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ECOROMIC POLICY IN TEE FACE OF DECLIIING PRODUCTIVITY GROVT!

William D. Hordhaus
Yale
University(1)

The recent slowdown in productivity growth
constitutes the major economic zilment of modern imcdustrizl coun-—
tries todzy. More than any other ill~-- higher oil prices, deterio-
rating terns oi trade, volatility of financial or foreign exchange
narkets, high inflation—~ low procductivity grovwth is the root of the
arrest of growth in livinz standards as well as the political ma-
laise in the Vest.

Faced with this silment, therc hzcs been no shortaze of pro-
scriptions —-most of them self-serving, But the central question
for economic policy has not been csrefully analyzed:

How should we react to slower procductivity grouth? Shoulc

we save rore? Should we work harder? Or should ve laov
back a bit and enjoy our endowvment frouw the past?

Vhile the sources of the productivity slouwcovn have been eu-

tensively analyzed, little snalysis of policy response has followecd.

{1} the author is John lusser Professor of Ecorouics, Yzle
University, and 2 member of The Cowles Foundation, Version
6.25,81.900,
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Surely there should be a better link betweer diagnosis and
prescription. It is as if, upon seeing a meighbor jog his rourcs
more slowly than usuzl, we give him our expert advice without find-
ing out why. But, surely, our advice to our neighbor must depend on
the source of his lagging pzce. Perhzps his shoes are old zrd pinch
his feet, in which case we would recormend a program of moderrizin:
his jogging equipment. Or, instezd, has he grown sowewhat fat, in
vhick case = period of dietary austerity is in order? On the otlher
hanc, 1f his strength 1s depleted, it might be suicidzl for hin to
run faster.

iy ther.c here 1s similar. The possible recsons for the pro-
ductivity slowdown in industrial countries are numcrous. low we
should respond depends on vhat has happened. A wore serious exaugple
is the decline in productivity in extractive industries. Total fac-
tor productivity in mining (principally o1l and gas) in the U.S.
grev at 2,6 percent annuzlly during 1945-73, then declined zt 2.5
percent annually from 1973 to 1979. A very clear breck in trend of
finding rates for oil and gas can be seen in the U,S. after 1973.
Whet was the source of the productivity break im oil drilling iun
19737 There are two classes of reasons—-manmade obstacles and natu-
rzl depletion, In the former cztegory we would place the results ol
the regulatory apparatus set up around 1970 to control oil and gaso
prices and regulate mine safety. In the depletion category we might
guess that the dramatic upturrn in drilling since 1973 has led to se-

vere short-run diminishing returns.



Although the oil drilling story is fascinating in itself, I
tell it here only to illustrate the more general point, How we
should respond to the productivity drop in extraction depends cru-
cially on whick of the two explanations in the last paragraph we be-
lieve, If we think manmade impediments (price controls, high or
distorted taxes, confusing regulations) are to blame, then we should
work overtime to rationazlize or dismantle these obstacles. If, on
the other hand, we fecl that we have been deslt a poor hand by na-
ture in thke 1970s (depletion of resources, declining inventiveness,
lov marginzl productivity of capital), then the appropriate response
is less clear. Upon seeing that the yield per well drops shargzly,
do ve vant special tax incentives for investment or saving to induce
us to drill more wells? Or should we drill less aud use the freed
resources to develop synthetic fuels or to enjoy solar intensivc
bezch activities? There is no clear answer. Some old jozzers try
harder while others turn to gin.

With these introductory notions, I mow turn to a discussion
of the productivity puzzle and policy reactions. The first section
reviews evidence on the sources of the productivity slovdown in the
United States and other major OLCD countries. The second section
discusses economic policy responses frowm an analyticzl point of

view,



A. SOURCES OF THE PRODUCTIVITY SLOVDOWT:

The purpose of the present section is to review the recent
discussion of the productivity slowdown in the United States anc r.a-
jor industrial countries.(2) Has there rezlly been a productivity
slowdown? 1Is it unprecedented in recent econcmic history? Ukat arc
the generally accepted reazsons given for its occurance? And hov do
the reasons given fit into the depletion versus obstacle theories
civen above?(3)

1. Has there really been a productivity slowdowvn?

It is by now generally accepted that the productivity grouth
in the United States has significantly slowed over the course of the
1970s., There is no consensus about the exact timing of the slou-
dovn; productivity growth has clearly slowed since the early 1960s,
but whetiier the decisive year was 1969 or 1973 is subject te cdis-
pute, In what follows we will use the year 1973 as the brezk year
beczuse a distinct break shows in the dzta that year, and many prou~
inent reasons for the slowdown (energy prices being the outstanding
exanple) appeared in 1973,

Using 1973 as a break point, Table 1 gives several measures
of aggregate productivity performance in the eerlier and later peri-
od. The decline in the growth of labor productivity is clezr for
all concepts used. Depending on which concept is used, productivity

growth has fallen by 1.9 to 2.3 percentage points per annum,

(2) I will use the inaccurate "productivity slowdouwn" as shorthzand
for "a decline in the growth rate of labor productivity."

(3) The section on sources of the productivity slowdown draws on a
fuller discussion in Hordhaus (1930),
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Table 1.

Hessures of productivity performance, Dnited States
before gand after 1973

[Annual aversge growth rate, percent]

48-73 1973-80
OQutput per hour
of all persons:
Total econonmy 2.3 0.4
Private business 2.9 0.6
Fonfarc private business 2.5 0.5

Source: Economic Report of the President, 19El.
Figure for total economy is real GNP
divided by total employment.



It should be noted that the productivity decline is also
extremely widespread. Table 2 shows the growth of total factor
(capital and labor) productivity in major industries in the U.S. Of
the 12 major industry groups, only coumunications and the finance,
insurance, and rezl estate group have not suffered z slowdowr in the

post-1973 period.

