Foreword

This volume contains the papers presented at the October 7,
1977 conference on “U. S. Productive Capacity: Estimating the
Utilization Gap,” held in St. Louis, Missouri. The conference,
cosponsored by the Center for the Study of American Business
and the Federal Reserve Bank of St. Louis, examined the current
and projected estimates of U.S. productive capacity and utilization.
Appropriate measures of the gap between productive capacity
utilized and full productive capacity are important to the
development of appropriate economic palicy.

The three basic papers were presented by George Perry of the
Brookings Institution, Peter Clark of the staff of the Council of
Economic Advisers, and by Robert Rasche and Jack Tatom of
Michigan State University and the Federal Reserve Bank of St
t.ouis.

An economic policy address was given by William Nordhaus, a
member of the Council of Economic Advisers. A paper by James
Ragan of Kansas State University on projections of capacity
utilization is also included in the Supplemental Papers section of
this volume. Discussion papers were presented by Pham Chi Thanh
of American University, Laurence Meyer of Washington University,
and Frank deLeeuw of the Congressional Budget Office.



POTENTIAL OUTPUT:
RECENT ISSUES AND PRESENT TRENDS

George L. Perry

Potential output measures the real GNP that would be associated
with operating the economy at some specified level of labor utilization.
The concept offers answers to two basic types of guestions: what would
be the level of GNP if unempioyment was at a specified level? (Or what
would unemployment be if GNP were at some specified level?) And what
will unemplioyment be at some point in the future if GNP grows at some
specified rate? (Or what will GNP be if some specified unemployment
target is achieved at some pocint in the future?) In the process of
developing the concept of potential and providing the needed estimates
for answering these questions, we have gained a number of insights into
the cyclical characteristics of the economy. Okun's law, which summa-
rizes many of these characteristics in Tinking marginal output to mar-
ginal changes 1in unemployment rates, is probably the most robust macro-
economic relationship yet deveioped.

Despite the general success of the original potential concept and
related relationships such as Okun's law, several developments of the

1970s have cast doubt on traditional methods of measuring the nation's
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economic potential. First, the changing composition of the labor force,
and more dramatically, of the unemployed impinge on potential output
measures in two distinct ways: Labor input measured in efficiency
units has been diverging from labor measured by a head count; and a
constant unemployment rate, tradionaliy used as a benchmark for measur-
ing potnetial output, has moved noticeably away from measuring a con-
stant degree of labor utilization measured in efficiency units. In the
past, I have addressed both these issues of labor force and unemploy-
ment composition, and they are both incorporated in recent official
analyses of potential by the Council of Economic Advisers. Second, the
sTowdown in the growth of the capital stock -- which has been partic~
ulariy marked since 1973 once an allowance is made for investment that
is going to meet environmental requivements -- has raised anew the
question of whether explicit attention to the size and growth rate of
capital is needed in estimating potential output. The most recent
official CEA estimates are based on analysis by Peter C?arklj that
takes account of variations such as these in capital stock growth. And
the recent slowdown in the growth of the capital stock, measured after
deducting an estimate of investments going to pollution abatement, is
an important source of the slowdown in potential output growth esti-
mated by CEA. Third, the dramatic rise in energy prices has caused
some analysts to make estimates of potential that are seriousiy af-
fected by this energy price explosion. The most notable examples of
this new wrinkle are the papers by Robert Rasche and John Tatom that
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Finally, my colleague, Edward Denison has called my attention to the
importance for potential ocutput measures of changes in the environment
in which businesses operate -- including the rise in crime, pollution
abatement regulations, and reguilations covering safety and health
practices. His research in this area is still underway.

In this paper, I will report on some work that deals explicitly
with the first of these departures from traditicn and that indirectly
supports the last of these as well -- that is, the demographic issues
and the Denison issues. But before getting into this analysis, I want
to turn to why I am 1ignoring explicit attention to the capital stock,
although ideally I would 1ike to integrate it into the analysis. And
why I am ignoring the impact of energy prices, and think that giving
that development a prominent role in modifying potential output mea-

surements is mistaken.

The Case Against Using Capital

it is hard to argue that capital should not be included in
éstimating potential output because everyone knows it belongs in the
calculation. Back in the 1960s, the same CEA that introduced potential
output into the mainstream of policymaking and debate also introduced
the investment credit in order to stimulate capital formation., If
capital is ignored, it is for a simple pragmatic reason: one cannot
find an important or statistically significant role for capital in a
freely estimated aggregate production function or any equivalent
relation that one might use in estimating potential output. Although

this negative resuit is well known, I thought I would try again using



the newly-deveicped data on the capital stock from the Bureau of
Economic Analysis. I tried, in turn, several versions of the capital
stock including the total stock, equipment separately, the stock with
estimated expenditures for poliution abatement subtracted, and the
stock for manyfacturing alone and for the total nonfarm business
sector. None of these worked.

This left me with a choice of research strategies. Constrain
the capital stock to play some specified role in determining potential
output. Or see how well the trend in labor productivity can be ex-
plained by taking account of cyclical factors and changes in labor
force composition. Several considerations led me to opt for the latter
approach. Any capital stock series must rest on assumptions about re-
tirements of physical capital from the stock. We probably do not know
enough about these retirements and about whether they proceed smoothly
or wnether they, in turn, depend on current rates of investment. The
degree to which the capital stock is utilized at any point in time is
not only hard fo measure but is a very uncertain concept at bottom.
Nobody can ever explain how we had enough of a capital stock to pro-
duce the output we did during World War II. More generally, since it
is the fiow of productive services from the capital stock that we pre-
sumably want to measure, we have to deal with the fact that the flow
of services from a given stock can be expanded simply by expanding the
hours over which we utilize it. Thus moving to double-shift operations
doubies the effective capital stock without any new investment taking

place. A department store that starts staying open from 6 to 9 in the



evening adds a third to the effective capital stock of that operation.
This consideration is particularly troubiesome when we try Lo measure
potential output since we are then interested in the effect of the
capital stock at some relatively high rate of production -- precisely
the situation in which a more intense utilization of the existing stock
might be expected. When the economy reached a 4 percent unemplicyment
rate during 1966, the level then defining its potentisl., available
measures of capacity utilization in manufacturing reached levels sub-
stantiaily higher than we have ohserved since then, despite achieving
even lower unemployment rates. If these utilization figures are mean-
ingful, they indicate that the available services from the capital
stock are quite expandable and are not closely linked to the level of
the unemplioyment rate.

Finally, even if we were ingenious encuch to integrate these com-
plexities into our concept of capital and its relation to potential
output, we would still have to deal with the fact that the capitai
stock that interests us is not today's, but the stock that will exist
at the time potential is achieved. The measured capital stock system-
atically grows faster as the economy expands toward potential and more
slowly during recessions when actual output recedes from potentiail.

To decide what potential output will be in 1981, we would have to fore-
cast the levels of investment that would take place each year in a move
to potential and integrate these inte the analysis. After recession,
when the economy is well below its potential, the capital stock always

Tooks Tow relative to a trend Tine estimate of potential ocutput.



0f course., against these complications that arise from trying to
utilize the capital stock in potential calculations, we have to weigh
the possible improvement we could get if we correctly measured the
relevant stock and its effect on labor productivity at potential.
Clark has made a careful attempt at doing this and we may have to
wait until potential ds approached to know which research strategy

gives more accurate answers.

The Case Against Hiagh Estimates of Eperqdy Price Impacts

The sharp increases in energy prices of recent years led to
large reductions in potential outpul under certain restrictive assump-
tions about how energy and cutput are related. The simplest of these
assumptions, and the one utilized by Rasche and Tatom, is that output
in the business sector is governed by a Cobb-Douglias production func-
tion with capital (K}, energy (E), and Tabor (L) as inputs and a dis-

embodied productivity trend growing at the rate r:

a b -c

(1} y ="t kP , athtc = 1

In this assumed production relationship, the output elasticity of
enaergy is one and its price elasticity is minus one. That is, doubling
output will double energy demand while doubling the relative price of
energy will cut the amount demanded in half. The first of these
propositions seemsentirely plausible. The second very unlikely. Yet
it lies behind the proposition that the rise in energy prices has

substantialily reduced potential ocutput.



Measured by the wholesale price of energy to users, the relative
price of energy rose 57 percent between 1973 and 1976, If we believe
the elasticity of -1.0, and apply it to all energy used in the country.
our energy use should be only 64 percent of its former level {relative
to trend and adjusting for output effects, both of which are relatively
small by comparison). We should have no oil-import probliem and should
probably be exporting oil to the rest of the world -- unless they too
had price ejasticities of -1.0 for their demands.

Statistics on energy used in production, as opposed to use by
government consumers, are hard to get and Rasche and Tatom resoried
to using price data rather than quantity data in their production
function. Since, under the Cobb-Douglas assumptions, energy use is

given by

un=]
(2) E=cyPo

where PE is the relative price of energy, their price series proxied
for the uncbserved gquantities of fuel use. Up to 1973, there was not
much variation in the relative price of fuel, so it was probably hard
to view the resuiting estimates very critically. But what has happened
to energy use since 1972 shows the model is wildly unrealistic. And
therefore so are its implications for potential output.

I have made somg estimates of how much business has curtaiied
energy use in response to the increase in fuel prices since 1973. An
accurate total of business fuel consumption is hard to get, but 1 was

able to assemble time series covering about 60 percent of the total.



The main omissions were commercial uses of petroleum for heating and
transportation, I estimated the following relaticnship over the

period 1949-71973,

(3) nk = A+,

&

Et + b?En H

where E 15 my series on BTUs used by business, ( is gross business
product, U is utilization measured as the ratic of § to potential Q,E/
and p is an estimate of the annual trend in %-. This equation says
that, through time, energy per unit of output has dispiayed a trend of
Py per year. While at a point in time, snergy use will be (1+b}) per-
cent greater for every one percent additional output that is produced.
Table 1 shows three sefs of coefficient estimates for this equa-
tion, the estimates differing according to whether the utilization term
is included and whether the eguation is adju;ted for serial correlation.
They also differ in the time period used for estimating since data on
U were not available before 1954, The estimates indicate a trend
dectine of 1.3 to 1.6 percent per vear in energy per unit of output.
In the two equations that have it, the coefficient on the utilization
term indicates a cyclical elasticity of energy use with respect to
output of 1.3 to 1.4, However, the estimate of b} has a low t-statis-
tic in both equations da and 4b and ecuation 4c may be more reliable.
The relative price of energy trended down through most of the
estimation period and its effect cannot be separated from the trend in

energy per unit of output. But the post-sample prediction errors from

the Table 7 eguations provide estimates of how much energy use has been



Table 1. Estimated Equations for Energy Per Unit of Ouput, Private Business Sectorﬁf
Coefficients Percent errors
Equation Data 1973 1976
number  Constant Time Utilization Period R D.W." S.E. rho prediction forecast
A £y b]
{4a) 2.91 -0.01278 0.4413 1954-73 0.805 0.9 0.03¢ - -3.0% ~5.9%
(9.82) (-8.6) (1.43)
{4b) 3.04 -0.01266 0.3111 1954-73 0.877 1.3 0.027 0.5617 -3.8% -7.0%
(9.4) (-5.9) (0.93)
{4c) 3.46 -0,01557 - 1949-73 0.929 1.9 0.031 0.641 -2.1% -7.0%
(115.8} (-8.0)




reduced as a vresult of the post-1973 price changes. The ratic of
energy to cutput in the business sector declined by 10.2 percent
betwsen 1973 and 1976. Eguations 4a, 4b, and 4c¢ in Table 1 predicted
declines of 7.3, 7.0, and 5.2 percent respectively. Thus my measure
of energy use declined by 2.9 to 4.9 percent more than predicted,
given the behavior of output over this period. This is the response
one can attribute to higher energy prices or othey, unspecified fac-
tors, using the equations of Table 1. Since the relative price of
gnergy rose by 57 percent over this period, the indicated price
elasticity for business use of energy is between 0.05 and 0,085,

Low as these estimates are, they probably still overstate the
true amount of energy saving that has occurred thus far. The Table 1
equations assume a constant trend through 1973 in energy per unit of
business cutput. In fact, the nearer to 1973 one starts to estimate
the trend, the steeper the estimated decline rate is. If the decline
that would have occurred without the price expiosion was greater than
the Table 1 equations indicate, the extra decline that can be attri-
buted to the price explosion is correspondingly smaller.

Other studies, based on long time series and on cross-sections,
have estimated higher price elasticities than these. The absence of
any spectacular change in the relative price of energy before_?973
would make any statistical estimates from time series up fto that time
yncertain; while cross-sections may reflect differences other than just
the price of energy, and may not be usefyl for predicting the response

to a change in price in the U.5. The present estimates come from the
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first opportunity to observe the response of use to a large change in
orice. It may be that three years is much too short a period to
observe long-term effects; with more time, energy use may respond
further. And it is probably true that total use of energy, as opposed
to business use, is more price elastic. But it is business use that is
retevant for potential output calculations. And it is the response to
date and over the next few years that is relevant, at least for stabi-
lization problems, not the response that may eventually occur over a
period of many years when the capital stock -- and eventually the
geographical distribution of the population and 1ife styles ~- have all
had a chance to evolve.

Effects on Potential Output

Knowledge of the quantity of energy conserved permits some
guess at the decline in labor productivity and potential output that
resulted from higher energy prices without making restrictive assump-
tions about the form of an aggregate production function. Valued at
1976 prices, the estimated energy saving of 2.9 to 4.9 percent was
worth $2.8 billion to $4.8 biliion. Reducing this to 1973 relative
prices, the range is $2.0 to $3.4 bilTion. Since the most profitable
substitution of other factors are marginal at the old price and the
least profitable are marginal at the new, the midpoint is appropriate,
providing a range of $2.4 billion to $4.71 billion for the value of
other inputs substituted for energy. Even if business is assumed to
have accomplished all this saving by substituting labor for energy,

not much extra labor could have been used in this process. $4.1 billion
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is 0.5 percent of employee compensation in the business sector, $2.4
billion is 0.3 percent. Since an unknown amount of the substitution
must involve capital as well as labor, the added labor input would be
smalier still. If we assume the substitution is proportional to the
usual two-thirds, one~third split of shares between capital and labor,
the estimate of labor substituted fails to 0.2 percent to 0.33 percent.
Finally, some part of the energy saving must have involved no substitu-
tion of other inputs at all: Towering thermostats to 68 degrees in
winter and raising them to 75 degrees in summer or turning out every
other Tight in hallways are obvious examples, but there must have been
many 1ess obvious examples of "waste" that were eliminated only after
the OPEC crisis made firms more energy conscious. The amount of
energy saving that involved labor substituticn must be smaller than
thé total energy saving by the amount of all this "costless®” conserva-
tion. I know of no way to pin down the answer more accurately; but on
the basis of the evidence here, it seems unlikely that higher energy
prices have caused more than a 0.2 percent 1oss of labor productivity
and potential output between 1973 and 1976,

1t seems likely that there will be more energy saved in the
longer vun. But it alsc seems plausible that any growing conservation
of energy will come disproportionately from substituting capital rather
than Tabor for energy. If the price elasticity of energy use after ten
years is substantially greater than after three years, it is presumably
because the capital stock will be changed much more over the longer

period. Thus, in vesponse to higher energy prices, we would predict an
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unusually large amount of investment with greater confidence than we
would predict an unusuaily sTow growth in labor productivity.

Don't Higher Prices Hurt?

The apparent paradox in all this is that the inability to
substitute labor for energy has kent potential output from being
affected by the increase in energy prices, If the substitutability
assumed by Rasche and Tatom were in Tact available, our potential
putput would have fallen just as they described. The answer is that
our economic welfare has been reduyced by OPEC. Our consumption possi-
bilities for other goods and services are smaller by the amount that
our fuel bills are Targer. Substitution would help us reduce the size
of this fuel bill, but the possibilities for substitution are slight,
at least in the short-run, as the Tow response of energy use to date
has shown.

Since much of the added revenue from higher energy prices has
gone to U.S. producers, it gets complicated to figure out exactly who
is worse off and by how much. Furthermore, our exchange rate may have
been affected by OPEC's price increase and the subsequent spending and
investment decisions of oil producers, thus altering our terms of trade
with the rest of the world and further muddying the full calculation of
what 1t has cost us. But for the present purpose, we are not after
such a measure. For calculating potential output effects, we need to
know how much labor productivity has been affected. And the answer is

the effect, thus far at least, is negligible.
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Potential GNP Estimated

For the reasons I have just described, my own recent estimates of
potential output are made without expliicit attentionto the capital
stock or energy préces.§f An examination of the residuals from my
estimating eguations should indicate whether these, or other, omissions
are inappropriate.

I define the potential path of the economy as the trend line of
real GNP passing through actual real GNP in mid-1955 and growing at a
rate that would hold the weighted unemployment rate at its mid-1955
level. This is similar to the Tong-established benchmark for potential
originally presented by Ckun, except that the path is defined by con-
stant weighted unemplcyment rather than the conventional aggregate
unemployment rate. Weighted unemployment measures underutilized Tabor
in efficiency units rather than bodies. As such it is a better summary
measure of Tabor market tightnass than conventional unemplioyment. But
it is not intended to define a "noninflationary” level of Tabor utili-
zation. That is another, and more complicated, matter.

Over the past 15 years, the conventional unempioyment rate along
the potential path has drifted upward, from 4.1 percent to 4.9 percent
in 1976. The main reasons for this are the declining proportion of
high-weight aduit males in the work force and the vrising relative
unemployment rates of Tow-weight young workers of both sexes. The
drift in conventional unemployment rates along the potential path is
very clese to the drift along the CEA's path, which is based on a

similar treatment of the lahor force,



The economy's potential labor force is calculated using partici-
pation rate eguations for each of 14 demographic groups in the total
labor force., These equations account for cyclical variability in the
labor force of women and youncer men. They also provide estimates of
the trends in participation rates along the potential path, Labor input
is measured by weighting the empicyment and labor force in each of the
14 age-sex categories by relative wages and summing them. Potentizal
weighted labor force and weighted employment are obfained by adjusting
the actuals to potentiazi using the cyclical components of the partici-
pation rate equations. An eguation estimating average hours worked per
year, again with a cyclical and trend component, provides estimates of
potential average hours. Muitiplying this by potential weighted
employment each vear gives potential weighted total hours, the basic
measure of potential Tabor input in the analysis.

Weighted Tabor productivity is defined as Tabor input divided by
output. Since the Tabor input measure is already weighted to take
account of average productivity differences among workers in different
demographic grouns, weighted productivity is already cleansed of this
source of cyclical variation and trend in conventional productivity
measures.

The relationship betwsen Tabor input and output in the business
sector provides the basis for examining the behavior of weighted pro-
ductivity and estimating a potential output path Tor the economy. The
basic model starts out with the proposition that weighted labor product-

ivity grows exponentially along the potential path:
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H
where Q 1s output in the business sector. r 1is the annual growth rate,

t is a time index, and the bars over variables indicate potential

values. This can be modified to allow for a break in the growth trend:

(6) Lo e (nytytraty)
H
Cyclical deviations of productivity from its trend are expressed
by
{7) G Hs
Q = Q—H') s

where g > 1 if, as expected, productivity is higher the higher the
Tevel of actual hours or actual output relative to potential. Previous
work has shown that some lags exist in this cyciical relation, and they

are allowed for by modifying 7 to

(8) . ¢ QysTza 1P
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Combining equations 6 and 8 te eliminate Q leads to the basic equation
used for statistical estimation.

In the original analysis, some alternative specifications were
tried and residuals were examined to determine whether a break in the
time trend was impertant in modelling potential. The evidence only

s1ightly favored the hypothesis of a trend break and two alternative



estimates of potential cutput were made, one based on a constant trend
in weighted productivity over the 19541976 interval, the other with a
break in that trend in 1969,

Now, however, on the basis of the analysis that Edward Denison
is currently conducting, the case for a break in the trend seems compel-
ling. Denison is measuring the effect on productivity of business
costs or expenditures -~ those associated with dishonesty and crime,
with compliance with health and safety requirements, and with pollution
control -- he finds productivity growth has been eroded since the late
1960s, When Deniseon's final estimates are available, it will be possi-
ble to integrate them carefully into an analysis such as the present
one,§/ But for now, they lend independent support to the estimates that
allow for a break in the weighted productivity trend.

The eguation estimated with a break in the productivity trend

in 1969 1is

(9) log (g-) = -5.28 + 0.0179T54 + 0.651 log {ii)t

t {13.5) (16.5) G
Moa (T i
-0.093  (leg \wﬁt - Tlog {—&tui -0.0237074 - 0.0019769,
(-2.3) ~ q o (-3.3) (-1.5

SEE = 0.0082, D.W. = 1.77, estimation pericd is 1954-1976.

In this equation. T84 and T6% are the annual time trend dummies start-
ing in 1954 and 1969 respsctively. They indicate an annual trend in
weighted productivity of 2.75 percent through 1968 and 2.46 percent

thereafter. D74 is a dummy for the year 1974 when productivity



experienced its largest residual. While a variety of observations
about business behavior that year led me to use the dummy, 1ts oniy
noticeable effect is to reduce the size and imporiance of the lagged
adjustment term. The residuals from the equation for 1873, 1975, and
1976 are only 0.2, 0.3, and 0.3 vespectively, indicating only a slight
underprediction of productivity and no trend toward a growing error.

The final estimate of potential output that arises from combining
my potential Tabor input estimates with the trend ip potential weighted
productivity are summarized in Table 2. In calculating these estimates,
Tabor input and cutput outside the business sector are assumed the same
at actual and potential.

Actual GNP in 1976 was estimated to be 8.3 percent below potential.
In the 1976-81 period, potential s projected to increase at an average
rate of 3.88 percent, just slightly slower than in the 1970-76 period
and noticeably faster than in the previous intervals covered by this
study. The projected 2.1 percent annual growth in the labor force is
noticeably slower than the 1970-76 average and slightly siower than in
the 1965-70 period. However, as a comparison of the last two Tines in
the table show, the difference between conventionally measured produc-
tivity and weighted productivity narvows sharply in the projection
period, Where potential ocutput growth was slowed over the pasi decade
by the changing demographic compesition of the work force, in the
period ahead, as a result of the maturing of the baby boom, it is not.

While the impact of energy prices on potential has been shown to

be slight, a very modest adjustment to the point estimates presented
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Table 2. Profile of Changes in the Fconomy at Potential, Selected
Intervais, 1955-81 {annual rate of growth in percent)

Sector and Projected
economic measure 1955-60 1960-65 1965-70 1970-76  1976-81

Total economy

Labor force 1.01 1.29 2.17 2.39 2.08
Employment G.97 1.23 2.14 2.31 2.07
Real GNP 3.49 3.49 3.53 3.91 3.88
Business Sector

Employment 1.27 1.11 2.30 z2.87 2.07
Total hours 0.95 0.84 1.47 2.41 1.53
Qutput 3.62 3.42 3.64 4,34 3.92
Qutput per hour 2.65 2.56 2.18 1.96 2.35
Qutput per weighted hour 2.79 2.79 2.67 2.48 2.49
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here can be made to allow for it. Reducing the estimate of the 1976
output gap by 0.2 percent and the annual growth rate of potential in
the 1976-1981 1interval by 0.1 percentage point is about all the
adjustment that seems appropriate. This brings the current annual
growth rate of potential to 3-3/4 percent. The main implication of
this anaiysis for the capital stock is not that its present size
calls for a downward adiustment of potential estimates, but that we
should expect strong business invesiment demand and a rapid expansion
of the stock if the economy grows enough to approach its potential

Tevel over the next few years,

Footnotes

1/ Peter ¥, Clark, "A New Estimate of Potential GNP {Council of
Economic Advisers, 1977; processed].

