Perspectives on Productivity Growth

Growth of labor productivity has acceler-
ated in the past few years, which is unusua
late in an expansion. The upturn in produc-
tivity growth has led to widespread specula
tion about a “new era” of productivity ad-
vance. However, the recent acceleratio
hardly takes productivity growth above its
trend since 1973, and in any case it is easil
explained by: measurement changes that at
tribute more of nominal GDP’s growth to the
real component, and hence to productivity;

and the boom in capital goods spending we

have experienced in the 1990s. Productivit
growth remains well below the extraordinary

By Robert Arnold and Robert Dennis*

growth—although as yet the vaunted upturn is far from
bringing us back to the high productivity growth of the
1950s and 1960s.

How reasonable are the claims for a new era for
productivity growth? This paper will evaluate those
claims and conclude that they are somewhat prema-
ture. After a brief discussion of the sources of produc-
tivity growth, we will tell the story of productivity
growth from different temporal perspectives. A short-
term perspective examines the current business cycle,
but that approach misses some of the stories that only
show up when the frame is widened. Consequently, we
look also at a medium-term perspective (the postwar
period), a long-term perspective (since the nineteenth
century), and an ultra-long-term perspective (since the
dawn of mankind). Finally, we draw the conclusions

rates of the 1950s and 1960s. appropriate to projecting productivity growth.
FUNDAMENTAL SOURCES OF PRODUCTIVITY
GROWTH

It is difficult to overstate the importance to society
T HE U.S. ECONOMY has surprised forecasters of growth in labor productivity. Arguably, no single
in recent years. Rapid growth, falling unemploy- economic indicator is more central, because productiv-
ment, low interest rates, and falling inflation were all ity growth is the fundamental source of increasing
very unusual for what was presumed to be the late staggtandards of living. In spite of that importance, and in
of an expansion. Little wonder that analysts termed itspite of considerable effort, not all of the sources of
the “Goldilocks economy,” because it was “not too hot productivity growth are either well measured or under-
and not too cold.” (Of course, that tale didn’t turn out Stood. Be that as it may, economic historians generally
too well—let’s hope the economy has better luck.) Theagree that the following three factors are relevant for
behavior of productivity in particular was unusual for explaining productivity growth, even if they disagree
the late stages of an expansion, growing at an averag@bout the precise role played by each.
annual rate of nearly 2 percent since early 1995. Some  First, during the Industrial Revolution, a country’s
commentators have even suggested that the rece®ndowment of natural resources was crucial. The
performance heralds the beginning of a “new era” forUnited States is a good example: economic historians
attribute America’s dramatic increase in labor produc-
*Robert Arnold is Principal Economist and Robert Dennis is tivity to bountiful resources, InCIUdmg land, Wthh-
Assistant Director, Macroeconomics, Congressional BudgetSUpported a vast population ('r.‘C'Ud'”g many immi-
Office, Washington, DC. The authors wish to thank John grants) that allowed for economies of scale in produc-
Peterson, Kim Kowalewski and David Brauer for their com- tion. Natural resources are less important these days—
ments. David Arnold and Ezra Finkin provided expert researchsome would argue that abundant resources can cause a

assistance. The analysis and conclusions expressed in this papgapjijitating reliance on agriculture or extractive indus-
are those of the authors and do not necessarily represent th{e. .
ries—but they are still a factor.

position of the Congressional Budget Office.
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The second factor is capital accumulation. In spitescenarios that imply different growth rates of (total
of arguments about how important capital is to thefactor) productivity.

gr_owth process, few dispute the idea that CountrieS’SHORT-TERM PERSPECTIVE: PRODUCTIVITY AT

with more capital per yvorker are generally more BYSINESS CYCLE FREQUENCIES

productive than those with lower amounts of capital _ o _

per Worker_ Over |Ong periodS, there iS a Clear The behavior of pI’OdUCtIVIty gl‘OWth varies achSS
correlation between labor productivity, measured asbusiness cycles. However, there are some “stylized
GDP per person, and capital per person (see Figure 1§acts” that encompass much of the postwar history:
Some analysts go farther, arguing that it is impossibler . The growth of labor productivity (output per hour in the
to exploit the benefits of technological progress with-  nonfarm business sector) largely mirrors overall growth
out investment in capital goods, while others have in the business cycle, i.e., it is substantially weaker or
argued that capital goods convey external effects. even negative during recessions and picks up as the
Also, capital should be defined broadly to include  economy expands.

