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Jack Beebe and Jane Haltmaier*

Economists and policymakers have become
increasingly concerned in recent years about
the slowdown in U.S. productivity. Productiv
ity has always exhibited a strong cyclical move
ment in line with changes in business condi
tions, but analysts today are less concerned
with these quarter-to-quarter gyrations than
with the secular (noncyclical) trend. For the
private economy, the annual rate of increase
in labor productivity (output per hour) aver
aged 3.2 percent for the 1948-65 period, but
slowed to 2.3 percent in the 1965-73 period
and then to only 1.2 percent in the 1973-78
period. The rate of increase in total factor pro
ductivity (output per weighted unit of capital
and labor input) exhibited a similar slow
down-from an annual rate of 1.3 percent in
the first period to 0.7 percent and 0.4 percent
in the last two periods, respectively. Since
1978, the figures have been much worse,
largely reflecting adverse cyclical factors in ad
dition to this secular weakness.

Concern over the secular trend of productiv
ity stems from its role as the key determinant
of the nation's material standard of living. For
example, at a 3.2-percent annual growth rate
(the 1948-65 average), real income per hour
would double in only 22 years, whereas at a
1.2-percent rate (the 1973-78 average), 58
years would be required. Moreover, the rate
of labor-productivity increase is the major de
terminant of the difference between wage and
price inflation. With a 3.2-percent rate of in
crease in labor productivity, annual wage infla-
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tion of 10.0 percent would translate roughly
into price inflation of 6.8 percent. With a 1.2
percent productivity increase, however, the
same rate of wage inflation would translate into
price inflation of 8.8 percent. Labor-productiv
ity growth therefore is clearly central to the
political issues that arise when the gap narrows
between wage and price inflation.

What factors underlie the secular deterio
ration in productivity growth? A decade ago,
many studies attributed the deceleration in
productivity growth to shifts in employment
and output among sectors with different levels
of labor efficiency. 1 In particular, the early
postwar shift of workers out of the lOw-pro
ductivity farm sector to higher-productivity
sectors initially boosted aggregate U.S. pro
ductivity growth, but this positive effect waned
as the farm share of total employment declined
from 18 percent in 1948 to 5 percent in the
1970s.

The productivity slowdown would not be a
major public-policy issue if this were all that
was involved, because basic structural changes
in the economy cannot be manipulated easily
by government policy.2 Even if they could be,
generally it would not be in the public interest
to do so, for such structural changes tend to
reflect the public's basic preferences to spend
their incomes and seek employment in ways
that increase society's general welfare.

Some studies suggest that sectoral shifts are
still of overriding importance,3 but the evi
dence presented in this paper points strongly
to the conclusion that such shifts have ac
counted for only a small portion of the slow
down in aggregate labor-productivity growth.
This conclusion suggests the existence of other
causal factors, such as a general slowdown in
capital deepening-resulting perhaps from the



combined effects of economic uncertamtIes,
reduced output growth, inflation, tax laws, and
regulations. In this case, then, an appropriate
policy response would call for a re-examination
of governmental policies and other factors that
affect capital formation.

Many recent studies have approached the
productivity problem in an aggregate context.
This paper, in contrast, presents a disaggre
gated analysis of productivity in the private
domestic U.S. economy, concentrating on the
questions of intersectoral shifts and capital
deepening. 4 We first present a twelve-sector
disaggregation of labor productivity, and then
a seven-sector analysis of capital deepening
and total factor productivity.

Our technique advances the state of the art
by providing close approximations for the re
lationship between aggregate and sectoral la
bor-productivity changes. We decompose ag
gregate labor-productivity increase into "rate"
and "level" effects: the rate effect refers to the
portion attributable to productivity growth
within sectors, and the level effect refers to the
portion attributable to shifts in employment
and output across sectors. We then estimate
the important role of capital deepening (i.e.,
increases in the capital-labor ratio) within
seven major sectors, and examine in detail the
bias inherent in using aggregate as opposed to
sectoral data. Although we link a deceleration
in capital deepening to the productivity slow
down, we do not investigate the underlying
causes of retarded capital deepening. 5

The results show that intersectorallabor and
output shifts accounted for only a small
amount of the slowdown in aggregate labor
productivity. Between the 1948-65 and 1973-78

periods, intersectoral shifts contributed only
0.3 percentage points of the 2.0-percentage
point deceleration in aggregate labor-produc
tivity growth. Moreover, sector-specific de
clines became evident in nine of twelve indus
trial sectors, indicating the widespread nature
of the productivity slowdown.

Slower growth of the capital-labor ratios
within sectors was found to be an important
factor in the labor-productivity slowdown, ac
counting for almost half of the deceleration.
On an industry level, this factor was particu
larly important in agriculture, mining, and the
large "commercial and other" sector. The re
sults of this study underscore the importance
of disaggregation, since the aggregate ap
proach tends to attribute too little of the labor
productivity slowdown to slower capital deep
ening.

Finally, we show that the productivity slow
down was not limited to labor productivity, but
was evident also in total factor productivity
(both labor and capital). The secular rate of
increase in that more inclusive category de
clined from 1.3 percent per annum over the
1948-65 period to 0.7 percent and 0.4 percent
over the 1965-73 and 1973-78 periods, respec
tively. The deceleration was broad-based, with
acceleration evident in only two sectors- com
munication and commercial and other.

In Section I, we analyze the rate and level
effects of labor productivity in a disaggregated
framework. In Section II, we analyze total fac
tor productivity, the role of the capital-labor
ratio, and measures of aggregation bias. Fi
nally, we present the conclusions and policy
implications of the paper.

I. Sectoral Decomposition of Labor Productivity Change
Published labor productivity data are calcu

lated with the use of direct aggregation: out
puts are added across sectors, labor inputs are
also summed, and total output is then divided
by total labor input to arrive at a calculated
aggregate level of labor productivity.6 In a mul
tisector model that employs directly aggre
gated data, aggregate labor productivity is af-
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fected over time by productivity change within
each sector and by the shift of output and
employment among sectors with different lev
els of productivity. The following formulation,
which is derived in the note on page 24, de
composes aggregate productivity change into
rate, level and interaction effects. 7



where

P

AP
P

aggregate output per hour (labor
productivity)
output per hour in the i-th sector
real output share of the i-th sector
share of hours employed in the i-th
sector

percentage change in productivity
over the discrete time period.

The rate effect is the part of aggregate pro
ductivity growth that comes about as a result
of changes in productivity within sectors. In
the context of labor productivity, it is the
amount of change that would have occurred
over time had each sector's share of total em
ployment remained constant. In contrast, the
level effect is the part of aggregate productivity
change that results solely from shifts of labor
(and output) among sectors-i.e., the amount
that would have occurred had productivity lev
els remained constant within sectors, while la
bor (and output) shifted among sectors of dif-

Table 1
Labor and Real Product Shares

by Industry for Selected Years, 1948-78
(Percent)

Labor Shares' Real Product Shares'

Private Domestic
Nonresidential Economy

Agriculture'

Mining

Construction

Nondurable Goods Mfg.

Durable Goods Mfg.