2/ Robert H. Rasche and John A, Tatom, "The Effects of the New

Enerqy Regime on Economic Capacity., Production, and Prices,”

Federal Reserve Bank of St. Louis Review, May 1977, pp. 2-12 and

Robert H. Rasche and John A. Tatom, "Energy Resources and Potential GNP,"
Federal Reserve Bank of St, Louis Review, June 1977, pp. 10-23.

3/ Potential § is faken from the analysis presented later in this
paper. It could Jjust as well be taken from the CEA estimates as there
is Tittle difference between the two over the relevant period.

4/ The estimated coefficients correspond to Equation (3} in the text.

t-statistics are given in parentheses.

5/ The analysis is presented in greater detail in George L. Perry,
“Potential OQutput and Productivity,” Brookings Papers on Economic

Activity, 1:1977.

6/ The analiysis will be presented in a Torthcoming issue of the
Suyrvey of Current Business,
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POTENTIAL GNP IN THE
UNITED STATES, 1948-1980

Peter K. Clark

Introduction

The concept of the output attainable by the economy if resources
were fully utilized has interested economists for many years. This
measure of maximum sustainable output, usually cailed "potential GiNP,"
has been a useful tool for analyzing policies designed to bring about
the full utilization of labor and capital resources.

The potential GNP measure that gained the widest recognition was
first proposed by the Councit of Economic Advisers in 1962.1/  After
making a number of calculations relating the overall rate of unemploy-
ment to constant-doliar GNP, it was determined that a reasonable esti-
mate of the GNP attainable at 4% unemployment egualed actual GNP in
mid-1955 and grew at a 3.5% annual rate thereafter. Between 1962 and
1976, CEA revised its potential GNP estimates a number of times; the
annual growth rate for potential output was finally pegged at 4.0% for
the period 1968-1975 when trend output was thought to be rising rapidly
relative to the unemployment rate. Still, in 1976, a judgmental variant

of CEA's original proceduregf was still being used to determine potential

Dr. Clark is & staff member of the President's Council of Economic
Advisers. However, the views expressed are solely the author’'s and are
not necessarily those of either the current or past Council of Economic
Advisers.
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output. Potential and actual GNP were stiil defined to be equal in
mid-1955, and the benchmark unemployment rate was stiil 4.0%.

Research on potential GNP from 1964 to 1974 produced a number
of different views on the best estimation technique, but very little
disagreement about the estimates themse?vesugj A11 of the results were
similar to the CEA estimates or even somewhat higher. Perry [12], for
example, used a weighted labor input measure to compensate for the
changing composition of the labor force, and found that potential out-
put was growing at 4.3% per year in the early 1370's, or 0.3% higher
than the CEA estimate of 4.0%.

However, several aspects of the economy's performance between
1973 and 1976 indicated that the maximum sustainable output might be
significantly lower than the CEA estimates. First, in 1973 a number of
bottlenecks occurred both in primary materials industries and in labor
markets which indicated that the economy might have even exceeded the
non~-inflaticnary level, rather than being below potential by 2.4% as
CEA estimated. Second, shifts in the composition of the labor force
toward demographic groups {particularly those aged 16-24) with relatively
high unemployment rates indicated that the labor market in 1976 would be
much tighter with a 4.0% unemployment rate than it was in 1955. In other
words, if a 4.0% unemployment rate was consistent with a stable infla-
tion rate in 1955, it would produce accelerating inflation in 1976.

Third, the productivity slowdown evident in the BLS statistics
since the mid-1960's did not seem to be adeguately inciuded in the CEA

estimate of 4.0% potential growth from 1368 to 1975. Although higher
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labor force growth offset the poor productivity performance to some
extent it was not clear that the sum of these two effects should result
in growth of potential a full one-half percent higher than CEA's orig-
inal estimate for the 1950s. The productivity decline in 1974 was so
extraordinary compared with declines observed in earlier recessions
that it demanded special attention. The persistence of the Tow level
of productivity in 1975 and 1976 indicated that a permanent setback may
have taken place. Such an occurrence would have Towered maximum sus-
tainable output still further.

And finally, the Commerce Department revised its real output
series in 1976, shifting from 1958 to 1972 prices. Such a shift could
normally be expected to change the observed patterns of growth and to
Tower measured growth rates. The new data needed to be incorporated
into the potential cutput measure.

For these reasons, in 1976 the Council of Economic Advisers
decided to undertake a comprehensive review of the official potential
GNP series and the methodology used to derive it.gf Using a technique
that incorporated the contribution of capital formation to output growth,
together with a variable unempioyment benchmark rising from 4.0% in 1955
to 4.9% in 1976, a new estimate of potential was ca1cu1ated.§/ This
paper refines the statistical methodology used to determine CEA's new
potential GNP series and updates the estimates with data through the
second quarter of 1977. |

The new CEA estimate of potential GNP grows 3.5% per year between

1968 and 1976, significantly lower than previous estimates. This result
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makes the formulation of economic po}icy harder in one sense, but

easier in another. The problem is that lower potential output implies
that high employment will generate Tess output than previously estimated.
For the government, this means lower revenues and a smaller budget mar-
gin for new programs or tax reductions. On the other hand, lower pro-
ductivity implies that a smaller increase in ocutput will achieve the
same unemployment and capacity utilization targefs. If increases in
aggregate demand are constrained by Tow investment or a climate of

fiscal conservatism, poor productivity performance is not unambiguously
bad.

Disaggregation of GNP

The crucial determinant of the difference between any two his-
torical potential GNP estimates is the rate of growth of productivity.

The main question is then: How much has the rate of productivity

growth slowed down? The answer is not easy to obtain because produc-

tivity varies widely with the business cycie, growing rapidly in expan-
sions in economic activity, and growing more siowly or even Talling
during recessions. Most of the research reported in this paper was
devoted to obtaining good estimates of the trend in productivity growth
by careful adjustment for cyclical factors. These cyclically adjusted
productivity growth figures are then combined with estimates of factor
input to obtain potential output.

The first step in estimating the trend in productivity growth
was the division of GNP into four components:

1. Gross Jutput Originating in the Rest of the World
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2. Compensation of Government Employees

3. Gross Housing Output

4. Private Nonresidential Output
Gross output originating in the rest of the world, or GNP minus GDP,
was an obvious candidate for exclusion from the productivity estimates
because this confribution to GNP is generated by investments outside
the U.S., and should not respond to domestic inputs of labor or capital.

Compensation of government employees is the only measure of
government output in the national income and product accounts. This
component is deflated by an index of salaries of government workers,
which implies that real output of the government sector is a weighted
average of government employment. Therefore, productivity for the
government secter is weighted employment divided by employment, and
productivity growth is defined as zero in the National Income and
Product Accounts. When measuring productivity growth, it is reasonable
to exclude government ocutput so that variations in the ratio of govern-
ment to total employment do not affect the productivity calculations.
Segregation of housing output into a separate category was based

on the possibility that the real return from residential capital and
nonresidential capital might be different. In theory, such a disparity
should be only temporary, but in the actual analysis, it was thought
that the fixed nonresidential capital stock measured by the Commerce
Department was only a proxy for non-labor inputs to private production.

Since housing was easy to exclude, it seemed worthwhile to do so.
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Another important reason for excluding these three sectors is
that their output is not related to the domestic business cycle. If
unemplioyment is high and capacity utilization Tow, government outbut,
the imputation to the residential capital stock, and gross product
originating in the rest of the world are not necessarily low. There-
fore, potential and actual output can be assumed equal in these sectors.

Private nonresidential output, the residual in GNP after
(GHP-GDP), compensation of government emplovees, and output atiributable
to the residential capital stock have been subtracted, corresponds
closely to many economists' preconception of private sector output,
produced by capital and Tabor. It is this cutput which is most closely

6/

studied, and for which productivity estimates will be made.=

Potential and Actual Capital Input to the Private Nonresidential Sector

Productivity is a ratio of output to input; real output for the
private nonresidential sector may be derived by subtraction, as
described in the last section, but the corresponding capital and labor
inputs must be estimated. Capital input was taken to be an estimate of
the effective private fixed nonresidential capital stock multiplied by
an estimate of capacity utilization. The effective capital stock mea-
sure used was the B.E.A. gross steck of private nonresidential capital,
adjusted for investment in poliution abatement equipmeﬂt.Zf Quarterly
data were linearly interpolated from annual data; projections of

capital stock were derived from an investment forecast in which the

ratic of nonresidential fixed investment to real GNP rises to ten

26



percent by 1980. Six percent of fixed investment was assumed to be
for potlution abatement throughout the forecast period. Annual averages
of the capital stock series are given in Table A-T.

The newly-revised Federal Reserve Board manufacturing capacity
utilization rate§/ was taken as the starting point for estimating the
degree of capacity utilization for the private nonresidential sector.
However, since output in manufacturing is much more cyclical than
private sector outnut as a whole, the cyclical variation in the FRB
manufacturing index must be reduced. This was accomplished by multi-
plying the difference between 87.5 and the Fed index by 0.5, the
approximate ratio of the percentage standard deviation around trend
for private nonresidential output to the percentage standard deviation
around trend for manufacturing output. If the ratio of utilized
capital to output is fixed in the short run, such an approximation
is reasonable.

The potential capacity utilization rate of 87.5% was chosen
because it was this rate that was reached in mid-1955, early 1968, and
all of 1973, all periods when it is generally considered that output
was near its potential level. If there were a close relationship
between changes in the rate of inflation for private nonresidential
output {or the profit rate) and measured capacity utilization, it
would be appropriate to estimate the relationship, and define "potential"
capacity utilization as that rate which resulted in non-accelerating

prices. However, in the absence of such a "Phillips curve" for

capital, 87.5% is a reasonable benchmark.
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Potential and Actual Labor Input to the Private Nonresidential Sector

Extensive data on employment and labor force vequire a much
more elaborate set of calculations for the estimation of private labor
input. The labor input measure that was constructed tried to adjust
for the productivity of different groups of workers by dividing the
Tabor force into four age categories (16-19, 20-24, 25-64, 65+) and
also disaggregating by sex. Private employment in each of these 8
categories was obtained by subtracting an estimate of civilian govern-
ment employment from total civilian empioyment. Private employment for
each group was then weighted by mean weekly earnings fer that group in
May E9?3.2f Use of the weekly earnings weights approximates the contri-
bution to production of an employee in each demographic group, including
both average hourly earnings and average weekly hours. It would be
better to have weights that vary over time rather than one fixed set of
weights, but data are not available o construct variable weights.
Therefore, the effect of changes in the age-sex weights representing
changes in average weekly hours and average hourly earnings is included
in the estimated trend terms described later. Rates of growth of
weighted and unweighted labor input are shown in Table 1. Although the
growth rate of weighted employment is less than the rate of unweighted
emplioyment, it is only the change in this difference that explains part
of the productivity slowdown since 1966.

Determination of the potential level of Tabor input requires two
extensive calculations. First, the potential labor force must be

determined. Then a benchmark unemployment rate is calculated, and used
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Table 1

Rates of Growth of Weighted and Unweighted
Private Employment, 1948-1976

Time Private Private Employment

Period Employment? (weighted by 1973 earnings)b
1948-1955 .58 .61
1955-1966 1.13 .75
1966-1973 1.78 1.38

a  Civilian employment minus civilian government employment from
the Current Population Survey.

Civilian employment minus civilian government employment by

eight age-sex groups (16-19, 20-24, 25-64, 65+; M, F) weighted by
May 1973 mean weekly earnings, all from Current Population Survey.
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to translate potential Tabor force into potential employment. Since
labor input is a weighted sum of employment from eight age-sex groups,
levels for potential labor force and the full employment unemployment
rate must be determined for each group. Full-employment Tabor input
is then potential employment for each age-sex group reduced by govern-
ment employment, and then weighted by mean average weekly earnings

in 1973.

Potential Labor Force

Potential labor force for each age-sex group is calculated by
estimating a cyctical adjustment to Tabor force participation for that
group, and then adjusting actual labor force to full employment labor
force using the adjustment. The general form of the labor force

participation equaticn is:

Ly . .
(4) it ooay +bi U fop o thdy Thotey - MILgHfy - SCCy

PP t

1t
+ g, AG, + it

Wihere

Li = civilian labor force in group i

PGPi = ¢ivitian noninstitutional population in group i

U = unemployment rate of men 25-54

t = time

11 = trend dumnmy which equals 0 until 1966:4, and then

increases 1, 2, 3, 4...
MIL = military employment divided by the civilian

noninstitutional population of men aged 16-24
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SCC = degree credit enrollment in higher education as a
percent of population aged 16-24
AG = proportion of civilian employment in agriculture.

Estimation results for equation (4) are given in Table 2. Using
the lagged unemployment rate gives the largest estimate of cyclical
variation in the labor force, even though the estimates are smaller
than might have been expected. Use of a contemporaneous unemployment
rate or a distributed lag on the adult unemployment rate generates
lower estimates of cyclical variation. By using the unemployment rate
of men 25-54 as a cyclical variable for all groups, the problem of
upward simultanecus equation bias is avoided for all groups except men
25-64, where cyclical variation in labor force participation is
very small.

The cyclical adjustment for each group was the estimate in
Table 2, except for men 25-64, where an insignificant coefficient was
estimated even though substantial upward bias due to simultaneity was
suspected, and for women 65+, where the cyclical coefficient was insig-
nificant and the wrong sign. The Titerature on pretest estimators
suggests that some of the other cyclical coefficients should be set to
zero,lg/ but this was not done. Thus, potential labor force may be a
bit high. Of course, if the reaction of labor force participation to
long periods of low unemployment is much stronger than its average
reaction over the cycle, potential labor force could be underestimated.

In 1976, the estimates in Table 2 imply a potential civilian

labor force 1.1 miilion workers larger than the actual labor force.
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Table 2

Estimates of Cyclical Variation in Labor Force Participation
Rates by Age and Sex

Estimation interval 1953:7 to 1976:4
{standard errors in parenthesas)

Group a b c d e f g o re d.w

Hen 16-19 A ~-.0096 .00040 .00277 1.95 .60 .897 1.8]
{.072) {.0015) {.00058) {.00043) {.52)

Women 16-19 260 -.0059 .00091 .00270 1.27 57 .934 1.97
{.080) {.0018) {.0008) {.0005) {.59)

Men 20-24 .877 -.0009 .00080 . -196.3 -.0039 1.11 LG5 .810 1.89
{.059) 1,0013) {.00036) (44.1) {.0018) {.35)

Women 20-24 427 -.0019 00111 .00237 .57 .988 1.87
{.001) (.0012) (.00013) {.00026)

Mer 25-64 .963 -.00017 -.00024 -.00066 .64 979 1.86
{.004) {.0004) (.00Q05}) {.0001)

Women 25-64 .333 -.00025 .00157 00043 .78 .995 1.9
{.008) (.00074) {.00013) {.00022)

Men 65+ .481 -.00183 -.00267 .00138 .80 .991 1.68
{.015) {.0013) {.00024) {.00042)

Women 65+ .108 L0003 -. 00007 .00045 61 .817 2.15

{.006) (.0008) {.00003) Z»OOO]?)



This figure is only slightly higher than the approximately .9 million
"discouraged workers" estimated by BLS for ]976.l1f

Projections of labor force by group were made with the estimated
labor force participation equations. Since they include a cyclical
adjustment, the projections are slightly higher than those made recently
by BLS. Annual totals for potential labor force are given in Table A-2.

Full Employment Unemployment Rates

The establishment of a benchmark unemployment rate for use in
estimating potential output is a difficult problem. If there were a
good statistical relationship between unemployment rates and the in-
flation rate, the vector of unemployment rates by age and sex that
yields a constant rate of inflation could be determined directly.
Unfortunately, there seems to be no unigue relationship between
unemployment and inflation, so this simple "Phillips curve" method of
estimating an appropriate unemployment benchmark is not available.
The picture is further complicated by increases in the proportion of
the Tabor force comprised of young people (aged 16-24) and of adult
{aged 25-64) women, which seems to have changed the relationship between
the unemployment rates of different age-sex groups. The significant
change in the unemployment survey in 1967 alsc tends o make the
determination of an unemployment benchmark which is consistent over
time somewhat arbitrary.

The procedure actually used makes the assumption that a 4.0%
overall unemployment rate represented full employment in 1355. By

Tooking at the relationship of unemployment rates between age and sex
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groups in 1955, the eight age-sex unemployment rates that would have
yielded a 4.07% overall unemployment rate in 1955 may be determined.

It is further assumed that the unempioyment rate for men aged 25-54 has
remained a stationary indicator of the state of the labor market. The
increase or decrease in each group's unemployment rate is estimated

using an equation of the form

( LPi\
e 51*“”3‘*\"@_) ’
where
Ui = unemployment rate of age-sex group i
U = unemployment rate of men 25-54 as before,
tbi = ( {} from equation (4) times Pspi

Pop. i
(L (Pop; )

The inclusion of the (&fi) term, the relative proportion of group 1 in
VP
the labor force (purged of short-term variations) was based on the idea
of partial segregation of labor markets. A relatively high proportion
of the tabor force in a particular group may make it difficult for
members of that group to find satisfactory employment. The coefficient
\f estimates the change in relationship between the unemployment rate
of group 1 and the unemployment rate of men 25-64. The data used in
estimation of equation (5) (and equation (4}) have been adjusted for
the change in sampling procedure starting in 1967 by multiplying

employment and labor force by ratios obtained in 1966 by BLS using
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both sampling techniques.lgf While this adjustment is reasonable for
high-employment years, there is no evidence on 1ts accuracy during
periods of Tow economic activity.

Estimation results for equation (5} are given in Table 3 for all
eight demographic daroups. The unemployment rates for women 25-64,
women 65+, and men 25-64 did not exhibit significant change relative to
the rate for men 25-54.13/ The sign of vy was negative for men 65+
indicating the operation of other forces such as Social Security in the
labor market for these workers. However, a downward trend was evident,
so the equation was re-estimated with & time trend, as shown.

The changes in benchmark unemployment rates by demographic
group are itlustrated by the results in Table 4. The relative labor
force proportion of younger workers (ages 15-24) has risen sharply;
equation {5) hypothesizes that this shift in proportions was responsible
for the observed change in relative unemployment rates. When combined
with estimates of the high employment labor force, these benchmark
unemployment rates yeld a benchmark for the overall unemployment rate,
also shown in Tabie 4. The overall benchmark unemployment rate equiv-
alent to 4.0% in 1955 is 5.1% in 1977. It would be an abuse of the
term "full employment" to call 5.1% the full employment unemployment
rate in 1977, given the high benchmark rates for teenagers, and the
fact that the burden of this jobiessness is distributed unegually across
races and demographic groups. Rather, the estimates in Table 3 are a
strong reminder an overall unemployment rate of 3 or 4% would be

characterized by a very tight labor market for adults.

35



Table 3

Estimates of the Relationship of Age-Sex
Unemployment Rates to the Unemployment Rate
of Men 25-54 {Equation 5}

Estimation Interval 1948:2-1977:2
{standard errvors in parentheses)?@

Time 0
Group o By Y, Trend 0 R
Men 16-19 -1.03 1.87 208.7 17 .939
(2.33)  (.152)  (51.5)
Women 16-19 -7.99 1.31 493.8 .76 .936
(2.15) (.389) (60.2)
Men 20-24 - .63 1.62 36.5 .70 .947
(1.23)  (.118)  (19.1)
Women 20-24 A2 1.08 87.4 .73 .919
{ .97) (.106) (18.9)
Men 25-64 -1.15 .95 2.7 46 .990
( .26) {.02) { .49)
Women 25-64 2.33 7 L1 .60 .925
{ .93) {.05) { 3.7
Men 65+ 2.37 .70 -.0072 .49 L7686
( .29} {.07) (.0028)
Women 65+ -1.59 .36 227 .4 .42 .559

( .82) (.09) (60.5)

Data adjusted for 1967 CPS survey change.
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Table 4

High Employment Benchmark Unemployment
Rates 1955 and 1977

(percent}

Demographic

Group 1955 1677
Women 16-19 10.8 17.7
Women 20-24 6.2 9.1
Women 25-64 3.8 4.3
Women 65+ 2.7 1.8
Men 16-19 11.7 14.8
Men 20-24 6.5 7.1
Men 25-64 3.0 2.4
Men 65+ 3.6 3.2
Total 4.0 5.1

{Both Sexes, 16+)

Note: Unemployment rates assume the survey technique actually used
in that year.
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4.0% in 1955 and 5.1% in 1977 are in no sense estimates of the
Towest overall unemployment rate that does not cause inflation to
accelerate. Rather, the time series of unemployment rates generated
by the equations in Table 3 is a consistent set of unemployment rates
over time generated by the assumption that the unemployment rate of
men aged 25-54 is a stationary measure of labor market tightness. The
non-accelerating infiation rate of unemployment, or NAIRU, was probably
about 0.4 percentage points higher in 1955, and 0.6 to 0.9 percentage
points higher today.

The high employment level of labor input is calculated in three
steps. First, employment in each age-sex group is estimated by multi-
plying the potential labor force by one minus the benchmark unemployment
rate. Second, civilian government employment is subtracted from these
potential employment estimates to obtain potential employment in the
private nonresidential sector. Third, potential private nonresidential
employment in each age-sex group is weighted by mean average earnings

in May 1973 and aggregated to obtain weighted potential iabor input.

Cyclical Adjustment of Productivity and the Calculation of Potential GNP

The crucial step in the estimation of potential GNP is the
determination of good estimates of productivity at bencnmark input
tevels. If an eguation explaining the variation of productivity with
the rate of input utilization can be obtained, then a benchmark Tevel
of input can be entered into the equation te obtain the Tevel of pro-

ductivity associated with that benchmark over time.



The basic specification of the variation of productivity with

utilization rates used in this study is:

6) 't . _E§:)80 Le-1 16y
"i ( Ii (Ipm )
where
Yt = yeal output of the private nonresidential sector
in quarter t
YE - = potential value of Yt in quarter t.
Et = weighted combination of labor and capital input in the
private nonresidential sector in quarter t.
o= (K, * cut)1/3 - (Lt)2/3.
Ii = potential value of It in guarter t.
Kt = nonresidential fixed capital stock adjusted for
poliution abatement investment.
CUt = Adjusted Federal Reserve Board manufacturing
capacity utilization index.
Lt =  Earnings-weighted private employment.
If the invertibility condition 8¢} > |81] hoids,éﬁ/ (6) EE__ can be
Ipt
expressed as a convergent series of past XE_
%
7 - ~f-‘i—- (Yt~s> %
IE =0 \yPis

Equation (7) may be familiar to many readers as a specification of the

lagged response of inputs to output that has been discussed extensively
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15/ Equations (6} and (7) say that in the long run,

in the literature.
the percentage gap between potential and actual input is a constant
fraction 1/(8, +81) of the percentage gap between potential and actual
output. In the short run, this fraction is smaller, due to the lagged
response of input to output.lﬁ/

An alternative specification for the cyclical relationship

between output and input is equation (7) with a one-period Tag:

(g It _ (XEL)QG ( Yt—l)al
It vP vE-1

Equation {8} is a variant of what is sometimes called "Okun's Law."