human capital, or investments in education or training.2- Labor productivity growth generally slows toward the
Countries with more human capital should be better ~€nd of & business cycle’s expansion.

able to absorb new technology. The current business cycle has not closely
mirrored the patterns of previous cycles. Productivity

Figure 1 . X X
Productivity and Capital _growth usually picks up rapidly ea_rl_y in a recovery, but

Index. 1950=100 in 1992 and 1993, both productivity growth and the
300 ' expansion seemed to lag. Chairman Greenspan, and

i CBO'’s forecasts, attributed the sluggishness of the
250 |- recovery at that time to a variety of “headwinds.”

r Later in the expansion, moreover, productivity growth
200 — accelerated when it usually slows (see Figure 2). By

i this time, the headwinds had diminished and the rise in
150 = Net Capital Stock the stock market brought with it a sense of wealth and

B per Capitaa optimism that boosted both consumption and invest-
100 [~ ment.

i Figure 2
50 — b Labor Productivity and Trend Since 1990
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Sources: Department of Commerce, Bureau of Economic Analy-

sis; Congressional Budget Office using data from Maddison 105

(1982, 1994).

Note: Population data before 1929 are linked to data found in

Maddison (1994). 102
a Net stock of fixed nonresidential capital per member of the

population. Before 1925, the data for the capital stock series are

linked to data found in Maddison (1982). 9
® Real GDP per population members. Before 1925, the data for the

capital stock series are linked to data found in Maddison (1982).

The last factor is technological progress, which %

includes any advance that allows more output to be
produced with the same amount of labor and capital. © T S SN N I T—
There is little theoretical reason to suppose that tech- 1990 1992 1994 1996 1998
nological progress, or the implementation of innova- sources: Congressional Budget Office: Department of Labor,
tions, will continue at a constant rate; yet it seems as Bureau of Labor Statistics.

though the rate has in fact (or at least, as measured) A standard explanation for this pattern is available:
remained fairly stable for substantial periods. That'sthe surge in productivity growth reflects the extraordi-
an oddity that cries out for an explanation. Of course,nary boom in capital equipment spending that has taken
as forecasters, we make use of that regularity, buplace in the past few years. Practical economists used
we’re not confident that technological progress will to be cautious about attributing too much significance
continue at a constant rate. Thus, for the past twao real equipment investment, because until recently,
years, the Congressional Budget Office (CBO) hasthe role of spending on computers was grossly over-
included in its annual economic projections alternativestated in the national income and product accounts

8 ) ) o ] ~ Business Economics
Copyright 1999, National Association for Business Economics



(NIPAs). The recent boom, however, was not justcourse, on the reliability of the output measures on
computers; noncomputer equipment also has beemhich it is based. That reliability has been called into
booming. In addition, the new method used to calculatequestion by the large statistical discrepancy of the past
real quantities in the NIPAs, in place since 1996, doedew years, which may suggest that GDP understates
a much better job of putting the contribution of actual production. (The recent discrepancy is not
computers in perspective. At CBO, we go anotherreally out of line with past discrepancies, but usually it
step, measuring computers’ contribution to the capitaltakes several revisions of the NIPAs before the dis-
input in a way that reflects their rapidly declining crepancy gets that large.) Several lines of evidence—
marginal product. The 1990s’ boom in capital spend-including Okun’s law calculations—suggest that output
ing means a correspondingly rapid growth in capitalmeasures may be biased down, producing a corre-
services that matches fairly closely the acceleration insponding downward bias in the level of productivity in
labor productivity growth in the past few years. recent years. Some analysts try to correct for that bias
But whatever has so far occurred, anyone lookingby taking the mean between productivity measures
at the data must concede that no large shift is evidentcalculated on the product and income sides of the
Although labor productivity has grown faster than accounts. We tried that approach and found that it
trend in the past few years, it is not very far above themade little difference to CBQO’s projections of the
trend it has followed consistently since 1973 (seethings that count for us—nominal GDP and taxable
Figure 3). It looks very much, in fact, as if the incomes. So we stick with the published measures,
acceleration in productivity growth that has occurred though with some caution.
simply mirrors the pattern of demand in this eXpanSion’MEDIUM-TERM PERSPECTIVE: PRODUCTIVITY
which also started slow and then boomed later thargrowTH SINCE WORLD WAR II

