Energy Resources and Potential GNP |

ROBERT H. RASCHE and JOHN A. TATOM

THE dramatic change in supply conditions for
energy resources since 1973 had a substantial effect
on the productive capabilities of the U.S. economy.
Higher prices of energy resources, relative to the
prices of labor and capital resources, resulted in a loss
of economic capacity and higher output prices. It has
been estimated that four to five percentage points of
both the higher price level and reduction in national
output in 1974 were due to the increased scarcity of
energy resources entailed by the quadrupling of
OPEC petroleum prices.!

The loss of national output because of energy mar-
ket developments was a permanent loss. The energy
price revision reduced the effective supply of re-
sources available. Thus, the rate of output achievable
by fully utilizing the nation’s resources, the “potential”
output of the economy, was lowered.

Conventional methods of measuring the economy’s
potential have focused primarily upon the availability
and productivity of labor resources. More recently
such efforts have also attempted to account for the
availability and productvity of capital resources. Es-
timates of potential output which consider the rela-
tionship of only capital and labor resources to national
output are not well suited to the task of accounting
for the effects of changes in the availability or cost of
energy resources. Nevertheless, the Council of Eco-
nomic Advisers (CEA)} has recently pointed to evi-
dence which indicates that a permanent drop in the
productivity of U.S. capital and labor resources may
have occurred after 1973. The CEA suggests that this
drop is due to the higher cost of energy resources.?

A direct route to estimating potential output, which
accounts for the supplies of labor, capital, and energy
resources under conditions of full utilization, is pos-
sible. Such an approach shows that a preoccupation
with the supply of energy resources in measuring po-
tential output is not important prior to 1973. Only

1See Robert H. Rasche and John A. Tatom, “The Effects of
the New Energy Regime on Economic Capacity, Production,
and Prices,” this Beview {May 1977), pp. 2-12.

25ee Council of Economic Advisers, Foonomic Report of the
President, 1977, pp. 35-56.
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small year-to-year changes in the relative scarcity of
energy occurred before 1973, The effect of such
changes was minor and capable of being captured by
the trend growth of productivity of labor and capital.
However, such a direct approach also demonstrates
the fundamental importance of accounting for energy
in measuring potential output after 1973. When
energy is included in the production relationship link-
ing resources to output, the effect of the increased
scarcity of energy is seen to be of the magnitude of
our earlier estimates which were based upon eco-
nomic theory and more indirect evidence.

Aside from clarifying the recent performance of the
U.S. economy relative to its potential, estimates of
potential output which account for energy resources
have important implications for economic and social
prospects. Potential output measures which do not
include the loss due to the change in the world energy
market overstate the gains in output achievable by
full utilization of resources. Consequently, such meas-
ures, in addition to endorsing impossible short-term
growth possibilities, foster an inflationary bias in ef-
forts to achieve an unattainable potential output. Also,
unrealistically high estimates of potential output im-
ply corresponding overestimates of the tax revenues
associated with full resource utilization. Thus, federal
budget planning tends to have a greater bias toward
deficits.

THE DEVELOPMENT OF MEASURES
OF POTENTIAL GNP

The Original CEA Estimates

The notion of potential GNP, the output rate pro-
duced when the economy fully utilizes its resources,
was first developed by the Council of Economic Ad-
visers in 19623 The original estimates of potential
GNP were based on three simple statistical approaches

38ee Council of Economic Advisers, Kconomic Report of the

President, 1962, pp. 49-56, and Arthur M. Okun, “Potential
GNP: Its Measurement and Sigrificance,” American Statisti~
cal Association, 1962 Proceedings of the Economic Statistics
Section, pp. 98-104, also reprinted in his The Political Econ-
Oﬂ:?y ;}f Prosperity, { Washington, D.C.: Brookings Institution,
1970).
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developed by Okun that related the unemployment

rate to actual real GNP. The estimates assumed that
full utilization of resources occurs when the unemploy-
ment rate for the civilian labor force is four percent,
that is, the economy operated at its potential in mid-
1955. The original estimates assumed that potential
output grew at an annual trend rate of about 4.5 per-
cent from 1947 to 1953, and at about a 3.5 percent
rate from 1953 to 1962.

The original estimates achieved widespread recog-
nition, The simple device of relating departures of
the unemployment rate from four percent to the
“gap” between actual and potential output facilitated
the popular discussion of both economic goals, such
as full employment and growth, and fiscal policy.
With regard to the latter, the notion of a high-em-
ployment Federal budget was developed and used
to indicate the state of the budget deficit or surplus
under high-employment economic conditions as well
as the magnitude of fiscal efforts required to move the
economy to a four percent unemployment rate.

Since these original estimates, the CEA has recog-
nized that various forces, particularly demographic

48ee Okun, “Potential GNP,” pp. 101-02.
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factors, can change the trend rate of growth of re-
sources and, hence, potential output. Consequently,
the CEA has from time to time adjusted the trend rate
of growth used to update their data series for potential
output, From 1952 through 1962, the CEA uses the 3.5
percent trend rate of growth derived by Okun. This
trend rate was raised to 3.75 percent for the period
from 1962 through 1968 and further increased to four
percent from 1969 through 1975. Because of a slow-
down in the rate of growth of the labor force, the CEA
reduced the trend rate of growth of potential GNP
after 1975 to 3.75 percent. This series is referred to
below as the “old” CEA estimate and is shown in
Chart I along with actua]l GNP.?

Okun indicated in his original work that his analysis
skipped over important links between changes in the
unemployment rate and output, and in an often
quoted passage he concluded:

Stll, I shall feel much more satisfied with the est-
mation of potential output when our data and our
analysis have advanced to the point where the esti-

5For a full description of the old estimate see the note in
U.S. Department of Comuinerce, Bureau of Economic Analysis,
Business Conditions Digest (September 1976), p. 95 and the
discussion in issues of the CEA Economic Report since 1962,
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mation can proceed step-by-step and where the cap-
ital factor can be taken explicitly into account.®

Since 1962 several studies have attempted to improve
upon the original work. The major efforts attempted
to account for capital resources and for the interaction
between actual output and prospective potential out-
put. The major development has been to use an ap-
proach based upon an aggregate production function.”
However, until recently no serious problems have been
detected with the old CEA estimates.®

The “New” CEA Potential OQutput Series

More recently, studies of potential output have in-
dicated some major departures from old estimates.
In addition to the slowdown in the long-term growth
of the labor force pointed out by the CEA in the fall
1976 revision of the growth trend, a study by Data
Resources, Inc., suggests a further slowdown since
1973 because of a substantial decline in the growth of
the capital stock.? More importantly, the CEA itself
has pointed out an apparent slowdown in productivity
growth since 1966. Clark has developed a new poten-
tial output series for the CEA which is based, to an
extent, on production function estimates rather than
simple trends.’® These new estimates imply a growth
rate of potential output of about 3.3 percent in the

6Q0kun, “Potential GNP,” p. 104.