If we let
g i1 -
It = *f "t = percentage tnput gap
- P
It
P
and YG = Yt ~Yt = percentage ocutput gap
t P
Y
t

then (8) becomes:
Tog (1 - 1,6} = a5 Tog (1 - ¥§) + ajlog (1 - Ve )

The approximation log {1 + x) = x for small x impTies:

G G G

which gives a percentage input gap as a function of current and lagged
output gaps, in much the same way Okun's Law relates an unemployment

gap to current and lagged output gaps.
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One further assumption besides either (8) or (8) is needed: a

specification for the growth in cyclically adjusted total factor

productivity:
P

(9) Tog ( Yy ) flt) + u
P =
It

where f{t) describes how productivity has grown over time. The
specification of f{t) was made on an ad hoc basis; namely, total factor
productivity was assumed to grow at a constant rate from 1948 to 1966,
and at a different rate from 1967 to the present, to correspond with
the productivity slowdown that has been widely observed. Additional
“kinks" in f{t) are necessary to help explain the extraordinarily bad
productivity performance observed in late 1973 and all of 1974. Three

variants of f(t) were used:

I

(108) (1) a + bt + ¢T1

(10B) F(t;

a + bt + c{T1) + d(T2)

(10C) f{t} = a + bt + c(T1) + d(T3)
where t = time trend
T1 = 0...0 until 1966:4, then 1,2,3.4...thereafter
T2 = §...0 until 1973:4, then .25, .5, .75 and 1.0 thereafter
T3 =0...0 until 1873:3, then 1,2,3,4,5,4,3,2,1, and O thereafter.

The "A" variant gives no additional consideration to plummeting
nroductivity in 1974, and just treats it as another set of observations
on the cyclical varfability of productivity. The "B" variant implies a
once-and-for-all downward shift in the trend level of productivity 1nr

1974, possibly due to the shift in the relative price of energy or
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underestimation of real output in an inflationary environment. The
"C" variant explains the lower productivity in 1974 as an extraordinary
cyclical movement that disappears by the end of 1§75,

Equations {(6), (9), and (10 A-C) can be combined to yield a
regression equation for total factor productivity in the private non-
residential sector which can then be used for estimating potential GNP,

Equation (6) implies:

log {w%;> = 109{\’% >+ {8g-1) log fi% \§+ Bﬂog(ip’g:l
" E—-~ 1 j

' p i
| : } ;
ot Tt 4 Itf It--l

Substituting in (9} and (10 A-C) yields:

(11A) log (;3_) a + bt + Tl + (By-1) Tog fg% } + 811°9f It 1)+ ut
t \IL. .! \Itl

(118) Tog[.i§;>
t

H

a + bt +cTl + dT2 + {3g~1) log /E_‘g__ + g1log
| ! U

$ T
3 L
/ L 11+ Uy
\IP‘“I
t-1/
y
(11C) log I;__ = a + bt + cTl + eT3 + (8y-1) Tlog EEﬂ +8,Tog
1 IP
t t
(It-l E T,
I¥,1./

The regression eguations derived from the alternative specification (8)
along with equations (9) and (10 A-C) are:

(12A) Tog E_"j;___) * {ag +ur)a + (ap *ay) bt + (ag +aq) CT1
1
t

- (ogp=1) 1og( 1%_) - oy log (thl ) + u, .
Iy Th-1
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(12B) 1og {Yt\% (ag+a1) a + {ap*a; ) bt
/

| t

+ (agtay} Tl + (agta; ) dT2

- (ag-1) logf Yt\ cay togf Tte1 )+ w
O Vi
T t-1

{12C) 1loa (fg_) D {ogtay ) a + (ap +oy) DT
; _

VP 4 ey ) oTD 4 (s +a1) €T3
- (Oio-i) iog Y )*ul ]0{;[11;_’1\+ ..
ip i 4 IP / ¢
t S S

It should be noted that the algebraic manipulations required to derive
(12) from {(8) and {10} imply that the disturbances in (12) will exhibit
second-order serial correlation. Thus it was not surprising when second-
order serial correlation was found in the estimation of (12) (and
handled by a second-order generalization of the Cochrane-Orcutt two
stage procedure}.

Estimates of the parameters in equations {11 A-C) and (12 A-C)
obtained by the Cochrane-0Orcutt two-stage procedure are given in Table
5 below. Standard errors are not given for the parameters of f(t) in
the estimates of equation{12}, since these are obtained by dividing
teast squares coefficients, implying that they have infinite varfance.
It is reasonable to assume that equations 11A-C give more reliable
astimates, for two reasons. First, the division problem allows esti-
mation errors for a, and o in equation {12} to contaminate the growth
parameters a, b, and ¢. Second, the Tonger lag specification (equation

(7)) seems more appropriate than the short l-period lag in equation (8).
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Equation

1A

118

11C

12

128

12c

a

-3.70
{.00%5)

~3.7¢
{.0083)

©=3.70

{.0096)

-3.69

~3.69

~3.6%

00455
L00017)

.00443
.00018)

00455
.00018)
. 00442

00436

05441

¥

]

{Standard ervors in parentheses.)

Parameter Estimates and Implied Potential GNP for Equations (11A-Cland (12A-C):
Long-Run Growth and Cyclical Variation in Total Factor Productivity
(quarterly data; estimation interval 1948:3 or 4 to 1977:2)

c
00155
.30038)

.00058
.00042)

00139
.00039)
.00049

00044

.00084

-.042
(.on

-.028

)

~.00659
(.0022)

-.005623

{gs-1) £1

878 -.422
{114) {.115)

822 -.474
.1y (.30)

806  -.352
(.112) (.113)

Jable 5

{1-as) @

656 ~.148
{.022) {.022)

644 -.163
(.023) (.022)

549 -.144
{.022) (.C21)

1
.78

.76

75

1.02

.87

1.08

P2

-. 34

-.32

=.39

d=w
1.70

1.80

1.86

1.62

1.59

1.80

ﬁ%

997

957

. 997

.9998

.9998

. 9958

1955 Potential GNP

1977 Potential GNP

{(billions of 1972 doliars)

656.1

653.7

655.9

658.8

657.7

658.6

1392.4

1378.1

1399.4

1413.8

1402.6

1420.4



It is difficult to discriminate between the two hypotheses about
the 1973-74 "productivity disaster™ implicit in the B and C variants of
the equations. If the B variant is the correct specification, and the
Tevel of productivity shifted downwards in 1974, high inflation rates
could be the cause. If such high fnf&ation rates caused price increases
to be overestimated, real output has been underestimated, and the pro-
ductivity loss exaggerated. Scme evidence for this view can be found
in the Federal Reserve Board Industrial Production Index, which fell
less than real GNP over the 1973-75 period. Une also suspects the
rapid rise in the relative price of energy, although the mechanism for
1oss in productivity due to the high price of oil is not obvious. In a
theoretical model with homogeneous capital, even if the elasticity of
substitution were zero, potential GNP measured in 1972 dollars would
not fall at all. A Cobb-Douglas formulation generates implausible
reductions in energy usage of 40 to 50%. A vintage model for capital
could explain the drop only if U.S. capital is more energy intensive
than foreign capital. In this case, production using the most energy-
intensive capital in the U.S. might not cover variable costs at world
output prices.

The other view, consistent with the "C" specification, is that
the cyclical movement in productivity was just much stronger in the
1973-75 vrecession than in previous downturns. Probably the truth lies
somewhere 1in between; a once-and-for-all drop in total factor produc-
tivity of about 2% combined with some extra cycliical 1oss may be close

to correct.



The estimates of potential GNP shown in Table 5 are derived by
eliminating the cyclical components in each equation and setting Tabor
and capital inputs to their potential values. This yields a potential
for private nonresidential GNP, which then is added to the non-cyclical
components {compensation of government employees, imputation to the
residential capital stock, and income from investment abroad) to obtain
potential GNP. The B variant shows the Towest potential for 1977,
reflecting the pessimistic assumption that the drop in productivity in
1974 not explainable by normal cyclical factors was permanent. The
equation {12) estimates are higher than those from equation (11); this
difference may be caused by incorrect specification of the lag between
changes in output and input gaps in eguation {12). For example, the
fong-run elasticity of the input gap with respect to the output gap is
1/{Rg *+ By) = .716 in equation (11B), while the same elasticity is
(g + @y} = .562 in egquation {12B). By allowing the lag to be longer
in (11), the sum of the coefficients is larger; the larger long-run
elasticity implies a smalier output gap for a given input differential.

Estimates Using Only Labor Input

Discussions of potential output are usually based on labor input
only, largely because the measurement of the capital stock is based on
a number of arbitrary {but necessary) assumptions, and because the
weight of capital in total input is the subject of some controversy.
1t is instructive, then, to investigate the effect of the capital stock
estimates on the calculation of potential output by performing the

analysis using labor input only. A1l the same equations ((11A-C} and
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{12A-C)) may be estimated by replacing It’ the combination labor and
capital input, with Lt’ the Tabor input component only. The basic

equations are then

YP
and (3') Tog| 't = f(t) + u -
Lt

The analysis is exactly the same, but the basic productivity concept is
labor productivity instead of total factor productivity. If the capital
input measure is sufficientiy poor, ignoring capital will produce better
estimates. The results of the "labor input only"” regressions are given
in Table 6.

The results are virtually identical; estimated potential GNP is
about 1% lower in 1955 and about 1% higher in 1977. The difference is
primarily due to somewhat higher capital utilization rate relative to
the unemployment rate in the mid-1970s, compared to 20 years earlier.

The elasticity of the cutput gap with respect to the labor input
gap is higher than the elasticity of the output gap with respect to the
weighted gap for labor and capital. 1/(8; +8, ) = .569 for equation
(11B') while (oy + aq) = .400 for equation (12B'). This is not sur-

srising, for capital utilization should adjust more rapidiy to output
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{Standard errors in parentheses)

{8p-1}

1.79
(.20}

Table 6

Parameter Estimates and Implied Potential GNP for faquations {13A-C') and (12A-C
Long=Run Growth and Cyclical Variation in Labor Productivity
{quarterly data: estimation interval 1948:3 to 1977:2}

B

-.58

(.20)

-.99

{.20)

o
~

.
i

1555 Potential

I

.998 650.2
998 648.0
598 650.0
.9998 657.8
. 9533 650.2
.9298 £51.8

1877 Potential

{billions of 1972 dollars)

3405.5

1389.6

1413.1

1421.3

1410.1

1426.2



than Tabor utilization. It is also not surprising that the sum of the
coefficients ap + oy s very close to the sum reported in "Okun's
Law" equations, given that (12'} is essentially Okun's Law, as explained
earlier. Unlike the total factor productivity estimates, second order
serial correlation was not significant in (12A' - 12C'), implying that
some other form of specification error is responsible for the low
Durbin-Watson statistic after the firsi-order serial correlation
correction.

The range of the 12 estimates of potential GNP derived from the
regression equations are given in Table 7 and shown pictorially in
Figure 1. Projections of the labor force, capital stock and the com-
ponents of noncyclical output given in Tables A-1, A-2, and A-6 were
used to obtain potential GNP projections to 1980. The large increase
in the range of potential since 1973 reflects the uncertainty generated
by the precipitous productivity decline in 1974. By 1980, the range of
estimates is almost 4% of potential GNP, a figure that does not over-
estimate our ignorance about the level of output in 1980, when unemploy-
ment and capacity utilization may be nearer their benchmark levels.

Most of the productivity decline since the late 1960s cannot be
explained by the changing age-sex composition of the Tabor force, the
changing industrial composition of labor-hours, or changes in the rate
of growth of the capital/labor ratio.lZ/ Instead, the slowdown must be
allocated to a residual category, or “technical progress."” Since rea-
sons for apparent changes in the trend rate of productivity growth are

not well understood, it may be the case that the trend productivity
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Year
1948
1950

1955

1960

1965

1970

1975

1980

* Unofficial

Minimum Max imum
Fstimate Estimate
4645 501.8
5i7.1 524.6
535.7 543.6
560.0 571.0
580.8 593.7
604.0 615.9
625.1 636.5
648.0 £53.8
6746.0 68h.7
696.0 708.1
721.9 732.0
743.5 752.6
772.0 779.6
801.0 807.1
81¢.9 828.5
8.6 856.5
£80.8 £88.3
213.9 923.3
944 .6 957.7
381.9 997.2
1017.4 1034.1
1053.8 1074.5%
10580.8 1114.4
1124.9 1152.2
1165.3 1194.2
1208.8 1240.7
1249.72 1282.0
1278.5 1324.9
1331.7 1373.7
1378.1 1426.2
1426.0 1477.7
1477 .1 1530.9
1531.6 1587.5

Table 7

Estimates of Potential GNP
(bi1tions of 1972 dollars)

50

1977 CEA
Estimate

432.
514.
537.
560.
584.
608.
627.
651.
673.
697.
721,
746.
771.
798.
826.
857.
890.
925.
960.
996.
1031.
1068.
1106.
1145,
1186.
1228.
1271.
1316.
1363.
1412.
1462.
1513.
1567.
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growth rate will be higher from 1977 to 1980 than it was from 1966 to
1973. Even if there was a permanent 2% Toss in productivitv in 1974,
altered relative prices may generate the incentive for productivity
increases that were not particularly profitable at low energy prices.
Therefore. cautious optimism either in the form of assuming that the
1974 productivity decline was temporary, or in the assumption that

the productivity growth trend will be higher from 1977 to 1980 than it
was in 1966-73, generates potential GNP in 1980 of about $1560 billion
1972 dollars.

The estimates for the years 1952-1968 conform very closely to
previous estimates of potential output for the U.S. economy. Potential
GNP is calculated to be very close to actual GNP ($654.8 billion 1972
dollars) in 1955, and the growth rate of potential is very close to
Okun's original estimate of 3.5% per year for 1952~1962.;§/ The
growth of potential in 1962-68 is also very close fo the 3.75% per year
that had previously been estimated by the Council of Economic
Advisers.lg/ Since 1968, however, the growth in potential output has
been much Tower than was previously estimated. Potential output growth
for 1968-75 is estimated here at about 3.5% per year instead of 4.0%
for that period estimated by the Council in 1976.2§/

Although part of the difference between the previous 4% growth
rate and the new CEA 3.5% rate can be explained by the increase in the
unemployment benchmark from 4 percent to 4.9% in 1976, by far the

largest part of the decrease is due to slow productivity growth. Cal-

culations of the trend in total factor productivity using 4% unemploy-
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ment as a benchmark indicate that estimated potential GNP would be
.3 to 1.1 percent higher with this standard, depending on how the

reduced unemployment is distributed among demographic groups.

Unemployment and Real GNP Change: Checking the Results

As a rough check on the potential GNP estimate of 1332-1374
billion 1972 dollars for 1976, the relationship between changes in the
overall unemployment rate and changes in real GNP was estimated using

equations 13A and 13B.

(13A) AUt = .38 - .24% A GNP - .18% 4 %GNP

(.04) (.02) t (.02) t-1
R° = .77 d-w = 1.89 data: quarterly 1953:2-1976:4
(138) U, = .45 - .25% 4 4GNP, - .10% A 9GNP,
t (.04) (.02) (.01) -
- .08% 4 UGNP, - .05% 4 $GNP. - .03% A GNP,
(.01) &2 005) t-3  (.003) t-4

{1ast four regression coefficients constrained to lie on a
straight line)

R® = .75  d-w=1.89 data: quarterly 1953:2-1976:4

AUt = Ut~U = percentage point change in the overall
t-1 unempioyment rate U.

&%GNPt 100*(GNP ~GNPt_1)/GNP , = percentage change in

t t-1
Gross National Product measured at 1972 prices.

Equation 13A implies that a one percentage point reduction in the over-
all unemployment rate will be associated with a 2.4 percent increase
in real GNP in the long run, while equation 13B implies an eventual

2.0 percent increase. A 2.8 percentage point decrease in the unemploy-
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ment rate in 1976 from the realized 7.7% to the 4.9% CEA benchmark,
would therefore increase real GNP 5.6 to 6.7%. Since GNP at 1972 prices
was $1264.7 billion in 1976, these increases imply a potential output
of 1336 to 1350 billion 1972 dollars. These figures are below the
middle of the potential GNP range for 1976.

It should be noted that the result of 2.5 or less for an estimate
of % & GNP/a U is Tower than the 3.0 or greater used by some economists,
The confusicn here probably lies in the distinction between the short-
run and tong-run responses of unemployiment to output. In the short
run (one quarter), it takes an additional increase of 4% in real output
to reduce unemployment by an additional one percentage point. However,
additional unemployment reductions are forthcoming in future gquarters,
even if there are no additional marginal increases in real output.

Since attention is focused on real growth and unemployment during

periods of slack economic activity, it is natural to estimate the growth
in output that would give an acceptable decline in the unemployment rate.
At the beginning of a recovery, this "reguired real growth" may be very

high.

Conclusion
The new CEA estimates of potential output are confirmed by the
updated results presented in this paper. The changes generated by an
additional year's data are very small, with the biggest adjustment
being the increase in the unemployment benchmark from 4.9% to 5.1%.

The atypical productivity decline experienced in 1974 has not been
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reduced in the past year, adding more weight to the argument that
2 to 3 percent was permanently lost from the trend Tevel of productivity.

The CEA potential GNP estimates in the 1977 Lconomic Report of

the President avre, if anything, optimistic about the gains in output

resulting from a reduced Tevel of unemployment. In the second quarter
of 1977, CEA estimated that a reduction in the unemployment rate from
the observed 7.0% to 4.9% would have increased real GNP from $1330.7
to $1405.8 billion, or 5.6%. The 1977:2 potential estimates range from
1372.3 to 1419.6 billion, using a slightly higher 5.1% unemployment
benchmark. "Okun's Law," with a multiplier of 2.0 to 2.5, yields a
range of $1386.6 to $1400.6 billion, using the 4.9% unemployment
benchmark. Thus, the results reported here indicate an "output gap"
which is generally smaller than the official CEA gap of 5.6%. Estimates
of the current output gap which are significantly larger than 5.6% must
be based on assumpiions about large cyclical variations in the labor
force and productivity which are unsupported by the data.

Results on the "potential growth rate" for the economy over the
next five years are much less precise. Structural models (as opposed
to the empirical trend-fitting equations used in this study) of growth
in labor force participation and productivity have not been developed
to the point that they can be used to make good conditional predictions.
Therefore, any projection of potential output must be an extrapolation
of past trends. A growth rate in potential outpgt of 3.5% per year is
consistent with the growth rates of the labor force and output per

worker which have been observed since the late 1960s. However, high



lebor force growth, coupled with a return to the pre-1966 trend in
total factor productivity, strong capital stock growth and Tower
relative youth unemployment rates could generate spectacular ecenomic
growth over the next five years. Alternatively, sluggish performance
in all these areas could result in a very low real growth rate. Erratic
hehavior of productivity, coupled with recent changes in labor force
participation trends and unstabie prices make any projection of future

growth rates subject to wide variability.
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Footnotes

Annual Report of the Council of Economic Advisers, January 1962,
p. 49ff.

See Okun {11) for an explanation of the various methodologies used
to relate unempioyment and real ouiput.

For example: Kuh (8}, Thurow and Taylor {20}, Black and Russell (1)
and Perry (12).

CEA was not alone in iis concern about its "old" estimates of
potential output. Data Resources voiced its concern over the
potential output estimates in early 1576 (Brinner (3)). Publication
of the 1977 Economic Report generated additional studies, including
Perry (13), and Rasche and Tatom {15).

See the 1977 Economic Report of the President for a non-technical
discussion of the issues involved, and Clark (4) for some of the
statistical results used in the re-estimation process.

This concept of the private sector is close to what Denison calls
the "nonresidential business sector." See Denison, (6), p. 21ff.
Tt is also very close to the Bureau of Labor Statistics' "private
business sector."

See Musgrave, (9), and Segel and Rutledge, (17}.

See Raddock and Forest, (14).

Data are available by age and sex for May of the years 1973-1976.
1973 was chosen because it is closest to a cyctical peak. Such an
adjustment is sometimes called "Perry-weighting" since a similar
weighting scheme was used by George Perry in adjusting the
unemployment rate: (12}.

See, for example, Sclove, (16).

Bureau of Labor Statistics, Employment and Earnings, various issues.

See Stein, (19). Since the parallel surveys in 1966 used for this
adjustment are only half the size of the CPS, these ratios are
subject to considerable sampling variability.

As mentionsd earlier, this result indicates that the unemployment
rate for all persons 25-64 could be used as a cyclical indicator
in place of the unemployment rate for men 25-64. Observations of
the adult womens' unemployment rate relative to that of adult men
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shows a .5 point increase in the differential between them from
1962-1966, a .7 point increase in 1967 (as predicted by the BLS
partial samples) and then a .6 point decrease from 1967 to 1968.
This strange behavior of the women's unemployment rate influenced
the decision to use the rate for adult men, although results using
either rate are virtually identical.

See G.E.P. Box and G.M. Jenkins, (2), p. 67ff, for a discussion of
the conditions under which a moving average process such as (6) can
be converted to a one-sided autoregressive scheme.

This lagged response is sometimes called "short-term increasing
returns to labor.” See Sims, (18).

One possibility is that capital input response is instantaneous,
while Tabor input response is lagged. This implies a cyclical
adjustment that treats labor and capital inputs differently.
Experiments with such a specification yielded results insignificantly
different than those reported below.

See Norsworthy and Fulco (7) for a discussion of the reasons for
the productivity slowdown. Embodied technical progress and invest-
ment in research and development may have contributed to the
slowdown, but these factors were not analyzed.

Okun, (8).

Business Conditions Digest, August 1876, p. 95.

