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the young work force gains experience later in the decade, the effect of
age mix.changes should be to increase the productivity growth fate.

There were a number of other temporary factors working to reduce’
productivity increaseé in the period 1970-75; The energy price increases
may well have made obsolete parts of thg capital stock associated with
energy intensive technologies. ©New technologies whi;h are energy inten-
sive may also bave become obsolete before they were introduced. Because
of this the rate of introduction of néw technologies may have temporarily
slowed. Environmental regulations are known to have resulted in the
closing of some production facilities. They also resulted in large capital
expenditures on pollution abatement devices which do not contribute directly
to production. Steel and other priméry metals are examples of industries
affected by these problems. Another factor which may have contributed to
a temporary decline in economic efficiency in fhe early 1970‘é was the im-
position of wage and price controls.

Under the assumption that many of the disruptions bf éhe 1970's
were temporary aberrations which will not be operating in the late 1970's,

we have estimated that the rate of product1v1ty grﬂwth will rise from the

T

v1rtually zero levels of 1974-75 to the 2.0 to 2 2 percent range in the
periodfl978—81. This is unfortunately, .3 percent or more lower than the
‘growth rates of the 1950's and 1960's. It is estimated that faster rates
of growth in the capital/labor ratio and increases in the experience of
the work force will add perhaps .5 percent to the percentage rate of pro-
ductivity growth in the late 1970's. We do eﬁpect strong productivity
gains in 1976; but most of this will be of a purely cyclical sort. éhe
factors which account for longer term productivity growth will contribute

relatively little in 1976.
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II. A Catalogue of the Sources of Productivity Change

It is useful to catdlogue the major sources of productivity change.
These include the quantity and quality of capital goods and the quality of

labor.

a) The Quantity of Capital -

Increases in the quantity of productive capital goods per
unit of labor input (the capital/labor ratioc) can be ex-
pected to increase the amount of output per hour of labor
employed. Capital goods supplement labor in preduction.
The more of these goods available to a given work force,
the greater production will be. In assessing.the con~
tribution of changes in the.capitalllabor ratio to pro-
ductivity growth we will make use of existing data on
real stocks of capital and total hours of labor for the
U.S.

b) Labor Quality Changes

Contributions to labor quality changes would include:
Changes in the age, sex, educational, industrial and occu-
pational composition of the labor force., It is well known,
for example, that productivitybvaries systemétically among
individuals due to age differénces, and differences in
educational attainment and sex. In a competitive society
such differences reveal themselves in wage differentials
among individuals. Other things equal, more highly edu-

cated and more experienced individuals are more skilled,
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more productive, and earn more. Since wage differentials
are indicators of productivity differénces, they provide
a means for assessing the effects on productivity of com-
pogitional changes in the work forcé.

c) Changes in the Quality of Capital = Technological Change

On the microeconomic level this is the most visable source
of productivity growth. However, capital quality changes
are much more difficult to measure in the aggregate. Be~
cause of these measurement difficulties, the effects of
capital quality improvements can be observed only indi-
rectly. We can, however, directly observe one factor
which is an important source of technological improve~
ments, research and developmént (R&D) expenditures.

While it is unfortunate that we do not have direct measures of the
effects of capital quality changes, we should recognize that we still can
measure the effect of a signifiéant proportion of the factors which contri-
bute to productivity and output growth. Moreover, many of the factors
affecting growth are demographic in nature and easily forecast for, say, a

five year period.

TI1. Factors Affecting Productivity and Economic Growth, 1556-1980
In the preceding section we developed a list of factors considered
to be important in affecting productivity growth. We now preéent a quanti-
tative analysis of the historical behavior of a number of these factors,

and forecasts for the 1976-81 period.
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a) The Quantity of Capital

The periqa 1956-75 was marked by dramatic shifts in the
‘ways that the factors which contribute to economic growth
worked their effects. In the period 1956-66 the growth
of hours of labor averaged only 1 percent per annum while
capital stock growth averaged 3;7 percent. As a consequence
the capital[labor ratio grew by 2:7 percent‘annually on
average. In the period 1966-1975, the growth of hours
worked rose to 1.8 percent per annum while capital growth
was 3.4 percent. The result was al.7 percent rate of
~growth in the capital/labor ratio. In fact, the capital/
labor ratio throughout the late 50's and 60's grew at a rate s
that was never less than 2 percent per year. In the 1970's,
the rate of growth of the capital/labor ratio was above
2 percent in only one yéar, 1973. The ratio ac;ually fell>
in 1975. Due to the rapid expected growth in the 1abof
force and an anticipated slow recovery of gross investment‘
in fixed capital, the ratio is likely to grow very slowly
in 1976 and 1977. Even if capital stock growth acceler-
ates sharply, it may not be untilll980 that we see a return
to the growth rates of the 1960's. The detailed results

for labor and capital are summarized in Table II.