7A few of the major studies are: Edwin Kuh, “Measurement

of Potential Output,” American Economic Review {Septem-
ber 1968), pp. 758-76; Lester C. Thurow and L. D. Taylor,
“The Interaction Between the Actual and the Potential Rates
of Growth,” The Review of Economics and Statistics (No-
vermber 1966), pp. 351-80; Stanley W. Black and R. Robert
Russell, “An Aﬂemative Estimate of Potential GNP,” The
BReview of FEeconomics and Statistics (February 1963), pp.
70-76; and Benjamin M. Friedman and Michael L. Wachter,
“Unemployment; Okun’s Law, Labor Force, and Productiv-
ity,” The Review of Economics and Statistics {May 1974),
pp. 167-76.

8For example, see the discussion by George M. vonFurstenberg,

“Comments on Estimating Potential Output for the U.S.
Economy in a Model Framework,” Achieving the Goals of the
Employment Act of 1046 « Thirtieth Anniversary Review,
.8, Congress, Joint Economic Committee, 94th Cong. 2nd
sess., December 3, 1976, J)p. 26-28, He points out that more
elaborate “supply-oriented models” are valuable for improv-
ing understanding, but estimates from them are not “demon-
strably more reliable” than the old official estimates. He also
notes that the usefulness of the old CEA potential output
estimates “would be unaffected by anyone showing, for in-
stance, that potential is consistently one percent larger or
smaller than officially estimated” (p. 28).

8See Roger Brinner, “Potential Growth to 1980, Otto Eckstein
et. al., Economic Issues and Parameters of the Next 4 Years,
{ Lexington, Massachusetts: Data Resources, Inc., Economic
Study Series, 1977}, pp. 9-17.

10See the CEA, Economic Report, 1977, pp. 45-57 and Peter
K. Clark, “A New Estimate of Potential GNP,” Council of
Economic Advisers, unpublished memorandum, January 27,
1977.
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late 1960s and early 1970s. These new estimates
are in agreement with projections made in 1972 by
William Nordhaus.'!

In two respects the new CEA serfes on poten-
tial output represents a major departure from the
methods used to compute the old series. First, poten-
tial output now is viewed more as high-employment
output rather than being linked to a four percent un-
employment rate. The new CEA estimates are bhased
on explicit considerations of participation rates and dif-
ferential high-employment unemployment experiences
of different age-sex groups. The high-employment
benchmark of a four percent civilian labor force un-
employment rate in mid-1955 is preserved, but the
new series is based on explicit estimates of the revi-
sion in the high-employment benchmark over time
due primarily to changes in the composition of the
labor force. The second major departure is an at-
tempt to account more explicitly for capital resources
in the estimation of productivity and potential output.
However, the new estimates of the CEA do not take
into account a further one-time reduction in produc-
tivity and potential output which their analysis indi-
cates occurred in 1974 and which they suggest may be
a permanent change due to the energy price shock.!?

A comparison of the new and old series is presented
in Chart II for the period 1952-1976, Until 1967, the
two CEA potential output series are very similar. The
new CEA estimates show potential output to be about
one percent lower from 1952 to 1967, but growing at
roughly the same rate. After 1967 the new estimates
fall short of the old series by a growing amount. By
1976 the new estimate of $1363.6 billion is only 959
percent of the old estimate of $1421.2 billion.!* The
bulk of the $57.8 billion reduction is attributed to a
slowdown in the growth of labor productivity and an
increase in the full-employment unemployment rate.

As noted above, the CEA has suggested that pro-
ductivity fell further in 1974, so that by 1976, poten-
tial output may be $30 billion lower than their own
new estimates. These new estimates, like those of
Data Resources, Inc., mentioned above, assume a

118ee William . Nordhaus, “The Recent Productivity Slow-
down,” Brookings Papers on Economic Activity (3:1972),
pp. 493-545.

12While the Economic Report discusses the new estimates,
neither the old nor new series have been published in the
monthly publication of the Bureau of Economic Analysis,
Business Conditions Digest, since QOctober 1978.

188ee CEA, Economic Report, 1977, p. 55. All potential output
measures are in constant {1972} dollars throughout this
article.
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Cobb-Douglas production function with only labor
and capital resources and assume output elasticities
of one-third for capital and two-thirds for labor.
Thus, neither estimate is able to capture fully changes
in productivity of labor and capital resources due to
reductions in potential energy usage associated with
a higher relative price of energy resources.

The production-function approach to the estimation
of potential output taken in this article accounts
explicitly for energy resources. The potential output
measures draw heavily upon the recent work involved
in the new CEA measures of potential output, specifi-
cally by using their estimates of the potential labor
force and the full-employment unemployment rate.