Ibid.
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Table A-1

Fixed Nonresidential Capital Stock af 1972 Prices
Excluding Pollution Abatement Capital
{billions of 1972 dollars)

1948 632.8
658.0
1950 681.1
707.5 1966 1164.2
734.2 1219.3
761.1 1273.3
787.9 133113
1955 815.4 1970 1387.6
845.7 1437.2
876.3 1486.1
902.2 1541.7
925.0 1600.6
1960 950.5 1975 1649.0
976.4 1687.1
1003.6 1729.9
1033.5 1783.5
1067.2 1845.6
1965 1110.4 1980 1913.2

Note: Figures are average values of capital stock during the
given year.
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Table A-2

Potential Civilian Labor Force 1948-1980
(mitlions of persons)

1948 60.6
61.5

1950 62.4 1966 75.6
62.0 77.2
62.1 78.6
62.9 80.5
63.8 1970 82.7

1955 65.0 84.3
66.5 86.7
67.0 88.7
68.0 91.1
68.6 1975 93.3

1960 69.8 95.9
70.8 88.0
70.8 99.7
72.0 101.4
73.2 1980 103.3

1965 74.4
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Table A-3

Private Fmployment, 1948-1975

(millions of persons)

1960

1965

1970

1975
1976
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Table A-4

Estimated Capacity Utilization Rate
for the Private Sector, 1948-19764

(percent)
1948 85.0 1961 82.4
80.8 84.5
1950 85.2 85.5
86.7 86.6
86.4 1965 88.5
88.4 83.3
83.8 87.2
1955 87.3 87.3
36.8 86.9
85.6 1970 83.4
81.3 82.8
84.6 85.3
1960 83.8 87.5
85.8
1975 80.5
1976 83.8

a Annual average rate. Quarterly series (R.) is derived from the
FRB manufacturing utilization rate (F,} {see Raddock and
Forest (10)) according to the following formula:

Ry = 1/2 (87.5 + Fy)
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1948
1950

1955

1960

1965

Note:

Table A-5

Full Employment Unemployment Benchmark
Eguivalent to 4.0 Percent Unemployment in 1955
(percent)

s

1966

1970

1975
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1980

Unemployment rates are computed relative to the sampling
procedure actualiy used in a given time period. The CPS
survey change in 1967 causes the shift in the benchmark

unemployment rate from 1966 to 1967.
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Table A-6

Projections of Noncyclical GNP Components 1976~1980
(hillions of 1972 dollars}

Compensation of Compensation of
Year Federal Employees State and Local Government Employees
19762 48.4 97.3
1977 48.6 98.7
1978 48.6 101.9
1979 48.7 105.2
1980 48.7 108.7
Gross Ouput Attributed Gross Cuput Originating
to Residential Housing Stock in Rest of World
{GNP-GDP)
1976° 1.6 6.7
1977 114.8 8.0
1978 118.4 9.2
1979 122.2 10.3
1980 126.2 11.3

4 1976 figures are actual, included for comparison.
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PUTENTIAL QUTPUT AND ITS GROUTH RATE -

THE DOMIHANCE GF HIGHER ENERGY COSTS I THE 1970'S
Robert ¥, Rasche and Johs A, Tatom

Since the early 1960s, the level and the rate of growth of
potential cutpui have hecome increasingly dnportant subjects, ‘Vhile
policymaker's and the public's acceptance of these concepts has becore
widespread, since the early 1970s there has heen considerable
controversy cencerning the measurement of potential putput and its
arowth. By 1973 4t had becorme ¢lear to many observers that the Councii
of Economic Advisers (CEA) measure of potential outnut was too high,
That measure showed slack in the economy equal to 530 billion (1972
doilars) while many observers thought the economy was operating at or
above its potential, ai least in the early part of the vear.

In mid-1973, Business Week summarized the "Debate Over Gauging

the GIP Gan," pointing out the impertance of the issus for assessing
stabilization policy, particulariy for near term inflation and
recession prospects. 1/ Lawrence Klein, Alan Greenspan, Geoffrey Moore
and others aragued that the econory was much closer to full utilization
of resources than the CEA potential output measures then revealed.
Heveriheless, Arthur Okun and George Perry were said to remain

defenders of the slack econory view. Perry is quoted as saying: *1 am

Drs, Rasche and Tatom co-authored this paper while both were employed
by the Federal Reserve Bank of St. Louis,
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not persuaded that we do not have the industrial capacity to bring the
unemployment rate down to 4 percent. To me, the $20 billion gap still
looks 1ike a firm number.” &/

Since 1973, energy price developments, the inflation experience,
a recession, sluggish capital growth in the recovery, and unusual labor

productivity changes have brought the potential debate toc a turning

point., Within the past year, Business Conditions Digest ceased

publication of the CEA series. Peter K. Clark's study, "A Hew Estimate
of Potential GNP,” circulated, and the CEA reported a new series for

potential output in the 1977 Economic Report of the President. While

the revised estimates reduce the previous measures of potential output,
the Report points to evidence of the need for further revisions due to
a productivity loss since 1974. The Report also suggests that the
growth rate of potential is about 3.5 percent -- lower than the prior
official view. Early this year a study by Data Resources, Inc.,
reached a similar conc1usion.‘§/
In our Review article in May of this year, the theoretical
foundations for a loss in economic capacity and potential output due to
the 1974 energy price change are derived., Our results support the
capacity loss hypothesis which has been discussed in numerous Review
articles in the past, an hypoﬁhesis which receives indirect support
from an investigation of a monetarist price equation, Y our Review
article in June provides further empirical support for the loss in
economic capacity due to the change in the relative price of energy
using a production function approach to measure potential output. The

results support the CEA contention that downward revisions are
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necessary in their revised potential output series for recent years.
Nevertheless, our potential output measure appears consistent with the
old CEA series until the early seventies, especially in 1955 and
1969-70. ¥/

George Perry's, "Potential Output and Productivity," appeared in

6/

the July Brookings Papers, - His potential output measures alsc

indicate downward revisions from the oid official series, especially
for the Tate 1960s and early seventies when his potential output
measures are actually below the new CEA measures. Perry's measure for
1973 shows the econony operating slightly above potential, a point of
agreement with Clark, i/ However, Parry's measure of potential output
begins to grow more rapidly in about 1870, and it grows more rapidly
than our measure or the new CEA measure of potential output. In fact,
Perry's orowth rate for 1970-76 is about as fast as that of the old CEA
measure which he has repudiated for the earlier period.

The three studies share a general conclusion that, at least
through 1973, the old CEA series overstated the potential output of the
U.S. econony, There is some differencerin the pattern of the downward
revisions in each case, Interestingly, both Clark and Perry reduce
1973 potential output by over $30 biilion while our measure is only $15
billion below that in the old CEA series. After 1373, there are riore
serious differences, Our measure shows a substantial effect of energy
developments, the others do not. Also, Perry's measures indicate a
sharp acceleration in the rate of potential output growth in the 1970s
with potential growing much faster than the new CEA estimate,

In this paper we review briefly the theoretical and empirical
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basis of our earfier potential output results. To provide a context
for this review, the discussion focuses upon quarterly potential output
measures instead of the annual measures presented in the June article.
Our measures of potential output in the June Review and below rely
heavily upon Clark's work on the labor force and participation rates.
Ignoring energy developments or erveors due to assumptions concerning
capital growth or growth of non-private business sector output and
employment, the growth rate of potential cutput from our production
function analiysis should be about equal to his. The only remaining
difference would be that our estimated Iaba?, capital, and trend
coefficients deviate very slightly from his assumed labor coefficient
of two-thirds, and estimated trend term of about 1.55 percent. Thus,
in our earlier work we found it convenient to follow Clark’s analysis
and assume a 3.5 percent rate of growth of potential output after 1976.
Since there is a large gap between the CEA and Perry estimates of the
outlook for potential output growth, we examine the growth issue as
well,

During the recovery (since I/1975), investment in plant and
equipment has been a continuing concern to economic analysts, not only
because it refliects the business outlook of investors and affects
current employment, but alsc because it affects the future growth of
actual output {or, fmplicitiy, the growth rate of potential output).
Qur research offers an explanation of both the sluggish growth of
investment and slower than expected growth in poténtial putput since
the recession, Finally, we offer some comments on the prospects for

potential output growth for the remainder of the decade.
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Quarterly Potential Output: 1949-1977

Until recently, the conventional method for measuring potential
output focused upon the relationship between output and labor force
growth., The growth rate of potential output depended upon the growth
rate of the labor force, secular changes in hours per worker, and labor
praduativity trends, In several papers, dating back to the original
potential output studies, the importance of accounting explicitly for
growth in the capital stock is emphasized. The use of an aggregate
production function relating potential resource employment to potential
output is the obvious solution and one which has been foliowed most
recently by Clark and Brinner. However, they simply employ conventional
assurptions: a 1abor share of income of two-thirds and a residual or
capital share of cne-third.

Qur theoretical work on capacity output suggests that energy price
changes have an effect on productivity of domestic labor and capital
resources, Moreover, we are not content to fix factor share
coefficients, especially since data on energy use is not collected in a
form which alliows ready computation of its factor share in cost. Thus,
our work beqins with a production function, but the coefficients of the
three resources - labor, capital, and energy -~ are estimated. From this
production function, potential output is measurable given assumptions

concerning potential resource employment.

A Quarterly Aogregate Production Function

The fundamental relationship used for measuring potential output

is a production function for private business sector output. Output
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(Y) is hypothesized %o be a function of hours of all persons (L),
capital (K}, energy (£}, and disembodied technological progress., The
production function is Cobb-Douglas and r is the constant trend rate of
growth.
(1) Y= peftL @B g Y
The demand for ensrgy may be derived from the production function and
the rate of energy usage found by equating the supply of energy to the
demand for gnergy, assuming the economy is a price taker in the energy
market, Substituting the equilibrium quantity of energy in the
production function yields
(2) Y = {;;* e?“‘t [ % xBop -Y)T/'I»y
where P is the relative price of energy, measured by deflating the
wholaesale price index for fuel, related products, and power by the
implicit price deflator for private business sector output. /] Hours of
all persons data and ocutput for the private business sector are
prepared by the Bureau of Labor Statistics of the U.S. Department of
Labor. |

The capital stock data is based upon interpolation of the
end-of-year net stock of fixed nonresidential equipment and structures
prepared by the U,S. Department of Commerce. Y The interpolation uses
quarterly rates of constant dollar nonresidential fixed investment in
the GNP accounts as weights in finding end-of-quarter net capital
stocks. The flow of capital services is computed by multiplying the
previous end-~of-guarter capital stock by its utilization rate as
measured by the Federal Hessvve Board index of capacity utilization.

Since a consistent measure of the end-of-year capital stock is



only avaiiable with a lag, estimates of the quarterly capital stock
after 1975 had to he found from the prior (II/1948IV/1975) relationship
of quarterly changes 1in the net stock to the quarteriy rate of
nonresidential fixed investment and, to account for depreciation, the

lagged net capital stock. The equation is:

(3) Ke = Keoq = 1,012 + 2457 1 - 0252 K,
(4.5)  (29.2)  (-21.4)

RE = 98 D, = 2.10

S.E. = ,37 o = .49

where Kt is the constant doliar net stock of eguipment and structures
at the end of quarter t and It is constant dollar nonresidential fixed
investment in guarter t.

The quarter1y production function, estimated for the period
I1/1948 -~ 1V/1975 with a Tinear homogeneity constraint, is:
(4) In ¥ = 71,5380 + ,7226 In L + ,2774 n K

(13.77}) (21.24) {8.15)

- L1040 Tn P + ,0046 t
(=5.05) (15.35)

R = 98 DM, = 1.93

S.E. = U076 o = ,30

i

The indirect estimates of the production function parameters are
(standard errors in parentheses)

= 65.5% (3.00%), § = 25.1% (3.00%), v = 9.4% (1.86%),
)
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The estimated equation and the output elasticities are not
significantly different from the annual estimates or the quarterly
estimates reported in the June article. 19/ As earlier, the estimated
elasticity of encrgy is lower than that found using annual data.
Therefore, the energy price effect will appear smailer in the potential
output series. The quarterily production function above was aiso
estimated with the ogutput elasticity of energy constrained to be 12
percent, the estimate found using annual data., An F test of the
constraint indicated that (; = 12%) could not he rejected (FE,]OG = .66).11!
Nontheless, the more conservative estimate of v is used below,

Some statistical properties which we reported in the June
article bear repeatinag. First, the praduction function is stable when
estimated through 1473 or 1975, Uhen energy is owitted from the
production function, adding the observations for 1974-75 results in a
sharp decliine in the estimate of the output elasticity of labor and a
significant rise in the standard error of the equation. A Chow test on
the additional observations indicates structural change when energy is
omitted from the equation, but not when it is inciuded. Second, in ocur
discussion (Appendix i1} of potential biases in the estimation due to
the assumed Cobb-Douglias production function, we noted that if the
own-price elasticity of demand for enerqy is not unity, our assumption
imparts a downward bias fo the estimate of the output elasticity of
energy {y) and an upward bias to the output elasticity of labor (a).
The consistency of the estimate of o with the labor share data
indicates that this bias, if present, is not substantial. In any

event, even if this bias were present, 1t wouid not bias the estimated
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regression coefficients upon which the potential output neasures are
based.

In estimating the annual production function for the June
article we attempted to account for other factors which have been cited
as influencing productivity in the last decade and which are believed
by many to have lowered potential output in recent years. Such
adjustments invelve the Tabor force, capital and trend measures. An
attenpt to adjust for tne quality of hours in the producticn function
by accounting for the labor force share of younq people proved to be
statistically insignificant, An adjusinent to the gross capital stock
to reniove pollution abatement capital does not affect the coefficients
or improve tihe standard error of the production function and does not
appreciably affect the weasure of potential output either. A break in
the trend rate of growth was also allowed because of an observed
sTowdown in productivity growth since 1967. The slowino of the trend
was statistically signiticant, but, Tacking a explanation for it, ve
have chosen to ignore if.

It may appear that the break in the trend has important
imptications for the prospective growth rate of potential output.
Instead, the major effect is to raise potential output measures in the
mid-1960s. Trend terms with a break in 1967 show trend arowth to be at
a 2.02 percent rate prior to 1967 and 1.55 percent since then., The
trend growth in the production function above of 1.0 percent is not
markedly greater than the current trend rate where a trend growtn

stowdown is allowed,
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Hours Per Worker

Potential hours per worker in the private business sector in the
June paper is “Yound from an equation relating hours per worker to a
trend and a cyclical variable -« the unemployment rate of the civilian
tabor force -=- estimated for the period from the second quarter of 1948
through 1975, "wo changes have been made to measure potential hours
per worker. First, for consistency the cyclical variable has been
changed to the difference between the actual unemployment rate and the
full-employment unemploynent rate. This change has Tittle effect on

. . 12/
the regression equation, ==/

~

The second change is to allow for the unusual behavior of hours
per worker in the 1961-67 period by using a dummy variable. Inspection
of the earlier results reveals that the equation has systematically
Targe ervors (move than one standard deviation) for every quarter from
mid=1961 through the first guarter of 1967. lore importantiy, the
actual hours per worker exceed the sstimated potential levels
throughout the periocd by relatively large amounts. Various
specifications were fested, including alternative time intervals for a
temporary or permanent shifi and changes in the trend rate of decline
of hours per worker, The time interval chosen and a temporary (versus
permanent) shift upward in hours per worker fit the observed error
pattern most closely and yielded the lowest standard error. Tests for
a break in the trend rate of decline in hours per worker failed to
support such an hypothesis once the temporary shift upward was taken
into account. Alsc a comparison of eguations allowing only a break in

the trend or only the femporary shift in the level of hours per worker
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revealed the temporary shift yielded the Towest standard error. 13/

The equation for hours per worker is:

In HPW = ,7983 - ,3229 UL - 0010 £ + 0136 D
(1004.6) (-10.7)} (-36.1)  (13.1)

R% = .99 D, = 74

i

S.E. = .004 Sample: I1/1948-1V/1975

where HPW is hours per worker, UH is the excess of the unemployment
rate over its full-employwent rate, t is time, and D is a dunmy
variable which rises to one in steps of one-fourth beginning in the
third quarter of 1961, and phases out in the same way reaching zero in
the second quarter of 1867, 14/

Potential hours per worker are found by setting UN equal to
zero. It should be noted that potential hours per worker in the
mid-1960s are higher than our previous estimates so that the difference

between our measure of potential output and the old CEA measures appear

smaller than in Chart IV of the June paper.

Quarteriy Potential Oubtpnut

To measure potential output, potential resource employment in
the private business sector and the petential cutput in the remainder
of the economy rmust be measured. Actuai ouiput is assumed to be
potential output for sectors of the economy which are not included in
the private business sector {general government, rest of world, imputed
output of housing, and output of householids and nonprofit

institutions). Capital employnent is assumed to be the services of the
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capital stock at an 87.5 percent FRE capital utilization rate. This
utilization rate was chosen as a full-employinent measure because it was
the prevailing rate during the benchmark year of 1955 and in other
peacatine full-empioyment periods. Energy eiployment is assumed to be
that demanded at potential output, given the actual relative price of
energy in each guarier.

Potential hours of all persons are measured by combining
measures of potential private business sector employment and potential
hours per worker. Potential private busiress sector employment is
found by subtracting the number of unemploved at full-employment from
Clarik's measure of the potential civilian labor force to obtain
notential civilian employnent and then subtracting actual employment
cutside the private business sector, 15/

The assumpiions upon which the potential output measures are
based are, 1T anything, very optinistic and may result in overestimates
of potential output, especially in recent years. First, by using the
estimate of the output elasticity of energy empicyment of §.4 percent
instead o7 the 12 percent estimate from the annual regressions, the
impact of energy price increases is Towered. Second, Clark's series
for the fuli-employment unenployment rate may lead to a significant
overstatement of potential employment. Uachter {(SPEA, 1:1976 and DPEA,
1:1977, pp. 4851} has nmade a stirong case for the full-employnent

:

unemployment rate being nigher in recent years than the Clark and Perry

estimate. (His work

]

Tso implies a siower rate of growth of the

potential labor forcel., Similar measurss have been derived in a recent
L " 15’ -
paper by Ronald Talley. -2 Finally, the measures may be overly
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optimistic because they do not adjust for the factors discussed earlier
which would all tend to reduce potential ocutout in recent vears such as
pollution abatement investment, the changing composition of the labor
force and siowdown in the fTvend orowth of factor productivity.

Measures of guarteriy potential output from I1/1948 through

5«‘,3

1171977 ave prasented in Table 1. Thess measures are compared to
elected vears in Table 2 wheve annual averages of quarterly
measures are shown for selected years., The other measures are those of
the CEA until January 1977, called "old CEA," the CEA measures reported
in January 1977, called “now CEALY and Perry's second series which does
not have a break in trend growth. Using the oid (EA series as a

standard, 1% mey be seen that ocur neasure s faivly close in 1955 and

1

L

70 {closer than either the new CEA measurs or Perry 11}, Comparison
to measures in 1960 and 196% indicates that our estimate of the growth

rate of potential in the Jate 1960s is higher than the others while our

Ly

astimate of potential growth is stower than the others during the
garlier period, especially from 1955-60, From 1970 until 1973, our

measure s below that in the oid CEA sevries, but it i5 clioser than the

gther two measuvres. Dy 1973, both ths CEA and Pervy reduce the old CEA
measure by sizable amounts {337 and 332 hillion, vespectively), In

contrast, our measure 1s only abput 530 billion below the old CEA

seasure.  Figure 1 shows the JiTferencas beluwesn three of the measures
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potential output due to the large increase in the relative price of

ergy, By 1976, ocur measure is over 350 biilion below the old CEA
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1058 1071.3 1034.8 1092.4
1100, 1111.9 1121.3 1125.3
1137 1151.0 1155.7 1167.0
1178, 1194.8 1209.4 1222.5
1231, 12444 1257.0 1265.4
1259 1259.0 1265.9 1279.7
1283.0 1294.1 1307.7 1315.9
1324.8 1335.9 1347.9 1353.8
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TADLE 2

Alternative !easures of Potential Quthut
(Pi1lions of 1972 Nollars)

Rasche-Tatom 01d CEA Hew CEA Perry 11
1955 £57.5 £56,6 651.4 657.8
1960 766.0 779.9 771.9 775.1
1965 an7.0 932.1 925, 218.0
1970 1114,9 1124.,4 1106.2 1001.7
1971 1152.8 1169.9 1145.5 1136.0
1972 1291.3 12167 1186, 1 1184.8
1973 1245,7 1065, 4 1228.2 1233.1
1974 12661 1315.9 1271.7 1283.6
1975 1300.2 1368.6 1316.9 1334.9
1976 1340.5 1421,2 1363.6 1388.1

a1
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peasure, 548 b11len below Perry's measure and 523 billion below the
new CEA measuve. Comparing real GUP to sotential output yields
markedly i fferent measures of the GHP sap in 1976, The new CEA gap of
G.h pereent, Perry’s gap of 0.2 percent and the old CEA oap of 10,3
sercont of potential ocutput drply that economic performance was worse
during 1976 than in any previous postwar yeasr except 1975, In
contrast, our measure of the cap 18 below all postwar recession years
axcept 1870-71,
Thug, Heller's recent clainms that the difference between
Tternative measures of potential output s swall and that there is
considerable slack dn the econory seriously misstate the case. /g He
apparently converts the rovised CEA measure of 1412.0 and Perry's
Potential I measure of 1436.7 for 1977 to currant doliars and concludes
that in current dollars the gap 15 5116 bi1Tion to $148 billion, The
highast potential measure, the old CEA estimate would, 1 allowed to
grow at 3.75 percent -« 118 1976 rate -- dmply o gap of 5200 biflion.
H

Patential 11 estimate yields a gap of 5165 billion, AL the
ather extrone, Lthe new CEA neasure -- adjusted using their conservative
measura of the productivity decline due to energy developuents - would
nply & current doliar gap of about %69 LiT1ion. Qur second quarter
potential wmeasurs, on the same basis, implies an even smaller gap of
aboub 857 B9 Uon.  One vay quastion whether the 5200 Bi11ion measure
shoeuld be talken sevicusly since the CEA apparently does not. However,
4 recent study for the Joint Heonomic Conmities suggests the gap 1s
sven larger than the old CEA nmeasur niies, 15/ Henetheless, a range

»

of 557 £o 5200 or sven 3165 Billion 40 altornative measuras of the
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current dollar GHP gap does not seem very close and the difference in
gaps of 3 percent of potential output versus 10 percent is staggering
in itself as well as for what it might suggest to activist
policy=-makers,

Table 2 also indicates that in recent vears our measure of
potential output has been growing more slowly. This must be the case
when 1974 is in the interval over which the growth rate is computed
since our measure includes the potential cutput loss due to the energy
price change while others do not. But, even for 1975 to 1976 our
growth rate of 3 percent is markedly below the new CEA's 3.5 percent,
the old CEA's 3.75 percent or Perry's 3.9 percent.

While an assessment of the size of the GNP gap is important for
understanding the recent performance of the economy, a measure of the
prospective growth rate of potential output, while more difficult to

pin down, is equally important for policy-making purposes.

The Growth Rate of Potential Output: 1975 - 30

The growth rate of potential output from 1975 to 1977 has been
below both the CEA and Perry estimates., It is easy to understand why
this is the case for Perry's estimate since it follows so closely the
0ld method of estimating potential growth which concentrated on
potential growth in labor employment and trends in labor productivity.
As Otto Eckstein has noted, this method may have yielided plausible
results in the past, but too many studies show thét its resuits are
implausible in the seventies because it does not examine the changing

factors determining labor productivity. 1/
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The rise in energy costs can explain the siow growth of
potential output over the last two years. While the increase in the
relative price of energy has been less dramatic over the last two
years, from the fourth quarter of 1974 through the first quarter of
this year the relative price has increased 10 percent. Our earlier
work, it will be recalled, concerned the effect of a 35 percent
increase in the prior year. The energy and enerqy price coefficient
estimates in the production function above indicate that, spread over
two years, a 10 percent increase in the relative price of energy
reduces the growth rate of private business sector potential output by
half a percent: the difference between Clark's estimate of potential
output growth (3.5%) and our measure of the growth of potential (3.0%).