b) Labor Quality

Shifts in the different factors affecting labor quality are

less dramatic. Changes in the work experience of the labor
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force is an important factor affecting productivity
movements throughout the 1970's. Productivity is re-
duced when the proportion of inexperienced workers in
the work force increases. The surge in the labor input
as shown in Table II-reflects the verythigh fertility
rates of the decade following World War II. The indi-
viduals born in these‘years were new entrants to the
work force in the late 60's and the early to mid-70's.
The productivity of new entrants is reduced for a time,
because they lack work experience. As we move into the
late 70's, the depressing effect of the new entrants on
productivity should reverse itself. The late 1960's
and early 1970's surge in the young entrants can be seen
in Table ITII. The percent of the employed popﬁlation in
the 16-19 and 20-24 year groups rises throughou£ the
1960's, but levels off about 1973. The percent in the
20-24 year group is expected to hold at aboutvthe 1974-75
levels while.the percent in the 16~19 year group.should '
fall. There was very little movement in the percent
fepresented by the 25-34 year group until 1971, at which
point a sharp rise begins. This rise can be expected to
continue throughout the decade and to be accompanied by
productivity gains.

The basic trends in the eaucational quality of the work

force should be much the same in the period 1976-81 as in
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.the earlier period. Tables IV and V presents estimates

of the pércent distribution of the employed male and fe-
male population 16 years and over. The projections for
1976~1981 are based on estimates of the educational
attainment of the pqpulation through 1980 prepared by the
Bureau of the Census. It was necessary to adjust these
projectioné to reflect educational attainment of the em-
ployed population. Holding other factors fixed, increases
in the formal education of the work force will increase
productivity. The trends reported in the tables through
1981 reflect the fact that older population groups retiring
from the Qork force have less formal education than the
younger individuals entering; Acco?dingly, the positive
contribution of education to productivity growth found in
earlier periods should continue into the 1980's.

As noted above, productivity is also affected by shifts

of the population among industries with differing levels

of productivity. The shift of employment from farm to non-
farm provides én interesting example. From the end of.
World War II to 1970 the proportion of total hours of

labor employed in the farm éector of the U.S. €economy fell
from 19 percent to 5 percent. Since labor productivity

in farming (as measured in the national income accounts)
was lower than in the nonfarm sector, aggregate measured

productivity rose. It has been estimated that the farm
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to nonfarm shifts accounted for more than 10 percent
of the tqfal labor productivity increase in the period
1947-1976. However, the shift in employment from farm
to nonfarm slowed in the mid-1960's and employment in
the service sectors and government has expanded relative
to other sectors; We are currently estimating the
contribution of industrial ghifts to productivity growth
to be zero for the 1970-81 period;

c¢) The Quality of Capital

As noted, we do not have adequate direct measures of
capital quality. However, we can measure a variable
which should be an important factor im affecting the
quality of capital, research and development. Chart I
shows National Science Foundation estimates of current
and constant dellar reséarch and development (R&D) expendiw
tures for the years 1967-75 and a forecast for 1976.

Real R&D expenditures in 1975 are down about 7 percent
from their peak level of $30 billion in 1969. As a share
of GNP, R&D has fallen stéadily from a peak of 3.0 per-
cent in 1964 to 2.3 percent. |

IV, Overall Assessment

Table VI provides a summary growth accounting of the factors which
affect productivity. As noted in Section II, not all of the factors which
affect productivity are observable. In particular, changes in the quality

of the stock of capital are not directly measurable, at least in the aggregate.