usual.
Figure 3 The most prominent feature of productivity growth

Labor Productivity and Trend during the postwar period is the sharp slowdown that
occurred during the early 1970s. Trend growth in
labor productivity averaged 2.7 percent between 1947

Index, 1992=100

120 — and 1973, before dropping to 1.1 percent during the
10 | : 1973-98 period (see Figure 3). A drop in labor
100 | -7 Percent Growth / productivity occurred worldwide: productivity growth
90 | : slowed in virtually all advanced countries at about the
rcent Growth same time and was generally more severe in countries
80 | other than the United States.
10| Why did growth in productivity slow sharply in so
many countries at the same time? In spite of the
6o staggering volume of research devoted to that ques-
tion, economists have not settled on a conclusive
answer. Many promising candidates for an explana-
Sor tion have been suggested, and it is likely that a
: combination of factors has contributed. Energy prices
gauiluibin o bo il B b i, are the candidate mentioned most often, in part because
1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 the timing of the first oil price shock coincides with the
Sources: Congressional Budget Office: Department of Labor,Slowdown but also because energy-dependent sectors
Bureau of Labor Statistics. of the economy fared worse than the average after

Another reason to be suspicious of the surge in1973. Using econometric models of individual indus-
labor productivity growth is the spate of changes in thetrial sectors, Dale Jorgenson concludes that “higher
measurement of real output caused by recent revisiongnergy prices are important in explaining the [post-
in the consumer price index (CPI). Those changesl973]slowdowninU.S. economic growth.”(Jorgenson,
correct a variety of problems in CPl measurement thatl995) _ _
cause the CPI to overstate inflation. CBO estimates Edward Denison (1986) has cataloged a list of
that the corrections made between 1994 and 1993)ther factors that may have contributed to the slow-
probably reduced measured inflation, and corresponddown. A partial list of those factors:
ingly mcrease_d measured productivity growth, in the . Capital accumulation: Until recently, the capital stock
nonfarm business sector by between 0.3 and 0.4 p55 generally grown more slowly than during the pre-
percentage pOIntS. 1973 period.

There is one important caveat: the quality of 2. Resource allocation: The rate at which resources,
overall measures of productivity growth depends, of  particularly labor, shifted out of farming slowed during
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the post-1973 period. . _in Table 1, illustrate that argument. Maddison com-
3. Regl_JIatory environment: The_ 1970s saw an increase irputed estimates of GDP per population member back
ronment as well as the health and safety oftheirworkerscapita GDP is a slightly different measure of produc-

4. Demographics: A flood of relatively inexperienced tivity than the traditional measure—output per hour—

workers entered the labor market during the 1970s astheg tit i bl iate for | A
baby boom came of age and women increased their rate ut It IS arguably more appropriate for long-term

of labor force participation. analysis, and itis at least available \_Nhere the narrower
5. Research and development: Investment in R&D slowedMeasure is not. When viewed in the context of
at about the same time as productivity growth, though Maddison’s data, the post-1973 slowdown looks less
Zvi Griliches (1988) found the slower investment did not like an aberration and more like a return to longer-term
explain much of the slowing of productivity. rates of growth. Other advanced countries experi-
6. Inflation: High and variable inflation increases the cost enced an even larger increase in their growth rates after

of gathering information, making decisions, and con- \world War Il and endured a sharper slowdown after
ductlng transactions. It can also require monetary1973 than did the United States
polices that hold output below potential.