One recent study, that of Eckstein and Heien (E-H),
has attempted to account for energy effects on poten-
tial output through the aggregate production func-
tion.!* The E-H results indicate, however, that in
recent years potential output is much higher than the
old CEA estimates. While the methodology used in

HAlbert J. Eckstein and Dale M. Heien, “Estimating Potential
Output for the U.S. Economy in a Model Framework,”
Achieving the Goals of the Employment Act of 1948 —
Thirtieth Anniversary Beview, U.S. Congress, Joint FEco-
nomic 2gommittee, 94th Cong., 2nd sess., December 3, 1976,
pp. 1-25.
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the E-H study is similar to that used here, the conclu-
sions are markedly different. These differences result
from serious data problems and a specification error in
their demand for energy. Since their study has such
a similar methodology and reaches such different re-
sults, a full critique is contained in Appendix 1.18

ACCOUNTING FOR ENERGY IN AN
AGGREGATE PRODUCTION FUNCTION

The first step in a production-function approach to
measuring potential output is the estimation of an

15Another study which includes energy price developments in
an estimate of potential ouiput is that by Jacques R.
Artus, “Measures of Potential Output in Manufacturing
for Eight Industrial Countries, 1955-78,” International Mon-
etary Fund Staff Papers {March, 1977), pp. 1-35. Like
Clark’s study he finds an energy price impact using a
dummy variable approach instead of explicitly incorporat-
ing the energy price. Since his study includes seven
countries he is forced by data limitations to impose several
arbitrary constraints which raise serious guestions about the
meaningfulness of his coefficient estimates. Relaxirig the con-
straint that the effect is the same across countries, his esti-
mate of the energy price impact is that .S, potential
manufacturing output fell 2.7 percent in 1974 which is
below both Clark’s estimate of 4.2 percent for the private
business sector and our earlier estimate of five percent which
is confirmed below. Ignoring the other constraint problems,
it may be noted that his estimate is not significantly different
from ours given its relatively large standard error.
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aggregate production function. The approach taken
here follows the usual practice with one major ex-
ception: energy resources are considered as an inte-
gral part of the production function. This is in con-
trast to the usual practice of estimating the functional
relationship between output and only labor and
capital resources. The latter approach implicitly as-
sumes that changes in the stock and flow of energy
resources are captured by movements in the capital
stock and need not be explicitly taken into account.

The measure of output for which a production func-
tion is estimated is the output of the private business
sector. Real GNP includes, in addition to the out-

put of the private business sector, gross output orig- -

inating in the rest of the world, the output of the
general government sector, output imputed to owner-
occupied dwellings, and output of households and
nonprofit institutions. For estimating potential real
GNP these components of actual GNP are simply
added to potential real output of the private business
sector.

Actual real output in the private business sector
depends upon the employment of capital and labor
services as well as energy resources. The production
function may be written as

) Y=a LK E

where Y is output, L is labor measured in manhours,
K is the effective flow of capital services, E is the
flow of energy resources, and t is time. The other
terms in equation (1) are estimated statistically. The
A term is essentially a scaling factor, r is the trend
rate of growth of output due to technological change,
and o, B, v are the output elasticities of the respec-
tive inputs. The estimated production function was re-
stricted by requiring that the sum of the exponents
@, B, y equal unity. The basic implications of such a
“Cobb-Douglas” production function are constant re-
turns to scale and partial elasticities of substitution of
unity.®

The output and manhours data for the private busi-
ness sector are those prepared by the Bureau of
Labor Statistics of the U.S, Department of Labor. The
effective services of capital are found by multiplying

16Constant returns to scale means that equal proportionate
changes in each of the resources employed causes a propor-
tionate change in output. This is a common assumption em-
ployed in estimating production functions, especially at such
a highly aggregated level. Unit partial elasticities of substitu-
tion have also been emploved in earlier studies, although al-
ternative production function specifications exist which relax
this constraint.
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the Federal Reserve Board index of capacity utiliza-
tion times the capital stock in place at the beginning
of each period.'™ The anpual capital stock measure is
the constant dollar (1972) net stock of fixed non-
residential equipment and structures.’® A comparable
data series on energy use in the private business sec-
tor could not be found. However, the rate of energy
use in the private business sector is presumably that
demanded and the demand for energy is determined
completely by the production function and the rela-
tive price of energy.

If firms in the private business sector maximize
economic profits, they employ energy at a rate where
the value of the additional product obtained from
employing more energy equals its price. The demand
for energy from equation (1) is

(23 N VY(““P;:E")Mi
‘ B

where Pg is the price of energy and P, is the price
of output of the private business sector.!® Equation
{2) can be used for the energy input in the production
function so equation (1) may be found by estimating

1
(3) Y=(a* LYK P Y

where A* is another scaling factor and P is the rela-
tive price of energy (P./Py). The relative price of
energy is measured by the ratio of the wholesale price
index for fuel, related products, and power to the
implicit price deflator for the output of the private
business sector.

The credibility of the assumed Cobb-Douglas pro-
duction function is, of course, purely an empirical
matter that can be subjected to statistical testing. The
assumption implies relatively high price and output
elasticities of demand for emergy and unit partial
elasticities of substitution between energy and capital

17In a previous paper, “The Effects of the New Energy Re-
gime,” we discussed the possible biases of the FRB capacity
utilization index in recent years as a result of changes in the
relative price of energy, when it is viewed as a measure of
utilization of economic capacity. In the present context, we
need a measure of utilized capital. When this index is
viewed as such a measure, there is no reason to believe that
the change in the relative price of epergy has introduced a
systematic measurement bias.

188¢e John C. Musgrave, “Fixed Nonresidential Business and
Residential Capital in the United States, 1925-75,” Survey of
Current Business { April 1978), pp. 46-52.

19The marginal product of ener?y from e?uation {1)isvy Y/E,
so the profit-maximizing employment of energy occurs where
P, = {y Y/E} B;.
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or labor.2® There is, however, some evidence that
these properties apply to the U.S. economy. An output
elasticity of demand for energy of unity in the long
run for at least the United States, Japan, and Western
Europe is supported by a number of studies.?! Using
cross-sectional data and the trans-log production func-
tion, Griffin and Gregory have demonstrated that for
nine industrial nations the production function has
partial elasticities of substitution of energy for capital
and labor that are constant and unity.*® Most impor-
tantly for the purpose at hand, the assumption of a
Cobb-Douglas production function cannot be rejected
with the data examined.

Recent studies of productivity suggest that in esti-
mating an aggregate production function it is impor-
tant to account for qualitative changes in manhours
and for productivity differences in capital due to the
increasing importance of mandated pollution-abate-
ment capital expenditures.®® Attempts to control for
skill differences by including variables for the com-
position of the labor force by age were unsuccessful
except for the 16- 19 age group; a negative effect of
the share of the latter group on productivity was not
statistically significant when the estimation was ad-
justed for autoregression. Clark’s gross capital stock
data are adjusted for pollution-abatement capital. Use
of his series produced results essentially identical to
those found using the gross nonresidential stock of
business capital (constant 1972 dollars). Thus, no
attempt is made to adjust the net nonresidential stock
of business capital for pollution-abatement capital.?*

The production function (3} estimated with annual
data for the period 1949-75 is given in logarithmic
form in Table I. The equation was estimated with the
constant-returns-to-scale restriction imposed by taking

20The potential biases introduced by assuming a Cobb-Douglas
production function and some indications of their absence
are discussed in Appendix I1.