At a somewhat deceper level, we might ask whether the
productivity slowdown is an illusion. After three deys of continu-
ocus rain we do rot generally dust off plans for building an arc--
altlough after thirty we might. To what extent is the helf dozen
years of dismal procuctivity growth sufficient to convince us that,
to return to our climatic analogy, we have encountered z techno-
logical climate change rather than a run of storms,

To my knowledse, no one has looked hard at the gquestion of
whether the recent productivity slowdown has a precedent. TFor tlis
reason, I patched together a lonz time series on labor productivity
in the nonfarm business sector of the U.S. running over the period
1969 to 1979, Using standard techniques I removed the cyclical in-
fluence on productivity, and then asked a number of questions abeut

the past behavior of the cyclically corrected series.(4)

- —— -

(4) The cyclical influence was removed as follows: A regression ol
productivity change on output growth and lagged output growth
was run; the coefficients and standard errors being .316 (.044)
and -,077 (.044) respectively. A cycliczlly corrected produc-
tivity growth was then constructed by subtracting from measured
grovth the deviations of output growth from its mean times the
estimated coefficients. Note that the sur of the coefficients
is about 0.25, indicating that faster growth leads to faster
productivity growth in the long run., While this extent of econ-
omies of scale is high, it is not entirely out of line with es-
timaztes of Denison or Kaldor.
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Table 2.

Total Factor Productivity Growth ip
Major Jondustry Groups, Dnited States

Agriculture

Mining

Construction
Manufacturing
Transportation
Communication

Public Utilities
Trade

Finance and Insurance

Reszl Estate

Services

Source: American Productivity Center (1950),

48~
3.2
2.5
1.2
2.2
2.8
4.6
4.1
2.4
0.2
2.8
1.8



First, we can simply inspect the time series on preductivity
growth. The most revealing series, shown in Figure 1, i1s the lon;
tirie series on smoothed, cyclically corrected productivity growtkh.
For this series, I chose 2 six year lagging average {corresponding
to the six lean years since 1973). The last observation (for 1979)
thus corresponcs to the average productivity growth over the period
1973-79.

The results are quite striking. If we ignore the wiggles,
there was novre or less comstant rate of productivity growvith frorn
Vorld Ylar I to the middle 19560s. Starting about 1966, howvever,
there hazs been a slov but steady dowvnward creep from an average c¢i 2
to 2 1/2 percent anrually to 2 level of slightly under omne percent
in 1979. lloreover, the smoothed rate of productivity growth in 197¢
wzs lower than any year since 1933, and one would have to go bach
before 1920 to find a markedly worse year. The ouly yecr remotcly
as poor in the postwar period was 1951, Thus casual evidence indi-
cates that one would have to go very far back--tc a period which
surely stretches credibility about the data-- to find cowmparable
poor experience.

A second way of examining the data is te perform & fornal
statistical test on the hypothesis that there was a change in struc-
ture after 1973. To do this, we simply take our regression de-
scribed in the footnote (4) above and add a dummy variable to the
post-1973 period. This technigue gives results that are consistent
with the visual impression in Figure 1. Uhen the test is confinecd

to the postwar period (1949 to 1979) there is z statisticclly sig-
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FIGURE 1. Estimated long-term growth of underlying productivity growth.
Series is output per worker-hour in the private non-farm business
economy. Cyclical influence has been removed as described in
footnote. For each year the rate is the average of the cyclically
corrected growth over the last six years. The last observation,
therefore, is the average cyclically corrected productivity growth
rate over the period 1973-79.



nificent decline in productivity (the dummy shows slower productivi-
ty growth by 1,3 percent with a standard error of .63 percent).
However, if the entire period is weighed (1912 to 1979), the slow-
down is smaller (.96 percent) and has a larger standard error (1.0
percent)}, Thus, while the slowdown may look quite unprecedentec for
thosc with short memories, in the longer view, the slowdown is one
which we would expect to occur from time te time, Indeed, such
slowdowns hcve occurred tvice before in the last 60 yezrs. Judging
on the basis of the postward period, we would expect to drawv a haund
as bad as that of the last 6 years once every 4 decades. Over the
entire sanple period, we would expect as bad a hand about once =
decade,

The productivity slowdown has also been felt in all the major
industrial countries. Illustrative cdata can be gleaned from studies
by the OLCD Secretariat, UlNore than the ususl caution 1s necessary
in relying upon these dzta, for they have different sectoral and
conceptual bases.

Table 3 shows the productivity trends in the sevenr largest
industrial countries; while Figure 2 graphs these for the two sul-
periods. As is customary, we examine the periods before anc aiter
1973. The results are as striking for the other industrial coun-
tries as for the U. 8. Productivity has slowed markedly in all
countries., Japan showed the largest slowdown, a 5.2 percentage
point deceleration, while Germany”s is the smallest, slowing 1.2
percentage points. By international standards, the slowdown in the
United States was relatively wodest,

2. Uhy has productivity slowoed?
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FIGURE 2. Productivity and output growth in seven largest industrial countries, 1960-73 and 1973-78.

Source: Table 3.



Table 3.

Labor Productivity Crowth jo Major OECD Countries,

Canada
Output
Productivity

France
Qutput
Productivity

Gerwany
Qutput
Productivity

Italy
Output
Productivity

Japan
Qutput
Productivity

United Kingdon
Output
Productivity

United States
Output
Productivity

Source: OECD (1980), p. 16.
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From now on I will assume that productivity has slowed znd
turn to the reasons. Almost all studies estimate the effect of a
particular factor on productivity growth by "growth accounting."
This technique assumes that there is a well-behaved aggregate pro-
duction function, and that for most factors the contribution of in-
puts (the marginal product of a factor) is measured by its market
return,

While there are many shortcomings to such an approach, it is
the only theoretically defensible technique that allows a quantita-
tive decomposition of slower growth. It can only amalyze issucs
thet are gquantifiable, and thus cannot test hypotheses suchk zs an
epidewic of on—-the-job lzziness or poorly measured output. Thus,
just as we are likely on a dark night to start searching for a lost
wallet under a lamp post, sc a2 search for lost productivity starts

with growth accounting.

The United States

Ve will not attempt to summarize the studies in any detail at
tkis point, but make general comments about the overall findings.
Table 4 shows for the private business econouy nmy "best guess" as to
the magnitude and the source of the productivity slowdown for the

United States, from Nordhaus (1980).(5)

(5) In what follows, we identify "proximate" causes of the slowdoun.
That is, if capital growth slowed because of higher energy pric-
es, the Ycause" of the slowdown will be identified as capital
rather than energy. This is, again, an accounting exercisc
rather than a structural model of the econouy.
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Table &,
“Best Guess™ fources of Productivity Slawdown*

Total Decline 2.5
Cyclical _ 0.3
Trend 2.2

percentage points

Sources:
Cspital stock 0
Labor 0
Energy 0
Regulation 0
B&D 0
Sectoral shifts 0
Dnexplained 1

*The "slowdown" is the difference in the growth rate of
productivity per hour worked fron the periol 194B-65 to
the period 1973-80. Output is gross product originating
in the private busivess sector. Note that a positive
aunber indicetes 8 slowdown.