- A, = N L L R L T ST O S 2 A AT TR RN T

B R L A R I T T st S RS TR R Y T L R T T I R R AT A



-9
It is likely, however, that the effects of such quality changes can be ob-
served indirectly. First,;the total percentage change in productivity is
observable, It is also possible, using growth accounting procedures pat-
terned on those developed by Edward F. Denison to obtain direct estimates
of the contributions to productivity of 1) changes in the capital/labor
ratio and 2) of changes in the age, séx; education, industry, and occupa-
tion mix of the population. This second item is measured by using observed
wage rate differences as proxies for productivity differences among indi-
change
viduals. Much of the difference between the total observed percentage/in
productivity and the percentage change accounted for by the measurable
factors is probably due to capital~quality changes; Since our focus is on
prodﬁctivity trends, the output per hour of labor, labor quantity and‘labor
quality variables reported in Table VI have been corrected for cyclical
variation. Column 1. of Table VI gives the percentage change in output
(real GNP5 per hour for various periods from 1965-1981. The projections
for the 1976-1981 period will be discussed later. Column 2. reports the
contribution to Column 1. accounted'for by increases in the capital/labor
ratio, and Column 3. gives the contribution of changes in the age, sex,
education, etc., compositicn of the work force. Finally, Column 4. shows
the contribution of unobservable factors such as capital quality changes.
In the period 1970-75, the contribution of the capital/labor
ratio to the percentage growth in productivity was roughly one-half of its
value in earlier periods. In the 1973-75 period the contribution of the

capital/labor ratio was virtually zero,because of the very low levels of invest-

ment expenditures. The contribution of compositional changes to productivity
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growth was relatively small in the 1966-75 period in cowparison to earlier
years, ranging from .09 pefcent in the late 60's to .22 percent in the
1973-75 period. The benefits of increased education in this period were
largely offset by the depressing effect of the very large numbers of young
and inexperienced workers entering the‘work force at this time. As the
young work force gains experieﬁce the compositional effects should yield a
significant positive contribution in the late 70's.

The effects on productivity of unobservable factors are reported in
Column 4. It is of some interest that in the periocds 1956-65, 1965~70 and
1970-73, the unobservable factors contributed roughly 1.0+ percent to pro-~
ductivity growth and -.52 percent in the 1973-75 period; The measurable
factors did contribute something to the low (in fact, negative) productivity
growth in 1973-75; however, the unobservables were by far the most important
factors in the dismal prodpctivity performance of the 1973-75 period.

It is an interesting question as to what may have been responsible
for the poor 1973-75 performance. The effectiveness of capitel investment
in contribution to productivity growth may have been lowered by the need
to allocate some investment funds to pollution abatement.  Also, one could
argue that the —-.52 percent nonmeasurable contribution reflected a once and
for all destruction of productive capacity. It might be argued that the
" capacity destruction was a consequence of the very large changes inbrelative
energy prices in 1974 which rendered some plant and equipment obsolete.
Another source of lost capacity would be the shutdown of some production facili-
ties to comply with environmental regulations. If some of the capital stock

was actually scrapped we should expect to find large writeoffs in the form
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of capital consumption allowances. The capital consumption allowances in
book value terms, however;.have shown little more than the normal steady
trend. A more pléusible argument might be that, because of the large in-
creases in energy coéts; the (marginal) productivity of all capital (new
and old) fell, but not to a level that would justify large-scale scrapping.
Evidence for the above argument might be found in a permanent decline in
the full employment share of nonwage income payments in GNP Unfortunately,
data on the economy in a full emplé&ment state have yet to become available
‘in the post-1974 period.

Another point of view would place little emphasis on two-year move-
ments in productivity and would simply observe that the trend in productiv-
ity changes for the last ten years has been negative; and that the average
rate of growth attributable to unobservable factors was .4 percent for the
years 1970-75, less than half its value in earlier periods. They might
couple this with the fact that research and development spending as a per-
cent of GNP has declined steadily from 3.0 percent in 1965 to 2.3 percent
in 1976. There may be something to such an argument, but it is extremely
difficult to attribute more than a slight influence to the slowdown in R&D
spending. The fiow of new ideas is mot likely to be proportional to the
amount of R&D purchased. Another possible candidate for a long-run slow-
down in prgductivity gfowth would be increased costs of extraction of raw
materials as the easy to mine materials are worked out.