Transportation

Communication

Utilities

Wholesale Trade

Retail Trade

Finance and Insurance

Services

1948

100.0

18.3

1.7

5.6

12.6

14.8

5.7

1.2

0.9

4.8

16.9

3.3

13.9

1965

100.0

8.5

1.1

6.3

12.4

17.3

4.4

1.3

1.0

5.7

18.0

4.9

18.8

1973

100.0

5.8

0.9

6.8

11.6

17.0

4.2

1.6

1.0

6.2

18.2

5.7

20.8

100.0

5.4

1.2

6.9

10.8

16.4

4.1

1.5

1.0

6.8

18.2

6.3

21.2

1948

100.0

7.0

3.0

6.6

12.4

18.0

6.8

1.4

1.5

6.6

12.9

9.7

14.2

1965

100.0

4.4

2.2

7.7

12.2

19.4

5.1

2.3

2.6

7.6

12.4

10.5

13.6

1973

100.0

3.6

1.9

5.9

12.4

18.9

5.1

3.2

3.0

8.9

12.4

10.4

14.3

1978

100.0

3.4

1.8

5.3

12.2

18.1

4.8

4.2

2.9

8.9

12.3

11.1

15.0

'Labor data are based on actual hours worked by persons engaged in production, which encompasses full- and part-time
workers as well as active proprietors. The data come from the National Income and Product Accounts (NIPA), Table
6. ll-except for agriculture (including forestry and fisheries), where data are obtained from household surveys undertaken
by the Bureau of the Census for the Bureau of Labor Statistics. (Unpaid household workers engaged in production are
included in the agricultural data, but excluded from data of other sectors.)

20utput data are actual 1972-dollar gross product (NIPA, Table 6.2). Output in the finance and insurance industry excludes
imputed output from owner-occupied farm and nonfarm dwellings (NIPA, Table 8.3, lines 63 and 75).

'Includes forestry and fisheries.

Sources: U.S. Department of Commerce and Bureau of Labor Statistics.
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struction, trade, finance and insurance, and
services. However, the first two sectors have
shown large decelerations in productivity
growth, whereas the other two have not (foot
notes 11 and 12).

Table 3 shows the growth rate of aggregate
productivity decomposed into rate, level, and
interaction effects. From this evidence, the
productivity slowdown can be attributed
largely to a slowdown in the rates of produc
tivity growth within sectors rather than to shifts
in employment across sectors. The rate of ag
gregate productivity growth declined 0.98 per
centage points between the 1948-65 and 1965
73 periods (from 3.24 percent to 2.26 percent).
Of this decline, 0.77 percentage point was ac
counted for by the change in the rate effect,
and only 0.20 percentage point by the change
in the level effect.

Between the 1965-73 and 1973-78 periods
the story was similar, with the change in the
rate effect accounting for 0.91 percentage
point of the 1.02-percentage-point decline in
the rate of aggregate productivity growth. In
short, over the three subperiods, the rate ef
fect-i.e., slowdown in productivity advance

Table 3
Decomposition of Labor Productivity

Change Into Rate, Level, and Interaction
Effects

(Annual Rates of Increase)

1948-65 1965-73 1973-78

Private Domestic
Nonresidential Economy 3.24 2.26 1.24

Percentage Point
Change -0.98 1.02

Rate Effect 2.82 2.05 1.14

Percentage Point
Change -0.77 -0.91

Level Effect 0.43 0.23 0.15

Percentage Point
Change -0.20 -0.08

Interaction -0.01 -0.02 -0.05

Sources: See Table 1. Calculated using equation (1), iter
ated annually.

Ll

within sectors-accounted for 1.68 percentage
points of the 2.00-percentage-point decline in
aggregate productivity advance. 13

It is important to consider both the respec
tive sizes of the two effects within periods and
their changes from period to period. For ex
ample, the level effect-the shifting of labor
among sectors of differing productivity levels-
added 0.43 percentage point to the aggregate
productivity growth rate during the 1948-65
period. But this positive boost receded to 0.23
and 0.15 percentage points per year in the two
later periods, respectively. Despite its contri
bution to the productivity slowdown, the level
effect nevertheless was still positive.

Table 4 shows the contributions of each sec
tor to the total rate effect. 14 The 1948-65 period
was dominated by the large positive contribu-

Table 4
Decomposition of Rate Effect by Industry

(Percentage Contributions to Annual
Rates of Change)

1948-65 1965-73 1973-78

Private Domestic
Nonresidential Economy 2.82 2.05 1.14

Agriculture .31 .21 .06

Mining .11 0.4 -.09

Construction .25 -.14 -.06

Nondurable Goods
Manufacturing .40 .41 .28

Durable Goods
Manufacturing .50 .40 .18

Transportation .17 .14 .04

Communication .10 .13 .26

Utilities .13 .10 .02

Wholesale Trade .22 .27 -.04

Retail Trade .34 .26 .13

Finance and Insurance .14 .01 .09

Services .16 .23 .28

Sources: Table 3 and the individual rate effects in equation
(1), iterated annually.



tions of agriculture, construction, manufactur
ing, and trade. The sizable contribution of the
agricultural sector came mostly from its rapid
5.1-percent annual productivity increase (Ta
ble 2), as its real output share in 1948 was only
7.0 percent (Table 1). But agriculture's contri
bution to the rate effect was almost nil in the
most recent period, with a decline in its pro
ductivity growth rate to 1.6 percent and a de
cline in its real output share to only half of its
1948 level. In mining and construction, the rate
effects declined sharply, turning negative with
declines in the levels of labor productivity. In
the two manufacturing and two trade sectors,
the rate effects were large in the early period,
but declined significantly by the most recent
period (turning negative for wholesale trade).
The diminution in these rate effects can be
attributed almost entirely to slower rates of
labor productivity {ldvance within sectors (Ta
ble 2), because of the rough constancy of real
output shares (Table 1).

The rate contribution accelerated in the
1973-78 span only in communication, services,
and finance and insurance-and in the latter
sector, it still fell below its 1948-65 annual con
tribution. The rate of labor-productivity in
crease accelerated sharply in communication
(largely the telephone industry) while the sec
tor's share of real product also rose.

To summarize, the slowdown in aggregate
labor-productivity growth was almost wholly
attributable to productivity slowdowns within
the twelve industrial sectors. The level effect,
in contrast, accounted for only 0.3 percentage
point of the 2.0-percentage-point deceleration
in aggregate labor-productivity growth be
tween the 1948-65 and 1973-78 periods. The
slowdown was spread widely across nine of the
twelve sectors, as demonstrated first by the
slowdown within sectors (Table 2), and also by
the individual contributions to the rate effect
(Table 4), which take into account both the
intrasectoral slowdowns and their relative
weights in the aggregate index.

II. Capital Deepening and Total Factor Productivity
In this section, we measure total factor pro

ductivity-the rate of change of output per unit
of combined input of labor and capital.
Through the specification and estimation of
aggregate and disaggregated production func
tions, we estimate the slowdown in total factor
productivity for the aggregate economy and
for seven major sectors, and compare the
resultant trends to those of labor productivity.
We also estimate the role played by capital
deepening (rise in the capital-labor ratio) in
labor productivity growth, through a compar
ison of aggregate and disaggregated methods
of analysis.

Capital deepening affects labor productivity
differently from total factor productivity. It can
affect labor-productivity growth in at least two
ways. First, given a positive marginal product
of each factor of production, an increase in the
amount of capital used by the same number of
workers will result in a larger amount of output
produced per worker. Second, given the em
bodiment of technological improvements in
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new plant and equipment, capital growth
should provide a further boost to labor pro
ductivity. If both effects are important, capital
formation will have a magnified impact on la
bor-productivity growth over time.