218ee, for example, Joseph A. Yager and Eleanor B. Steinberg,
“Trends in the International Qil Market,” Higher Oil Prices
and the World Economy: The Adjustment Problem, ed.
Edward R. Fried and Charles L. Schultze (Washington,
.C.; Brookings Institution, 1975), pp. 246-47, and the ref-
erences cited in their footnote 45.

228ee James M. Griffin and Paul BR. Gregory, “An Intercountry
Translog Model of Energy Substitution Responses,” The
American Economic Review (December 1976), pp. 843-57.

288ee, for example, Clatk, “A New Measure of Potential
Output.”

24Np doubt pollution-abatement capital investment will be-
come au increasingly important factor for such studies in the
future, Thus, the preblems of measuring such investment
will also become more pressing. The unimportance of the
adjustment now is due only to its small size to date. For
example, in Clark’s estimates the pollution-abatement capi-
tal stock is only about two percent of the gross fixed non-
residential capital stock by 1975.
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the ratio of oufput to capital and manhours to capital.
The hypothesized negative effect of the relative price
of energy is statistically significant.

The estimates of the output elasticities of the pro-
duction function, based on the equation in Table I,
are presented in the Table II. The output elasticity of
the energy resource is 12 percent which is consistent
with the Griffin and Gregory estimate of the cost
share of energy and energy price elasticity of demand
for capital® The latter estimates have been used to
show that capacity in manufacturing fell five percent
in 1974 due to the 45.3 percent rise in the nominal
price of energy from the end of 1973 to the end of
1974. The estimate also supports the assumption that
the manufacturing result is representative of the effect
of the energy price change on the private business
sector.”® The estimated standard error of the estimate
of vy is 2.12 percent.*

The estimate of the output elasticity of labor in
Table 1 is very close to the usual estimate of labor’s
share of income as well as being approximately equal
to labor’s average share of cost in the private busi-
ness sector over the period of estimation. The aver-
age share of labor in the private business sector
over the sample period is 66.37 percent. A test for
the differences between the estimated output elastic-
ity and the sample period average labor share yielded
a t-value of 0.2914. Thus, the hypothesis that the esti-
mated output elasticity of manhours is equal to labor’s
share cannot be rejected.

Since the relative price of energy changed dramati-
cally in 1974 and 1973, the production function in

288ee Griffin and Gregory, “An Intercountry Translog Model,”
pp. 848-52.

265¢e Rasche and Tatom, “The New Energy Begime,” p. 5 and
pp. 10-12,

27Formulas for computing the variance of the restricted par-
amaters {o, B, y) may be found in Jan Kmenta, Elements
of Econometrics, (New York: The Macmillan Company,
1971), p. 444,
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Table I was reestimated over the period ending in
1973 to assess the impact of the large price change on
the estimates. The estimates of the output elasticities
for the earlier period are also given in Table II. The
estimates are practically the same as those for the
longer period, especially for energy.®® Thus, it does
not appear that the importance of energy resources
in the production function estimate is due to the
dramatic energy developments which have occurred
since 1973.

The importance of accounting for energy and its
relative price in estimating production relationships is
illustrated by the equations in Table III. A standard
Cobb-Douglas production function omitting energy is
estimated for the two periods 1949-73 and 1949-75.
The first equation, for the period prior to the large
rise in the relative price of energy, performs about the
same as the equation in Table I which includes energy
in the production function. When 1974 and 1975
are included to estimate the second equation, how-
ever, the simple production function performs much
worse. The standard error of the second equation is
more than 50 percent larger than that for the earlier
period and almost 50 percent larger than that given in
Table 1.2* The omission of energy from production
function studies prior to 1974 would appear to be a

28The estimated standard error of o« is 6.93 percent, so a 95
ercent confidence interval for the restricted estimate of
abor’s share contains the sample average share of 66.2 per-
cent for 1949-73.

29For the sake of comparison it may be noted that the stand-
ard error of the eguation in Table I over the shorter period,
1948-73, is .82 percent, about the same as for the first
equation in Tabie III. Also, before the Cochrane-Orcutt
adjustment, the coefficients of the Table III equations are
not as stable. For example, the manhours coefficient drops
significantly from 62 percent for the 1949-73 ﬁperiod to 47
ercent for the 1949-75 pericd. Such a significant change
goes not oceur in the production function estimates which
include energy, nor was there a noticeable change in the
labor share data for 1874-75 in private business sector data.
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minor problem, if indeed it is a problem at all 3¢ After
the dramatic change in energy prices, explicit con-
sideration of energy resources and the relative price
of energy resources is required to obtain stable esti-
mates of U.S, production relationships.®?

AN ESTIMATE OF POTENTIAL OUTPUT

The production function estimates can be used to
estimate potential output in the U.S. economy when
supplemented with assumptions concerning the full-
employment availability of resources. The stock of
capital available during a period is essentially the
same regardless of whether the economy operates at
its potential. The wutilization rate of capital, however,
varies with economic conditions. Consequently, esti-
mations of potential output for the private business
sector and the economy as a whole requires some es-
timate of the utilization rate that would prevail at
potential output. Quarterly estimates of the Federal
Reserve Board index of caepacity utilization in manu-
facturing since 1948 indicate that the 87.7 percent
utilization rate of capital achieved in late 1973 has
been exceeded in only two prior peak periods, dur-
ing the Korean War and the Vietnam War, when it
was about 90 percent. During mid-1955, a bench-
mark year for original studies of potential output,

30The unjmportance of accounting for energy in some earlier
estimates of the production function is due to its high corre-
lation with time trends and capital. For example, from 1948
through 1970 a trend decline of the relative price of energy
of 1.33 percent per year accounts for over 95 percent of its
variation with a standard error of two percent.