Moreover, economic theory suggests a short-term effect on the
future growth rate of potential oputput due to the large 1974 increase
in the relative price of energy. In particular, a rise in the relative
price of energy depresses the demand for existing supplies of capital
resources and, if new capital is energy intensive relative to the
remainder o7 the econamy;rraises the relative supply price of those
goods, Thus, investient falls below what it otherwise would have been
for some period until a desired capital output ratio is restored. Such
"sTuggish” capital growth has been observed over the last two years and
has had a retarding effect on the growth rate of potential,

The effect of a higher relative price of enerdy on the growth of
potential resources is more fully discussed in the next section. Then
we turn to the outlook for potential output growth in the remainder of

the decade. Since this outlook depends on prospective energy price
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davelopments, some attention is devoted to this 1ssue as well,
Speculation on how fast a non-observable economic variable such as
potential GNP will grow should be considered "second order
metaphvsics”, with apologies to practitioners of the subject.
Nonethaless, it is useful for understanding the near-term growth,
employment and inflation possibilities of the economy and for policy
formelation purposes to examine the question.

The ImpTications of the 1874 Capacity
Loss for the Growth Rate of Potential Qutput

Qur analysis of the 1974 rise in the relative price of enerqgy
shows that the productivity of existing labor and capital resources
f21l. The production function estimates bear out the direction and
magnitude of the productivity loss., We did not explore the impact of
the loss in potential output on the future rate of growth of potential
sutput., However, the analysis which yields the loss in potential
output also suggests a decline in the rate of growth of potential for
some period in the future. In particular, the supply of plant,
squipment and labor rescurces can be affected due to a rise in tﬁe cost
of ensrgy, With given suppiies of potential capital and labor, the
demand for each falls when the relative price of energy rises. These
shifts in the demand for resources neasured in terms of decreases in
thair rental prices may lower the growth of labor and capital resources
and reduce the future potential output rate.

The conventional analysis of the labor supply decision suggests

that there are two major impacts of the enerqy price increase, The
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shift in demand for Tabor services tends to reduce real wages. Such a
reduction in real wages induces both a substitution effect and an
income effect which tend to reduce the full-employment suppiy of Tabor
somevihat., 2o/ The second iwmpact arises from a change in the value of
non-numan wealth, The price level impact of the higher relative price
of energy reduces the real value of net ronetary wealth. At the same
time, the lower productivity of existing capital assets reduces the
present value of those assets. Given that leisure is a normal good,
suen a reduction in real wealth tends to increase the full-employment
supply of hours of all persons. It is not possible, a priori, to sign
the effect of the energy price increase; the wealth and labor income
effects tend to increase the labor supply while a substitution effect
tends to reduce it. We know of no evidence that there is a net effect
on the full-employment supply of labor in either directicn. 21/

In the case of capital resources, the result is much clearer,
The reduction in the rental price of existing capital due to a leftward
shift in the demand for the stock or flow of services of capital also
shifts the demand for new capital goods. Other things equal,
investment tends to fall, as does the steady-state stock of capita?.gg/
Other things are, of course, not equal. In particular, the replacement
cost of capital, or the supply price of new capital goods, may be
expected to change as well. If capital ooods are more energy intensive
than aggregate output, as one would expect, the relative supply price
of capital goods would tend to rise. 23/ Since both the demand and
supply of new capital goods tend to fall, investment falls a fortiori

as does the long-run equilibrium capital stock.

87



A simple model relating the rental price of capital, the price
of new capital goods, the stock of capital, and the investment rate
i1iustrates these points. g/ Figure 2 illustrates the steady state
relationship between the variables. In Quadrant I the flow demand for
the services of capital, (, is shown as a function of its rental price,
R, and parameter o. The services of capital are assumed to be
sroportional to the stock of capital, K. 1In Quadrant II, the price of
a unit of the stock of capital is related to the rental price as a
discounted perpetual gross income stream wheve r is the real ratz of
interest and w is the depreciation rate. Quadrant III shows the supply
of new capital goods, I, in terms of the price of a unit of capital and
the shift parameter, 8. Finally, Quadrant IV shows the steady state
relationship between gross investment, I, and the stock of capital, K.
which is proportional to Q. At Q°, I°, P°, and R® and the implied K°
the economy is in an initial steady state equilibrium.

An increase in the relative price of energy shifts the demand
for the services of capital downward and to the left. Given the
existing capital stock K°, and services °, the rental price falls as
does the demand price of new capital goods. Investment is Tess than
replacement so the capital stock declines. The new steady state
solution occurs at a ifower rental price, price of new capital, and with
a smaller capital stock and flow of capital services.

An increase in the supply price of new capital shifts the supply
curve in Quadrant III upward and to the left. The process of returning

to the steady state through temporary negative net investment is easily

traced through the graph. The result is a higher steady state price of
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capital, a lower stock and rate of replacenent of capital and a higher

rental price. Finally, combining both shifts yields a swmailer capital

stock in the steady state == achieved through a temporary deciine in

o
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investment rate. Whether the steady state price of capital and

rental price of {ts services is higher depends on the dominance of the

initial reduction in the supply of capital goods over the reduction in

25/

demand for the services of capital.

5

Fioure 3 shows the GNP price defiator for piant an

i

equipment
relative to the PGS deflator. Table 3 shows the siow rate of growth of
capital dn the Tast fwo years compared to the vate of investiment since
1949, and to subperiods since then. The rise in this measure of the
retative price of capital goods in 1974, as well as vecent investment
hehavior, are consistent with this theoretical anaiysis and the
increasad replacement cost hypothesis, 26/

in sumnary, the sluggish growth of capital in the recent past is
consistent with the Tower productivity of existing capital resources as
well as the increased relative price of capital goods. both of which
are consequent to the large increase in the relative price of energy.

in capital growth is merely transitional so that, in a
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crowing economy with the absence of further resource supply shocks,
growth of capital resources eventually approdches its normatl
retationshin Lo the growth of labor resources and potential output.
The energy price change not only reduces the potential output yielded

by a sarticular rate of use of services of labor and capital, it may

the economy with fewer capital services than would have

gtherwise been the case, after some period of adjustment.
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FIGURE 3
Relative Price of Capital Goods*
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TARLE 3

The Rate of Growth of Plant and Equipment
(Constant Dollar et Capital Stock)

Periad
1/1950 - 1/1955
1/1955 - 171980
171960 - 1/1965
171965 - 1/1970
1731970 - 1714975
171975 - 171877
171950 - 171977
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eiative Cost of Energy

Enerqgy prices have been heavily influenced by Federal

requlations since the price control program announced in August, 1971.

This has been especially true for
OPEC actions raised
market price the United States.
reqyiations
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TABLE 4

The Composite and Imported Refiner
Acquisition Cost of Crude 011

Import Cost Composite Cost Percent Difference
{Dollars/Barrel) (Do1lar/Barrel)

1974 1 11.59 8.24 34.1%
II 12.93 0,34 32.5

111 12,65 9.20 31.8

IV 12.60 9.30 30.4

1975 1° 13.03 9,33 28.2
II 13.56 9.98 30.7

iI1 14.11 10,72 27.5

v 14.84 10.96 30,3

1976 1 13.35 10,58 23.3
II 13.43 10,72 22.5

Il 13.52 10,94 21.2

Iv 13,59 11.26 18.8

Source: Based on data from the Hational Fnergy Information Center
Honthly Enerqy Review (April, 1977), p. 73.
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in the absence of ine reqgulations because of the incentive to produce
more, but competing energy sources tend to have lower prices as well,
due to their smaller dewand.

Table 4 shows the "Refiner Acquisition Cost” of imported oil and
the composite ¢ost which is the weighted average of the price of
domastic and ifmported oil from 1974 through 1976, These costs are, in
effect, delivered orices, but they reflect the impact of the control
program.  The Tast column shows the percentage by which the world
nrice, measured by the refiney acquisition cost of imports, exceeds the
composite, or domestic price. Over fime, this excess has fallen due to
both the actions of the Federal Energy Administration (FEA) in its
attempt to gradually remove the difference, and due to the increasing
share of high cost fmnorts in total crude usage and the falling share
and rate of production of “cheap' domestic crude o011 due to the
dormestic price controls.

Existing regulations and major proposals for a new energy policy
envision the "rationalization” of the domestic petroieun market so that
domestic prices and encriy usage are hased upon sogial cosis or reflect
aconortic scarcity (even if artificially irposed}. This is evident, for
example, in the Enevgy Conservation and Production Act of 1975 (ECPA)
which allows controlled domestic prices to rise over tine and
ferminates domestic price contrel in 1979, The crude oil tax of the
Administration's energy policy proposal as well as crude oil decontrol
proposals share this desired result, Thus, it is very 1ikely that the
disparity in petroleun prices, shown in Table IV, of about 20 percent

at the end of 14978 will be eoliminated before the end of 1980,
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A 20 percent rise in the cost of crude o1l to domestic refiners
will not only raise the price of refined products, but aiso, through
substitution effects on enerqgy users and direct and indirect cost
effects an competing energy producers, raise the price of other energy
resources. To assess the impact of raising domestic crude o1l costs to
the world price on the relative price of energy resources and on
potential output, we have examined the relationship between the
relative price of crude 011 and of energy prior to the deluge of
controls on primary, intermediate, and retail markets which began in
August, 1971,

The relative price of energy 15 that used in our aggregate
production analysis and the wholesale price of crude 0il is used as a
measure of the domestic cost of crude oil prior to August, 1971. The
relative cost of crude 0%l is found by deflating by the implicit price
deflator for the private business sector. The simple Tinear regression
of first differences in the logs of the relative price of energy (P) on
the relative price of domestic ¢rude oil (PC) from 11/1948 through
1171971 ids:

(6) ATnP=-,0027 + ,4354 A 1n Pc
{=1.68) (5.18)

R o= 23 D, = 1.77

S.E. = ,Ui0
This simple regression may be uysed to obtain information on the
increase in the relative price of energy resourcés pccasioned by the
expected rise in domestic crude prices and the averags cost of crude

o0il to domestic consumers. 28/ Given the 18.8 percent disparity in
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prices at the end of 1976, the equation indicates an 8.2 percent rise
in the relative price of energy as the disparity is removed sometime
over the next three years.

The 8,2 percent rise in the relative price of energy in the
United States assumes no change in the relative price of energy or
crude o1l in the world market. To the extent that our imports of
energy resources would be reduced, there is some possibility that the
wealth maximizing price of the "dominant firm®, the OPEC producers,
might change, The fundamental question is the effect of such a U.S.
policy change on the elasticity of world demand for OPEC oil. A simple
reduction in demand 15 not Tikely to lower the relative price of OPEC
0il. The relative price of o1l and other energy resources would tend
to decline in the world market only if denand became more elastic and
this would not necessarily occur simply because of a reduction in U.S,
imports. An increased responsiveness of domestic supplies to the world
orice would tend fo reduce the elasticity of demand for OPEC il and
other ensrgy imports and, thus, tend to reduce the cartelized worid
price of oil. However, only decontrol of domestic energy marketé would
ensure such responsiveness of domestic suppliers and such a policy does
not appear likely over the next three years., Taxing existing supplies
o raise their cost to the worid level dmplies Tittle or no
responsiveness of domestic supplies to worid prices and, to the extent
such a pelicy change actuaily reduces that responsiveness, provides a
case for an aven higher domestic and world price of energy resources.
Thus, an 8.2 percent rise in the relative grice of energy resources

sometime over the nexi three years appears to be a reasonable prospect.
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The Future Growth Rate of Potential Output

In order to find the growth rate of potential output,
assumptions concerning the growtih of potential resources are necessary.
He briefly describe the assumptions which we use below. In each case
we have tried to choose the rost optimistic among alternative
assumptions.

The Hon-Private-Business Sector and Emplovment Growth -~ While

output outside the private business sector {PBS) has grown with time,
it is not significantiy affected hy employment. A quarterly regression
of non-PBS output on employient, the unemployment rate of the civilian
labor force, and time for the period 11/1948 - 11/1977 indicates that
only the time trend of 3.24 percent per year is significant (t=12.2).
The t«statistics of the insignificant variables are less than ,25. The
equation is adjusted for autoreuression and has an Rz of ,997 and
standard error of 1.0 percent, The growth rate of non-PBS output
during the past two years has aiso been 3,24 percent, while i1t was
lower (2,7%) in the prior five years (11/1970 - I/1975), Thus, it
appears reasonable or perhaps slightly optimistic to assume the trend
rate will continue.

Empioyment growth in the non-PBS sector is important because it
limits the growth of PBS potential employient and output. Employment
growth in the private business sector contributss more to total output
than an equivalent increase in enployment in the non-PES sector., In
the post-war period, non-PBS employment has grownkmere rapidly than
potential or actual PBES employment. fonetheless, to maintain an

optimistic bias in the growth rate of potential output, it is assumed
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Energy and Trend Growth -- Trend growth is allowed to remain at

1.6 percent per year in the private business sector. The impact of
energy developments may be seen more c¢learly by measuring the growth
rate of potential output assuming no change in the relative price of
energy between now and the end of 1980. Combining the assumptions
above concerning potential resource employment with the production
function {4) yields an annual rate of growth of potential output of 3.8
percent. If investment continues to yield the Tow rates of increase in
plant and equipment of the last two years, the growth rate of potential
would be reduced to 3.2 percent. The higher rate is predicated upon a
much larger rate of growth of the capital stock (4.4 percent per year).
Only one of the five year intervals shown in Table 3 shows growth of
the capital stock of 4.4 percent per year or above, the period 1965 to
1970. However, capital stock growth has attained this rate during
other periods of peak performance, such as the nid-1950s and during
1973,

The potential output growth rates of 3.2 - 3.8 percent assume nho
change in the relative price of eneryy. Accounting for an increase in
the relative price of energy of 8.2 percent some tine over the next
three years noticeably reduces the rate of growth from the present to
the end of 1930, The additional eneray price change will very 1ikely
tend to be a temporary shock with much of its effect occurring over a
short period of time. Honetheless, since the tining of the change is
currently unknown, the best that can be done fs tb show its impact on
the growth rate over the longer period. Such an increase in the

relative price of energy reduces the wmaximum expected growth rate of
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3.8 percent to 3.5 percent. The implicit rate of growth of the capital
stock to achieve this result is 4.7 percent, essentially the mean
annual rate of growth of capital from II/1948 through 1973, If capital
grows at the rate of the last two years, 1.0 percent, the rate of
growth of potential output will be only 3.0 percent per year, the rate
achieved so far since 1974,

The results frame the alternatives quite well., Perry's
estimated growth rate of potential ocutput for the next few years is
roughly equal to our highest estimate. But that estimate requires
unusually rapid capital accumulation, consistent with our estimates of
the recent gap -- but probably not his «- and, more importantly it
ignores the prospects of further energy cost changes and their effect.
Accounting for energy price developments and assuming capital growth to
remain the same as the last two years results in a growth rate of
potential output which is the same as that we have observed for the
last two years, 3.0 percent. Finally, allowing for energy price
developments and a more historically normal pace of capital growth of
4,71 percent under peak conditions yields an estimate equal to Clark's
of 3.5 percent per year. Ue regard a 3.5 percent growth rate of
potential output to be a reasonably optimistic estimate of the
potential growth rate when the recent response of investment to energy
cost changes is considered.

Since the current GHP gap is quite small compared to alternative
estimates, and since our investigation of the groﬂth rate of potential
suggests it will grow at a maximum of about 3.5 percent, we conclude

that the economy will achieve full-employment and peak operating
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performance within a year if the actual growth rate of real output
since 1974 continues. Unlike other studies of potential output, we
conclude that more stimulative monetary or fiscal policies are neither

necessary or desirable.

Conclusion

Qur measures show the econory to be producing over 97 percent of
its potential at mid-year 1977. In addition, our measures show
potential output to have grown at about a three percent rate during the
recovery. The rate of growth of potential GNP for the remainder of the
decade is about 3.5 percent, at most. These findings stand in stark
contrast to the mainstream view. Several recent studies have shown the
basis of this conventional view to be seriously flawed. MNonetheless,
most observers are reluctant to alter their views on U.S, economic
performance or the potential output growth rate after 1973, apparentfy
due to the power of historical extrapolation,

OQur conclusions follow from a theoretical analysis of the role
of energy resources and the relative price of energy in the production
process of the U,S, economy., The empirical analysis of the
retationship of aggregate production to resource employnent supports
the theoretical conclusions. The analysis provides empirical estimates
of production function parameters which allow the quantification of
effects of changes in the supply of potential resources on output
possibilities. These estimates go well beyond the specificity allowed
by other studies, which either fail to take resources such as capital

or energy into account, or which fall back on standard assumptions
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about some of the relevant coefficients.

Qur potential output series reflects our earlier conclusions and
those added here, In particular, the large increase in the relative
price of energy led to a change in the pattern of resource use which
constitutes efficient production, changing the demand for all
resources, but, most importantly, permanently reducing the productivity
of existing labor and capital resources. Increases in the cost of
energy over the last two years, and further increases yet to come
during the remainder of the decade, continue the negative energy cost
effect on potential output but to a lesser extent. The direct
productivity effect of the higher cost of enerqy is compounded by an
indirect effect temporarily reducing the rate of capital accurulation.,
The reduced incentive to invest was shown to be due to both the reduced
productivity of the services of existing capital and its increased
replacement cost., These conclusions are supported by the unusually
sluggish growth of capital since 1974,

We have argued that stimulative demand managemeni policies are
both unnecessary and inflationary, and that at potential output the
federal budget shows a very large deficit. The economy will very
likely achieve its potential output rate within a vear with only
moderate growth. Carlson {August 1977, Review) has verified that,
rather than a high employment balanced budget in 1977, as would be the
case if the old CEA rmeasures were correct, the high-employment deficit
is currently about $20 bii?ipn. Thus, within a year it will become
virtually impossibie to postpone critical fiscal decisions concerning

the means of permanent financing of the existing and/or desired role of

the federal government in a markedly changed American economy.
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Foatnotes

1/ See Business leek, (June 9, 1973), pp. 76 ~ 77.

2/ lbid.. p. 77,

3/ See Roger Brinner, "Potential Growth o 1980," Otto Eckstein gt.
al., Economic Issues and Parameters of the Hext 4 Years,
Lexington, /lassachusetts: bData Resources, incC., tconomic Study
Series, 1977, pp. § = 17.

4/ See especially Denis 5. Karnosky, "The Link Between Honey and Prices
- 1971=76," Faderal Reserve Bank of St. Louis, Review June
1976, pp. 17 = 23,

5/ References to our May and June papers throughout are: Robert H.
Rasche and John A, Tatowm, "The Effects of the ilew Energy Regine
on Economic Capacity, Production, and Prices,” and "Enerqy
Resources and Potential GHP," Federal Reserve Bank of St. Louis
Review Hay and June, 1977, pp. 2 - 12, and pp. 10 - 23,
respectively.

6/ Brookings Papers on Economic Activity, 1:1977, pp. 11 - 47,

7/ This contrasts with his opinfon in 1973 as cited above,

8/ The derivation of this specification is indicated in our June Review
paper. Hote in particular that it assumes that the aggregate
demand for energy is on a demand curve with unitary elasticity
with respect to both output and relative price, This is a
relatively common assumption when working with time series data
generated over annual intervals. On the other hand, this
condition is less likely tc be satisfied over shorter time
intervals such as a guarter, Under such circumstances, it is
more commnon to specify partial adjustment models which have
smaller impact elasticities. For a discussion of the hiases in
our estimates of the output elasticities which result from
impact elasticities which are smaller than unity, see Appendix
IT of our June paper. In addition, partial adjustment
mechanisms for factor demands, such as that specified by /1. I.
Hadiri and 5. Rosen, "Intervrelated Factor Demand Functions,"
American Economic Review, September 1969, pp. 457-71, would
suggest tnat the above equation may be misspecified by the
omission of lagged values of all factors. It is not clear that
such a source of potential specification error would
systematically bias our regression coefficients in one
direction.

9/ See John C. Husgrave, "Fixed Monresidential Business and
Residential Capital in the United States, 1925~75," Survey

of Current Business April 1976, pp. 46 - 52,
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10/

11/

S

19/

20/

The minor differences from the results in Appendix III of our June
articie arise due to BLS data revisions and revisions in the GNP
accounts. ‘

The constrained estimate yields a measure of the output elasticity
of labor equal to 64.3 percent and quarterly trend growth rate

of .41 percent. The Durbin-Watson statistic for the equation is
1.91, the estimate of rho is .78, and the standard error of the
regression is ,0077.

The standard error of the equation below is identical to that using
the unemployrent rate to four decimal places.

The error patiern without any adjustment indicated a smooth phasing
in and out of the shift over a four guarter period, thus, the

dummy variable was allowed to increase from zerc to one in steps

of one-fourth and conversaly to decrease at the end of the

period in the same way. Of course, this phasing in and out led

to a reduction in the standard error of the hours per worker
equation.

The weakness associated with such an hours per worker equation,
especially with the adjustment for the unusual developments in
the 1960s, has alsc been noted by Perry (1977, p. 31). He used
a similar equation for hours per worker in the nonfarm business
sector.

A description of Clark's metnod for deriving the full-employment
unempioyment rate and the potential labor force may be found in
Pater K. Clark, "A New Estimate of Potential GHP," Council of
Economic Advisers, 1977; processed.

See Ronald J, Talley. "Some Hew Estimates of Potential Output,”
forthcoming in American Statistical Association, 1977 Proceed1ngs
of the Business and Economic Statistics Section,

See Walter W. Heller, "Productivity and GNP Potential,"
Wall Streei Journal, June 29, 1977.

See Albert J. Eckstein and Dale N, Heien, “"Estimating Potential
Qutput for the U,S. Economy in a ilodel Framework," Achieving the
Goals of the Employment Act of 1946-Thirtieth Anniversary Review,
U.S. Congress, Joint Economic Committee, 94th Cong., 2nd sess.,
December 3, 1976, pp. 1 - 25,

See the comment by Otto Eckstein, Brookings Papers on Economic
Activity,(1:1977, p. 53,

G. Cain & H. Watts, eds., "Income Maintenance and Labor Supply,"
(MNew York: Academic Press, 1973).
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21/ The model by Eckstein and Heien {1976) suggests a slight positive
effect on the labor supply due to the increased energy cost,
However, it is not clear whether they estimate the relevant net
effect or one of the components,

22/ Capital embodying different technologies is not differentiated
here, Presumably some substitution toward less energy intensive
processes would stimulate demand for certain kinds of capital
goods while reducing that of other capital and the total demand,
Also, the analysis follows the usual convention in assuming the
real rate of return demanded by lenders and equity owners and
that used by investors in discounting income streams is
unchanged.

23/ This result is demonstrated in our Hay {1977) Review article.
24/ The graphical analysis is adopted from Leonardo Auernheimer,

"Rentals, Prices, Stocks and Flows: A Simple lodel," Southern
Economic Journal, July 1976, pp. 956-59.

25/ If the long-run supply price of new capital goods is independent of
the output rate, the result is unambiguous as both the price and
rental price of capital goods are higher in the new steady-state
solution,

26/ A discussion of the unusual behavior of non-residential fixed
jnvestment in the recent past may be found in Jai-Hoon Yang's,
A Guide to Capital Outlays in the Current Recovery," Federal
Reserve Bank of St. Louis, Review, February 1977, pp. 2 - 7.

27/ A review and evaluation of recent energy regulation in the United
States may he found in Paul ', MacAvoy, ed., Federal
Energy Administration Regulatjon, Hashington, D,C.: American
Enterprise Institute for Public Policy Research, 1977.