It is generally thought that the slower rate of growth of the
capitzl stock has contributed significantly to the productivity
slowdoun, The severe recession after 1973, as well as a higher cost
of capital, led to a markedly lower growth in the capital stock.
This would imply that at a given rate of utilizatior of capital, its
contribution to output would be smaller. The best guess as to thc
contribution of the slower growth of the capital stock to the slou-
dowan is 0.3 percent per annum. In a2ddition, changes in utilization
since 1973 have been large, but should be associated with the cycle,
not to a deficient growth in capital stock suck es might arise with
higher cost of capital.(6) These studies omit a further factor, thct
thie profit rate on czpital (and presumably the marginzl productivity
of capitzl) has declined in recent years.

As the productivity concept we are using here is ocutput per
hour worked, the contribution of labor is likely to be small., Bow-
ever some demographic shifts have taken place over the postvar peri-
od. The best guess is that labor quality subtracted approuimctely
0.1 percent annually from conventionclly-measured procuctivity
growth,

The contribution of energy to the productivity slouwdown is
extrencly controversial, and is discussed further below. The esti-
mates generally converge on numbers in the range of 0.1 to 0.2 per-

cent per annur, except for models which have an unrezsonably rapid

(6) There is a serious problem in many estimates of the contribution
of the capital stock., They compound changes in stock with
changes in utilization. The latter appears responsible for most
of the contribution of capital to lower growth, Assuming the
two factors have the same output elasticity is clesrly a miscpe-
cification.
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adjustment of capital stock to change relative prices,

The influence of regulation is perhaps the most difficult ef-
fect to measure. The direct effects—-inputs devoted to tasks that
do not show up as measured output——=zre easily measured, and the cs5-
timates given in Table 4 reflect these direct effects. The indirect
effects~—chilling effects of regulation on innovation, entrepreneur=
ship, or choice of techniques-—~ do not appear in the estimatcs. A4S
z crude calculation for manufscturing suggests the latter nay be
quite large, I use the high end of the range in estimating the ef-
fecte of regulation on productivity.(7)

Two other items which have been explicitly identified and
measured with some care are the effects of the lower intensity oi
research and development, and the role of sectoral skifts. It is
estinmated that these contribute modcstly to the productivity slow-
dovrn, One of the important fcatures of Griliches” study ig the su -
cestion that the social rate of return on R & D has declined marxec-
1y in the most recent period.(8)

A fincl factor in the productivity slowdown is the effect of
slover econonic growth since 1973 uporn procductivity grovtii, This
factor is sometimes ignored, even though there is considerabkle evi-
dence of short-run {even long-run) increasing returns to scale.

lost studies that directly examine this question for the United

(7) The crude czlculation examines the extent to which the decelera-
tion of labor productivity in 50 manufacturing industries belore
and after 1973 is larger than can be explained by direct costs.
In work underway with Robert Litan, we find that the total ef-
fect is about three times the direct effect, but the coefficient
is very poorly determined,

(&) See Griliches (1981).
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States find some modest effect of cyclical conditioms=-ranging up to
0.3 percent for the period 1973 to 1978. It should be noted that
the utilization correction discussed under czpital above is better
described as a cyclical correc:.on rather than a capital contrib-
ution.(9) I will use 0,3 percent per annum as a reasonzble best ju-
ess for the contribution of slower economic growth to slover produc-—
tivity growth.

Table & collects my best guess as te the sources of the pro-
ductivity slowdoun in the private business sector. Im this collec-
tion, I have used the period up to 1965 and after 1973, beczuse it
is so0 difficult to identify exactly where the brezk point caume his-
torically. For these periods, the productivity slowdown was 2.5
percent. Taking 2ll the identified factors, we can reasoacbly ex-
plain zbout 1.5 percent of the decliune, but the remaining 1.0 per-

cent twust at this point be labeled as mystery.

Internztional comparisons

It is customary for American economists to ignore the fact
that there are other industrial countries east of Cape Cod and west
of lalibu. The experience of others is particularly iwportant given
ttie pervasive nature of the productivity slowdown, as well as the
fact that it occurred after 1973--a year in which all industrial

economies suffered the trauma of the o0il shock and after which f{oi-

(9) In a statistical test performed for an earlier paper, Nordhaus
(1980), I found that the slower economic growth for the private
business sector contributed about 0.3 percent to the slowdown
after 1973,
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loved a major recession in world trade. To what extent can we re-
solve some of the debates about the productivity mystery by lookin:
at international data?

The first question is whether ve should be interested in per-
vasive phenomena. Given the universality, sinultaneity, and depth
of the productivity slowdown, it seems clear that we should lool
first for common explanations. Among common explanations, five secew
plausible: energy, slow economic growth, slow growth of capital,
and inflation.

1. The most plausible explanation for a comon czuse of tne
slowdown is the energy crisis of 1973. The energy sector is one in
which structural change over the last 10 years has been so rapid
thot it has affected overall economic performance., With respect to
the productivity probleuw, three facets must be recognized. First,
the enerzy industries have exzperienced an extremely shcrp deciine in
productivity growth, Iining and utilities experienced total factor
productivity decelerations of 6 percent over the postwar period.
Second, the sharp run-up of energy prices since 1973 led to some
substitution of other factors of production for energy, lowvering the
productivity of these other factors. Finglly, the inflationzry inm-
pact, terws of trade, and rezl income losses due to the energy cri-
sis contributed to the slower demnznd growth and concomitant slower
productivity growth since 1973,

There is a major controversy as to energy s contribution to
the productivity slowdown. The range of estimates of contribution

for the United States are from 1.5 percent per annum to C.l percent
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per annur., Source of these differences arise because one autlior
looks at proximate causes (as in Berndt (1980)) wkile another loois
at ultimate causes {as in Ludson anc Jorgenson (1978)). This dif-
ference has often been attributed to the emergy-capitzl complemen—
tarity question. The issue can be quite succintly put by consider-
ing two polar cases and realistic data for 1973-77. Start with thc
norucl case, where energy, capital, and lzbor are coubined in &
Cobb-Douglas production function with sheres of (.1, 0.2, and C.7
and further where labor supply and rezl interest rates are exo,e-
nous. In this world a 25 percent rise in real energy prices vill
lead to & long-run decline in labor productivity of about 3.2 per-
cent,