Table 5 shows a slowdown in growth in the
aggregate and sectoral capital-labor ratios15

over time, with the exceptions of manufactur
ing and utilities. More importantly, slower
growth in the capital-labor ratios was not sim
ply the result of slower growth in the capital
stock. Aggregate capital and labor growth both
accelerated in the second period, and labor
growth remained relatively high even in the
third period. On an aggregate basis, therefore,
the slower growth of the capital-labor ratio
largely reflected faster labor growth, particu
larly in the 1965-73 period when capital growth
also accelerated. The results for the 1973-78
period were mixed, however, as capital growth
decelerated from its 1965-73 rate in all but one
sector.

These patterns suggest no evidence of de-



used here (as in most aggregate productivity
studies) are net of intermediate inputs to pro
duction, so the production function should
properly include only the primary inputs-la
bor, land (including natural resources), and
capital. 17 Actually, we include only labor and
capital, because of the weakness of data for
land by industry. For simplicity, we use a stan
dard Cobb-Douglas production function with
constant returns to scale. However, this type
of function requires strict separability18 and
constrains the elasticity of substitution be
tween labor and capital to be constant and
equal to one. The function also includes a time
trend as a proxy for whatever technical change
that is not included in new capital investment:

clining investment (except in mining) until the
most recent period. However, the rate of new
investment failed to keep pace with acceler
ated labor growth in the 1965-73 period, and
has since dropped off precipitously. Norswor
thy, Harper, and Kunze suggest that the be
havior of capital-labor growth is consistent
with an observed acceleration in the price of
labor relative to capital between the 1948-65
and 1965-73 periods and a subsequent deceler
ation between the 1965-73 and 1973-78 pe
riods. 16 Others have attributed this develop
ment to the rapid growth of inexperienced
workers over time. As the growth rate of in
experienced workers tapers off in the 1980s,
capital-labor growth may accelerate once
again, although the recent decline in capital
formation suggests that such optimism may be
unwarranted.

Q = AertK"U (2)

Production Functions
To measure growth of total factor productiv

ity, we must specify a production function link
ing labor, capital, and output. The output data

where Q = output,
A = constant term,
r = rate change of disembodied tech
nology or total factor productivity,19

t = time trend,

Table 5
Rates of Growth of Capital and Labor by Sector, 1948-78

(Percent)

1948-65 1965-73 1973-78
KlL K L K/L K L KlL K L

Private Domestic
Nonresidential Economy 2.8 3.3 0.4 2.5 4.0 1.4 1.8 3.1 1.2

Agriculture! 7.3 2.8 4.2 7.3 3.0 -4.0 3.1 2.3 -0.8

Mining 5.4 2.9 -2.3 1.3 1.4 0.0 4.3 2.2 6.8

Manufacturing 1.9 2.8 0.9 2.3 3.3 1.0 2.4 2.6 0.2

Transportation 1.3 0.2 -1.0 0.4 1.2 0.7 -0.5 0.3 0.8

Communication 6.4 7.6 1.1 5.1 8.8 3.5 5.0 6.0 1.0

Utilities 5.1 6.0 0.9 4.3 6.4 2.0 5.0 5.9 0.9

Commercial and Other' 3.2 4.8 1.6 1.9 4.2 2.3 0.4 2.2 1.8

'Data for agriculture differ slightly from those in Section I, because forestry and fisheries are excluded from agriculture
in this table (and in Section II) to conform to the capital-stock data.
'Construction, wholesale and retail trade, finance and insurance, and services.

Sources: Gross capital-stock data are from U.S. Department of Commerce for agriculture (excluding forestry and fisheries)
and manufacturing, and from Data Resources, Inc., for other sectors. (These data are calculated by DRI using
Department of Commerce service-life assumptions.) See Table 1 for sources of labor data.
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K = capital,
L = labor,
a = elasticity of output with respect to
capital,
[3 = elasticity of output with respect to
labor.

The constant-returns constraint requires
a + [3 = 1. Using this constraint and dividing
both sides by L, we obtain an expression that
relates labor productivity (Q/L) to the capital
labor ratio:

P = Ak"ert k = KlL, P = Q/L (3)

In this formulation, a represents the elasticity
of labor productivity with respect to the capi
tal-labor ratio (i. e., the percentage change in
labor productivity with respect to a one-per
cent change in the capital-labor ratio). If the
rate of growth of total factor productivity is
zero (i.e., there is no disembodied technical
change and r = 0), the rate of growth of labor
productivity is simply a times the rate of
growth of k, the rate of increase in the capital
intensity of production. This can be seen by
totally differentiating (3) logarithmically with
respect to time.

(5). Similarly, equation (5) also can be esti
mated for each of the seven industries and the
contribution of the sectoral capital-labor ratio

to(s~~~)oral productivity growth is calculated as

a l k .
I

Before equation (5) can be estimated, terms
must be added to account for the effect of the
business cycle on labor productivity, and to
allow for secular shifts in the growth rate of
total factor productivity. To remove business
cycle-related movements, annual changes in
the manufacturing capacity-utilization rate
were used as a surrogate for business-cycle
conditions affecting the aggregate and sec
tors. 21

We allowed the value of r to vary over the
subperiods of the 1948-78 period, to reflect the
probability of a growth slowdown for total fac
tor productivity as well as for labor productiv
ity. Thus we added dummy variables to ac
count for shifts in r among the 1948-65, 1965
73, and 1973-78 periods. 22

Adding the cyclical and dummy variables to
equation (5) produces the following equation
for estimating the aggregate and the seven sec
tors:

dPP = rdt+a(dk/k) (4) %ap = r + 0ldl + 02d2 +
a%ak+')'%aUCAP+J.L (6)

which can be approximated by

%aP = r+a(%ak) (5)

where time SUbscripts have been suppressed
for simplicity. The estimated coefficients have
the following interpretations:

where r represents the percentage change in
total factor productivity (disembodied techni
cal change).

To assess the role of capital formation in the
slowdown, it is necessary to determine a. Al
though this can be done in more than one
way,zo our approach estimates the aggregate
and sectoral production functions econometri
cally, using historical data. The contribution of
the capital-labor ratio to labor-productivity
growth, with the aggregate method, then is

a(:k), where a is estimated from equation

14

r = average annual rate of increase in total
factor productivity (disembodied tech
nical change), 1948-65;

01 shift in the average rate of change of
total factor productivity between the
1948-65 and 1965-73 periods;

O2 shift in the average rate of change of
total factor productivity between the
1948-65 and 1973-78 periods;

a = elasticity of labor productivity with re
spect to the capital-labor ratio (and of
output with respect to capital);



'Y elasticity of labor productivity with re
spect to the capacity-utilization rate in
manufacturing.

Table 6 shows the estimation results for
equation (6) with ordinary least squares, with
Cochrane-Orcutt data transformations. Given
that the equations are expressed in percentage
change form, the R-squared values are re
markably high, although the standard errors of
the regressions reveal considerable variation in
the estimated rates of labor-productivity
change within sectors. 23

The coefficients r, r +OJ, and r +O2 give the
estimated annual rates of increase of total fac
tor productivity over the three subperiods. As
shown in Table 7, they indicate a similar move
ment in total factor productivity as in labor
productivity, in the aggregate and in most sec-

tors. However, there were a few exceptions,
especially the "commercial and other" sector,
which showed a deceleration in labor-produc
tivity growth but an acceleration in total factor
productivity. Apart from data errors, we can
interpret the divergence in trends to mean that
improvements in efficiency helped improve the
productivity of costly capital inputs in this sec
tor. This seems logical, because inexperienced
and inexpensive labor inputs tended to in
crease the fastest in areas such as retail trade
and services.