It seems reasonable to assume that the effects of R&D slowdowns, and

rising extraction costs affect productivity growth in a very slow and steady
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way. They do not cause aberrations such as the 1974-75 productivity ex-
perience. The flow of new ideas is probably also of a steady sort. How-
ever, the implementation of new ideas may not be. In fact, with the large
relative énergy price'shifts of 1974-75, it may be that whole lines of
thought on energy using technology may have become obsolete. Producers
may havé been forced to consider unfamiliar technslogies; The resulting
uncertainty could have resulted in a hiatus in the introduction of new
technologies. Data are simply not available at the moment to confirm such
a hypothesis. However, if the 1974-75 experience can be traced to a tempo-
rary phenomenon such as the one just cited, and to a once and f;r all de-
cline in the (marginal) productivity of capital, it becomes possible to
offer projections for the 1976-8L period. 1If we can assume a return to
the 1.0 percent rate of contribution to productivity growth of the un-
measurable factors, the results of Table VI for measurable productivity
growth suggest a return to 2.0 percent to 2.2 percent productivity growth
in the 1978-81 period. This is still perhaps .5 percent lower than the
rates of growth found in the period before 1965. For éhe near—term,A1976—
1977, we have assumed a contribution of .75 percent for the nonmeasurable -
factors. This, together with an expected slow growth in the capital labor
ratio,leads to a 1.29 percent productivity growth in 1976-77. The projections of
Columm 2., Table VI make use of the capital/labor ratio projections from
Table I1. The projections of the effects of age, sex, education, etc.,
composition changes in the work force are based on demographic projections
of the composition of the work force provided.by the Bureau of Labor Statis-

tics and the Bureau of the Census.
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IV. Economic Policies to Increase Productivity growth

If, given present eeonomic policies, productivity growth is not ex-—
pected to return to the pre-1965 levels, it is appropriate to consider the
desirability of econémic policy changes which would stimulate productivity.
While one can imagine policy measures (incentive systém) which would affect
the age, sex, occupational and industrial mix of the work force, such inter-
ference in the private sector would be economically as well as politically
unwise. The obvious candidates for affecting the growth of productivity are:

1. Greater fixed investment incentives, which should increase the

quantity of capital. §:>1 y;iu,
2. Improvements in the use d?"?%%dﬂfé;ﬁ devotgd to education, which
might increase the quality of iabor. :
3. Public policies that might,be expected'té increase the nonmeasur-
able sources of productivity grawth‘ﬁuch as: e
a. Increased R&D expenditures;
b. Reform of the regulatory system; and
c. Improvement in the functioning of the labor market.
With the help of its task force on productivity, the CEA will study alter-

native policies to enhance productivity growth and present its findings in

a subsequent report.
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Table I

Annual Rate of Growth -
Period TR -Real Gross National Product
Lo i, - P A e per Hour - Percent

b e R e e S 4.20

1947-53 ..

WPENEE. Gy b O Sl 2.61

T O R St R R T

‘Source: The labor hours series is the sum of .labor hours. employed

in the private sector (from Employment and Earnlngs, Table C-11)
plus government sector labor hours, esu;matlng using an assumed 40
hour workweek. Tai- 2
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Table II1.-- Annual Percentage Changes in Hours of Labor,
Stocks of Fixed Capital and the Capital/Labor Ratio

Capital/
Year ‘ Labor ~ Capital Labor
1957 .6 3.7 3.1
1958 .7 _2.8 2.1
1959 .9 3.5 2.7
1960 .9 3.3 2.4
1961 .9 3.0 2.1
1962 .5 3.5 3.0
1963 1.4 3.7 2.3
1964 1.2 4.0 2.8
1965 1.3 4.7 3.4
1966 1.2 4.6 3.4
1967 1.7 3.8 2.1
1968 1.5 4.1 2.6
1969 1.7 4.0 2.3
1970 1.9 3.2 1.3
1971 1.9 3.4 1.5
1972 2.1 4.0 1.9
1973 1.8 4.2 2.4
1974 1.7 2.9 1.2
1975 1.6 1.4 -2
1976 1.7 1.9 .2
1977 1.6 2.7 1.1
1978 1.5 3.0 1.5
1979 1.5 3.4 1.9
1980 1.3 3.7 . 2.4
1981 1.2 3.7 2.5