31%When the energy price is excluded from the production
function, a Chow test on the additional observations,
1974-75, indicates structural change at a one percent sig-
nificance level. At this significance level, equality of the
coefficients of the production function including the ener
price cannot be rejected when these observations are addeggf




FEDERAL RESERVE BANK OF ST. LOUIS

the index was 87.5 percent, ** This latter rate is used
here as the assumed full-employment capital utiliza-
tion rate.

The flow of manhours at the potential output rate
depends upon both the size of the “potential labor
force” and the supply of hours per worker at potential
output. Clark’s recent study provides annual estimates
of the potential civilian labor force. The estimates are
based upon the population and labor force participa-
tion rate of each of eight age-sex groups adjusted for
cyclical effects. Clark has also estimated a full-em-
ployment unemployment rate annually since 1948
which is equivalent to a four percent unemplovment
rate in 1955. These estimates are based upon the
relationship between the unemployment rate for each
of the eight age-sex groups and: 1) the unemploy-
ment rate of adult males (age 25-54} and 2) the
relative size of the potential group in the potential
labor force® An annual series for potential civilian
emplovment is obtained by adjusting the potential
labor force for the full-employment unemployment
rate. Potential employment in the private business
sector in each period is the difference between poten-
tial eivilian employment and actual employment out-
side the private business - sector, principally in
government.

Hours per worker in the private business sector at
potential output is estimated in a fairly standard
manner.?* Hours per worker varies cyclically as well
as secularly. Hours per worker at potential output,
adjusted for Clark’s full-employment unemployment
rate, is estimated using the postwar relationship in
Table IV, which treats hours per worker as a function
of the unemployment rate and a time trend. Potential
manhours is the product of the estimated potential
hours per worker and potential employment i the
private business sector,

The relative price of energy at potential output is
assumed to be the actual relative price. Until 1974 it
is conceivable that moving from a smaller output to
potential output in any period would have raised this
relative price. However, since any change of this type
would have probably been quite small given the small
variance in this relative price in the postwar period
through mid-1973, and since the coefficient of the

Estimates of Capacity Utilization: Manufacturing and Mate-
gigis,” Federal Reserve Bulletin (November 1976), pp.
B2-905.

#35ee Clark, “A New Measure of Potential GNP,” pp. 14-22.

24For example, see Black and Russell, “An Alternative Estimate
of Potential GNP,” pp. 70-76.

relative price is not large, it is unlikely that the as-
sumption has any noticeable impact on the estimates
of potential output.

The production function and the assumptions above
provide an estimate of potential output in the private
business sector.® Potential real GNP is found by
adding the actual component of output outside the
private business sector. The annual estimates of poten-
tial real GNP from 1952 to 1976 are shown in Chart I
along with the old CEA series®*® Unlike both the new
and old estimates of the Council of Economic Ad-
visers, the series is not smoothed. The average annual
rate of growth of the series from 1952 to 1975 is 34
percent. This is slightly lower than the 3.6 percent
average rate of growth in the new CEA series or the
3.7 percent in the old series for the same period.

The estimate of potential cutput is virtually identi-
cal to the old CEA estimates in their benchmark year
1955 as well as in 1969-70. Chart IV shows the ratio of
the estimated potential GNP to the old CEA measure
of potential output, Except for the early and mid-
193505 and 1969-70, the old CEA estimates show the
economy with greater potential than the estimates
here. The chart indicates that the old CEA measure
grows more rapidly in the late 1950s and early 1960s,
but that this is compensated for by a lower estimate
of potential output growth in the late 1960537 Chart

35The exponential of the estimate of the logarithm of potential
output is a biased estimate of potential output. An exact
correction for this bias is derived in Dan Bradu and Yair
Mundlak, “Estimation in Lognormal Linear Models,” Amer-
ican Statistical Association Journal (March 1970), pp. 19§-
211. The bias correction factor was computed for the esti-
mates of potential output presented here. In no case was the
correction more than .1 billion doilars,

36The equations necessary to construct quarterly potential
output employing the same methodology are presented in
Appendix 11

57Black and Russell, “An Alternative Estimate of Potential
GNP,” p. 74, also found that the Council overstated the
trend growth in the late fifties. The fairly constant percent-
age from 1963-65 in Chart IV is also in agreement with
Black and Russell’s claim that the Council estimate of
growth was about right in this period.

Page 17



FEDERAL RESERVE BANK OF ST. LOUIS

JUNE 1977

Chest il

Estimates of Potential GNP

Rotie Seele RaoYe Scale
Trilers of Dollars Triflions of Pellars
1.5 T 1.5
I . .——.h_ A} A A 14
/
1.2 o
1.7
Ll
v
1.9 / ........... e .o
K] : R
Old CE4 v !
i H H N
3 - v Production-Funclion-Based Polential GHP &
T
//
]
I USRS R -~ ¥
/’//’
. //// k)
//

#arcaniages indicote rompoynded mneual sotes of change in our estimates of Fotential GNE,

tatest date plated: 1974

5 i
I94R 1950 1951 1§57 §933 1954 1933 1956 Y987 1938 165G 1640 1961 1962 19463 1964 1963 1964 1957 1968 1967 19TO MY V972 WFE VM4 1975 1976

Seurce: Courncit of Eronomic Advizers

IV also indicates that, according to our estimates, a
four percent trend rate of growth is slightly too high

for the period 1969-71 and about right for 1971-73. energy developments.

After 1973, the ratio plummets as the old trend-
based estimates of potential output are unaffected by
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As indicated in Chart I, the new CEA measures of
potential output are about 99 percent of the old
measures until 1967, Thus, the new CEA series shows
potential output to be smaller than the estimates here
from 1952-59 and from 1968-73. The new official
CEA estimates do not account for energy price de-
velopments so they are higher than the production
function estimates for 1974-75. However, when the
additional productivity shift discussed by the CEA is
taken into account, their new estimate of potential
output for 1974 and 1975 is not much different from
those presented in Chart I1L

A primary difference, besides excluding energy con-
siderations, between the new CEA potential output
series and that presented in Chart IIT is a produc-
tivity slowdown in 1967. The new CEA series includes
such a slowdown and it is estimated that the trend
rate of growth falls 25 percent after 1966. The timing
of this shift appears to be arbitrary and its size ap-
pears to be quite large given the reasons cited.?®
Nonetheless, such a shift is statistically significant
when a variable intended to capture such an effect
is added to the equation in Table 1. Moreover, the
size of the reduction in the trend rate of growth
agrees with the estimates of the CEA. The estimated
equation is presented in Table V. It may be noted
that the equation implies a significant output elas-
Heity of energy of 9.8 percent and an output elasticity
of manhours of 66.8 percent. Given the size of the
standard errors of the coefficients, it does not appear
that the inclusion of the productivity shift parameter,
T2, significantly affects the results indicated in Tables
I and II. The only major differences between the
equation in Table V and the equation in Table T are
the differences in the trend rate and the slight im-
provement in the standard error.