28/ In the levels form, the equation has a R of .98 and standard error
of .012. The price of crude oil coefficient, .45 (t = 5.65), is
in agreement with that reported above. The rho statistic has a
value of ,97. Thus, the first difference form is cited in the
text and used below,

29/ This assumption is also made by Perry (Table 14, p. 45) and may
contribute to his unusually rapid rate of growth conclusion.
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WILL BOTTLENECKS SLOW THE EXPANSION?
Kitliam D. Nordhaus

The topic of this conference is indeed an important one. Although
currently the United States economy suffers from considerable excess ca-
_ﬁacity, both 1n labor and in product markets, we hope that this condition
will not last forever. What I would like to discuss this afterncon is
the state of utiiization and the extent of imbalance in different mar-
kets, and possible strategics for avoiding bottlenecks during this

recovery.

The Legacy of the Recession

Starting roughly five vears ago the world economy was struck by a
series of shocks which culminated in the worst inflation, and thereafter
the worst recession, of the post-war era. A simultaneous beoom in ail
the industrial countries led to severe capacity shortages in major in-
dustries, especially materials industries. Following the 1973 boom, and
the food and oil inflation that succeeded it, virtually every major in-
dustrial country suffered a severe recession.

The imbalances that deveioped in the boom of 1972-73, together
with the devastating effects of the 90i1 and grain shocks were enough to
cause a downturn. But the fiscal and monetary authorities added their

own restrictive influences. Thus, examining the OECD area:

Dr. Nordhaus is a member of the President’s Counci! of Economic Advisers.
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o The narrowly defined money supply {M-1) decelerated
from an annual growth rate of over 12 percent at
the beginning of 1973 to below 7 percent at the end
of 1974,

0 Since prices in the OECD wevre rising at approxi-
mately 13 percent annually, this means that the real
money supply was falling at almost 6 percent per an-
num by the end of 1974,

¢ As a result of the monetary stringency, short-term
rates rose from around 6 percent at the beginning of
1873 to 11 percent in the second half of 1974 and
long-term rates rose about a point and a half.

o Fiscal policy turned sharply toward contraction af-
ter the 1973 boom. Real government expenditures
from 1973 to 1974 vose only 1 percent in the United
States and United Kingdom, 4 percent in Germany, and
fell in Japan.

The effect of these forces is by now well known. One particulariy
disturbing legacy of the recession has been iis effect on investment and
thereby the level of capacity in the United States and abread. Although
measurement of capacity is quite difficult, the estimates show a signi-
ficant decline in the growth of capacity in manufacturing industries
over the last ten vears. From 1948 to 1968, growth of capacity in manu-
facturing averaged 4.5 percent per year. From 1968 to 1973, the growth
rate dropped to 4 percent per year. But in the peried from 1973 to 1976,
capacity grew at only 3 percent per annum. This means that over the
tast three years, the growth of capacity has not matched what we would
need to keep up with potential output -- even with the most pessimistic
of the estimates of potential that we have heard today.

Examining the latest data, we see that the growth in capacity

leaves much to be desired, as is shown in Table 1,
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TABLE 1.
Rate of Growth in Capacity 1976:2 to 1977:2

Manufecturing 2.8%

Primary processing 3.2%
Advanced processing 2.5%

Materials
" Basic metal 1.4%
Textile 2.1%
Paper 3.0%
Chemical 4.8%
Energy 2.3%

For all of manufacturing the growth rate of the last year has been less
than 3 percent, with basic metal materials showing the smallest increase
and chemicals showing the most rapid.

It is clear that the recent slowdown in the growth of capacity
must be reversed. We cannot hope to sustain a noninflationary expan-
sion over the next three or four years, reaching high employment, with-

out a major acceleration in the growth of capacity.

The Current Imbalance in Labor and Product Markets

Given the slow growth of capacity during the current recession, it
is inevitable that an imbalance batween Tabor markets and capital or
product markets arises. To make more clear what the nature of this im-
balance is, let us consider capacity output as it is distinguished from
potential output:

o Potential output is conventionally defined as the

tevel of output that would be produced at a reference
unemployment rate, or weighted unemployment
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rate. In computing potential output, it has been con-
ventional {up until recently) to assume that there are
no capacity constraints. This can be rationalized by
assuming that, through the accelerator principle on
investment, the level of capacity adjusts with a dis~
tributed lag to the level of demand. If this is the
case, and if labor is inelastically supplied, the ult-
imate constraint on output is labor input rather than
capital.

o Capacity output can be viewed as the Tevel of output
which can be produced with the current capital stock.
Clearly, the definition of capacity differs across in-
dustries, both because of flexibility of productive
techniques in some industries and the possibility of
shift work in others. Nevertheless, expecially in
continuous processing industries, capacity has a def-
inite meaning.

It is useful to compare the state of utilization of labor and

product markets by looking at what will be cailed the full employment

capacity utilization. To calculate the full employment capacity utili-

zation index, we need to know the relation between capacity utilization
and the level of unemployment. Then, using an "Okun's law for capacity,"
we can estimate what the level of capacity utilization would be if the
unempioyment rate were at "full emp?oyment.“lj We have taken the "full
employment” definition to be the weighted-average unemployment rate used
in the CEA potential output series, this corresponding approximately to
a 5 percent rate today.

We have investigated the relationship between these two series
over the last twenty years, using a number of alternative techniques.
Figure 1 shows the result of one of these experiments. According to
this graph the period from the mid-1950s until the mid-1960s showed a
gradual upward creep in the full employment capacity utilization index.

Then starting in 1965 and lasting until approximately 1970, there was a
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dramatic decrease in this, reflecting the potency of the investment
boom of the 1960s. Starting in 1970, however, there was a definite
and sharp upward rise in the full employment capacity utilization

index. Over the last six years full employmEht capacity utilization

has risen from approximately 81 percent to the current level of 91

percent.

The full empioyment capacity utilization index is an indication
of how tight product markets in manufacturing would be, today, if we
were at full employment {and potential output as defined above). These
can be compared with historical experience. The capacity utilization
rates of the Federal Reserve Board, which we are using here, averaged
about 83 percent for manufacturing for the period 1955 through 1975,
and about 86 percent for industrial materials from 1967 through 1975.
The highest level of the capacity utilization index for manufacturing
which has been experienced for an entire year since 1948 was 91 per-
cent in 1966. The most recent period of high utilization was in 1973.
In that year capacity utilization in manufacturing averaged 88 percent,
while primary processing industries had a utilization rate of 92
perceht.

What are the implications of this apparent rise in the full
employment capacity utilization index? The obvious point is that we
cannot expect to have high levels of employment without one of the
three following possibilities: 1) a significant investment boom;

2} a major change in the composition of our output away from manufac-
turing and materials; or 3) operating rates in manufacturing and

materials which are well above those which are normally experienced.
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Or put differently, it is clear that if the capacity and utili-
zation data of the Federal Reserve Board are relatively accurate, then
there is currently insufficient capacity to sustain an immediate
gallop to full employment.

Returning to our earlier discussion, we noted that one of the
most significant bequests of the recent recession was insufficient
investment. Before the recession got underway, our index was consider-
ably lower: thus in 1973 the full employment capacity utilization
index was 88 percent, 3 percent lower than it stands today. The in-
vestment slump and associated problems of the Tast three years have:
apparently raised our full employment capacity utilization index three

full points.

The Break-even Capacity Utilization

Why has the growth of capacity not kept up with the growth of
potential output? This is the other side of the question, "why has
investment lagged so badly during the current recession and recovery.”

CEA has studied the reasons behind the investment lag, using a
number of economic theories of investment. Although different models
give different answers, the basic reason -- and one that can hardly be
surprising ~- is that the demand for future capacity is performing
poorly because the Tevel of utilization of today's capacity has been
so Tow. There are other factors as well -- environmental regulations
certainly have raised the cost of additional capacity in many heavy

industries (steel, utilities, and chemicals being among the most
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heavily affected). In addition, the depressed state of the stock
market hardly is conducive to new ventures, although -- to be sure --
stock market prices (and in particular the ratio of market value to
replacement costs, Q) have reflected quite closely levels of utiliza-
tion of capacity over recent years. Finally. there has been a clear
shift in the composition of investment away from long-Tived invest-
ments -- especially structures -~ and toward equipment.

Nonwithstanding the caveats, however, it is probably the case
that the major reason for the depressed state of investment is the low
levels of capacity utilization the economy has experienced over the
Tast three years. We know that very low levels of utilization ~-
operating through the accelerator mechanism -- lead to a slowdown in
investment and in the growth of capacity. If capacity is below some
"break-even" point, and investment therefore insufficient to keep
capacity growing rapidly enough, we may actually be in the situation
.where capacity is growing less rapidly than potential output. The full
employment capacity utilization rate would therefore rise and the im-
balance between labor and product market would widen. It is ironic
that in pursuing an anti-inflation policy which keeps the level of
slack in the economy very high, we have created a situation in which
future bottlenecks become more likely.

As a way of illustrating the relation between the growth of
capacity and capacity utilization, we have run a standard investment
equation. The equation relates the level of investment to the rental

cost of capital and non-linearly to the level of capacity utilization.
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Then by taking into account the historical relation between invest-
menf and capacity growth, we can ask whether the'!evei of capacity
utilization has been sufficiently high to assure that capacity growth
is as rapid as potential output.

Figure 2 shows a graphic representation of the relation between
capacity utilization and capacity-potential difference. In making
this relationship, we have assumed that the real cost of capital (in
terms of percent per annum) was at its post-war average, so that there
was no extraordinary push or pull from monetary or fiscal incentives.
The figure shows quite clearly that the difference between the growth
of measured capacity and potential output is positively and non-
linearily reiated to the appropriately lagged rate of capacity utiliza-
tion.

One can calcuiate from such a relationship, assuming no change
in the historical Tevel of capacity utilization at which the capital
stock has grown at the same rate as potential output., the break-even

utilization rate. This presumes, as has been the case recently, that

-- 1f imbalances are not to appear -- potential output wil} grow
approximately 1.2 percent per annum faster than the capital stock.
According to these relatjonships, the break-even capacity util-
jzation point is around 84 percent. That is to say, when capacity
utilization is 84 percent, and assuming the relationship is the same
as in the historical period, capacity output will be growing as
rapidly as potential output. On the other hand, if utilization is

Jower than this -- say the 74 percent in 1975 or 80 percent in 1976 --
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incentives to invest are insufficient to keep the capital stock growing
as rapidly as potential output.

| It appears that even today we are below the break-even point, for
~over the-last few months capacity utilization in manufacturing has been
averaging only 83 percent.

To summarize the evidence up to date: we are faced with a para-
doxical situation. Capacity output has been growing more slowly than
potential output for some time now. Yet, we are constrained from having
a rapid growth in actual output because of the fears in many quarters
~ of getting too close to the inflationary shoals. On the other hand,
if we stay too far away from our objective of high levels of employment
and utilization, we see that capacity will grow too slowly for us to
réach our ultimate target. Thus, again according to historical
relationships, if we were to stay at a utilization rate of 83 percent
for an extended period of time, our full employment capacity utiliza-

tion index would continue to rise.

Speed Limits to Growth?

We have seen that there is a fundamental dilemma which the econ-
omy faces over the next four years. A path of immediate recovery will
clearly lead the economy onto the shoals of capacity bottlenecks. On
the other hand, a path of very slow growth, with capacity utilization
below the break-even point, will lead to an increasing secular diver-
gence between potential output and capacity output. Clearly the

optimum 1ies somewhere in between,
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The problem is what I wil]l somewhat whimsically call the fly-
paper problem. A hungry fly sees a delicious morsel of fly food across
the room; but unfortunately the morsel is very close to a sticky piece
of flypaper. The fly wishes to get as much of his tasty dinner as he
can, but in doing so he risks the danger of overshooting his dinner
and getting stuck on the flypaper.

Of course the flypaper problem is exactly the problem we have
been discussing up to now. If we stay too far away from potential out-
put and capacity in the hopes of avoiding the inflationary shoals, we
will indeed not risk present inflation, but we are risking future in-
flation by building insufficient capacity to prevent future bottle-
necks. On the other hand, if we pursue the strategy of immediate
recovery, we risk encountering inflationary bottlenecks immediatelys, if
we encounter exogenous disturbances which lead us to overshoot capacity
and trigger inflation. Therafore, Tike our friendly fly, we must get
close enough to capacity to get investment, cutput, and employment

high, but at the same time not overshoot our target.

Strategies for The Recovery

Given our current economic situation -- high levels of unemploy-
ment and the high level of the full employment capacity utilization
rate -~ this suggests a strategy for the recovery must take into
account both factors.

0 We must assure producers that they will have

adequate markets to sell their output. This im-

plies that the Tevels of capacity utilization must
be above the break-even point -~ and soon.
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The problem is what I will somewhat whimsically call the fly-
capey problem. A hungry fly sees a delicious morsel of fly food across
the room, but unfortunately the morsel is very ciose to a sticky piece
of flypaper. The fly wishes to get as much of his tasty dinner as he
can, byt in doing so he risks the danger of overshooting his dinner
and getting stuck on the fiypaper.

Of course the fiypaper problem is exactly the problem we have
been discussing up to now. If we stay too far away from potential out-
put and capacity in the hopes of avoiding the inflationary shoals, we
will indeed not risk present inflation, but we are risking future in-
fiation by building insufficient capacity to prevent future bottle-
necks. On the other hand, if we pursue the strategy of immediate
recovery, we risk encountering inflationary bottlenecks immediately,
if we encounter exogenous disturbances which lead us to overshoot ca-
pacity and trigger inflation. Therefore, 1ike our friendly fly, we
must get close enough to capacity to get investment, output, and employ-

ment high, but at the same time not overshoot our target.

Strategies for The Recovery

Given our currvent economic situation -- high levels of unempioy-
ment and the high level of the full employment capacity utiltization
rate -- this suggests a strategy for the recovery must take inte
account both factors.

0 We must assure producers that they will have adequate mar-
kets to sell their output. This implies that the levels of
capacity utilization must be above the break-even point --
and soon.

o At the same time we must recognize that our labor and pro-
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o duct markets are badly out of balance. This means that
our recovery must proceed in an orderiy fashion as
investment accelerates and capacity output recovers its
growth.

o The imbalance between capacity and potential output

must be taken into account in our overall fiscal and
monetary policy. It would be extremely untimely for the
monetary authorities to slam on the brakes at that point
when we 50 badly need investment. And our fiscal and
tax policy must recognize the central importance of spe-
cial incentives to invest during the next few years.

This Tlast consideration is the one on which I would Tike to close.
As 1 have indicated today, our capacity output does not dovetail with
the zocial and economic needs of today. In designing the major fiscal
oolicy actions over the next two years, we must taken into account the
needs for capacity expansion. The Administration is considering care-
fully the possibility of giving special incentives for investment in
the short-run to aid the growth of capacity.

It should be emphasized that -- while it is always nice to have
additional capacity -~ the needs over the next few years are particu-
Tariy critical. If we are to succeed in reaching a noninflationary
full emplovment econosy., we must assure that capacity expansion pro-
reeds at a sufficient pace. 1 expect that the Administration will
propose tax measures especially designed to encourage the growth of
capacity over the next few years., We hope that a climate of coopera-
tion from the monetary authorities and the business community wili
make sure that, in fact, capacity bottlenecks do not slow the current
rECOVETY .

Footnote
1/ Note that the calculation is a “"straight up" increase in out-
put and utilization, like that customarily employed in cal-
culating the "gap."
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SHORT TERM PROJECTIONS OF MANUFACTURING CAPACITY UTILIZATION
James F. Ragan, Jdr.

As the papers presented at this conference demonstrate, there is
a divergence of views as to whether current measures of capacity utili-
zation overstate or understate the amount of untapped capacity remain-
ing in the economy. I want to sidestep this issue, concentrating
instead on one widely used measure of capacity utilization: the Fed-
eral Reserve Board's capacity utilization rate for manufacturing. In
particular, I want to discuss a simple model which can be used to
project manufacturing capacity utilization, as published by the Board,
over the next couple of years. Those, including certain members of the
Federal Reserve Bank of St. Louis, who feel the Board's measure of
capacity utilization is biased downward may argue that capacity prob-
Tems will develop sconer than our model predicts; those who feel
current measures of capacity utilization are biased upward may take the
opposite view, arguing that capacity problems will not emerge until
- later. Nonetheless, examining when capacity is likely to become
strained--at least on the basis of the Board's capacity utilization
statistic--is an interesting experiment and provides a useful benchmark

for discussions about prospective capacity problems. Indeed, to leak

Dr. Ragan 1s an assistant professor of Economics at Kansas State Uni-
versity. The author thanks Robert Falconer and An-loh Lin for comments
on an earlier version of this paper and Debbie Jamroz for research
assistance.

121



one of our findings, it is not necessary to take the "St, Louis Fed's"
position that currently published measures of capacity utilization are
artificially low to show their concern about potential capacity prob-
Tems within the next couple of years.

The model presented in this paper is for the key sector of manu-
facturing, although the technique can be applied to other sectors of
the economy as well. First, an equation is estimated linking growth
in manufacturing output to growth in GNP. Next, additions to manu-
facturing capacity are estimated, based on projections of investment.
The forecast of output is then divided by the forecast of capacity to
yield projections of capacity utilization. The model is first used to
project capacity utilization from 1977 III - 1978 IV, based on a
"consensus" forecast of GNP growth. Next, implications are drawn con-
cerning the impact on capacity utilization of strong protracted econ-

omic growth, the Administration's assumption.

Specifying the Model

Manufacturing output and GNP tend to move together. In growth

terms, the relationship between these two variables can be specified
174

as ;-
I Pt = ao a1 NPt + E;t (-E)
IOPt = Percentage change in the manufacturing index of indus-
trial production, i.e., 100 (IP, - IP_ .} / IP
t t-] t-1.
O
GNPt = Percentage change in constant-dollar gross national

product.
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ey = Error temm.

The change in capacity from one perjod te the next depends
positively on the volume of investment and negatively on the extent of
depreciation, which in turn depends on the level of capacity last
period. (See Appendix 1 for greater elaboration.) The change-in-

capacity equation can therefore be depicted as follows:

Co = Coop ™ Bylpg BTyt ey” (2)

Ct = Capacity index for manufacturing.

It = Real manufacturing investment net of pollution
control expenditures.

a% = Error term.

As many economists have observed, investment accelerates as
the volume of unused capacity shrinks, i.e., as the capacity utiliza-
tion rate (CU) rises. Changes in investment are therefore specified to

be a function of past changes in capacity utilization:

0
- G 1
It =c, cq CUpy + g (3)
Q
It = Percentage change in investment (1) from the
previous calendar year.
COUt~1 = Percentage change in capacity utilization (CU)

over the previous year {fourth quarter to
fourth quarter).

E§ = Frror term.

Although this equation greatly abstracts from the underiying determin-
ants of investment, it performs well empiricaily. Another advantage of

this specification is that the capacity utilization rates generated by
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our model can be used to project investment in subsequent years. That
is, when combined with GNP projections, equations (1), {2), and (3)
constitute a closed system capable of projecting capacity utitization

rates indefinitely into the future.

Empirical Results

Equations (1) - (3) were estimated over the period 1954.1976.

Results are reported in Table 1. From the first equation, it is appar-
ent that manufacturing output is more volatile than GNP; the large
coefficient for G&P indicates that vapid GNP growth is on average
accompanied by even more rapid growth in manufacturing output. The

coefficient of C in equation {2) indicates that, in the absence of

t-1
investment, capacity declines 3.35 percent per year, the result of

depreciation and obsclescence. The coefficient of I, indicates that

4
each one bilijon dollars of non-pollution-control investment expend-
jtures, measured in 1972 dollars, increases the capacity index

(1976 IV = 163.2) by 0.29 percentage point. Converting the investment
coefficient to an elasticity, each 1.0 percent change in real invest-
ment net of pollution control is on average associated with a 1.0 per-
cent change in gross additions %o capacity {as opposed to net additions,
i.e., additions net of depreciationa}gf Finatly, as expected, eqguation
(3) indicates that investment accelerates as capacity utilization

rises.

The fit of all three eguations is quite good, as judged by the

RZ values, and all coefficients are statistically different from zero.
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Note:

Table 1

Regression Results*
(t-statistics in parentheses)

Q
IOPt = -.756 + 2.203 GNP, (1)
{ 4.22) (16.46)

RS = .75] 5
1

1.37 DW = 1.85
Sample Period: 1

F =
954 1 - 1976 1V
C,-C,_q = -.0335 C_, + .2923 I (2)
R W N O A T B

RZ = 935 SE= .576 o =.578 DW=1.70

Sample Period: 1954 - 1976

. _
1, = 4,196 + 1.754 ¢°U (3)
t (297 (6.55) '

RE = 671 SE = 6.74 DW= 1.71

Sample Period: 1954 - 1976

IgP = Quarteriy growth of manufacturing output
GNP = Quarterly growth of real gross national product
C = Index of manufacturing capacity
I = Real menufacturing investment net of pollution control
expenditures
C°U = Growth of capacity utilization in manufacturing

* The Cochrane-Orcutt iterative technique was used to adjust
for first-order autocorrelation in equation (2).
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Even more important, simulation results (presented in Appendix 2)
indicate that the mode? does a good job of tracking capacity utiliza-
tion during the current recovery. Having passed this test, the model
was then used to run two experiments, described in the following

sections.

Projecting Capacity Utilization, 1977 III - 1978 1V

Based on the increase in investment projected for 1977
.- ?77 = 12.9 percenigf ~- capacity is projected to increase by 3.2
percent between 1976 IV and 1977 IV. The increase is assumed to be
distributed equally throughout the vear, implying a quarterly growth
in capacity of 9.791 percent,ff Output growth is projected using the
median of eight prominent forecasts of real GNP growth, as published
in the September 1977 issue of the Conference Board's Statistical
Bulletin (see Table 2). The output growth and capacity expansion pro-
Jjections are brought together in Table 3.5/ Based on the Conference
Bpard median GNP forecasts, our model projects that capacity utiliza-
tion in manufacturing will increase steadily to 85.8 percent in 1978 1V.
Capacity will expand at a 3.2 percent annual rate in 1977 and at a 3.9
percent rate in 1978, compared to the 2.3 percent rate of 1976; manu-
facturing output will increase over the forecast period at an average
annual rate of 6.3 percent.

The 85.8 percent rate projected for 1978 IV is but 2 percentage
points below the 1973 guarterly peak and 2.8 percentage points below

the highest peacetime peak recorded. Hence, based upon the median
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Table 2

Real GNP Growth,
Median Conference Board Forecast

Compound Annual Quarterly
Growth Rate Growth Rate
1877 111 4.4 percent 1.082 percent

IV 4.6 1.131
1978 I 4.45 1.094
i1 4.4 1.082
I 4.2 1.034
1v 3.4 .839

Source: The Conference Board, Statistical Bulletin,
September 1977.