Table 1
Growth in GDP Per Capita

1820- 1870- 1913- 1950- 1973-
1870 1913 1950 1973 1989

One argument that is fairly easy to reject is that the
productivity slowdown might merely be an artifact of
incorrect measurement. As we saw in the discussion
of the current business cycle, mismeasurement of
output prices can have a big effect on measured’nited States 12 18 16 22 1.6
productivity growth. But if such mismeasurement is to 14-Country Average0.9 -~ 1.4 1.2 3.5 2.1
explain the slowdown since 1973, something mustSource:Maddison (1994). o _
have happened, in many countries at roughly the sama Average growth rat_e for 14 European capitalist countries,

. . . anada, and the United States.
time, to produce a steadily growing degree of
mismeasurement. One possible candidate, the grow- A reasonable interpretation of the productivity
ing share of (poorly measured) services in the economyexperience since the 1930s focuses on the effects of the
seems capable of explaining only a tiny part of theGreat Depression and World War Il. Slack demand
slowdown. Moreover, the slowdown also affected therestrained both domestic investment and overall pro-
manufacturing sector, in which measurement shouldduction during the Depression years, slowing the
be most reliable, and it shows up in measures ofgrowth in the stock of productive capital and produc-
productivity that are based on physical tivity during the 19308. Moreover, investment was
output.(Sichel,1997, and Clark and Haltmaier, 1985)diverted toward war production during the first half of
LONG-TERM PERSPECTIVE: PRODUCTIVITY the 1940s, Ie_aving the United States r_elatively capital
GROWTH SINCE 1820 poor. Immedlr_;ltely a_fter the war, America was able_ to
_ o _ ~ boost production quickly because, unlike other partici-

The increase in living standards since the nine-pants in the war, it could bring unused capacity back
tee_nth century is nothing short of astounding. In t_heon line without having to rebuild physical plant.
United States, for example, output per person in-Fyrthermore, the backlog of unfulfilled demand for
creased nearly sevenfold, while the typical workday consumer goods spurred investment and growth dur-
and typical workweek shrank and many jobs becameng the 1950s and 1960s, which allowed the United
much less physically taxing. At the same time, infant States to make up the shortfall in capital accumulation
mortality plummeted, average life expectancy soaredduring the 1930s and 1940s. All of those factors serve
and the share of family income required to meet theo explain the rapid productivity growth from 1947 to
bare necessities was cut nearly in half. In addition,1973.
much more time became available for leisure activi- Productivity growth among European nations dur-
ties, anq _goods that were once considered luxuriesng the postwar period was even stronger than in the
came within reach of the middle class. United States. Partly, that growth was the result of

Economists who use a longer perspective to anay.s. aid funneled to Europe, but it was also the resuilt,
lyze productivity growth are much less concernedironically, of the degree of destruction wrought by the
about the post-1973 slowdown than are those whayar. One prediction of the neoclassical model of long-
focus on postwar data. Rather than viewing the postryn growth, called the convergence hypothesis, is that
1973 period as anomalous, they argue that productivityyoorer countries (i.e., those with low capital-labor
growth during the 1940s, 1950s, and 1960s wassatios) will, under certain conditions, catch up to richer

unusually strong. (Baumol et al., 1989, Baumol, 1986, countries in terms of per capita GDP. Since World War
Darby, 1984, Kendrick, 1977)

Data compiled by Angus Maddison (1994), shown 1 see footnotes at end of text.
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Il destroyed a large chunk of Europe’s physical plant, A paper written by William Nordhaus (1997) is
lowering the capital-labor ratio, the neoclassical modelnarrower in focus but potentially even more illuminat-
would predict that European productivity would grow ing. He examined the effects of technological change
more rapidly than U.S. productivity after the war. The on a single product, light, since the dawn of mankind.
post-1973 slowdown affected the European nations,The advantage of focusing on light is that the service
but their growth rates were still higher than America’s it provides, illumination, has remained more or less
because they were still follower nations, i.e., their constant since the discovery of fire. Since that time,
productivity had not yet reached the level attained bythere have been advances in the technology associated
the United States with lighting that have considerably reduced the cost of
One problem with the long-run analysis describeda lumen. By calculating the price in terms of labor
above is that the quality of the data deteriorates as onkhours expended, Nordhaus was able to show dramatic
goes further back in history. In the United States, fordecreases in the cost of a lumen as the preferred method
example, annual data in the NIPAs extend back as faof illumination changed from open fires to oil lamps,
as 1929 and are considered to be reliable, while thehen to candles, then to gas lamps, and finally to
quarterly data that begin in 1947 are considered everlectric bulbs. The point of Nordhaus's article was to
more reliable—among the best in the world. For theshow that traditional price indexes drastically under-
years before 1929, the data are generally retrospectivstate the pace of technological change, but it also shows
(the data were inferred rather than collected), so théhow the pace of change has accelerated since the early
quality becomes more suspect. Nevertheless, thd800s. Table 2 shows the average growth in the “true”
estimates are based on careful research by distinprice of light that resulted from technological change
guished economic historians and are probably notthrough the millennia. Note that the more rapid the pace
unduly misleading. Also, they are all we have, becausef technological change, the faster the price will fall.