Because aggregate labor-productivity growth
is a function of within-sector productivity
growth, as well as of input and output shifts
among sectors, we can derive an alternative
estimate of the effect of capital-intensity
growth on aggregate labor-productivity change
by combining estimates for individual indus-

Table 6
Regressions of Production Functions for the Private

Domestic Nonresidential Economy and Major Sectors, 1948-78

! ~ ~ !! ! R' S.E.E. D.W. ~

Private Domestic
Nonresidential Economy! 1.3* -0.6* -0.9* .67** .37* .61 1.1 2.05 -.25

(2.52) ( -1.55) ( -1.77) (4.21) (5.48) ( -1.39)

Agriculture' 1.2 -0.6 1.2 .64** - .32* .71 2.6 1.92 -.53*
(1.25) (- .81) ( -1.14) (5.60) ( 3.87) (- 3.36)

Mining 2.8* -1.2 -6.0* .34** .16 .68 2.4 1.44 .10
(2.91) (- .94) (-3.16) (2.45) (1.68) (.56)

Manufacturing 1.6* -0.1 -0.6 .53** .61* .23 2.1 1.98 -.25
(2.19) (- .12) (- .64) (1.99) (2.79) ( -1.38)

Transportation 2.8* 0.0 -1.7 .19 .36* .41 2.2 1.87 -.24
(5.35) (.04) ( -1.64) (.85) (3.00) ( -1.34)

Communication 1.6* 0.0 2.6* .59** .14* .62 1.5 2.25 - .42*
(2.75) (- .05) (4.46) (7.43) (2.66) ( -2.47)

Utilities 2.6* -2.4* -4.8* .68** .09 .44 2.6 1.92 - .43*
(1.82) ( -2.78) (-4.94) (2.54) (1.12) ( -2.54)

Commercial and Other 0.4 0.1 0.5 .55** .21' .36 1.4 2.04 -.03
(.53) (.08) (.59) (2.84) (3.81) (- .15)

Entries in parentheses are t-statistics. * Indicates that the coefficient is significantly different from zero with 9O-percent
confidence, with the use of a two-tailed test. ** Indicates the same with the use of a one-tailed test.
!Capital data were calculated as the sums of component sectors. With the use of the BEA aggregate for gross capital
stock in the private domestic nonresidential economy, the estimates were comparable: r=0.9; ()!= -0.7, ()2= -0.7,
0.=.73, '{=.37.

'Excludes forestry and fisheries.

Source: see text.
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tries. To derive the proper weights, we begin
by dividing aggregate productivity change into
rate and level effects, as shown by the contin
uous version of equation (1),

obtain an estimate of the importance of growth
in the disaggregated capital-labor ratios to the
slowdown in aggregate productivity growth.
Table 8 compares this result with that obtained

Substituting equation (4) for the individual
sectors, we obtain

dP [ dkj dlj ]P = 2:qj rjdt+uj k + T

Table 8
Contribution of Growth in the Capital

Labor Ratio to Labor Productivity Growth,
1948-78

(Average Annual Rates of Increase)

1948-651965-731973-78

Aggregate Productivity 3.24 2.26 1.24

dP
P

(Rate) (Level)

2: . dPj + 2: . dljq, P q, I, , (7)

(8)
Change from Prior Period -0.98 -1.02

Sources: Tables 1, 3, 5, 6, and text.

'adklk.
2Lqiaidk/ki, where the q:s are the average shares within
the subperiods.

-0.22 -0.43

-0.36 -0.58

0.76

1.23

1.34

1.66

1.70

1.88

Change from Prior Period

Disaggregated Method2

Change from Prior Period

Aggregate Method'

Contribution of K/Lh
dkj . .

were U(lZ represents the loth sector's contn-
I

bution of growth in capital intensity to its own
sector's productivity growth. Therefore, the
weights for calculating the sectoral contribu-

( dk)tions of capital-intensity growth uciZ to

aggregate labor-productivity growth are the
output shares, qj.

We aggregated the industry contributions of
capital-intensity growth, using output shares to

Table 7
Labor Productivity and Total Factor Productivity, 1948-78

(Annual Growth Rates, in Percent)
Labor Productivity Total Factor Productivity

1948-65 1965-73 1973-78 !948-65 1965-73 1973-78
Private Domestic

Nonresidential Economy 3.2 2.3 1.2 1.3 0.7* 0.4*

Agriculture' 5.3 5.1 1.9 1.1 0.5 -0.1

Mining 4.3 1.9 -4.8 2.8 1.6 -3.2*

Manufacturing 3.0 2.6 1.6 1.6 1.5 1.0

Transportation 3.1 2.9 0.8 2.9 2.9 1.2

Communication 5.4 4.6 7.1 1.6 1.6 4.2*

Utilities 6.3 3.5 0.7 2.6 0.2* -2.2"

Commercial and Other 2.3 1.4 0.9 0.4 0.5 0.9

*Indicates a statistically significant shift in total factor productivity at the 90-percent confidence level, as compared with
the rate in the 1948-65 period (see Table 6).

lExcludes forestry and fisheries.

Sources: Tables 5 and 6.
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Sources: Table 6, and National Income and Product
Accounts, Table 6.1.

Table 9
Output-Capital Elasticities vs. Nonlabor

Income Shares, 1948-78

'Significantly different from the nonlabor income share
at the 90-percent confidence level, with the use of a
two-tailed test.

"Because of the high proportion of self-employment in
farming, this share includes a significant amount of
income that should probably be classified as return to
labor.

(9)

Nonlabor
Income
Share

.16 .43

.11 .85"

.14 .63

.27 .31

.22 .31

.08 .50

.27 .65

.19 .45

Standard
Error

Mining .34'

Manufacturing .53

Agriculture .64'

Communication .59

Transportation .19

Commercial and Other .55

Utilities .68

Private Domestic
Nonresidential Economy .67

Industry

but one of the a/s from the individual equa
tions are lower than the aggregate, ranging
from .19 to .68, with an unweighted average
of .50.

Another way to compare the industry ai's
with the estimated a from the aggregate equa
tion is to calculate a weighted average, with
the weights based on the following identity:26

The aggregate a in any time period depends
on the percentage increases in the capital stock
in each sector relative to the total, as well as
on the ai's and qi'S. Although the aggregate a
represents the percentage change in output
that occurs as a result of a one-percent increase
in aggregate capital stock, the size of this out
put increase will depend in part on the sources
of growth in capital stock. 27

from the aggregate estimated equation. Both
methods indicate a large role for capital deep
ening in the growth of labor productivity. How
ever, the aggregate method attributes greater
importance to the capital-labor ratio in ex
plaining labor-productivity growth (especially
in 1973-78), and less importance in explaining
its slowdown. Specifically, the aggregate
method attributes 0.65 percentage point (one
third) of the 2.00-percentage-point slowdown
in labor-productivity growth to slower growth
of the capital-labor ratio, while the disaggre
gated method attributes 0.94 percentage point
(almost half) to slower growth of the capital
labor ratio.

An explanation of this discrepancy involves
an analysis of the estimated a's from equation
(6). If the Cobb-Douglas specification of the
production function is appropriate, the esti
mated aggregate a should be roughly .2 to .4,
depending on whether one compares it to the
profit share or to the nonlabor share of gross
private domestic product. 24 However, as Table
6 shows, the estimated a from the aggregate
equation is .67. Clark (1978) obtained a similar
result of .70 for his aggregate equation using
gross capital stock (.48 using net capital
stock).25

Clark (1978 and 1979) attributed the dis
crepancy between his estimate of a and capi
tal's income share to the embodiment of tech
nical progress in new capital goods. (Under
this condition, new capital investment would
produce output greater than that predicted by
the percentage change in capital times its in
come share.) The estimated a from a simple
production function such as (5) might well be
greater than capital's share if technical progress
is introduced largely through its embodiment
in new capital goods. However, it would affect
the a's of both the aggregate and sectoral equa
tions, and thus would not explain why the ag
gregate a is above the sectoral estimates.