At the other extrene, let emergy and capital be used in fixed
proportions and cowbined with labor in a Cobb-Douglas production
function. In such & case, doubling of energy prices would lecd to a
decrease in labor productivity of 3.4 percent. Over a four-year
period, with full adaptationm of the capital stock, we shouléd find &z
decline in productivity of 3.5 percentage points. (In a more cor-—
plete model, Hudson and Jorgenson estimate that the four-yezr effect
was 2.5 percentage points.) Because the exact form of the procduc-
tion function does not make wuch difference, it is, hard to see how
the issue of capital-energy complementarity cculd generate muchk con-
troversy,

In fact, this capital-complementarity controversy has been a
smoke-screen which effectively camouflaged the rezl issue--the en-

bodied nature of energy use, The error in both models above uvzs to



assume that the capital stock and enerpy use adzpted instantzneocucly
to changed relative prices, as in the so czlled putty-putty modcl.
In the first model, energy consumption should have fallen 6 percent
annually relative to trend, while in the second it shovld have fell-
en 2 percent annually. 1Im fact, in the long run most energy con-—
servation takes place through substituting more energy-efficient rec-
frigerators, houses, and cars~—& process whose hclf-life is probably
20 yeers, From a statistical point of view, the rezson time-series
putty-putty models keep relling us that energy anc capital sre couv-
pliments is that, by creating a complementary factor of ccpital and
eneryy, the speed of reaction of energy demand is effectively slowed
douvn fron O percent a year to I percent a year--to a speed closer to
the putty-clay model.

The significence of the putty-clay vieu is that the cffect of
enercy prices on productivity is spresd over many years, Ia o no-
growtl: economy where capital lives 20 years, the Cobb-Douglas putty-
clay wodel would predict that as a result of the 1973 price shock
productivity would show an energy drag of 0.1 to 0.2 percent until
1923. During this entire period high cost oil would be progressive-
ly replaced with high cost copital and labor., The slower the ad-
justment, the less the productivity slowdown and the louger is thc
period over which the productivity drop is sprezad.

In 2 recent article in the Drookings Papers, I estimated the
impact of the 1973 o0il price increases on the productivity slowdoun

for a simplified putty-clay model.{(10) For the OLCD as a whole, uy

(10) See llordhaus {1980z)
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best guess was that the price~induced response lowered productivity
growtkh 0.14 percentage points per annum over the 1973-79 perioc
compared to a slowdown of 2.4 percentage points from the 1963-73
period

Thus while the o0il crisis looks like z highly plausible cause
for the slowdown, its quantitative significance zppears insufficient

to account for much of the slowdown in most countries.

¢

Z. Investnent

A common theme in popular as well as profecsioncl discucscions
is that the poor recent investment performance in industrial coun-—
tries is largely responsible for the procuctivity slowdovn. 1 indi-
cated above the evidence for the U. S. was mixed on this issve, and

depencus in part on the treatment of utilization of capital.

It is possible to get further evidence by examining interna-
tionzl trends in investment behevior. The OLCD has collected data
on capital stocks in major countriees for the years 1960, 1973, and
1976, The results of this exercise are shown in Table 5. The first
colunn indicates the estimated share of pretax profits in GLP=--con-
ventionally taken as a good estimate of the elasticity of output
with respect to ccpital services. The second colw.n shous the ac-
celeration or deceleration of the capital~labor ratio from the
1960-73 period to the 1973-70 period for each of our seven major in-

dustrial countries.
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Table 5.
CONTRIBUTION OF ELOWDOWN IN CAPITAL-LABOR RATIO
T0 LABOR PRODUCTIVITY, 1960-73 TO 1973-78

(1) (2) (3) (4)

Pretax Share Change Imn: Contribution Actual
of Profits Annual Growth of K/L to Slowdown

in GDP of K/L (&) Slowdown (b} (a,c)
France .37 +1.0 +0.4 -1.7
Germany .33 -0.4 -0.1 -1.0
Italy .25 -2.4 ~0.6 =4.3
Japan 031 '30A -151 -5-6
T.K. «29 -0.5 -0.1 -2.4
U.8. .29 ~0.6 -0.2 -1.9

Source: OQECD unpublished data.

a) Annusl growth rate 1973-78 less growth
rate 1960~73, percent per anoum

b) (3) = (1) = (2)

c) Output per employer, monfarm business sectors



Hultiplying columns (1) and (2) gives, in colunn (3), the
growth-accounting estimate of the slowdown in labor productivity
that should have come about because of the slowdown in the growth of
the capital stock. This estimate is of the wrong sign or very sumall
in five countries, and above the noise levels in Italy and Japan.
But the major conlusion is clear: wusing the conventionzl analysis,
in no country could the slowdown in investment and capital fornation
plausibly be a major pzrt of the productivity slowdown. Indecd, iu
no country is the estimated contribution of capital more than one-

fifth of the size of the productivity slowdown.

Vhile crude, these calculations give the same quulitative an-
svers as the more careful estimates for the United States. It is o
puzzle, perhaps best left to the political scientists, how so small
a factor cau have beconme the major popular explanation for the slow=

dourn.

3. A third possible explanation of the slowdown in productivity
is slower output growth, The idez, which has founé some support in
work of the QOECD, run something like the following: A modcrn indus-—
trizl economy is subject to significant economies of scale, If
there is a slowdown in the growth of output, then there will also be

a significant deterioration in the growth of procductivity.

liore formally, assume that the aggregste production function is

of the form

log{¥) =a+ bt + c log() + d log(L)
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where Y, K, and L are output, capital, and labor and t is tinme.
Define ¢ + d as the scale coefficient (or the elasticity of output
with respect to inputs). If the scale coefficient is significantly
greater than 1, then a slowdown in the growth of output will slow

conventionally measured labor or total factor productivity.

Figure 1 above shows qualitatively what the relationship lookcd
like between fhe deceleration in output and the deceleration in pro-
ductivity. The relationship is extremely striking, so much so thct
one would be tempted to conclude that the scale may be an importart

factor.