For comparison purposes, a potential output series
was estimated as before using the production function
in Table V. The comparison is essentially the same as
that discussed above without the shift term T2. The
ratio of the estimated potential output, with and
without the slowdown in productivity growth, to new
CEA potential output is shown in Chart V. The new

35The principal source cited by Clark, “A New FEstimate of
Potential GNP,” for the productivity slowdown is the study
by ]. B. Norsworthy and L. J. Fuleo, “Productivity and
Costs in the Private Economy, 1973,” Monthly Labor Re-
view (June 1974), pp. 3-9. The reason given by Narsworthy
and Fulco is a slowdown in the shift of labor from the agri-
culture sector. The slowdown in the shift appears to” be
contradicted by more recent evidence. See Robert Reinhold,
“Decrease in Farm Population Accelerates: Figures Show a
14 percent Decline from 1970-75,” New York Times,
April 15, 1977, p. Al4.
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CEA estimates are lower than our estimates of poten-
tial output hefore 1959 and in 1968-73. Like the old
CEA estimates, the new CEA estimates indicate a
higher rate of growth of potential output until the
mid-1960s and a lower rate of growth of potential
from 1965-69. The new CEA rate of growth of poten-
tial output from 1863-73 is in agreement with the
energy based estimate. Finally, like the old CEA
estimates, the new CEA estimates show a higher rate
of growth of potential output in 1974-75.

THE IMPLICATIONS OF NEW
ESTIMATES OF POTENTIAL OUTPUT

Regardless of the historical pattern of the alterna-
tive estimates of potential output, the new CEA esti-
mates and those presented here have similar implica-
tions for the recent and near term performance of the
economy. Table VI shows the potential output meas-
ures for 1973-76 from the old series, the new series,
and those estimated using the equation in Table I and
shown in Chart II1*° Both of the new estimates show
that the economy was much closer to potential output
in 1973 than the old CEA series indicates. More
importantly, both new series show a substantially
slower growth of potential output in recent years,
compared to the old series and, thus, a substantially
smaller gap between actual and potential output in

1978,

Our estimate of potential output also supports the
CEA’s recent suggestion that energy price develop-

39The conclusions from Table VI would be unaffected by using
the production function in Table V since the potential meas-
ures for 1973-T6 are essentially the same on either basis.
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ments reduced poteuntial output by an additional $30
billion by 1976.® When this effect is subtracted from
the new CEA estimate for 1976, the result is within
one percent of our estimate of potential output.*!

Our estimate of potential output suggests that in
1975, the economy failed to produce about 7 percent

#WThe $30 billion reduction is a “conservative” estimate. Clark,
“A New Measure of Potential Qutput,” shows a 4.2 percent
reduction in productivity in the private business sector which
implies potential output measures for 1975 and 1976 of
$1,273.7 billion and $1,318.9 billion, respectively. These
estimates are even closer to our estimates derived from the
Table I eguation and given in Table VL

41A regression of the relative price of energy on the time
trenc% variables used by Clark, “A New Measure of Potential
Output,” shows why the estimates agree so well in recent
vears. The coefficients, with t statistics in parentheses, for
the guarterly time variables are: 0034 (20.7) for a time
trend for 1948 through 1975; .0036 (5.6) for a time trend
beginning in the first quarter of 1967; and 4823 (23.0) for
a shift variable which takes values of 25, .5, .75 from the
first through the third quarter of 1974, and one after that.
The adjusted R2 of this eguation is .92 and the standard
error is 3.5 percent. The first trend reflects the historical
decline of 1.33 percent in the relative price of energy from
1948 1o the end of the 1960s. The shift term beginning in
1974 shows a rise of 48 percent in the relative price, 35.4
percent of which occurred from the fourth quarter of 1973
to the fourth quarter of 1974. Such a shift in the relative
price of energy shows how Clark’s shift of potential private
sector output down by 4.2 percent can be associated with
the energy price. The coeflicient of Clark’s shift variable
(.4823) in the energy price regression Hmes the energy
rice coefficient in Table 1 (.1363) yields a permanent
ecline in potential output of 6.6 percent, about 50 percent
larger than Clark’s 4.2 percent.
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of its potential output due to the recession. In contrast

the old and new CEA estimates suggest that the gap
was about 13 percent and 10 percent, respectively.
More importantly, the gap fell to 4.5 percent of poten-
tial output in 1976 while the CEA estimates indicate
it only fell to 11 or 7 percent of potential output. On
the basis of the old CEA series, the worst loss of
potential output, prior to the 1973.75 recession, oc-
curred in 1958 when the gap was about 6.5 percent of
potential. Thus, both CEA estimates imply the econ-
omy performed very poorly relative to potential out-
put in 1976. In contrast, a 4.5 percent shortfall of
actual from potential output is about the same as the
performance indicated by our historical series for
1960-61 or 1971,

The gain in output to be achieved by moving to a
fully-employed economy is substantially smaller than
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either the old or the new CEA measures indicate.
Attempts to expand demand and production to such
unattainable levels in the near term would conse-
quently accelerate inflation. The period of time over
which output may grow at a given rate faster than
the growth rate of potential output is correspond-
ingly smaller. The rate of growth of potential out-
put will constrain actual output growth much earlier
than the old measure suggests. Also, at the output
rate achieved at full employment, Federal tax re-
ceipts and budget surpluses will be smaller than the
higher measures of potential indicate. Thus, a goal
of a balanced budget at full employment will require
more effort than either of the CEA estimates indicate.