Aggregation Bias
Comparison of the aggregate a with those

of the individual sectors (Table 9) indicates
that aggregation bias might be partly respon
sible for the high value of the aggregate a. All
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Equation (9) provided values of u of .65,
.59, and .45 for 1948-65, 1965-73 and 1973-78,
respectively. The deceleration primarily re
flected a slowing trend in the relative increases
in the capital stock of the large "commercial
and other" sector over the three periods.
These calculations for the aggregate u were all
lower than the value of .67 that was estimated
using the aggregate equation. Therefore, the
aggregate u is biased in its level, since one
would expect its estimated value to lie within
the bounds of the three calculated values.

it is biased in its insensitivity to compo
sitional shifts in output and capital over time,
since the sectoral u/s imply an aggregate u that
declines in each subperiod.

As noted earlier, the contribution of capital
intensity growth to productivity growth with
the aggregate method is u(dk/k). In addition
to the biases in aggregate u, there is also a
(potentially offsetting)l bias in dklk. This bias
occurs because the aggregate method does not
distinguish between two different effects
changes in the aggregate capital-labor ratio, k,
that are due to growth of capital intensity
within sectors, and changes that are due to
shifts in employment shares among sectors
with different levels of capital intensity. These
compositional shifts are important because of
the persistent tendency for sectors with rela-

low capital-labor ratios (except agricul
to expand their shares of employment

over time. Therefore, the rate of growth of the
aggregate capital-labor ratio understates the
combined within-sector rates of growth and the
combined effects of their decelerations over
the three subperiods.

The empirical importance of this effect can
be seen from Table 10, which decomposes the
aggregate growth of the capital-labor ratio into
rate and level effects using equation (B-2) in
A]:lpendix B. The rate effect accounts for the
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Table 10
Breakdown of Aggregate Capital-Labor

Growth Into Rate and Level Effects

1948-65 1965-73 1973-78

Total 2.80 2.47 1.83

Change from Prior Period -0.33 -0.64

Rate Effect 3.26 2.86 2.17

Change from Prior Period 0.40 -0.69

Level plus Interaction Effect -0.46 -0.39 -0.34

Source: Equation B-2 in Appendix B, using subperiod
averages for share variables.

within-sector growth of capital intensity, while
the level effect measures the net contribution
of shifts among sectors with different capital
labor ratios. The level effect is negative in all
three periods, and declines in absolute value
over time. Hence the growth rate of the aggre
gate capital-labor ratio (the total effect in Ta
ble 10) understates the amount of growth of
within-sector capital intensity (the rate effect)
during the three time periods, and also under
states the extent of its decline.

The biases in aggregate u and in dk/k are in
part offsetting, but because of their combined
effect, the aggregate method underestimates
the importance of capital-intensity growth in
the slowdown of aggregate labor-productivity
growth. With the disaggregated method,
slower capital-intensity growth accounts for
0.94 percentage point (almost one-half) of the
2.00-percentage-point decline in labor-produc
tivity growth between the 1948-65 and 1973-78
periods, as opposed to 0.65 percentage point
(one-third) of the decline with the aggregate
method. A detailed analysis of the aggregation
bias from a theoretical point of view is pre
sented in Appendix B.



III. Summary and Conclusions
The growth rate of aggregate labor produc

tivity slowed from 3.2 percent per year in the
1948-65 period, to 2.3 percent and 1.2 percent
in the 1965-73 and 1973-78 periods, respec
tively. In this study we have analyzed the link
ages among the sectors and the aggregate. The
results indicate that the sharp productivity
slowdown was widely dispersed across most
sectors of the economy. Moreover, almost half
of the slowdown was related to capital invest
ment's failure to keep up with the rapid growth
of the labor force.

Similar results were evident from our anal
ysis of the broader measure, total factor pro
ductivity. This measure showed a deceleration
from a 1.3-percent annual growth rate in the
1948-65 period to rates of 0.7 percent over
1965-73 and 0.4 percent over 1973-78. This
deceleration also occurred widely across most
sectors.

Intersectoral shifts in employment and out
put-the "level" effect-explained only a mi
nor part of the aggregate productivity slow
down. The effect of shifts across sectors with
differing productivity levels was relatively
small in the early period (0.43 percent per year
over 1948-65), and was even smaller in recent
years (0.15 percent per year over 1973-78).
The diminution of the level effect thus ac
counted for only 0.3 percentage point of the
2.0-percentage-point deceleration in aggregate
labor-productivity growth.

The small level effect evident in the U.S.
private economy over the past generation con
trasts starkly with the large sectoral-shift ef
fects normally evident in rapidly industrializing
countries, where workers move rapidly from
low-productivity agricultural employment to
high-productivity industrial jobs. The produc
tivity boost from sectoral shifts of this type,
once important in U.S. economic history, ap
parently is no longer so.

Reduced growth of capital deepening ex
plains almost half of the labor-productivity
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slowdown on a disaggregated basis, but only
one-third of the slowdown on an aggregate
basis. The aggregate method understates the
importance of the slowdown in capita.ldeep
ening, because of aggregation bias. OUf theo
retical and empirical results strongly support
the use of disaggregated data-which is im
portant because most other productivity stud
ies have relied on aggregated·data. Shifts in
employment shares among sectors can cause
difficulty, both in the estimation of the.. pro
duction function and in its application toques
tions such as those examined here. While it
would be impossible to avoid these difficulties
altogether, it is still worthwhile to disaggregate
the data as far as possible.

The effect of the slowdown in capital-inten
sity growth on labor productivity growth was
paralleled by a coincident decline in total fac
tor productivity growth. The two trends signify
not only a decelerating substitution of capital
for labor, but also a deterioration in the rate
of increase in the combined efficiency of the
two inputs. That trend, in fact, has pervaded
most sectors of the economy. The aggregate
observations were confirmed-if not strength
ened-by the disaggregated analysis.

The underlying causes and possible remedies
of these worrisome trends have become the
subject of much controversy. A number of con
tributing factors have been cited for the pro
ductivity slowdown, such as rapid increases in
the number of inexperienced workers, busi
ness-cycle uncertainties, higher energy prices,
inflation, governmental regulations, environ
mental priorities, and tax laws. Although all
factors seem to have had some impact, no sin
gle one stands out as the prime cause of the
slowdown in capital deepening or productivity
growth. But our analysis suggests that, what
ever the underlying causes, the effects of the
slowdown have been pervasive throughout the
economy.



Appendix A
The Rate Effect and Divisia Aggregation

which can be rewritten as

(A-2)

(A-4)

(A-3)

1+~Yi LlOi

1+ _LlP = __---:O:.:..i
PI'" LlLi+.::.w·

I L
i

where the annual subscripts have been sup
pressed for simplicity.