As noted above, a scale coefficient of 1.3 has been associated
with output growth in the United States during business cycles; this
mizht be closer to 1.1 in the long run--a figure chosen by Denison
(1962) -- if the observed cyclical recponse is only part of a lonjer

run adjustment mechanism,

Table 6 below shows the possible contribution of scale econc-
mies under alternative assumptions about the scale cocfficient. The
scale effect looks like a very promising explanation for at least a
part of the slowdown. The fraction of the slowdown that can Lte ex-
plained ranges from one-tenth to one-third for a scale cocfficient
of 1.1 and from one-fourth to all of the slowdown for a scale coef-

ficient of 1.3.

At the same time, it should be emphasized that there is a seri-

ous econometric identification problem frow relying on the ex post
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Table 6.

Contribution of Slover Qutput Growth
Productivity §Lowdo » 1960-73 to ]1973-78.

e

Actual Predicted Contribution
$lovdown vith Scale Coefficient of (a)
1.1 1.3
Canada ~2.1 =0.3 0.8
France =-1.7 -0.3 -0.9
Germany -1.0 -0.3 -0.9
Italy -4.,3 -0.4 -1.2
Japan =-5.6 -~0.8 -2.3
U.K, «2.4 7 -0.3 -0.9
v.S. -1.9 -0.2 -0.5

Source: OECD (1980), p. 10

(a) Equale (deceleration of output from 1960-73 to
1973-78 in ponfarw business sector) times
(scale coefficient ~-1).



relationship between output and procuctivity, 1If there were con-
stant returns to scale and productivity growth slowed for exogencus
reasons, we would expect that policymakers would act to slow the
growth of aggregate demand to prevent overheating of the economny,

In this case, the ex post relationship would show a very stron; cor-
relation of output growth and productivity growth. Indeed, over ¢
lon_; periocd the slope of the relation shown in Figure 1 would be
unity if all shocks were to potential output rather than to the uti-
lization rate of poterntial output. While sowe analysts have been
aware of this identification problem, I know of no studies which
successfully separate out the two possible reazsons for the correla-
tion of output and productivity growth. Because of the possible
contarination of the correlation, the results of Tipure ] and Table

6 must be viewed with some caution.

&4, Inflation and macroeconomic policy. A good deal of hend-
wringing about current economic conditions coancerns the impact of
inflation and the size or financing of the public sector, as vell as
the excessive (or is it insufficiert?) growth of some monetary ag-
gregcte on productivity, These are particularly difficult issues to
address, largely becsuse the mechanisms by which these forces sffect
productivity are often unclearly defined.

There are two clear mechanisms by which inflation or macroeco-
nowlc policy might affect productivity-- through investment and
through the efficiency with which existing resources are used. For
the most part, the professionmal discussion stresses that inflation,

high capital taxes, and high real interest rates led to a deteriora-
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tion of economic performance by lowering investment., Thus a reccnt
paper on the United States by Larry Summers (1981) estimates that aun
inflation increase of the order of the 1970s (he analyzes an 8 per-
cent inflation shock) would lower the capital stock in the corporate
sector by 12 percent after 10 years. While not a terribly robust
conclusion, this indicates that there might be a strong impcct of

inflation or macroecononic policy on productivity.

Vhile one can quarrel with details of these studies, the eovi-
dence cited above on growth im the capital~labor ratio would appeer
to rule out this mechanism as an important one in the productivity
slowdown to date, simply becesuse there has not been a marked invest-
ment slowdown. Put differently, as the growth in the capitzl-labov
ratio did not slow markedly, tle investnert mechanisz cannot be the
rcute by which inflation or macroeconon:ic policy causcd the slou-

dowrn.

Of course, it might be arguec that, but for these faciors, the
capital~labor rztio would have accelerated enormously; in which casc
the toll of inflation is a stable rather than rising capital-labor
ratio. Vhatever one might think about this last hypothesis, it is
striking that, even after absorbing 1000 blows from &all sides, therc

weas so little decline in investment over the last deczde.

The other possible route by which inflation or inappropriate
wmacroecononic policies could have affected productivity is through
static inefficiency, such as through conventionzl resource miszllo-
cation., It is sometimes argued, for example, that relative price
disequilibriuw increases during inflationary periods.
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While I know of no study that might shed light on this ques—
tion, it appears to me to be a2 non-starter. Resource misallocation
has been studied in depth in a number of zreas for more than two
decades; and the effects of pricing misallocations (such zs those
arising from international trade barriers or monopoly pover) are us-
uzlly in the order of a few tenths of a percent of total output.
This is the "lav of little triangles." If inflation vere ss inpor-
tart @ source of static misazllocation as monopoly, it wight subtrac:
a fev hundredths of a productivity point per annur from productivity
grovth over the last decade; more than this amount is hard to derive
from any anclytical technique I know of.(11)

L. AL ANALYTICAL ADATOIY O TLE SLOVDOWT

llaving reviewed briefly currert knouvledse zbout the sources
of the productivity slowdown, I would next like to suzsest an anc~
lytical apparatus for thinking about the slowdown. The apparatus
relies upon the neoclassical growth model. Let us start by assurin,
that economic growth policiec had been well-designed in the periaod
before 1973. Figure 3 illustrates the grouwth equilibrium that might
hzve been experienced in the 1960s. Given the consumption possibil-

ity curve--F(cl, c2)-- and the indifference curve—-U(cl, c2)--the

——— e ——— = e = ——

(11) A study by Clark (1981) finds a significant historiceal associa-
tion of inflation and the procductivity slowdown. Using numbers
from this paper, or from Fischer (19S1), it appears that the
standard deviation of annual inflation rates across commoditiec
approximately doubled, from 3 to 6 percent, after 1973. 1If
this is tzken as a measure of the inflation-induced price mis-
allocztion (a rather wild leap of faith), and if price elastic-
ities were uniformly -1, then the inflation-induced inefficien-
cy would be in the order of 0.02 percentage points per annum
over the period 1973 to 1979.
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FIGURE 3. 1Illustration of outcome of choice of optimal growth
path before productivity slowdown.



best outcome 1s with consumption (cl, c2). Savings in the first
period is {c* - cl) and the economy grows at a rate g on ray frou
the origin 0C.(12)

If we return to exanine our econowy a few years later—- zfter
the productivity slowdown--vhat do we see? Unfortunately, we don”t
see the F or U functions in Figsure 3, Rather, we ginply observe
that the economy i3 growing at a reduced rate along line QD rather
then the earlier ray OC.

