the logarithms of output, on loga-
rithms of capital, logarithms of labor, and time,
by the ordinary least squares method. No
marginal productivity condition was assumed.
The results are summarized in Table T,
The statistical picture which emerges shows
that this attempt to fit the Cobb-Douglas pro-
duction function, with unconstrained returns
to scale (with provision for disembodies neu-
tral technical change at the rate of 10*1) to
our empirical observations did not give satis-
factory results. Let us now turn to the statis-
tical significance of individual parameter esti-
mates. The generally high values of the
Durbin-Watson statistic indicates that they
are not significant, and we accepted the null

*R. M. Solow: Technical Change and the Aggregate
Production Function, Review of Economics and Statistics,
Vol. 39, 1957, p. 314.
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TABLE I

FSTIMATES OF THE ParaMeTERs oF THE Coss-Doucras PropucTion
FuncTion, wiTH UNCONSTRAINED RETURNS TO ScaLE

LOG
.B() 181 182 A R Su F d
L1 1.38241 (318 0.260 0.017 0.978 0.02267 178.90 1.82
Standard (0.337) (0.247) (0.043)
Error
t. 0.593 1.053 0.385
2} 1.57452 0.176 0.317 0.015 0.978 0.02289 175.46 179
Standard {0.361) (0.222) {0.038)
Error E
t. 0.487 1.430 0.396
iL 1) 1.99790 0.233 0.226 0.015 0.979 0.02243 182.87 1.87
Standard (0.191} 0.234) (0.028)
Error
rt. 1.221 0.928 0.527
2 1.95033 0.128 0.296 0.014 0.978 0.02281 176.76 1.79
Standard (0.172) (0.232) {0.028)
Ei
r:) " 0.748 1.276 0.503

Source: See text

Note: A) For a significance level of 5 per cent and n — k — 1 = 16 ~ 3 — 1 = 12 degrees of freedom, the value

of tis £ = L782.

B) Critical f value at the 0.05 level of confidence and 12 degrees of freedom is f = 341 _
C)) Critical J;L and d;, values (for the Durbin-Watson Test at the 0.05 level of confidence, n = 186, and k = 3in-

dependent varfables are d;, = 0.86 and d; = 154

hypothesis that the residuals of the production
function equations are not autocorrelated.
Next, we consider the question of the signifi-
cance of the partial regression coefficients.
Our ¢ statistics for each of the considered
equations, are generally low. We conclude
that the partial regression coeflicients are not
individually significant. The very high values

of the F statistics for each of our production
function equations suggest that the regression
is significant, even though individual coeffi-
cients are not.

The problem with the estimate may be that
the multicollinearity of the input and time
factors obscures the separate contributions of
these variables.

SIMPLE CORRELATION COEFFICIENTS

) *
Y Xy ilt Kine Xyt Koy t
Y —0153 0808  —0I64 0836 0975 0957
X, 0.153 ~ — - — 0020 0.308
£
0.903 - — - — 0882 0.867

?; 0,164 — — — - 0062 0239

1Rt '
" _ — 0924 0858
% 0.586 — — .

o 0.975 0.020 0882 0062 0.924 _ 0.966
i 0.957 0308 0.867 0239 0858 0966 _

Source: See text
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SECOND PHASE OF ESTIMATION

Since the single-equation, least squares
method in estimating the above equations did
not yield satisfactory results, we introduced
Klein’s two-step approach. Following this, we
first estimated the parameters of the marginal
productivity side condition and then pro-
ceeded to estimate the remaining parameters
from the production function relation.

Further computational manipulation yields
the estimates of parameters f;, f, and A for
each equation:

The standard errors of these numerical esti-
mates of parameters 8, 8, and A in each
equation persuaded us not to proceed with the
calculation of the estimate of 8,.

The uncertainty of these results is cansed
by the inter-correlation between the
smoothed-out time trend representing neutral
technical progress and the combined variable.
A turther, quite likely explanation may be that
the electric power industry was, as we pointed
out in the second section, one of the most
stable and tranquil industries in the entire
economy of the State over the last sixteen

L1
B, = 2074 B, = 0279 A= 0013 erars. We have not observgd any kind of extra
(6.977) (0.787) (0.023) slow-downs or speed-ups in the trend of the
2 total electric energy production during the
iod analyzed.
Bo= 0307 B,= 0542 A= 004 oo in :
0 (9.062) B (1.123) ( 0.8 28) .Accord%ngly we re-estimated the equations
without time trends without time. The new
II. 3)_ equations and the estimates of their param-
By = (%ggi) By = (8%23 A= 88%3 eters are shown in Table 3. For the cells of
- 882) (0.022) each column the upper figure is the parameter
4) estimate itself, while the figure below it in
By = 2192 B, = 0262 X = 0014 parentheses is (where given and/or appro-
{6.988) (0.778) (0.023) priate) the associated standard error.
TABLE 3
EsTiMATES OF TaE ParaMmETERS oF THE Cops-DoucLas
Propuction Funcrion, wers UNCONSTRAINED RETURNS TO SCALE
. ) Log B B 5 z
Equation Estimates " @) 3 & @ & & 2‘) (};)
L 1LogY, = Logh, + B, LogX,  —287162 0381 0838 1219 0.02663 0937 320

+ B; Log Xo, + Log U,

9) Log ¥, = Log f, + B, Log X,
+ B Log Xy + Log U,

—1.80349

IL 1) Tog ¥, = Log B, + B, Log X4,
+ B, Log X, + Log U,

—3.12641

2} Log ¥, = Log B, + B, Log )*Cm
+ By Log X5, + Log U,

(3.21600)  (0.237)  (0.355)

0326  0.717 1043 002445 0947 384
(2.61228)  (0.191)  (0.987)

0380 0.854 1243 002673 0937 2B
(3.31452)  (0.241)  (0.361)

—1.82352 0323  0.710 1033 002519 0944 320
2.67424)  (0.193)  (0.290)

Source; See text.

