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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ergy, By 1976, ocur measure is over 350 biilion below the old CEA
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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
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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
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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.
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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

88



FIGURE 2

YA wo wm em e e o GYLGE s ko R @R TR S gm R o

87



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*

Quarterly Data %947*—’%%%

s

1 1

— 114

sy

H1Y

108

1106

104

102

100

| ?asi”u?fﬁuiu

98 93
1047 4249350 5182 5254 S5 56 5T 585960010263 6465 56673407071 T2T72 747374 771978
Sources: U.S. Department of Commerce an
Shaded areas represent periods of business recessions
Mote: First quarter 19472100
*Retic of price index of non.rosidentic! fixed investment 1o price index of sutpul ln the pifvate business

SSSSSSS

Frepored by Federal Reserve Bank of 5t Louis



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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The Prospects foyr tho ©

eiative Cost of Energy

Enerqgy prices have been heavily influenced by Federal

requlations since the price control program announced in August, 1971.
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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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future growth rate of potential emplovment in the private
business sector s the same as the growth rate of potential employment, 23/
s astimates of

ployment unemployment

ployment 1s 1.65 percent per

cent per year in the private

The Growth Rate of the let Stock of Plant and ftouipment -- The

most difficult problem in assessing future potential output growth is

7

ding the growth rate of the capital stock. As Table 3 indicates,
the growth of capital has been relatively siow in recent years, but
aver a few five year intervals in the past, has been al relatively

rapid rates, Sipce it 35 JiTFicult to determine whether the
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transitional adiustment of the capital stock to a higher relative price

# energy 1s complete, and also since future increases are likely which
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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

100



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,

104



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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