Uhzt are the czuses of the reduced growth? In the various
panels of Figure 4 we show four alternative explanations of the kink
of forces that have been operating in recent yecres to slow procuc-
tivity growth, We will first attempt to fit the different causes
discussed in Part A into the analytical mold, then we will discuss
the appropriate policy response.

Table 7 divides the "best guess' sources into the four cat-
egories. Needless to say, this division is not obvious, but the ex-
act numbers are less important than the general outline.

a. The shift in tastes category shown in panel 4z would zrice
in two different cases. This observation rests on the view that the
decade of the 1960s was a period devoted to emhancing econonic
growth, while the decade of the 1970s was a perioc¢ of the retreat
from affluence. 1 interpret the lack of further pro-growth policies
during the 1970s and the attempt to internalize externalities as
changes in tastes. In both cases, decisions were taken which were

tilted toward consumption or away from conventionally measured out-

(12) The discussion of diagrams in the text is based on the stancard
optimal growth analysis. A formal description is given later.
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Tadble 7,

Jllustrative Division of Bources of
Productivity flowdown Into Catesories

Category

1. Shift iu tastes

2, Market failure

3, Self-inflicted
wounds

4, Depletion

Quantitative Significances

(percent of slowdown)

Captial (due to

incentives). } 10%
Internalize

externalities.

Capital (due to } sz

tex systec).

Regulation and
cycle (due to } 20%
poor policies).

Energy. Investment

(lower productivity

of capital). } 65%
Sectoral shifts,

Cycle (due to slow-

down). End of catch

up. Slowdown of
innovation.



put. A rough guess would be that one-tenth of the slowdown in the
United States arose from this source.

b. The second category shown in Figure 4b is that market
failure became worse, As noted above, there are few documented er—
auples of how market failures have become worse duriny the last dcc-
ade, although one example might be the interaction of inflation and
the tax system which might procuce lower investment or higher inef-
ficiency. As noted above, this effect does not plausibly look
large, so to be generous allow 5 percent of the total arises frou
nariket failures.

¢. The third category is self-inflicted wounds. One clecr
casc 1s poer cyclical managemant, Hucessively expencsionzry policices
before 1973, and poor choice of tools for fighting inflation since
1973, led to z distinctly slower growth rate and thereby slover pro-
ductivity growth., A second exanple of poor management is excessive-
ly stringent or inefficient regulation, A rough guess is that 20
percent of the slowdown fits here,

d, The balance of the slowdown, totaling 65 percent, I will
attribute to depletion, The evidence on the depletion hypothesis is
qualitative and circunstantial but, as I will next indicate, persuc-

sive,

The depletion hypothesis

If we accept that the other three sources of slowdown explain
only a third of the slowdown, this may suggest a different phenon~
enon at work, Is it not likely that we have temporarily exhausted

many of the avenues that were leading to rapid technological chanje?



FIGURE 4. Illustration of four possible reasons for the productivity
slowdown, In each panel, point A represents the consumption
bundle before, and point B after, the productivity slowdown.

€2 €2
A
U
B
F
“1 €1
(a) Reduced growth because of (b) Reduced growth because of
change in tastes, undersaving
[~ [+
2 2 A
A
eB
¥ 2 F1
{c¢) Reduced growth because of (d) Reduced growth because of
self-inflicted wounds, depletion of resources and

ideas.



There is no law of nature that technological advance should be at a
steady rate, Perhaps we should not assume an anthropogenic origin
for the productivity slowdown, but rather accept it as a a poor houc
dezlt by nzsture.

Our discussion of the sources of the productivity slowdovn
for tre U. 8, indicates that depletion is a quantitatively plavsi-
ble explanation, The decline in productivity in extractive indus-—
tries is of course a literal example of depletion., The decline in
tke return onm capital and R & D (without a surge of either) seenc to
incicate depletion of investment opportunities. There is evidence
that econouies of scale in electrical generation and many process
industries hav¢ been exhausted. We have zlso largely exhzusted the
productivity bonus due to sectoral shifts from agriculture to indevs-
try. It might alsc be appropriate to attribute to depletion the
loss of the productivity bonus froi. economy-wide ccononies of scalc
arising in the wake of slower growth from depleted opportunities.

A finel and more impressionistic notion is that the great in-
ventions suchk as those we have witnessed in the past century (tele-
phone, autorobile, rayon, airplane, computer, transistor) are ap-
pearing less and less frequently. Table § illustratee the timing of
a list of great inventions over the 20th century which does give
somce support for such & hypothesis.

OQutside the Y.S5., the depletion arises in two forms in addi-
tion to those seen for the United States. For the early part of the
postwar period, Europe and Japan were rebuilding from the war. 1In

the later part, they were probably engaged in a c¢cateh—up with the
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Table B,

Distribution of Great Inventions

pf the Iwenticth Century
Fumber of
Decade lnventions
1900-09 5
1910-19 6
1920-29 5
1930-39 15
1940~49 15
1950-59 10

1960-69 4

Source: From Jewvkes et al,

The Sources of Jovention.

The dating of an invention is from first commercial
application or prototype.



most advanced technologies. Tigure 5 shows the extent to which thc
catch-up phenomenon may have led to very rapid growth in early
years, particularly in Japan and Germany. Both these special fac-
tors were becoming depleted by the 1970s.

Returning to zn earlier question, it is plausible thLat deple-
tion might be the cowmon cause of the slowdewn in the severazl coun-
trics? Some of the sources of depletion might have plausibly occur-
red simultaneously in a number of countries in 1973. Thus the
depletion of energy resources, the depletion of investment opportu-
nities in the tradatle goods sector, the slowdoun in world trade,
ard catch up to the most advanced techniques cmight plausibly hove
occured everywhere in the late 1960s or early 1970s, TFor soi.e of
the others, the degrec of coincidence i1s uncowfortably high., In
particular, why should depletion of innovatiorn, exhaustion of scolc
econcniecs, and playing out of sectoral shift frow gzriculture to
manufacture have occurred at the same time? The implausibility of
coincident timing is, in my mind, the major reason to question tlie

quantitctive dominance of the depletion hypothesis.
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C. POLICY RESPOUSE TO SLOVEL PRODUCTIVITY GROUTIH

Ve next turn to a detailed discussion of the appropriate jpol-
icy reactions to each of the different sources of the productiviiy
slowdovn. We first discuss how vwe night respend to poorer growth
perforumance under each of the four categories in Figurc 3. Ue then
turn to & more systeumatic discussion of policy response in au opti-
nwl growil rodel,

a, In Figure 4a we consider the possibility that a change in
testez has led to a reduction in the desired growth rate. Such &
change would reiflect a transition to z lower steady state growth
path as the saving rate is reduced. In our forwcl wodel below, suci
an outcoize might arise because of greater inpatience (hizher ) or ¢
lover tolerancc for iuequality acroes pgenerations (higher L). The
revulsion against the abuses of an industrial society, the rise cof
"o growth'" philosophies, and social regulation arc less ecsily forv-
mulized but obviously important forces, and the impact of regulatiorn
attests to their importance; we guessed that 10 percent of the clui-
doun can be attributed to this source.