the data were not collected and never can be. Table 2
MILLENIAL PERSPECTIVE: PRODUCTIVITY Change in the Price of Light (In terms of labor)
GROWTH SINCE THE DAWN OF MANKIND Method of Labor  Average
. . . . . . . Date [llumination Price2 GrowthRate
With sufficient imagination, it is possible to adopt (Percent)

an even longer perspective on productivity growth. ,5 490 Open Fire 58 na
Economic historians have estimated per capitaincome — gc

and used that, together with the price (in terms of labor 1750 BC Babylonian 41.5 -0.0001
hours expended) of various goods, to estimate produc- Lamp

tivity growth. When compared with previous millen- 1800 Tallow Candle 5.387 -0.0575
nia, the increase in productivity during the past century ~ 1900 Filament Lamp 0.2204 -3.146

or two has been nothing short of amazing. Theideathat 1990 Filament Lamp 0.0006 -6.345

living standards will improve perceptibly within a  Source: Nordhaus (1997). .
single lifetime is a relatively recent phenomenon. aHours of work required to produce 1,000 lumen-hours of light.
Indeed, it is easy to forget that until about “the Comparing living conditions across centuries pro-
seventeenth century all of human history entailed anvides further perspective on very long run productivity
unending struggle with starvation...[and] even this growth. Some have argued, for example, that the
marginal existence typically required some 90 percentstandard of living in ancient Rome was not much lower
of the employed population to be engaged in agricul-and in some respects may have been higher than in
tural pursuits.” (Baumol et al., 1989) eighteenth-century England. (Baumol et al., 1989)

Maddison (1982) has compiled estimates of pro-Were it possible to transport an upper-class Roman
ductivity growth since the sixth century, which show citizen to the home of a wealthy Englishman in the
that advances in living standards were negligible prior1700s, he would be baffled by only a few of the
to the Industrial Revolution. He estimates that theproducts on display. In contrast, were it possible to
growth in European GDP per head averaged about 1.6ransport an eighteenth-century Englishman to mod-
percent annually between 1820 and 1980. During theern-day Europe, he would be completely flummoxed
1700-1820 period, however, growth in European GDPby the range of advanced products that even lower-
per head averaged only 0.2 percent per year, a rate thalass citizens enjoy. This is not to say that there was
was twice as fast as the 0.1 percent annual growtio technological advance during the centuries preced-
posted between 1500 and 1700. Perhaps more strikng the Industrial Revolution. There were many new
ing, Maddison estimates that between 500 and 1500inventions—chronometers, lenses, printed books, fire-
GDP growth crawled along at 0.1 percent per year, butarms—but these spurts of innovation were isolated and
it was matched by population growth that left GDP perdid not add up to a broad-based advance in living
head constant during that period. standards.
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LOOKING FORWARD: PROSPECTSFORFUTURE because trend productivity growth has remained stable since
PRODUCTIVITY GROWTH 1973 in spite of significant variation in the pace of capital

CBO's proiections don't take verv seriouslv the accumulation. But a careful look at the data, excluding
proj y y short-term variations, reveals the relationship between capi-

history of productivity growth since the dawn of time. | growth and productivity growth that the standard neoclas-
However, projections of productivity do play a central sjcal growth model predicts. For more details, see Congres-
role in our outlook for the next ten years, and they mustional Budget Office, 1999, p.28.