Table 3

Capacity Utilization Projections
Based on Median Conference Board Forecast

3] [w) 4]

¢ GNP 1P P cu

1977 11 82.6
117 . 791 1.082 1.628 1.008 - 83.3
v 791 1.131 1.7386 1.009 84.0

1978 I .961 1.094 1.654 1.007 84.6
I .961 1.082 1.628 1.007 85.2
It .961 1.034 1.522 1.006 85.7
IV .961 .839 1.092 1.001% 85.8

o] -
Note: C = Percentage change in capacity (from previous quarter)

G

NP = Percentage change in real GNP

I°P = Percentage change in manufacturing output
o= (Ipt/ Ipt*}) / (C‘t / Ct_’l)

CU = Capacity utilization (percent)
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forecast of GNP growth, as published by the Conference Board, our
model indicates that the manufacturing sector is 1ikely to contain
some modest amount of untapped capacity at the end of 1978, yet
11ttle enough so that concern over bottlenecks in 1979 seems

warranted.

Capacity Utilization as Implied by the Administration's
Projections of GNP Growth

The Administration recently set a goal of reducing the aggre-
gate unemployment rate to 4.6 percent by the end of 1981. To achieve
this goal, they estimate that real GNP must grow from 1977 through 1981
by an average of 5.1 percent per year,éf The implications for capacity
utilization can be examined by plugging the 5.1 percent growth rate
into our model -- an experiment which indicates the Administration's
goal is apparently overly optimistic. Based on the Administration’s
GNP figures, our model projects that capacity utilization would reach
its 1973 peak in 1978 1V, its peacetime peak in 1979 I, and its all-
time peak in 1980 I (see Table 4). Assuming 5.1 percent GNP growth
could be sustained, capacity utilizaticn would rise to 96 percent in
1981 IV. Historical experience, however, indicates that a utilization
rate this high is unattainable for manufacturing; widespread shortages
and bottlenecks would emerge well before such a rate could be achieved.

Of course, investment is not actually predetermined through 1981.
The investment values forecast by the model were based on the histor-
ical relationship between changes in capacity utilization and changes

in investment growth, But investment growth can be influenced by other
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factors as well; e.g., by changes in tax policy or in the degree of
uncertainty facing businessmen. Therefore, if the Administration wants
to foster prolonged economic growth it must attach increased import-
ance to stimulating investment, thereby slowing the rise in capacity
utilization and postponing the time when capacity will become strained.
Yet, even if investment is spurred the Administration's goal may still
prove elusive. Our model suggests that, on the basis of continued
strong GNP growth, capacity problems are 1ikely to appear within the

next two years.

129



1677 11
ITI
v

1978 1
II

111

v

1979 1

I11
IV

1980 1

I1I
Iv

1981 1

I
v

Capacity Utilization Projections

Tabie 4

Based on the Administration's GNP Scenario
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Appendix 1: Projecting Capacity Growth

Additions to manufacturing capacity are estimated from investment
data. Investment is measured in real or constant-doliar terms, since
capacity is related to real rather than nominal investment. In addi-
tion, poilution control expendiiures are netted out, since these
expenditures do not augment productive capacity. Yet, even with these
adjuitments§ transiating investment data into capacity growth can be
tricky.

Une difficulty is that the composition as well as volume of
investment is important. Investment which eliminates a production
bottleneck may have a fremendous impact on capacity. On the other
hand, investment which expands plant size may, while providing addi-
tional office space, leave plant capacity unchanged. A new machine,

if added to the existing stock of equipment increases capacity, but if
some existing eguipment is retirved when the new machine is put in

place capacity need not be increased. Furthermore, expenditures on
modernization genevally provide for smaller capacity growih than out-
Tays on new plant and equipment. Finally, the impact of an investment
dollar is likely to vary from indusiry to industry. A dollar spent in
an industry approaching capacity will have a more proncunced impact on
aggregate capacity than a dollar spent in an industry possessing abund-
ant unused capacity.

Also complicating the invesiment-capacity relationship is the
fact that investment frequently increases capacity with a lag. Pro-
jects regquiving years to finish are likely o add to capacity only when
completad or nearly so. A plant half-completed may not augment a firm's
capacity at all. Moreover, the lags involved may vary both over time
and by itype of invesiment.

The severity of these problems is difficult to assess a priori.
While the composition of invesiment may vary substantialiy over time
for a particular company or indusiry, in the aggregate the composition
of investment may remain relatively stabie. Therefore, how well aggre-
gate investment explains capacity growth is ultimately an empirical
guestion. So is the question of whether capacity growth this pericd
is significantily related to previous investment. FEach period, invest-
ment dollars are spent which increase capacity only in the future. At
the same time, however, certain projects started in the past are
finished, adding to capacity in the current period, If these tws lag
effects wash out sufficlently, then empivically capacity growth may
not be related to previous investment, but only to current investment.
To investigate the relationship between investment and capacity, the
following model was developed.

Capacity in a given perisd (C ) is identically equal to capacity
last pericd minus the Toss in cap&a?ﬁy due to depreciation and



obsolescence (Dt) plus the gross additions to capacity (CﬁDDt), i.e,,

= thi - Dt + CAEDt. | {4}
It is assumed that capacity depreciates at a constant rate each period:
if)t = g Ctu"!' {5)

In addition, it is assumed that gross additions to capacity are related
to curvent and possibly previous investment:

CADD, = Bydy + 8ol 9 4 (6)

where It rafers to real investment net of poliiution control expendi-
tures.

Combining the above eguations, capacity can be rewritten as:

{:t "’{T“G}Ct_} + BEE% + ﬁzlt”T S St- (7}
where ¢ represents the error term. Alternatively, the change in ca-
pacity can be expressed as:

- = . ] H

Ct Et"} a{:t“‘g + Bilt 821‘&_‘! + oL Eta (? )
Estim&ies<af a and g are the same whether obfained by estimating
equation {7) or equation {7'}.

The capacity variable of this study refers to manufacturing ca-
pacity as measured by the Board of Governors of the Federal Reserve
System,7/ Capacity values were obtained for the fourth guarter of each
year {see Table 5). Fourth-guarter values were chosen because both

the Board of Governors and McGraw-Hil1l estimate capacity growth on an
end-of-year basis.

The investment variable {I) is an estimate of real plant and
equipment expenditures over the calendar year net of pollution control
spending. The variabie is defined as follows:

I = PE {100 - POL)/P

where PE = Expenditures for new manufacturing plant and squipment, in
bi1lions of (current) dollars;

POL = Percent of plant and equipment expenditures for air and
water pollution control;

P = Implicit GNP price deflator for business Tixed investment.
The PE data are published by the Bureau of Economic Analysis, the POL
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data by ﬁcGraw—Hi?igﬁ/

Equation (7'} was estimated over the period ?954a?§,g/ Lagged
investment terms did not contribute to the explanatory power of the
equation, nor were their coefficients statistically sienificant. Only
current investment proved to be statisticaily important. Therefore,

the Tagyged investment terms were dropped.

reported in Table 1, equation {2}.

1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976

Table §

[Regression results are

VYalues of the Investmeni and

Capacity Varia

hles

Investment {1} Capacity {(C)
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Appendix 2:

Simulating the Model

To test its predictive ability, the mode] was simulated over the
The eguations, estimated
over the period 1954 I to 1974 IV, were used to generate forecasts for
After updating the equations through 1975 IV, forecasts

first nine quarters of the current recovery.

1975 11 - 1IV.
for 1976 were made.

Finally, after extending the sampie periad through

1976 1V, capacity utilization was forecast for the first two juarters

of 1977.

Simuiation results uncovered no apparent bias.

back on track,

Althougn capacity
utitization was somewhat underpredicted during 1976, ihe model did get

Capacity utilization was recorded to be 82.6 percent

in 1977 11, compared to a projected rate of 82,7 percent (see Table 6)}.
Thus, capacity utilization rose 11.7 percentage points during the first
nine quarters of the recovery, compared to the 11.8 percentags points

Moreover, actual capacity uti'izatica and the
rate predicted by our model never diverged by move than 1.3 p2rcentage

orojected by our model.

peint.

registered in 1976 IV,

Simulations of Capacity Utilization

Table &

Our model even picked up the decline in capacity utilization

0 0 C . N
C GNP IPP o cu cu Cu-Cy

1975 1 70.9
Il .668 1.573 2.627 .019 7z.2  i1.3 .9
ITI .668 2.735 5.008 043 5.4 75.3 o
1y .668 745 1.830 003 7.6 75.8 -1.2
1976 1 .595 2.130 3,946 .033 78,1 79.0 -.9
I1 .595 1.234 1.965 014 79.2  80.2 -1.0
Il .595 .959 1.357 .008 79.8 80,8 -1.0
IV .595 .288 ~. 126 .993 74.3  80.8 -1.3
1977 1 791 1.833 3,282 025 8..3 812 .1
11 . 791 1.503 2.5585 .018 82,7 82,6 .

Note: = Capacity utiiization as simulated by the nodel
CU = Actual capacity utilization
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Fauvtnotes

Nontinear versions of equation (1) were also tried, but their re-
sults were empirically inferior.

The term Gt =C, - (1-&)Ct~1 = C. - .9665 C .1 measures the gross
change in CapacTty, i.e., the di?ference be%ween actual capacity
and the level which would have prevailed in the absence of any
investment. Since G = ,2923 I, the elasticity of G with respect
to 1, evaluated at the mean, is n = .2923 T/ G where T and @
refer to the mean values of I and G over the estimation period
(1954-76). 1 = 26.92 and G and 7.89, Hence, n = .2923 (26.92 /
7.89) = 1.0. In other words, each 1 percent change in our invest-
ment variable is associated with a 1 percent change in gross
capacity growth. Therefore, if in a certain year $25 billion in
investment would increase capacity by 5 percent in gross terms,
then raising investment to $30 billion (an increase of 20 percent)
can be expected to raise gross capacity growth to 6 percent (alse
an increase of 20 percent). The finding that investment changes
and changes in capacity growth are linked in such a manner is
appealing on theoretical grounds, and suggests that our invest-
ment variable does a good job of capturing gross additions to
capacity.

Interestingly, the 1977 projection of investment derived from
agquation {3) falls in between the investment plans reported by
the BEA and by McGraw-Hi1l in late spring, Based on the growth
in capacity utilization between 1975 IV and 1976 IV, equation
(3) projects that manufacturing investment in 1977, as measured
by our investment variable (1), will exceed investment in 1976
by about 12.9 percent. The BEA investment survey figures trans-
Tate into a 9.3 percent increase in I; the McGraw-Hill figures,
into a 14.3 percent increase (assuming a 6 percent increase in
the price of investment goods (P) and using the 1977 estimate
of pollution control expenditures reported by McGraw-Hill),

That is, (1.00791)% = 1.032.

Capacity utilization in time pericd t is defined as the ratioc
of actual output to capacity output, i.e.,

CUt = IPt/Ct.
By lagging this relationship one period, it can easiiy be shown

that the utilization rates in successive periods ars related as
follows:
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€Et = p CUt_]

IPt / IPt«?

wheve p = y
Cy 7 Gy

This is the formula used to project capacity utilization.

See Office of Management and Budget, Midsession Review of Fiscal
1978 Budget, Special Supplement, July 1T, 1977,

Among other advantages, the Board of Governors series is readily
available to the general public, has a long track record, and
tacks any apparent cyctical bias. For a discussion of the major
series of capacity utilization, see James Ragan, "Measuring
Capacity Utilization in Manufacturing,” Federal Reserve Bank of
New York Quarterly Rev1ew, Winter 1976, pp. 13-20.

The poltution control data are actually available only since 1967;
but, because pollution control expenditures did not begin their
rapid ascent until the late sixties, the fraction of investment
expenditures devoted to pellution control prior to 1967 was prob-
ably close to the fraction spent in 1967. This was the assump-
tion made. Thus, the pre-1967 values of POL were set equal to the
1867 value (2.8 percent). The BEA alsp publishes a series on
poilution control expenditures, but it does not begin until six
years after the McGraw-Hill series.

The estimation period was annual, rather than quarterly, because
truly independent capacity values were avaiiable only once per
year. Both the Federal Reserve Board {whose series is used in
this study) and McGraw-Hi1l obtain capacity values at year-end.
Although quarterly estimates are available, these are simply
interpolations between annual observations.
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COMMENTS ON RASCHE AND TATOM,
"THE EFFECTS OF THE NEW ENERGY REGIME...."
AND
"ENERGY RESOURCES AND POTENTIAL GNP"

Frank de Leeuw

These two studies have performed a timely service in reminding us
that a major r1§e in natural resource costs can have a sizable negative
impact on potential GNP. The purpose of this note is not to question
that central proposition. Rather, it is to argue that (1) the impact
on potential GNP takes place only gradually as production techniques
and consumption patterns change, not all at once as these studies im-
ply, and (2) that the ultimate impact may not be as large as the 4 or
5 percent estimated 1in these studies.

At the present time, the note will conclude, production tech-
niques and consumption patterns do not seem to have altered substanti-
ally in response to higher enerqy prices, Potential GNP has therefore
not yet declined appreciably; rather, what has happened is that a lar-
ger fraction of GNP {or claims against GNP reflected in balance-of-
trade deficits) must be paid to the owners of energy resocurces. Po-
tential consumgtion after subtracting out this fraction has been re-

duced, but potential production has not. It is, however, important to

Mr. deLeeuw 1s the Assistant Director for Fiscal Analysis in the
Congressional Budget Office. Views expressed in this note are those
of the author and not necessarily those of his employers.
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watch for signs that production techniques are beginning to respond to
high energy prices and to take any such response into account in formu-

lating economic policy.

The Rasche-Tatom Assumptions and Their Implications

The reasoning used in these studies to transiate higher energy
prices into reduced potential GNP can be explained in a few sentences.
Since output requires labor, capital, and energy, potential output de-
pends on available supplies of these three inputs. For labor and for
capital, it is possible to measure at least approximately maximum avail-
able inputs, determined by population and expected labor force partici-
pation rates in the case of labor and by the initial capital sfnck, its
rate of depreciation, and the expected fraction of new output devoted
to fixed investment in the case of capital.

Since energy is traded internationally in huge amounts, it does
not make sense to think of a fixed quantity of potential energy consump-
tion by any one country, analogous to potential labor and potential cap-
ital. Rather, it makes sense to think of producers and consumers choos~
ing a ratio of energy to output on the basis of relative prices, techno-
logical developments, and perhaps other influences. The higher this
ratio is ~--the more energy-intensive production is-~the more output can
be produced with given amounts of labor and capital. A sizab?e increase
in the relative price of energy should lead producers to conserve energy
and consumers to shift purchases away from energy-intensive goods and
services~--shouid, in other words, reduce the ratio of energy to output.

High energy prices should therefore mean that available supplies of
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labor and capital will not yield as much output as they would have if
the cheap-energy years of the past had continued.

A major increase in energy prices should, in this view, cause
{1} energy conservaticn, or a fall in energy consumption per unit of out-
put; {2) a rise in both labor consumption per unit of output {equivalent
to a fall in productivity as usually measured) and capital consumption per
unit of output; and (3) a reduction in productive capacity or potential
output, properly measured. The specific relationships used by Rasche and
Tatom, furthermore, imply that these reactions occur at once when rela-

tive energy prices go up.

The Evidence Since 1973

Have these consequences actually taken place since the OPEC price
rise of 1973-19747 The evidence is, at best, mixed. The first conse-
guence, a fall in the energy-output ratio, is a central one. Only as
this ratio falls do producers need to use more capital and/or labor per
unit of output and hence reduce potential GNP. But there is no evidence
of a drop below trend in the energy-output ratio since 1973. Table 1
shows two measures of energy per unit of cutput from 1970 through 1976.
They both display a trend toward conservation over these years amounting
to a reduction of 1 to 3 percent in energy per unit of output each year.
But they show this trend before the dramatic increase in energy prices as
well as afterwards and there is no sign of any acceleration after the
energy price increase took place. Examination of a longer period than
1970-1976 suggests that some mevement toward conservation may have taken

place in recent years, but nothing like the 33 percent drop in the ratio
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TABLE 1
ENEREY CONSUMPTION AND GNP
{CONSTANT DOLLARS;

Energy Consumption GNP, 1972 Prices Ratic of Energy
(thousand (billions of dollars) to Output
tritlion BTUs) {indexes, 1973 = 100)

Total Industrial Total “Iﬂdust?ia1“1f Total Industrial

1970 68.3  23.3 1075.3  370.2 104.5  107.8
1971 69.5  23.0 1107.5  374.9 103.2  105.1
1572 73.3  23.8 1171.1 3997 102.9  102.0
1973 75.1  24.9 1235.0  426.4 100.0  100.0
1974 73.2 24.2 1217.8 4026 98.8  102.9
1975 71.5  21.6 1202.1  379.9 97.8 97.4
U 500 22 1274.7  416.2 96.8 94.2

Source: Energy Consumption--FEA, by telephone, through 1975-1976,
CBO estimates based on data in
FEA's Monthly Energy Review

GNP--Commerce Department
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Rasche and Tatom would expect in response to the reughly 50 percent in-
crease in the relative price of energy in 1973-1974,

With respect to labor and capital, the evidence is not quite so
negative. OQutput per unit of Tabor did fall in 1874 and has not yet
caught up to its eariier trend, even after correction for cyclical in-
fluences. After cyclical correction, however, output per unit of capi-
tal does not appear to have fallen. Output per unit of combined labor-
capital did fall, and the Rasche-Tatom regression results reflect the
fact that this shift in the relation of output toc labor and capital in-
puts occurred at the same time as the rise in oil prices. But jt is
hard to interpret these labor and capital changes as responses to energy
developments when there is no evidence of a shift in the energy-output

ratia,

Preferred Rates of Capacity Utilization

The third implication of a rise in relative energy prices is a
deciine in capacity and potential GNP. As Rasche and Tatom point out,
manufacturing capacity as measured by the Federal Reserve Board did not
fall when energy prices went up. Capacity, as Rasche and Tatom define
it--namely, the cost-minimizing or profit-maximizing Tevel of output--
should have fallen by 4 or 5 percent, according to their calculations.
Thay interpret the failure of the actual indexes to fall as due to a
difference in definition. Published capacity statistics, they believe,
refer to maximum output feasible under customary operating conditions,

not to the concept of cost-minimizing output which they prefer.
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I believe they are probably right in their interpretation of pub-
Tished capacity statistics. In the short run at lTeast, the failure of
published capacity indexes to fall is not a serious argument against
their view of the impact of energy prices. Neither, however, is it a
confirmation of their view. It is simply not relevant to evaluating
their hypotheses.

The Bureau of Economic Analysis does, however, coliect another set
of statistics in its capacity survey which are nmore relevant to testing
the Rasche-Tatom views. These are manufacturers' views of the percent
of capacity at which they would prefer to operate. The exact question
is: "At what percentage of manufacturing capacity would your company
have preferred to operate in order to achieve maximum profits or other
c%jectives?“gj Now if high energy prices do not change rated capacity
but do have an immediate impact on production technigues and input pro-
portions as Rasche and Tatom maintain, then the minimum-average-cost
rate of operation should decline when energy becomes much more expen-
sivegéf A reduction in preferred operating rates locks like a promising
candidate for an empirical counterpart to this theoretical concept. Man-
ufacturers might be expected to prefer not to operate equipment which
was extremely energy-intensive, and to prefer to operate other equipment
in ways which conserve energy and hence sacrifice some output.

In fact, however, nothing much has happened to manufacturers’ view
of their preferred rate of operation. For all manufacturers taken toge-
ther, preferred utilization was 95 percent of rated capacity from 1970

through 1974 and 94 percent in 1975 and 1976, There is no sign of a 4

to 5 percent drop after the run-up of energy prices in 1973-1974.
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Unpublished detail suppiied by the Bureau of Economic Analysis, further-
more, does not suggest that the aggregate conceals any shifts at dndus-
try levels that would bear out the Rasche-Tatom view. For example,
there does not appear to have been a drop in preferred rates in energy-
intensive industries offset by & rise elsewhere. Thus, statistics on
preferred operating rates, Tike statistics on energy per unit of cutput,
suggast that so far there has not yet been a significant restructuring

of production techniques in response to higher energy prices.

What Has Been Happening?

There is no doubt that higher energy prices have created incen-
tives to change production processes. So far, however, the evidence
indicates that these incentives have not yet led to significant energy
conservation and substitution of labor and/or capital for energy. Prob-
ably one reason for the delay is that many of the possibilities for en-
ergy conservaticn require new plant and eguipment. Freguently it will
pay to continue to operate existing capital goods for a time even if
thaey utilize uneconomic processes because they have already been paid
for and because conversion to a more energy-conserving process is ex-
tremely costiy. Another possibility is that large-scale energy conser-
vation is awaiting more certainty about future technological change.
and about government actions affecting energy costs.

wWhile it is tempting to associate the recent productivity slow-
down with the vrise in energy prices, the facts about energy per unit of
putput do not bear out this connection. The most Tikely explanation

for the productivity slowdown appears to lie elsewhere-~Tower rates of
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capital investment in relation to GNP, shifts in the experience-mix of
the labor force and the industry-mix of output, lower growth in research
and development spending, and the severity of the 1974-1975 recession.

With respect to potential GNP, the short run conciusion is that
until production techniques begin to react significantly to the change
in enargy prices, it would be a mistake to transiate higher energy
prices into reduced potential and lower output targets. So far, high
energy prices have not altered production technigues but have caused
this country to pay sizable amounts to oil producers in order to pro-
duce GNP by old production techniques. In paying for oil, we have
incurred large balance-of-trade deficits which represent growing foreign
claims against domestic output. While potential output has not yet been
reduced substantially, these foreign claims mean that potential con-
sumption by U.S. citizens has besn reduced by high energy prices.

The conclusion about potential GNP in the long-vrun is more con-
jectural. Eventually high energy prices should lead to energy conser-
vation, substitution of other inputs for energy, and hence less poten-
tial GNP from given supplies of labor and capital. GQualitativeiy, the
Rasche-Tatom results seem quite plausible as a long-run proposition.

1 suspect, however, that quantitatively the Tong-run effect may
not be as Jarge as 4 or b percent. The 4 to 5 percent estimate assumes
no response of labor or technology to changing productivity and real in-
come. In actuality, low real wages due to high fuel costs could cause
the supply of secondary workers or other dimensions of Tabor supply to
increase. Recent Tabor market statistics and analyses seem to be con-

sistent with behavior of this kind, in which lower productivity is
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partly offset {as it affects potential GNP) by higher labor force parti-
cipation. Furthermore, future technclogical advances could on balance
be energy-saving rather than neutral {as Rasche and Tatom assume) with
respect to input proporticns.

These offsets are no more than possibilities, however. It would
be a mistake to ignore the danger of a substantial eventual impact of
high energy prices on potential GNP. The Rasche and Tatom studies will
have served a highly useful purpose if they remind us to monitor
closely trends in energy conservation and productivity and be prepared
to adjust our estimates of potential GNP when U.S. production tech-

niques show signs of significant reaction to the new energy regime.

Footnotes

1/ "Industrial" sector covers manufacturing, mining, agricuiture, and
construction for comparability with energy consumption data.

2/ See Marie P. Hertzberg, Alfred I. Jacobs, and Jon E. Trerathan,
“The Utilization of Manufacturing Capacity, 1965-73," Survey of
Current Business, Jduly 1974, p. 49.