If these changes of taste occurred in a way that reflects
true preferences (whatever that might mean), and vere eificientl;
brought about, we would presumably accept the outcome and not wish
to uvndo it. That is, if we wish to growv slowver bLecause people zre
persuaded that a no-or~slow-growth society is preferable, then it
would hardly seem sensible to reverse these policies because they

have succeeded,
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b. A case with the same observable outcome as case {a) is
that, through mistaken policies or worse market fzilures, the econc-
my has been undersaving and underinvesting. We guessed that 5 poer-
cent of the slowdown zrose here. One mechanism byrwhich ¢ market
failure could occur is inflation. As a result of thc acceleration
of inflation, the fraction of tax to replacement cost depreciation
hes fallen frow 100 percent in 1965 to 20 percent in 1979, Siwilar-~
ly, in inflationary periods the taxation of nowinzl interest pcy-
ments as ordinary income raisec considerably the taxz rate on proper-
ty income. Both of these could lead the econouy to save znd invest
less. If we are convinced that we hzve fallen into the uncerszving
trap, the policy response is ¢lear: we nust correct the market
failures (the tax code or our inflationary weays), tighten our belis,
and save and invest more,

Some will find it higlily surprising thet undersaving and un~-
derinvesting through (a) or (b) are given such little weight here.
In fact, there is little empirical support for these vieuws., lle rot-
ed above that investment appears to have slowed littlec in wost iu-
dustrial countries.

In zdditiou, it is clear that both theories (a) and {(bL) have
a2 fatal flaw as explanations of recent behavior. They botl. heve an
unambiguous prediction that the marginal product of capital, and
therefore the pretax rate of returu on investment, should have risern
since the days of high productivity growtlh. The clear evidence 1is
that the rate of profit has fallen., Thus for 1955-69 the pretax

rate of profit on corporate cspital was 12.9 percent, while for the



1970s it fell to 9.4 percent. Similar data are given in the
HeCracken report for other industrial countries, where the evidence
is even more compelling. More generally, I regard it as one of thc
major puzzles of econonic psychology how those who argue that the
Cnited States is now undersaving relative to ecrlier periods ignore
the fact that the historiccl behevior of the profit rate doec not
corrclorate thelr theories,

¢. The third view of the productivity crisis, illustrated ir
Figure 4c, is that countries have with increasing frequency taken te
shooting themselves in the foot. Increasimgly stringent social reg-
ulation is the wmost prouinent example of policies whichk inhibit
grewth. There are, in addition, counterproductive policies such as
peyroll texes, minimun veges, seli-imposed trade ewmbargoes, and
trade restrictions. Emprically, we found some evidence thct sclf-
inflicted wounds, or obstacles, have led to a minor portion of the
productivity slowdown-—perhaps 20 percent of the slowdoun ariscs
here.

The policy response to self~inflicted wounds is obvious—- Lz
econowic hendguns=-but it may not be politically popular. 4ll
stripes of politician agree that we should pursue the zbstroction c¢f
more effective regulation., Few argue that we should reduce safety
standards for nuclezr power or abolish the wminimw: waze. And pro-
tectionism appears to be the perennial brothel of politicians vho
espouse the virtues of undying fidelity to the free market,

d. The final category into which we might put the productiv-

ity slowdown, shown in Figure 4d, is that of depletion. 1Is it not
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possible that we are riding down the backside of a long-tern decliuc
in productivity growtk, a lontradieff cycle? In this case the con-
sunption possibility curve in Tigure 2d has shifted inward; for =
siven level of first period consumption, second period consumptior
(aud growtk) is reduccd. Ve guessed that 65 percent of the slowdovn
wus attributcble to depletion.

As we incdicated in the last section, of all the possible
sources of the productivity slowdown, depletion is the one for vhich
a policy response is most difficult to prescribe. Should we jo:
less or nore as we get older? If oil is expensive to find, should
we ¢rill more or go to the beach. In Figurc 4d, we see generally
trot the unew optimal comsunption choice may show ¢ hizher or lover
growih rate depending on the shapc of the vtility function and cn
tie way that the consunption possibility curve shifts.

The next scction turns to the question of whether & nore
careful specification of optimal policy allows us to szy whether an
economy should save wmore or less after a slowdowvn in the erogenous

rate of technologlcal cheanze.

Policy Response in an Optimal Growth Hodel

In sowe special casetc we can make limited statements as to
tLe optimal policy. The productivity slowdown is herc best scen as
a decline in the rate of labor-augmenting technological progress.

In order to make the verbal discussion above more rigorous,

we can turn to optimal growth theory of the followinz kind.



Let c(t) be consumption per worker at time t and L(t) the size of
the work force., We assume that the labor force is a fixed propor-
tion of the population; therefore, ¢{t) czn also be regarded as an
incex of per capita consumption. The labor force L 1s growing ex-
pounentially at rate n . Labor-asugnenting techniczl progress is oc-
curring at rate h ; so L{t)exp(ht) is the effective labor fcrce,
which is growing at rate g£ =n + h . Output per worker, x, is
exp(ht)f(k), where k 1is the ratio of capital stock to effective
labor force F/Lexp(ht), Capital is assumed to last forever.
Finally, let i(t) = £7[k(t)] be the next instantaneous
t
return on capital and ¢(t) = exp [ S i(v)dv] be the
0
t - period rate of return, Thern & unit reduction of per capita con-
sumption at time ¢ will yield {q(t) exp (~nt)} urnits per capite
consunpticon at time ¢t .
The other half of the story relates to the social valuation
of increments of future comsumption yielded by curremt saving. Sup-
pose that society’s intertemporal preferences can be described by an

additive social welfare function

00
J ulc(t)] exp (-rt)dt where u(c) is the one-period

0

utility of comsumptiom, r 1is the constant pure rate of time pref-

erence at which utility is discounted, and the elasticity of margi-
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nal utility with respect to consumption, assumed comstant, is
uc/u’ = =b.