be sensitive to the history of productivity change. (We

also extend those projections to look at budget forcesm

developing over the next seventy years, but the eco-  William Baumol, “Productivity Growth, Convergence,
nomic assumptions underlying those extremely long-and Welfare: What the Long-Run Data Showrherican
term projections need to be taken with several handfulgconomic Revieywol. 76, No. 5, December 1986.

of salt.) The brief discussion that follows refers to the _ William Baumol, Sue Anne Batey Blackman, and
CBO projections published at the end of January 199 dward Wolff,Productivity and American Leadership, The

. : - ong View Cambridge, Mass.: MIT Press, 1989.
in theEconomic and Budget Outlog&vailable at our Peter K. Clark and Jane Haltmaier, “The Labor Pro-

Web site, WWW'CbO'QOV/)' ... ductivity Slowdown in the United States: Evidence from
We currently project average labor productivity ppysical Output MeasuresReview of Economics and

growth of 1.8 percent during the next ten years, whichstatistics Vol. 67, No. 3, August 1985.

is of course substantially greater than the 1.1 percent Congressional Budget Offic&he Economic and Bud-

trend since 1973. If that sounds odd, given what weget Outlook, Fiscal Years 2000-2QQBnuary 1999.

have said about the lack of evidence for a real upturn  Congressional Budget Office, “Recent Developments

in productivity growth, hear us out. in the Theory of Long-Run Growth: A Critical Evaluation,”

) ) CBO Paper, October 1994.

* Four-tenths of the seven-tenths difference is the result of  Michael Darby, “The U.S. Productivity Slowdown: A
the changes in price measurement, some of which hav&ase of Statistical MyopiaAmerican Economic Review
already occurred and some of which are scheduled to/ol. 74, No. 3, June 1984.
occur over the next few years. That's just a measure-  Edward Denison, “Accounting for Slower Economic
ment change and has no effect on nominal GDP orGrowth: An Update,” in John W. Kendrick, edinterna-
CBO’s budget projections (although the CPI changes dotional Comparisons of Productivity and Causes of the
of course, affect the budget directly through effects onSlowdown, Cambridge, MA: Ballinger, 1984.

COLAs). Zvi Griliches, “Productivity Puzzles and R&D: An-

* The remaining three-tenths comes from the surge inother NonexplanationJournal of Economic Perspectives
capital discussed above. That acceleration does affecvol. 2, No. 4, Fall 1988.
nominal GDP projections and helps account for the Dale JorgensorRroductivity, Volume 1: Postwar U.S.
relatively optimistic outlook for the budget that CBO and Economic GrowthCambridge, MA: MIT Press, 1995.
the Administration currently shafe. John KendrickUnderstanding Productivity: An Intro-

P duction to the Dynamics of Productivity ChanBaltimore:
Our current projections do not make allowance_sJOhnS Hopkins University Press, 1977.

for any new era arguments, as the accelerat_lon IS Angus Maddison, “Explaining the Economic Perfor-
fully explained by the two factors cited. There is N0 mance of Nations, 1820-1989,” in William Baumol, Rich-
strong theoretical reason to suppose the new ergrd Nelson, and Edward Wolff, edsConvergence of
arguments are wrong, but they just haven’t shown upProductivity: Cross-National Studies and Historical Evi-
convincingly in the data yet. dence New York: Oxford University Press, 1994.
Angus MaddisonPhases of Capitalist Development,

FOOTNOTES New York: Oxford University Press, 1982.

1 During the 1930s, productivity growth dipped below William Nordhaus, “Do Real-Output and Real-Wage
1 percent, suppressed, no doubt, by the effects of the Gredfleasures Capture Reality? The History of Lighting Sug-
Depression. In contrast, World War 1l and its immediate gests Not,” in Timothy Bresnahan and Robert J. Gordon,
aftermath propelled productivity growth to record heights— eds.,The Economics of New Goo@hicago: University of
nearly 4 percent between 1938 and 1950. For details, se€hicago Press, 1997.
Maddison, 1982. Daniel Sichel, The Productivity Slowdown: Is a Grow-

2 Some economists argue that projections of productiv-ing Unmeasurable Sector The CulpriRéview of Econom-
ity growth should not reflect growth in the capital stock, ics and StatisticsVol. 79, No. 3, August 1997.
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