CONCLUSIONS

Since 1962 estimates of potential output have be-
come popular and important sources of information
for policy formulation. The early estimates, and until
recently the official estimates, focused upon labor
resources only. New estimates by the CEA have at-
tempted, to some extent, to account expiicitly for the
importance of capital resources and a pooduction
function. The CEA has also suggested that cnergy
developments are an important factor affecting the
productivity of fully-employed rescurces.

Using a production function which accounts ex-
plicitly for capital and energy resources, an alterna-
tive measure of potential output has been developed.
The production function estimates support the argu-
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ment that the new energy regime imposed in 1974
permanently reduced potential ocutput by about four
percent. The production function estimates show that
failure to account for energy prior to 1973 is not
critical, but that serious inconsistencies arise when the
sample period is extended to include recent years.

Until 1973 the historical series for potential output
developed here tends to conform more to the old
CEA series than the new series. After 1973, however,
the new CEA estimates adjusted for the magnitude of
their suggested decline in productivity are very close
to our estimates. Thus, while our estimates cast some
doubt on the historical accuracy of the new CEA
estimates, they support the CEA’s suggestion that
energy price developments after 1973 reduced poten-
tial output.

The implications of the new CEA estimates and
those presented here are of great significance for the
full-employment and growth prospects of the econ-
omy. Attempts to achieve an unattainable potential
output rate through stimulative policy will not only
fail, but will add to inflationary pressures. Also, there
is little prospect for an extended period of growth at
rates higher than the rate of growth of potential out-
put (about 3.5 percent per year). The gap between
potential and actual output will tend to close within
two years, even with the moderate growth of actual
output achieved in 1976, Finally, at full employment,
existing tax and spending policies will result in a
much larger budget deficit than higher measures of
potential output indicate.

APPENDIX I

An Analysis of the Eckstein-Heien Model for
Determining Potential Output’

In a recent study for the Joint Economic Committee,
Eckstein and Heien (E-H} have estimated an annual

1Albert J. Eckstein and Pale M. Heien, “Estimating Potential

Output for the U.S. Economy in a Model Framework,”
Achieving the Goals of the Employment Act of 1946 w Thir-
tieth Anniversary Review, U.S. Congress, Joint Econemic
Cﬂmlmétjee, 94th Cong., 2nd sess., December 3, 1976,
pp. 1-25.

model which they use to construct an alternative to the
official CEA potential output series. Since their analy-
sis purports to introduce the impact of energy price
changes on potential output, and since the conclusions of
their analvsis are remarkably different from those re-
ported here, this appendix attempis to analyze the rea-
sons for the different conclusions.
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The first difference involves the choice of data series.
E-H choose to study the private nonfarm sector of the
economy, This differs from the private business sector as
defined in the text, in that the E-H measure excludes the
farm sector of the economy, and includes the imputed
oatput to owner-occupied housing and output originating
in households and non-profit institutions. They also choose
to use raw materials as the third factor of production in
their estimated producton function, in contrast to the
energy input concept emploved above. In practice this
difference should not be too fmportant, since 88 percent
of the weight in their Laspeyres index of raw materials
comes from the crude oil, refined petroleum products,
natural gas and coal components of their index. The
wholesale price index of energy used above measures
just these components plus electrical power, so the cor-
relation of the two input measures should be very high.

E-H estimate a three factor Cobb-Douglas production
function on anmaal data from 1930-74. The estimated
output elasticities in their function can be compared with
those implied by the production function which is r1e-
ported above. All three estimated elasticities are essen-
tially identical in both studies. In addition, the estimated
coefficient on the time variable is almost exactly the
same in both equations. The differences in the conclu-
sions of the two studies, therefore, carmot be attributed
to differences in the underlying production function, the
central relationship in both analyses.

E-H present a 12 equation model, while the analysis
above explicitly involves only one equation. For the pur-
poses of constructing potential output, the elaboration i
their 12 equations is somewhat misleading. They use the
assumption that four percent unemployment is the ap-
propriate rate of labor force utilization at which to con-
struct potential output. With this assumption, their model
can be characterized by three distinct blocks: 1) an
employment block consisting of the labor force participa-
tion equations and the varjous identities defining em-
ployment, labor force and unemployment, 2) a wage-
price block consisting of the equations for the wage rate
in the private nonfarm economy and the price of ouiput
in the private nonfarm economy, and 3) an output block
consisting of the production function, a derived demand
equation for raw materials, and an equation for the aver-
age hours per worker.

Usnder the assumed “full-employment” conditions, the
employment block is completely independent of the rest
of the model. The size of the male labor force is ex-
pressed solely as a function of exogenous variables, so it
is also an exogenous variable for purposes of the model.
The female Iabor force is a functon of exogenous vari-
ables, other variables within the employment block of the
model, and lagged variables from other blocks of the
model. The various identities in this block relate vari-
ables defined within the block to exogenous variables,
Therefore, it is possible to solve this subset of their
equation system for the total private nonfarm employ-
ment as a function of only exogenous variables. Private
nonfarm emplovment can affect variables in bhoth the
wage-price block and the output block.
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The wage-price block is affected by two exogenous
variables, the price of raw materials and the full-employ-
ment unemployment rate. It is also affected by the em-
ployment block and the output block, since these parts
of the model determine employment and ocutput which
affect unit labor costs. Unit labor costs are specified as
an important influence in the determination of private
nonfarm wages.

The output block is affected by the exogenous capital
stock and exogenous capacity utilization rate. It is af-
fected by the employment block through employment
in the private nonfarm sector which enters inte the
aggregate production function. Furthermore, the only
link between the wage-price block and the output block
is through the relationship for the average number of
hours per worker, which depends on the real wage rate.
This relationship is not particularly strong, since the
elasticity of the average number of hours per worker with
respect to the real wage rate is only .2, but it explaing
why E-H obtain a positive relationship between raw
materials prices and potential cutput,

In the E-H model, an increase in raw materials price
directly affects the price of output in the nonfarm sector.
A higher price level in turn causes higher wages, but the
increase is less than proportional, so the real wage rate
falls in response to the increase in raw materials prices.
Real wages have a negative impact on the average nuwm-
ber of hours per worker, so hours per worker rise in re-
sponse to the increase in raw materials prices. But total
private sector employment in the model is exogenous at
potential output as discussed above, so total manhours
rise in response to the increass in raw materials prices.
The net effect is an elasticity of real output with respect
to raw materials prices in the E-II model of .02. The small
magnitude of this elasticity illustrates the weakness of
the interrelationship of the price-wage equations of the
model with the ouipui equation through the average
hours equation.