3/ Rasche and Tatom, "The Effects of the New Energy Regime." pp. 3-4.
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ISSUES CONCERNING THE DEFINITION,
MEASUREMENT AND FORECASTING OF
PRODUCTIVE CAPACITY

Laurence H. Meyer

It would be difficult to identify a more important macroeconomic
issue (and one about which there was more disagreement) than recent
developments affecting the level and rate of growth in the nation's
productive capacity. Knowledge of the gap between actual and potential
output is of immediate relevance to the design of short-run stabiliza-
tion poilicy and recent projections of slower growth in productive
capacity and the possibie relation to sTower growth in capital stock
appear to have heightened the interest of both the Administration
and Congress in tax reform keyed to expanding incentives for capital
spending. The Perry, Clark, and Rasche-Tatom papers are attempts to
provide the empirical evidence on the level and anticipated rate of
growth of potential output that is essential to designing such policies.
However, their approaches leave the question of the level of potential
output quite unsettied and their projections of future growth rates are

mostly conjectural.

Dr. Mever is Associate Professor of Economics at Washington University,
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Three issues Concerning the Definition,

Measurement, and fForecasting of Potential Output

1t is useful fto identify at the cutsel three separate issues concern-
ing the definition, measurement, and forecasting of productive capacity.
Each of the three papers deals at leas: to some extent with each of the
three issues:

1. The determinants of the Teve: of potential output:

2. The cyclical behavior of actual relative to potential output--

i.e. the analysis of the cyclical pattern of participation rates, hours
per worker, and productivity which along with cyctical pattern in employ-
ment explain the cyclical pattern in production.

3. The determination of the rate of growth of potential output in

the past and the projection of rates ov growth over the next five years.
The papers are mest concerned with the level and rate of growth issues,

The Level of Potential Output

There are three problems relatinc to the determination of the level
of potential outpuf that arise fn connectior with the three papers.

a. The first problem is idertifying 'potential” levels of factor
inputs. Fmployment, hours, and participaticn rates vary with unemployment
rates. To define the potential level ¢f "ator input, we need to know the
"full empioyment” level of the unemplcyme:nt rate. If capital is explicitly
treated in the analysis, we must also cef ne a potential level of capital
input,

b. The second prcblem iz the posiibility of a once and for all shift
in the Tevel of productive capacity ir 1973-5 due, for example, to a once
and for all change in the relative price »f energy. This must be picked up

by dummy variables unless energy develcoments are explicitly integrated into

the model.
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¢, The third problem is the possibility of incompatibility between
potential levels of labor and capital inputs; i.e. the possibility that
full utilization of the capital stock may occur prior to fyll utilization
of the labor force and that the capital stock, not the labor force, is
the real binding constraint that determines potential output. This
view seemed to be prevalent in much of the recent discussions of
capital shortage. It seems to me that such an incompatibility can
arise only uﬂder the assumption of a putty-clay technology, but the
Clark and Rasche-Tatom papers identify separate and conceivably conflict-
ing measures of potential labor and capital inputs in a putty-putty model.

Projecting Rates of Growth of Potential Output

The second issue--the cyclical behavior of actual relative to poten-
tial output, while interesting in its own right and the issue that motiva-
ted early research in this area, i5 most important in the three papers as
part of the methodology for providing evidence on the third issue, the
trend rate of growth in potantial output. The basic approach used to
isolate the secular trend in the rate of qrowth of potential output is to
purge the actual data of cyclical influences and then to fit a time trend
(with appropriate dummies) to determine ex post rates of growth. When
time trend dummies play such a critical role, projections of future growth
rates become treacherous. Shoufd vwe assume the time trend relevant to
the next five years will be the same as that over the most recent homogen-
ous period, revert to that of a st 11 earlier period, or be different from
either? Plausible stories can be 7oid to rationalize each possible choice
hut the econometric evidence in the papers often doésn‘t help in making

the choice.



Specific Comments on the Three Papers

The Clark, Rasche-Tatom and Perry papers are ciosely interrelated.
The Clark paper, for example, follows the approach Perry employed in
earlier papers to measure pectential output, except that Clark introduces
capital explicitly and therefore investigates weightad factor input
productivity rather than labor productivity. And the Rasche-Tatom
paper introduces energy as vell as capital s an explicit factor input
in the analysis. Finally Perry discusses the role of capital and energy
in the measurement of potential output and concludes his simpler method
remains capable of a more reliable estimate of poténtial output.

The Clark and Perry Papers

The Clark paper provides evidence tha! the Tevel of potential output,
if appropriataly set in relation to a 4% aggregate unemployment rate in
1955, now should be defined in velation o & 4.9% unemployment rate, con-
siders some possible explanations of the unexpectediy poor performance of
productivity in 1973-4, and provides a range of estimates of the growth
of potential output that refiects the inabi:ity to isolate the source of
the unusual behavior of procuctivity in 974, Perry simply excludes
1974 and reports small resicuals in 16973, 1075 and 1976. Clark tries
alternate dummies which invcive a dewnward <hift in potential output in
1974 and a more intense cyciical pettern of productivity in the 1974-5
recession. Clark is unable to choose between the twe explanations
{although they have very ditferent ‘mpiicat ons for the current level of
potential output) and the evidence presented in the Clark and Perry papers
does not permit a definitive evaluation of Clark's dummies relative to

Perry's dummy! The approach used “n hoth the Per~y and Clark papers
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suffers from inadequate attention to the selection of potential levels of
tabor input and provides Tittie solid evidencé on which to base projections
of future growth rates.

1. The full employment unemployment rate. When the CEA designated

4% as the target unemployment rate in 1962, they rationalized the choice in-
terms of a simple {nonexpectational) Phillips Curve trade-off model. The
trade-off model doesn't vield a unique choice for the full employment-
unemployment rate (Ug} but if we assume that model is valid, it at least
rapresents a well defined methodology for selecting Ug. Since that time,
there has been a great deal of additional theoretical and empirical

research on the relation between inflation and unempioyment, including the
development of the natural rate model. This research raised the possibility
of a vertical Phillips Curve and an (in principle) well defined natural, or
if not so natural, at Teast unique noninflationary (or nonaccelerating) rate
of unemployment. VYet studies 1ike Clark, Rasche-Tatom and Perry's continue
to key the full employment level of labor input to the 4% unemployment rate
in 1955 and then to transiate this via changing demographic composition of
the labor force to a 479% rate in the 1970's. Clark and Perry tell us that
this unemployment rate series represents a copstant degree of labor market
tightness, but does not bear a direct relation tc the noninflationary rate
of unemployment and is not the outcome of a study of inflation dynamics. If
their potential unemployment rate should not be confused with the noninfla-
tionary rate of unempioyment, should their measure of productive capacity be
confused with the traditional concept of potential OUtput? Until a more
serious effort is made to introduce a meaningful concept of potential labor

input, the Tevel of potential output estimated by such studies must be
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treated with skepticism. Having identified their potential level of
labor input with a constant degree of Tabor market tightness, these
studies may still be able to yield meaningful insights about cyclical
behavior of cutput relative to employment {(e.c. as in Okun's Law) and

the trend rate of growth in output, but the level of potential output
remains arbitrary as Tong as there is no raticnale {aside from historical
continuity) for the specific constant degree c¢f labor market tightness
employed in the analysis.

2. Explaining and forecasting growth retes of potential output.

The methodology used to determine growth rates of potential output is

to purge the data on actual output of its cyc’ical component (by relating
participation rates, hours per worker and procuctivity to cyclical
variables) and then to extract the secu]ar'trﬁnd via estimation of a

time trend. Ex post, this method seems capabie of reasonably determining
historic trend rates of growth of ocutput. However, changes in the trend
rate of growth can only be observed ex post and corrected for by time
trend dummies. And projections of future growth rates involve extrapola-
tion of recent historic growth rates plus conlectures about whether
recent rates are likely to continue, the recent slowdown will worsen, or
future rates will rebound. There is typically Tittle direct support for
such conjectures in the econometric analyses themselves.

3. The explicit treatment of capital stock data in projections of

potential output, What differentiates Clark's paper from earlier studies

and from Perry's paper is Clark's explicit treatment of the capital stock
as an input rather than capturing its influence via time trends in the

labor productivity equation. My initial reaciion was that this was a
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reasonable extension, although the whole history of debate over the baf-
fling problem of developing a meaningful measure of the aggregate capital
stock made me a bit wary. My initial favorable reaction was quickly
cooled by the arbitrary way in which capital was included--by imposing
fixed weights on labor and capital to form an index of‘total factor
inputs. Perry's discussion of the difficulty in obtaining statistically
significant coefficients on capital in aggregate production functions
both provides & rationale for Clark's procedure and reinforces my dis-
trust of the imposition of the arbitrary weights and my concern that
problems of measuring capital may indeed make Perry's approach more
reliable. Clark's defense of his treatment of capital seems to be that
it does not make a great deal of difference so that using Tabor input
and Tabor productivity would not have altered his results. I don't know
whether this is a defense for using or not using capital.

The Rasche-Tatom Paper

The Rasche-Tatom paper employs a methodology which allows for
explicit treatment of one of the alleged villains in the mystery--the
influence of the sharp rise in the relative price of energy since 1973.

By including the relative price of energy to proxy the input of energy

in production, Rasche and Tatom find that they can explain recent develop-
ments through 1975 without resort to special dummies for the 1973-5 period.
Their results also suggest a Tower level of potential output in recent
years even without any allowance for such factors as the increasing
proportion of capital spending devoted to pollution abatement and the

slowdown in the trend rate of growth in productivity after 1967 or 1969.
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An increase in the relative price of enerqgy should induce substi-
tution out of energy into labor and capital thus increasing the labor and
capital requirements per unit of output and decreasing the energy require-
ments per unit of output. Both Perry and Clark accept this as a plausible
respense to a change in the relative price of energy but attempt to
capture it in their productivity equations with either dummies for a given
year or time trend dummies, The issue then is the magnitude of this
effect on the level of potential output and the duration of its effect on
growth rates. Given the fixed levels of potential Tlabor and capital
inputs at the point of change in the relative price of energy, the
increase in capital and Tabor requirements per unit of output translates
into a deciine in potential output. The greater the substitutability of
capital and labor for energy, the greater the resulting decline in

potential output.

This procedure raises a number of questions:

1. The results can be heavily influenced by the form of the
praduction function and the constraints imposed in estimating the coef-
ficients. How did the Cobb Douglas form and restrictions imposed on the
parameters influence the sensitivity of potential output to the change in
the relative price of energy? I share Perry's view that the Rasche-~Tatom
methodology has Jed to a serious overestimate of the resuiting decline in
potential cutput. Yet I do not find their general approach, that of
including the relative price of energy as a proxy for energy input,
unreasonable. Additional research with less restrictive assumptions
about the production function would be useful.

2. No allowance is made for an influence of the relative price
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of energy on either the "potential" level of capacity utilization or
the rate of obsolescence. Both factors are treated as technical con-
stants rather than choice variables subject to influence by changes in
relative prices. Yet one of the most important channels through which
the sharp increase in the relative price of energy might be expected to
operate is by affecting the optimal rate of replacement investment.

The theory or nontheory of replacement investment is an important gap
in our conventional macro treatment of investment.

In contrast to the Rasche-Tatom paper, a 1975 paper by Myers and
Nakamaraljﬂn the effects of energy on productivity explicitly models the
influence of a rise in energy priceson the optimal rate of replacement.
They use a "vintage" (putty clay) model, and their vintage production
function includes energy along with labor and capital, An increase in
the price of energy is shown to effect the condition which determines
the shutdowyn point for a given vintage. Increased energy prices result
in an accelerated obsolescence of existing plant and equipment; the
increase in the rate at which old vintages are replaced with new (higher
technology) vintages tends to increase labor productivity. On the other
hand, the increased energy prices induce a substitution to labor and capi-
tal from energy so that the amount of labor and investment required per
unit of output tends to increase, reducing labor productivity. The net
result on productivity is ambigucus and therefore must be determined
empirically. Thus the effect of energy on productivity may be more complii-

cated than the Rasche-Tatom analysis suggests.
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3. Another questionable feature of the Rasche-Tatom analysis
is the failure to allow for a gradual response of production decisions
to changes in the relative price of energy. The discussion of their
projections of future growth rates, on the other hand, makes refer-
ence to a gradual response to energy developments. This seems to
involye conjectures quite unrelated to the explicit econometric

analysis of the paper.

Summing Up

Of the three issues we identified at the outset--the level
issue, the cyclical issue, and the rate of. growth issue--the papers
do the best job on the cyclical issue. But the main focus of the
papers is on the level and rate of growth issues and their approaches
to these issues have serious shortcomings. The level issue is simply
unanswered due to failure to jdentify an appropriate potential level
of labor input, In addition, the effect of the increase in the rela-
tive price of energy on the level of potential output remains un-
settled. Rasche and Tatom have probably overstated the effect, but
Clark's results also suggest the possibility of a substantial once
and for all decline in potential output. As for the projection of
future growth rates in three papers, at least in this case, time will

permit us to judge whose conjectures were most accurate.

Footnotes
1/ J. G. Myers and L. Nakamura, "Energy and Pollution Effects on

Productivity: A Putty Clay Approach," National Bureau of
Economic Research (mimeo), 1976.
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.5, PRODUCTIVE CAPACITY: A COMMENT

Pham Chi Thanh

I find myself in a somewhat unenviable position. The three papers
you heard this morning represent three different aporoaches to the
measurement of U.S, productive capacity. The three conclusions that
emerged differ quite significantly from one another--almost to the
point of being contradictory. It is virtuaily an impossible task as a
discussant, therefore, to be nice to all of the authors since if one
agrees with one, one will probably have to disagres with another. The
easiest way out perhaps is to play the role of a Devil's Advocate to all
three papers, and so [ will try to catch the Devil by the ideological
tail first.

Although the three papers represent three different approaches,
it is in the conciusions and their ideclogical implications that they
differ sharply. George Perry is obvicusly a liberal Keynesian who shows
his concern about the nigh level of unemployment. To say that there is
a large gap between actual ouiput and potential output is to imply that
there is room for the government to interfere. Bob Rashe and Jack Tatom
are just about at the opposite pole, being conservative. When they show
that actual output is only a 1ittle below potential and that it will

reach its potential maybe within a year, they are trying to sell us the

Dr. Thanh s Chairman of the Department of Economics, ihe American
University, Washington, D.C.
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idea that no government interference is good interference. "Demand
management policies are both unnecessary and inflationary," as they

put it. It seems quite strange to hear such an idea expressed so
seriousiy some fifty years after Keynes' famous lecture on "The End of
Laissez Faire.” Peter Clark, on the other hand, seems o have managed
to put himself in the middle. 1 have the impression that ne may be a
1ittle bit conservative at heart but, being on the staff of the Pres-
ident's Council of Economic Advisers, he cannot very well advocate non-
interference by the government.

Having speculated about the three ideclogies, it is probably fair
to reveal now with whom I side, if only to indicate the line of critique
that I am going to deploy. Coming from a radical center like American
University, it would seem to be a foregons conciusion, I certainly
share George Perry's concern about high unemployment and his belief that
the government might be able to interfere to alleviate it, although I do
not agree with his approach to the problem of measurement of potential
output. From a pure theoretical point of view, Rashe and Tatom's
approach is a better one, although there are a number of technical de-
tails that I found unsatisfactory. By way of substantiating these
remarks, let me begin with some background first.

To relate a given level of effective demand to a unique volume of
employment is one of Keynes' famous contributions to short run analysis.
This is perfectly legitimate. If the period is sufficiently short, one
can reasonably assume that other factors of production are fixed. After

all, the structure of social capital, for example, can only change



gradually. Thus Keynes believes that there exists a level of aggregate
effective demahd that would generate full utilization of the labor force.
Keynes was aware, of course, that even in the short run full employment
does not imply a zero rate of unemployment since there will always be
frictional and/or voluntary unemployment. On the other hand, to relate
a given rate of uneﬁplayment to a unique level of aggregate supply is
Arthur Okun's contribution {(now commonly referred to as Okun's Law), which
ted to this petential GNP debate. Okun's Law is about the Tong-run
rather than the short-run -~ at least that is how it has been used, with
some confusion, in the last fifteen years or so. The general consensus
seems to be that, even in the long-run, full utilization of the labor
force implies a certain rate of unemployment. This is not a new belief
stemning from recent revelation. Marx, for example, wrote intensively
on the "reserve army of the unemployed" and, in modern times, one often
hears the term the "natural" rate of unemployment from a conservative
Tike Milton Friedman aslweil'as from a liberal like Edmund Phelps.
Indeed, no rate of unemployment in the short run can be regarded as
“natural® by anyone in any sense.

Almost everyone ssems to subscribe to the view that in the long
run there is a minimum rate of unemployment that can not be reduced
permanently by fiscal or monetary measures. This is the so-called
"benchmark” unemployment rate. The obvious initial confusion was that
it was measured by the simple head count, which is appropriate only in
the short run. This is berause unemployment, 1ike sickness, takes its

toll in all age groups and in both sexes. For some reason, certain
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groups like female and young males, particularly black, are more
susceptible to the disease than others. It follows, therefore, if the
composition of the labor force changes, the benchmark rate will change
accordingly. George Perry's ingenious device of unemployment weights
is well-known and addresses itself directly to the long-run measure of
the benchmark rate. 1In this respect, Peter Clark's work on labor force
and participation rates also deserves praise. The only thing that I am
unhappy about is the easy and convenient reference to "cyclical varia-
tions" and "trend break." Of course, they are necessary to suit their
econcmetrics but these do not provide an explanation. To give an
example, Perry's 1967 trend break happens to coincide with a remarkable
phenomenon. Beginning in about 1966, the hourly wage of unskilled and
semi-skilled workers falls relatively to the hourly wages of skilled
workers. This was also the beginning of a period of expansion by U.S.
multinational firms. They started to move their Jabor-intensive pro-
cesses of production abroad where unskilled and semi-skilled labor was
cheaper than in the U.S. One can imagine that a great proportion of
females and young males, who were new in the labor market, belonged to
this unskilled and semi-skilled category. To emphasize the point more
strongly, one could say that the largest 500 firms in the U.S. can pro-
vide the same level of output with significantly Tess manpower by moving
some of their production away from the U.S. and then importing these
goods back to the home market. That is why Peter Clark's exclusion of
"output generated from the rest of the world," which seems perfectly

reasonable and innocent on the surface, might have an important bearing
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cn domestic output and the actual volume of employment, It would be
nice to know how much of the "output generated from the rest of the
world® was actually produced by U.S. multinational corporations.

Now, since all authors in their revision of the Council of Economic
Advisers' early estimates of potential GNP have looked upon the bench-
mark unemployment rate as a long-run concept, they all naturally extend
their analyses to take account of other factors of production such as
capital and energy resource. Everyone knows that the presence of cap-
ital input will pose great difficulty. Eveﬁ in pure theory, the
capital problem has never been quite settied. When one wants to deal
with it econometrically it is a real headache and I can sympathize with
George Perry's complaint. Unlike non-durabie goods which can be handled
with the help of an index, the evaluation of capital involves not only
a cross-section index but also one that involves time itself. A new
airplane is as different from an old airpiane as it is from a new motor
car. Strictly speeking, however, the evaluation of capital is no more
csmp?icated than the evaiuation of labor. Perry wonders how are we to
measure the flow of the productive services from a machine since, with-
out incurring any new investment, we can expand its productivity by
extending the number of hours it is used. Well, the same applies to a
worker. The flow of productive services from a worker can always be
expanded by meking him or her work longer hours rather than adding an
extra person to the labor force.

Atthough Peter Clark and Rashe and Tatom récsgnize the difficulty,

they brave a try at the capital stock. The strange thing is that they
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pay so much attention to obtaining a wmeasure of the labor force and
unemployment that is better than the simple head count, but did not do
the same with respect te capital stock. Just as the simple head count
will give a wrong picture of labor input and unemployment, counting
machines wiil give a wrong picture of capital input. Indeed, as far as
capital stock is concerned, it is very important to know the composition
of social capital, and the average iife of plants and capital equipment
as well as the rate of accumulation. Any change in these will affect
the volume of output produced, and therefore the relationship between
output and labor utilization.

Knowledge of the rate of accumulation is of particular importance
when energy resource is recognized as another factor of production.
Even in the theoretical literature the introduction of an exhaustible
resource, such as energy, into the analysis of growth is a new thing.

I applaud Rashe and Tatom's effort in incorporating this into their
estimate of potential output. Their use of a Cobb-Douglas production
function js however unfortunate. While there are good reasons in the
theoretical literature for the usez of a Cobb-Douglas production function,
there is no compelling reason for using it here. This particular
production function is used in the theoretical literature because it is
the best weapon to defend growth theory. Two of the special properties
of the Cobb-Douglas production function are that (i) output falls to

zero whenever one input falis to zero so that every input is essential
and (i1) the Average Product and Marginal Produﬁt of every input goes

to infinity as the input falls to zero. Unless we make such assumptions,
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there cannot be any eccnomic growth when exhaustible resocurce is a
factor of production if the stock of resource is finite and if its
average pfoduct is unbound only a finite quantity of output can ever

be produced. Therefore if growth is to be possible, this must not
happen. But that is the theoretical literature, where one is at liberty
to make any assumption to suit one's line of defense. For the problem
at hand, the use of a Cobb-Douglas functon, besides its usual distorted
picture of production, involves also the implication of infinite sub-
stitution possibility between energy and other input. If the price of
ong input rises relative to ancther, we substitute. Well, the concept
of substitution at the macro level in economics is a strange one. It

is 1ike a beautiful woman, always being loved and always being misunder-
stood. Substitution in the macroeconomic sense does not mean input can
always be immediately transformed. A drastic fall in wage rate today
does not mean that each Greyvhound bus from Chicagoe to St. Louis will

now be driven by ten drivers. A drastic rise in the price of fuel does
not mean that the bus will be pushed by drivers to St. Louis all the

way from Chicage. Substitution in the macro sense must be understood

as scrapping old eguipment and replacing it with new, accompanied by a
different labor intensity and/or different fuel consumption. Very high
fuel cost will lead to the production of new cars which consume less gas.
In other words, it takes time and needs the help of technical progress.
In using a Cobb-Douglas production functon, Rashe and Tatom make the
same specification errcr as the followers of Solow made more than a

decade ago. The elasticities o, g and v in their paper are the
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so-callied "surrogate” elasticities. They do not tell us about the
relative shares nor do they give any information about the production
process. Therefore, the calculation of potential output based on such

a function is quite futile. Their estimate of demand for energy is
based on the assumption that energy will always be used, up to the

point where the value of 1fs marginal product is eqguated fo its price.
Beside the implication of instant substitution that I mentioned earlier,
this assumption also carries another extraordinary implication. Their
estimated value of the output elasticity for energy is 9.4% which implies
that the share of energy factor in the U.S. national income is almost
10%:

Earlier, 1 said that the knowledge of the rate of saving is of
particular importance when energy resource is recognized as another
factor of production. If income is to grow steadily, then the rate of
saving affects not only the rate of growth but also the level of output
produced. Rasche and Tatom's calculation of growth rate of 3% is
therefore more of a wild quess than a meaningful estimate.

In general, 1 think it is possible to estimate potential output,
which corvesponds to given levels of input utilization. But to do so,
one needs to be able to estimate capital stock and energy resource
utilization correctly. The three papers do not give satisfactory cal-
culations in this respect. From a more general viewpoint, I alsoc think
the debate misses a fundamental point. Everyone obviousily Tikes to see
a lower vate of unemployment and it may be possible to reduce it to a

long run minimum rate by expanding output. But this is a shortsighted
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