Note: For a significance level of 5 percent and m — k — 1 =

of F is F = 3.80.

16 — 2 — 1 = 13 degrees of freedom, the critical value

Critical dy, and d, valaes (for the Durbin-Watson Test) at the 0.05 level of confidence, n = 16, and K = 2

independent variables are d;, = 0.86 and d,, = L54.
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The statistical picture which can be drawn
is one of a very tight fit of the selected pro-
duction function. This is hardly surprising, in
view of the strong trend in the output vari-
able. We shall be more interested in the statis-
tical significance of individual parameter esti-
mates. In general, the residuals of the
production function equations are signifi-
cantly autocorrelated, as indicated by the low
values of the Durhin-Watson statistic. Thus,
our statistical tests of significance are some-
what vitiated by the presence of this phenom-
enon; although in the case of equation (I 1)
the F ratio is relatively higher than its critical
value and in the case of the rest of the studied
production function equations it is high
enough that one might still be willing to place
a fair amount of confidence in the statistical
tests under examination.

We may now proceed to a discussion of the
picture of the economic structure which
emerges. It is quite interesting, The numerical
values of the estimates of the labor and capital
input parameters show that approximately
one-third of the total increase in electric en-
ergy production is Pennsylvania over the con-
sidered time-series sample is attributable to
growth in labor and two-thirds to growth in
capital.

Next, we may turn to the problem of the
measure of labor input, in terms of the aggre-
gated production function which we raised in
section I1. There are quite small and insignifi-
cant differences between the parameter esti-
mates of the equations (I. 1) and (IL 1). The
same statistical picture can be seen regarding
the parameter estimates of the equations (1. 1)
and IL 1). Yet there are significant differences
between the parameter estimates of the equa-
tion (I 1) and (L 2), and of the equations
(IL. 1) and (IL. 2). It means that the both meas-
ures——an annual average number of employ-
ees (X,,) and an annual average number of
manhours (X, ;,)—of labor input, i.e., its physi-
cal effort engaged in electricity generation in

Pennsylvania, 1956-1971, describes, almost

- identically, the relative share of total increases

in output that are caused by growth in labor.
Nevertheless, an annual average number of
employees (5%1:) and an annual average num-
ber of manhours (X;,) corrected by relative
index of total wages and salaries of employees
(in thousands of constant dollars, 1958 =
100.0}, including physical and mental compo-
nents of labor input, employed in Cobb-
Douglas production function yield better
results. The coefficients of multiple determi-
nation are slightly higher and the standard
errors of their parameters estimates are more
statistically significant, by conventional cri-
teria.

For all equations in column (4) we have
point estimates of returns to scale. In all cases,
increasing returns to scale are the prevailing
phenomena in electric power generation in
Pennsylvania, 1956-1971:

For the above discussed reasons our pre-
ferred production function equation is equa-
tion (I 2). Although its residuals are signifi-
cantly autocorrelated, one might still be
willing to predict Y, by its application with
some degree of confidence in its relative ac-
curacy.

In terms of the aggregate production func-
tion, we conclude that the substantial growth
of total electric energy production during a
sixteen-year period from 1956 to 1971 in the
State occurred under the impact of techno-
logical improvement.

The decline in the labor and capital re-
quirements per unit of produced electric en-
ergy by 26.7% and 15.8% respectively is at-
tributable to the intensified growth tendency
of capital formation.

_ The electric power industry required, under
the impact on the degree of mechanization,
more qualified labor input over the last sixteen
years.

The substantial changes in the basic fuel
source pattern during the last six years of the
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analyzed period are due to the air pollution/
technological improvement problems.

The great increase in total installed capac-
ity is to be considered as the major achieve-
ment of technological progress in this industry.

There have not been any observed extra
“slowdowns” or “speedups” in the trend of
total electric energy production in the State
over the last sixteen years.

The Cobb-Douglas production function,
with unconstrained returns to scale (with pro-
vision for disembodied neutral technical prog-
ress at the rate of 10"t fit to our empirical
observations, did not yield satisfactory results.
'The single-equation, least squares method of
estimating its parameters wak used, and no
marginal productivity condition was assumed.

Klein’s two-step approachi‘ in parameters
estimation of the assumed aggregate produc-
tion function also did not give satisfactory
results. The uncertainty of those results may
be due to the intercorrelation between the
smoothed-out time trend representing neutral
technical progress and the combined vari-
ables. - .
Among the three possible explanatory fac-
tors of the growth of total electric produc-
tion—labor, capital, and the smoothed-out
time trend, the time factor was dismissed,
because its associated parameter estimates
were not statistically significant.

The statistical picture which emerges shows
that all four equations corresponding to the
considered labor input measures have a satis-
factory close fit to actual sample data.

The recognized substantial autocorrelation
in the estimated residuals from the production
function relationships of our equations may be
reduced by “improvement” of the sample and
introduction of the alternative capital and
Iabor input measures.

One-third of the total increase in electric
energy production in Pennsylvania is attribut-
able to growth in labor and two-thirds to
growth in capital.

For all cases an increasing return to scale
is the prevailing phenomenon.

The fixed capital equipment played an im-
portant role.
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