There are two conceptual differences be
tween the direct and Divisia productivity in
dices. First, the Divisia index essentially mea
sures only the rate effect, and hence is free of
the "bias" imparted by a level effect. In the
aggregate Divisia index, within-sector growth
rates are weighted by shares that sum to one,
so that the growth rate of the aggregate index
reflects only the weighted average of the
growth rates within the individual sectors. Sec
ond, the Divisia index weights the growth rates
of sectoral components by their nominal out
put and factor shares. These nominal shares
are the products of real shares and relative
prices, the latter of which proxy for the mar
g.inal values (outputs) and marginal products
(mputs). Thus, the Divisia index is effectively
a value-weighted "rate" index.

The similarity between the Divisia index and
the direct-aggregation-rate effect can be dem
onstrated easily. From equation (1) in the text,
the continuous form of the rate effect in direct
aggregation is

By comparison, the Divisia index in equation
(A-I) can be rewritten as

where Yi = nominal output share of the i-th
sector

Oi = real output of the i-th sector
Wi = nominal wage share of the i-th

sector
Li = labor hours employed in the i

th sector

One can interpret the rate effect under direct
aggregation as a close counterpart to labor
productivity change as measured by Divisia
aggregation. Economists believe Divisia aggre
gation to be particularly appropriate for mea
suring productivity change,28 because this ap
proach is consistent with generalized production
functions such as the translog function, and
because the aggregate index is based on a
weighted average of within-sector rates of
change, thereby effectively netting out level
effects. For the multisector Divisia index of
aggregate productivity, outputs and inputs are
not summed directly across sectors as they are
under direct aggregation. Instead, growth rates
of real outputs (inputs) are calculated for each
of the sectors, and the aggregate index of real
output (input) growth is then computed as a
weighted average of the growth rates of real
outputs (inputs) in each of the sectors, where
the weights are nominal output (nominal in
put) shares. The Divisia productivity index is
thus the difference between the instantaneous
rates of growth of output and inputs.

In algebraic form, the multisector Divisia
productivity index may be stated29

The Divisia index is a continuous index, al
though it is normally approximated with a dis
crete counterpart because of the unavailability
of continuous output and input data.30 With
annual data, the above formula can be ap
proximated for annual growth rates:
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where Pi = the relative price of output in
the i-th sector

Vi = the relative wage of labor in the
i-th sector.

tween the two rests largely on whether or not
one prefers to weight data by prices as proxies
for marginal products.

Sources: Table 3 in the text for the rate effect. Equation
(A-2) is iterated annually for the Divisia index.

Table (A-1)
l\Yo Measures of Labor

Productivity Growth
(Annual rate, in percent)

1948-651965-731973-78

Rate Effect 2.82 2.05 1.14

-0.73 -0.89

-0.77 -0.91

1.182.072.80

Percentage Point Change

Percentage Point Change

Divisia Index

Equations (A-3) and (A-4) demonstrate that
the rate effect under direct aggregation and the
Divisia productivity index are identical, except
that the rate effect uses real output shares as
weights (even for inputs), whereas the Divisia
index uses nominal output and input shares as
weights for outputs and inputs, respectively.

Table A-I demonstrates that the rate effect
and the Divisia index result in strikingly similar
measures of aggregate-productivity change.
Thus, both the rate effect and the Divisia index
provide a good measure of productivity change
net of "aggregation bias," and the choice be-

(B-3)

The contribution as measured by the disag
gregated method, as previously described in

. () ..... dkiCIequation 8, IS ..:.qi<XiT' early, the two cal-
l

culations would produce identical results if

k <xK <X Q./Q
~ ~ dl = 0 and -' = <X.q. or _ = -'-

k ' K '" <Xi K/K'
(B-1)

then

Appendix B
Aggregation Bias

Aggregation bias may occur when sectors From equation (4), the contribution of the
with varying characteristics are treated as if capital-labor ratio to labor-productivity change
they were homogeneous. If there were no ag- . dk
gregation bias-that is, if all components of as measured by the aggregate method IS <XT'
the aggregate were alike-the two methods or:
used in this paper to calculate the contribution
of the capital-labor ratio to productivity growth
would produce the same results. However, the
empirical results indicate that this is not the
case. To examine the theoretical difference be
tween the two methods, we first need to sep
arate changes in the capital-labor ratio into
rate and level effects, deriving results analo
gous to equation (3) for labor-productivity
change. Since

These conditions would be fulfilled if the sec
tors were homogeneous, since then k; = k for

all i, and thus the term ~~ dli is zero by defi

nitioh. Also, since the output-capital ratios
would be the same across sectors, Q/Ki =
Q/K. The aggregate a could then be derived
from equation (9), setting <Xi = <Xi for all i and
j.

21



(B-4)
L~ dl;, in the growth equation for the capital-

k
labor ratio (B-2) is correlated with the level
effect in equation (7), which (from footnote 8)
can be written equivalently as

Hence, the condition exQ = a?Ki would hold
K i

under constant employment shares even if the
sectors were not perfectly homogeneous. How
ever, the existence of sectoral shifts in employ
ment shares will result in a difference between
the aggregate and disaggregated methods, so
long as sectors are not homogeneous. Specifi-

cally, the difference will be aLt dli, or the

level effect in capital·labor ratio growth mul
tiplied by ex.

The existence of this level effect also intro
duces bias into the ordinary·least-squares es
timation of the aggregate ex. Since sectors with
higher capital·labor ratios typically have higher
labor·productivity levels, the shift effect,

and since LdK; = dK, ex = a;.

In this situation, therefore, there is no am
biguity involved in the definition of the aggre
gate ex, which is independent of the data. Since
there is no aggregation bias, use of a disaggre
gated method provides no further information.

Given the Cobb-Douglas production func
tion and a perfectly competitive economy, the
two methods would also produce the same re
sults so long as there were no employment
shifts among sectors. The Cobb-Douglas func-

. . l' SQ; Q; f 11 . d rfbon Imp les - = 0.;- or a 1, an pe ect
SKi Ki

oQ SQ
competition implies -' = _J Therefore,

oK; SKj'
Q. Q

exi..--2 = exi-l, and from equation (B-4) ,
K; K j

Rearranging terms, (B-9) becomes

(B-6)

(B-7)

(B-l0)

dP dk- = ex-+u
P k

dPi dki
- = ex·-+u (B-8)
Pi 'ki '

(Rate) (Level)

dP; P;
= Lqi T +L pdli.,

dP
P

and

As before, if the sectors are homogeneous,
exiqi = aK;lK, Pi = P, and ki = k. Then, the
second two terms in (B-l0) reduce to zero, and
the error term, u, is composed only of the
weighted random components Ui' If the sectors

Kdk k
= exL.....! -' + exL.2dl + u.

K k i k'

(
p k)+L --! - 0..2 dlP k ,.

Then, substituting (B-8) into (B-6), and (B-
2) into (B-7), we have:

dP dk; Pi- = Lq·ex·- + Lq u + :S-dlP , 'k,. " P 1

(B-9)

Hence the independent variable in the aggre·
gate-productivity equation (4), dk/k, is corre
lated with the error term. This can be seen by
first adding an error term to equation (4) for
the aggregate and sectors, assuming for sim
plicity that r = 0 (no disembodied technical
change):

(B-S)

_ L Qi K dK; _ SQ; K LdKi
ex - a;K

i
Q dK - oKi Q dK

SQi K
=--

SKiQ
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Recalling that P = Q/L, k = KlL, and making
use of the relation aiqi = aK/K, we can write
equation (B-ll) as

The estimate of a will be biased if the non

random part of the error term, ~q/l ai) ~li is
1

correlated with ~k. The level or bias effect in

dk
-;-, i.e., the second term in equation (B-2), is
K

are not homogeneous, however,theerror term
will consist solely of random components only
if there is no aggregation bias. As before, this
condition will be met if the Cobb-Douglas and
perfect-competition assumptions hold, so that
aQ/K = (XiQ/Kj, and if there are no changes
in employment shares. If the Cobb-Douglas
and perfect-competition assumptions hold, but
there are shifts in employment shares, (B-lO)
reduces to:

~~ dl. ~Ki dli
"::'k "or"::'K I.