I E-H had assumed, as do the authors of cther studies
of potential output, a fixed number of hours per person
at full employment, then the link between the wage-
price block and output block in their model would be
broken. Their potential output model would then consist
only of two equations; the production function and the
demand for raw materials equation, supplemented by
exogenous assumptions on the magnitude of manhours
supplied at potential output. Under these circumstances
their analysis would imply that there is no effect of
changes in raw materials prices on potential output. In
practice, their analysis effectively implies such a conclu-
sion since the price elasticity reported above is so close
to zero.

The two equation model which is so closely approxi-
mated by the E-H model is exactly the two equation
model which is implicit in the analysis presented above.
The aggregate production function, with the relative
price of energy as one of the right hand side variables,
is derived by substituting the demand equation for
energy under the assumption that the real price of energy




FEDERAL RESERVE BANK OF ST. LOUIS

inputs is exogenous, Recall that the estimates of the
production functon parameters are essentially the same
for the two studies. Therefore, the difference in the re-
sults obtained must be attributable to differences in the
explicit or implicit demand functions for energy inputs,

The problem with the E-H model is that the demand
functions for both labor and raw material inputs are
misspecified. Such demand functions normally would be
expected to be consistent with the first-order conditions
for cost minimization and/or profit maximization. In the
case of the Cobh-Douglas production function, this im-
plies that the input demand functions must be log-linear.
Yet both the demand function for raw materials and the
demand function for labor services in the E-H study are
specified as linear functions. This probably accounts for
the insignificance of the estimated coefficient of the
relative price term in the raw material demand equation
which E-H report in the text, but not in the equations of
the model.
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The approach used in this study implicitly assumes
that both the output elasticity and the price elasticity of
the demand for energy are one, and that the functional
form of this equation is loglinear. If this were not the
case, then the output elasticities derived from the pro-
duction function parameter estimates should be biased.
Three pieces of evidence suggest that this is not the case.
First, the estimated output elasticity of labor services
conform quite closely to the share of labor in total income
as it should under the constant-returns-to-scale restric-
tion. Second, the estimated output elasticity of energy
inputs conforms almost exactly with the estimates from
cross-section Hme series data of several countries, includ-
ing the United States obtained by Griflin and Gregory.
Third, as mentioned above, the estimated output elas-
ticity of energy (as well as of other resources) obtained
in this study are almost identical to those obtained by
E-H even though they used a measure of the quantity of
raw materials input in estimating the production func-
tion directly.

APPENDIX II

Equation (2) constrains both the output and price
elasticities of energy demand to unity. Consider the
unconstrained hvpothesis for the energy demand curve:

ME=38+81InY ~3n {PL/Pg) + e
If this is substituted in the Cobb-Douglas production
function: '
mY=a+aeahmbL+ghX+ylmE+u
where & + # + v = 1, the result is:
fInY - lnK]=8, +8,[InL -~ InK}

. ve + u
+ By In (PP, = By n K + -
’ 1 -8y
a+d, v
where g, = . By = (——-(—r————.}
1-5,v T -8y
—y By “l+oa+p+5y
gsm(w) B, =
lwaly l—Sly

Therefore, if the output elasticity of energy demand,
51, were not unity, the specification which has been est-
mated would have an omitted variable, In K, which
wounld be correlated with at least one of the included

regressors, (Ip L-In K), so all of the estimated regression
coefficients (f's) would be biased.

1f the price elasticity of energy demand, &2, is not
unity, then the estimated regression coeflicients (P’s) are
not biased, but the output elasticities which we have
derived from the regression coelficients are biased. Our
estimates, of the qutput elasticities for labor and energy
are a*=B2/(1 — fs) and y*=ﬁa/{l — Ba), respectively.
The unbiased estimates of these output elasticities are
. Jandd= oo l— b
Lo+ {y* = 1)1 = 8y i~ B,
B 1o y® (=)

B

=50 [

Consequently, if 82 <{ 1, our estimate of the output elas-
ticity of energy is biased downward and our estimate
of the output elasticity of labor is biased upward. The
consistency of our estimates of the output elasticities
with estimates from other sources and the consistency of
the output elasticity with the labor share data, suggests
that biases from these sources are not substantial. Even
if the output elasticities were biased because the price
elasticity of energy demand was less than unity, the
biases would not affect our potential output computa-
tions, since these are based on the unbiased estimated
regression coefficients (B's).
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A quarterly series for potential GNP can be constructed
using the same method and data when some additional as-
sumptions are made concerning the data. The principal
data problems involve guarterly estimates of the capital
stock snd potential employment or manhours.

Quarterly data on the stock of capital are found by
prorating the annual vear-end changes in the net stock of
fixed nonresidential equipment and structures over quar-
ters using quarterly rates of investment in nonresidential
fixed investment as the weights, Clark’s annual data on
the potential labor force are assumed to be for the
second quarter of each vear and a linear interpolation is
used for other quarters. To find potential manhours, a
quarterly estimate of hours per worker is obtained such
as that contained in Table V. The guarterly potential
hours per worker is found by using Clark’s full-employ-
ment unemployment rate for the respective years in the
equation

(1) In HPW=8120 — .0033 U — 0010 t
(346.8) (—7.08) {-50.75)
R2=97 D.W.=.31

S.F.=.0062

which is estimated for the period from the second quar-
ter of 1948 through 1975.

The guarterly production function comparable to the
annual estimate in Table I, (II/1948-1V/1975} is

(2) InY=15744 7192 In L + 2808 In K
(14.20) (20.85) {8.14)
— 1164 In P 4 0045 ¢
(—5.64) {15.00)
R2=98 DW.=1580
S.E.=.008 p = B0

The estimated coefficients are essentially the same as for
the equation in Table I. The estimated output elasticities
and trend growth term: are {standard errors in
parentheses }

-
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= $4.4% (3.08%), B = 25.2% (3.08%),
$ = 104% (1.85%), § = 4% (.03%).