An optimal consumption path equates the merginal cost anc
marginel value of saving., In general, this requires that i(t) =n +
r + be”(t)/c(t) . 1In steady state, this reduces to i = n + r + bu .

Ve can ask two kinds of questions of our simple ecorony:
First, what is the long run impact effect of a procuctivity slowdoun
(decline in b ) on the optimal szvings rate, on the capital-labor
ratio, anc on the interest ratc, Second, what heppens to the in-
vestument rate (or savings rate) in the short run after a slowdowi cf
productivity gruwtl has occurred?

1. The long run

Onc case that is easily examined is where the capital-ocutput
rztio is technologically fixed. In this special case, the savin.s
rete would be given by s = v (n + h}; thus the optimal savings rete
clearly declines linearly with a decline in the rzte of labor-au;-
menting technological change. Given the rectrictiveness of the eos-
suption of a fixed capital-output ratio, this case is of little
prectical interest.

A uore interesting czse arises when production can be de-
scribed either for a Cobb-Douglacs production function or when there
is a2 M"srall"” change in the rate of technological change.

In this case, write the production function as lo, (y) =
a log (k), where y is output per unit of efficiency worker = x
exp(-ht). Also, a is the elasticity of output with respect to capi-

tal--z constant in the Cobb-Dougzlas case, and talen as constant iu



the "small" change cazse. OQur condition for an optimal steady state

path is:
(1) i=r+n+bh=ay/ Lk,

Solving for k we obtain:

r + o+ bh
It is easily verified that the optimal capital-labor ratio rises as
tlie technological change declines.
The second relation concerns the optimal savings rate,
In the mocel, it can be shown that thc optimal lomg-rur savinge ratc

is given by:

50 we have
(2) s=f(n+h) [ =——————- ]

ith a little work it can be shown that ds/dh lLes the sipn of r +
n(1-b) .

For "reasonzble" values of paraueters, that is those
producing ;rowth and interest rates like thoce prevailing in the
OLCD countries today, it seems to me a toss-up as to the effect of &
productivity slowdown on savings in the long run., Assuie the ratc
of profit on caspital is about & percent, the growth of population 2
percent, and the growth of productivity before the slowéown was 2
percent. If we were in steady state optimal growth path, this im-

plies from our steady state equation in (1) that:

- 31 -



(3} r = .06 - .02b

We can evaluate the effect on the savings rate in (3) by taking zi-
ternative values of r and b that are cornsistent with (3), If we ;o
to one extreme and assume no time preference, so that r = 0, then :
= 02, ds/dﬁ is negative, and savings should risc with a productivi-
ty slovcovn., 1If we ze te the other eitreme and assume ne aversion
to inequality (b = 0), then r = .06, ds/dh is positive, and savii_s
should fall with a fell 1in productivity.
Given thot interpreting reslity in light of the optimcl

4

grouth wocel is already reflects a suspension of disbelief of a ra,-
Litude tliat would fit into the Guinness Book of Records, perhops ue
should simply say that the effect of a productivity slowdorn on tic
savings ratce in the long run is ambicuous,

2. The short run

The effect in the short run can be seen by eramining the
short~-run consumption growth trajectory in the optimal pzth. Let

r{t) = the growth of per czpita consumption., Then alony an optimcl

path, we hzve:
i(t) =r +n+ bnl(t)

vhere i(t) is the instantarneous rate of returr on capital. Solvia’
for the optimal rate of growth of consumption,
i(t) = n-r
m(t) = —————ee—————
b

Iiote that none of the parameters in the equation for the consunp-

tion trajectory change in the very short run: n, r, and b zrc pa-



raneters while i(t) is the marginal productivity of capital, which
is unaffected by the productivity slowdown in the very short run.
Thus ve find that along an optimal path, there is no
change in the very short run in the growth rate of consumption zl-
though there may be a jump in the level, Ve know, hovever, some-
ti.ing abeut transition paths frow work by Mirrlees in 19G7. Le

shouved that in the Cobb-Douglac casc, the savings rete would be

falling over time if (1 - a)h > an., As b and n are generally of the

o]

sauie order of magnitude, it seems very likely thot the savings rat
in an optinal path would therefore fall over time,

Thus, in the Cobb-Douglas case, if the long-run saviugs rcote
rises or stays the same after az productivity slowdoun, we cre preiiy
sure that the nmation will want to savc somewhat more in thc very
short run. If, ou the other hand, the long run savingzs rate fzlls,

shiort rui behavior is unclezr.

The discussion can be put intuitively as follows for c
special case: Assunic that the production function is of a fixec-
propovticns variety, Then it is easily seems that thc optimal sav-
inzs rate will decline after 2 productivity slowdovm. The reason
why the optimal savimgs rate is lower after a productivity slovdovn
is straightforward: the amount of capital needed to equip a growlag
labor ferce declines,

As an exawple, assume that the labor force is constant, that
labor force quality and output growth both grow at 4 percent anrual-
1y, that the czpital-output retio is fixed at 2, and that 6 percent

of capital depreciates annually. Then 20 percent of gross output



must be set aside for investment--12 percent for replacement plus

[ofe)

percent for growth,

If the rate of labor quality improvement and output growth
decline to 2 percent, then the required savings rate is 12 plus 4 or
16 percent., Thus because output is growin; more slowly, the nced
for capital broadeninz is reduced,

To sum up this excursion into the implications of taking a
consistent optimizing framework about savings-investment decisions,
where that framework is the standard reoclassical optimal growth

model:

Depletion of techniczl opportunities car tec de-
scribed as a slowdown in the exogenous rate of labor-au,-
menting technical change. If an economy has followed z
policy of allocating its resources over time in a vway de-
scribed by the neoclassical optimal growth rodel, ther the
impact of such a slowdown in productivity growth on scv-
ings behavior is ambiguous. Depending on paraumeters of
the production function and of tastes, the fraction of nc-
tional income devoted to investment may either rise or
fall.

In sum, there is no justification fror grouth theory for the
view that we should tighten our belts and save more because procduc-

tivity growth has slowed.
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