1

Ki ai
Substituting K = a qi, this term becomes

1 dl i
-~aiqi-' Since the nonrandom part of u is
a h

dl
~qi (1 - ai) j, the degree to which a is biased

1

depends on how close (1 ai) is to ai' We know
that the ai must lie between 0 and 1; the closer
they are to 0.5, the closer will be the corre
spondence between the independent variable
and the error term in equation (4).

As we have seen, the industry output-capital
elasticities in fact cover a fairly wide range, .2
to .7 (Table 9). However, the unweighted av
erage is .50, while the average weighted by
output shares is .45. Therefore, there is some
indication that the independent variable, dk/k,
in the aggregate equation (4) (or equation (6»
is positively correlated with the error term.
This correlation should produce an upward
bias in the estimation of a in the aggregate
equation. This seems to be the case, because
of the discrepancy between the estimates of a
and ai in Table 6.

(B-ll)

(B-12)
dl

u = ~qiUi +~qi(l- ai)j .
1
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RATE AND LEVEL EFFECTS
Several studies have decomposed aggregate productivity change into rate and level effects, but

the formulae used were complicated and difficult to interpret. Nordhaus (1972) derived a multi
sector framework that somewhat resembled the one in this paper. Independently, Grossman and
Fuchs derived a two-sector model that was simplified and extended by Beebe. Subsequently, Clark
and Blakemore formulated and solved the multisector problem much more concisely, and their
analysis was used by Haltmaier. The derivation below extends that of Clark and Blakemore, and
results in a decomposition that is easily interpreted and applied.

Using the following definitions,
Qi real output in the i-th sector (i =1, ... , N)
Q ~Qi = aggregate real output
qi Q/Q = i-th sector's share of real output
Li labor hours employed in the i-th sector
L ~Li = aggregate hours employed
Ii L/L = i-th sector's share of hours employed
Pi Q/Li = real output per hour in the i-th sector
P Q/L = aggregate output per hour

and beginning with the identity,
~Q ~PL

P == Q/L = -' = _'_I = ~PJ.L L II ,

then for a discrete time period,

.lP = ~li.lPi + ~Pi.lli + ~.lPi.lli ,

where the three terms represent the rate, level, and interaction (second order) terms, respectively.
For a percentage change over the finite interval,

.lP 1 1 1P = p~li.lPi + p~Pi.lli + paPiali .

Using the following identities,

and
Pi _ Q/I.., or'! = Q/Q 1. ,
P = Q/L' P L/L ~

and substituting into the above equation,

.lP L; Q/I..; Q/Q 1
P = ~Q.lPi+~ Q/L.lli+~ L;!L ~.lPi.lli

= ~Li ~.lP + ~Qi .!al + ~.lPi Qi .ll;
Q Pi ' Q I; 1 P; Q Ii

_ ~ .lP; ~ .lli ~ aPi .lli
- q; p. + qi I + qi p. I.'

I 1 1 l

which are the rate, level, and interaction effects used in the text.
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FOOTNOTES

In this form, the level effect is the change in the sectors'
labor shares weighted by their relative productivity levels.

9. The private domestic nonresidential economy excludes
output of government and government enterprise. "rest of
the world," and the imputed rental value of farm and non
farm dwellings. Residential construction is included in the
total.

10. Labor productivity exhibits a strong cyclical compo
nent, because the stock of capital is largely fixed in the
short run and labor may be combined with capital at dif
fering intensities. Moreover, because there may be signif
icant costs associated with labor turnover, fluctuations in
labor productivity tend to lag the business cycle (see Gor
don and Sims). For the data in this section, the cycle in
productivity is removed by calculating trends between se
lected "peak" years for productivity: 1948, 1965, 1973,
and 1978. (see Norsworthy, Harper, and Kunze, pp.
389-90.) For the regressions in Section II, a cyclical vari
able is entered directly into the equations to account for
the cyclical component of productivity. Moreover, the entire
analysis was performed on cyclically adjusted output and
labor data that were constructed using an econometric
scheme derived from work by Clark (1978) and Nordhaus
(1972). The results based on cyclically adjusted data were
very close to the ones reported here. The two methods
gave similar growth rates because the end points of the
periods are peak productivity years.

11. The relatively steady behavior of the productivity se
ries for finance and insurance and for services may result
from unreliable output data. See Footnote 12.

12. The decline in the construction industry is sometimes
attributed to erroneous real-output data, although it is dif
ficult to explain why data problems would cause a sudden
shift in the behavior of the series. In the construction,
finance and insurance. and service industries, output is
measured in terms of inputs in several constituent indus
tries where there is no standardized product. There also
is inadequate correction for quality change in the price
indices within these industries. These problems suggest
that the output and productivity data for these sectors may
be of insufficient quality for productivity analysis, although
they do not suggest that the shifts in trends are necessarily
linked to data problems. See Norsworthy, Harper, and
Kunze, p. 393, and Rees.

13. Pre-1972 data were utilized in some studies that at
tributed the deceleration in the late-1960's and early
1970's to the level effect. Because of the difficulty in re
moving the cyclical· effect of the 1970 recession from the
data, the years beyond 1968 could be relied on only ten
uously. At that time, the diminished level effect due to the
declining shift out of agriculture appeared to explain a
large part of the small deceleration then apparent in ag
gregate productivity growth. The recent contention of Thu
row, pp. 86-88, reiterating the present importance of the
level effect, simply is not supportable using disaggregation
at the level used in this (or his) study.

1. Denison (1973) and Nordhaus (1972). Because these
studies were done prior to the 1973 business-cycle peak
and the economy had not recovered fully from the effects
of the 1970 recession, it was difficult to measure the
secular productivity slowdown.

2. Such shifts may be tied in part to the relative supplies
of inexperienced and experienced workers. See Perry and
Wachter and Perloff.

3. For example, see Thurow, pp. 86-87.

4. For other recent papers that employ various degrees of
disaggregation, see Norsworthy, Harper, and Kunze, Halt
maier, Gollop and Jorgenson, Gollop, Kendrick and Gross
man, and Bennett.

5. For an extensive analysis, see Norsworthy, Harper, and
Kunze. For comprehensive summaries see Kendrick,
Denison, and Tatom. Other recent papers of importance
are by Berndt, Crandall, Nordhaus (1980), and Kopcke.

6. Direct aggregation is not the only method of aggrega
tion; nor is it necessarily the best, particularly in the case
of productivity. However, it is used officially and is com
monly understood-all official pUblished productivity data
are based on direct aggregation. For these reasons, the
formulae derived in this paper are based on direct aggre
gation, although we compare our results to those obtained
using Divisia aggregation.

7. Equation (1) can be calculated over a full period or
calculated iteratively within the period. For example, in
analyzing the rate, level, and interaction effects over, say,
a 10-year period, one could perform a single calculation
for the entire period using the q at the beginning of the
10-year span and the full 10-year percentage changes in
each of the other variables to arrive at the calculated
components. The rate, level, and interaction components
would sum to the total, with each component and the total
expressed as a 10-year percentage change. In converting
to annualized compound rates of change, however, the
components no longer would sum to the total because of
nonlinearities involved in compounding. (See Levine for
a generalization of this problem.)

An alternative is to iterate equation (1) annually (or over
any other short period), calculating a rate of change for
the total and each component for each year in the 10-year
period and allowing the qj to change for each year. This
method, which is used throughout the paper, has three
advantages: the annualized growth rates of components
always sum to that of the total; the q are representative
of the average values of each subperiod rather than simply
the initial values; and the methOd of calculation is com
parable to that of the annual Divisia index against which
the rate effect is compared in Appendix A.

8. An individual sector's contributions to the overall rate,
lavel, ar.d interaction effects are respectively,

~P; ~ d ~P; ~
qT' qj I. ,an q P

I , I

Since q/lj may be expressed alternatively as PIP (the
sector's relative level of productivity) the level effect may
also be written as
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14. To get the rate effect, one does not simply mUltiply
the real product share in Table 1 times the annual rate
of increase in Table 2, although these figures are appro
priate for analyzing that effect. For its calculation, see
Footnote 7.

Sectoral level effects are not shown in Table 4 because
the individual level effect is negative if al; is negative, i.e.,
if the sector's labor share declined over the period. So
long as a sector's labor share increased, the level effect
is positive even if the sector displays relatively low pro
ductivity. Thus, the level effects measure only a portion of
the full effect on aggregate productivity when labor shifts
from one sector to another. To see this, consider what
would happen if a worker were to shift from the agricultural
to the manufacturing sector. Both output and employment
would fall in agriculture, but would rise in manufacturing.
The full effect of such a shift depends on the productivity
levels in both sectors, and thus cannot be picked up by
a level effect associated with a single sector. Generalizing
from this example suggests that one should focus on the
aggregate level effect (Table 3) rather than on the individ
ual level effects of the sectors.

Separate analysis by the authors shows that the most
important labor shifts impinging on the level effect have
been the declining share of labor in agriculture (a sector
with a low relative level of productivity); an increasing
labor share in services (low relative productivity level) and
finance and insurance (high relative productivity level);
and a shift in mining (high relative productivity level) from
a declining to a rising labor share. Although the labor
shares of the manufacturing sectors have declined on
balance, the productivity levels of these sectors are very
close to the aggregate average.

15. As noted in Table 5, capital data are for gross capital
stocks. The sources are the Department of Commerce for
agriculture and manufacturing, and Data ResoUices, Inc.,
for the other sectors. (Data for the total are sums of the
sectoral data.) The analysis was performed also using
sectoral data by Kendrick and Grossman. The results
were comparable except for a few sectors, most notably
mining, where the estimated a'S made little sense. Jane
Haltmaier is exploring other data sources, but we are not
yet prepared to make strong statements about the quality
of our data. We have also run our equations using Com
merce data for aggregate gross and net capital stocks,
and we report these results in the paper.

16. Norsworthy, Harper and Kunze found that the capital
labor ratio accelerated in the 1965-73 period for the pri
vate nonfarm business sector. According to their analysis
(pp. 419-20), the investment tax credit appears to have
reduced the rise in the cost of capital during the 1965-73
period, while the sudden rise in energy prices in 1973-74
(and the apparent complementarity of energy and capital
in production) may have retarded capital formation in the
1973-78 period.

17. Much debate has centered around the inclusion of
energy input or its price in a value-added production func
tion. Most energy use should be excluded, although the
price of energy might provide a reasonable surrogate for
other factors, such as changes in the optimal capital-labor
ratio. See Kopcke.
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18. Strict separability requires that exclusion of some in
puts, such as goods in intermediate stages of production,
not affect the optimal mix of the included inputs, labor and
capital.

19. Disembodied technical change and changes in total
factor productivity are used interchangably to mean a shift
in the production function. See Jorgenson and Griliches,
p. 250, and Norsworthy, Harper, and Kunze, p. 395.

20. Under the assumptions that production conforms to
the Cobb-Douglas formulation and that the economy is
perfectly competitive, the elasticity of output with respect
to each factor will be equal to that factor's share of total
income. Thus, a can be estimated as capital's historical
income share. This is the approach used by Denison.

21. Because capacity utilization in manUfacturing is prob
ably not a good surrogate for business conditions in many
sectors, we experimented with other ways of removing the
cycle in labor productivity. Data for normal hours and out
put were constructed using a technique based on work by
Clark (1978) and by Nordhaus (1972). Although this
method produced similar results, it is much more complex
and has led to much controversy. We also used the
method described in the paper, with percentage changes
in 1972-dollar GNP (less the mean percentage change)
in place of the capacity-utilization rate. Although real GNP
is preferable because of its broader-based coverage, it
imparts a bias because its percentage changes are en
dogenous to the secular trend in productivity. Therefore,
we found it preferable to use the manufacturing capacity
utilization rate as a proxy for the economy-wide business
cycle.

22. The dummies are zero except for the following years:
d, = 1 for the annual changes 1965-66 through 1972-73,
and d2 = 1 for 1973-74 through 1977-78.

23. The means of the dependent variables are the average
rates of labor-productivity change over the 1948-78 pe
riod, which can be approximated from Table 7.

24. Since only two factors of production (labor and capital)
have been included in the estimated equations, it is diffi
cult to say which figure should be used. The figures cor
respond to the shares of income (output) classified as (1)
profit-type return only, and (2) profit-type return plus net
interest, indirect business taxes, and capital consumption
allowances. The latter share has been quite stable over
the 3D-year period, ranging from .39 to .47. The income
(output) measure is gross domestic product, less govern
ment. Data are from Table 6.1 of the National Income and
Product Accounts.

25. Net capital stock is not available on a disaggregated
basis. In estimating our aggregate equation using the BEA
series for net capital stock, we obtained an estimate of
.55. Thus our empirical results are quite close to those of
Clark.

26.Equation (9) is derived as follows:

_ dO JS. _2: dO; ~ JS. = 2: dO; -'S-- dK; K
a - dK 0 - dK; dK O' dK; 0; dK q; K

( dK; IdK)
= 2:a;q ~ K



27. Since the aggregate a depends on the sectoral mix of
capital-stock growth, the concept of an aggregate ex as a
simple elasticity becomes ambiguous once one pursues
the microeconomic approach. This problem, which is not
new in economics, lies at the heart of the aggregate vs.
sectoral relationships addressed in this paper.

28. Siegel, Jorgenson and Griliches, Solow, Norsworthy,
Harper and Kunze, Gollop and Jorgenson, Gollop, Star
and Hall, and Richter. The Jorgenson and Griliches paper,

pp. 250-254 and 260-261, gives perhaps the clearest
and most precise derivation of the multisector Divisia pro
ductivity index.

29. Jorgenson and Griliches, p. 252. There is also an
equivalent dual counterpart expressed in terms of prices,
since Divisia aggregation presumes that prices equal mar
ginal values.

30. See Jorgenson and Griliches, p. 260-261, and Star
and Hall.
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Conference Proceedings Available
Copies are now available of the Proceedings of the 1979 West
Coast AcademiclFederal Reserve Research Seminar. The Proceed
ings contain five papers (with discussion) on the effects of money
on employment, output, prices and interest rates. The Proceed
ings are aimed primarily at an audience of financial analysts and
academic economists... Free copies of the Proceedings of the 1979
conference-as well as the Proceedings of earlier (1978 and 1976)
conferences-can be obtained by calling or writing the Public In
formation Section, Federal Reserve Bank of San Francisco, P.O. Box
7702, San Francisco 94120. Phone (415) 544-2184.
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