Notes: The labor time series (historical and projected) is a full employment
labor hours series developed as part of the CEA potential output studies. The
capital stock series for the historical period is the sum of the Department of
Commerce constant (1972) dollar net stocks of business and residential fixed
capital. The capital projections are in line with CEA's most recent forecasts
of business fixed investment and residential construction.
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Table ITI,-~Percent Distribution of the Employed Population

by Age Groups

Year 16-19 20-24 25-34 35-64 65+
1960 ...veiiivnn, 6.28 9.31 20.72 59.02 4,67
1961 .ovivivinenns 6.25 9.48 20.43 59.30 4. 54
1962 .vvvivinnnvnn 6.29 9.66 19.95 59.58 4,51
1963 ..vivvviianen 6.28 10.05 19.65 59.71 4.30
1964 ...vvuveinnns 6.52 10.54 19.40 59.25 4.29
1965 .iiiiiiiennn 7.09 10.84 19.27 58.58 4.23
1966 ..oviiinaa 7.85 10.92 19.23 57.94 4.06
L 7.64 11.42 19.60 57.29 4.05
1968 ..viiiiiiinnn 7.61 11.54 20.11 56.71 4.03
1969 ..o 7.85 11.96 20.38 55.74 4.05
1970 ..vvieiet 7.81 12.36 20.73 55.14 3.96
1971 ...... RN 7.83 12.82 21.06 54.46 3.84
1972 iiiieeevennn 8.23 13.34 21.87 52.90 3.67
1873 . oiiiiii e, 8.57 13.84 22.74 51.44 3.40
1974 (.o 8.61 13.85 23.51 - 50.75 3.28
1975 v 8.31 13.73 24,27 50.41 3.28
1976 o viiiiiien 8.39 13.72 24.67 49.78 3.29
R 8.22 13.92 25.18 49.75 3.29
1978 .iiiiiiienns 8.14 14.01 25.48 49.15 3.18
1979 .ol 7.67 13.92 25.98 48.73 3.18
1980 ..viviiiiin 7.80 13.93 26.59 48.42 3.18
1981 s.iiiiiiiaas 7.54 13.93 27.29 48.10 3.08
Source: Bureau of Labor Statistics —- Household Survey.

A T o T R T AW

o AT g £ T L TR g N At s W




" Table IV.--Percent Distribution of Employed Population (Males)
By Educational Attainment -
Corrected for Coverage in 1972-75

Grade School High School College Median
1-4 5-7 8 | 1-3 4 | 1-3 4 5+ _ Years
Males-1960
1961
1962 5.1 9.8 13.9 19.2 29.1 10.6 | 7.3 5.0 12.1
1963
1964
1965 4.3 8.3  12.7 18.9 |.32.3 10.6 7.5 5.4 12.2
1966 3.9 . 8.0 12.3 19.0 32.9 10.7 7.8 5.4 12.3
1967 3.6 7.8 11.6. 18.5 33.1 11.9 8.0 5.5 12.3
1968 3.3 7.3 J1.1 18.2 33.9 12.2 7.9 6.0 12.3
1969 3.2 . 6.9 10.6: 17.8 34.6 12.7 7.9 1 6.3 12.3
1970 2.8 6.7 | 10.1: 17.2 35.2 13.4 8.2 6.4 12.4
1971 2.7 6.1 9.5 16.5 35.8 14.0 8.7 6.7 12.4
1972 2.6 5.8 8.8 16.3 36.1 14.4 8.9 17.0 12.4
1973 2.5 5.4 7.8 15.8 37.0 15.0 9.3 7.2 12.5
1974 2.4 5.1 7.5 15.1 37.1 15.5 9.6 7.8 12.5
1975 2.1 4.6 6.7 14.2 37.2 16.3 {10.6 8.4 12.6
1976 1.8 4.3 6.4 14.0 37.4 16.6 110.8 | 8.7 12,6
1977 1.7 4.1 6.1 13.7 37.7 16.9 {1 11.0 8.8 12.6
1978 1.6 3.9 5.7 13.4 38.1 17.1 311.2 9.0 12,7
1979 - 1.6 3.7 5.4 13.2 38.1 17.4 §{ 11.4 9.2 12.7
1980 1.5 3.5 5.1 12.9 38.3 17.7 { 11.7 9.4 12.8
1981 1.4 3.3 4.8 12.6 38.4 18.04{12.0 9.6 12.9

Source:; The historical data are from the Special Labor Force Reports - Series on Educa-
tional Attainment. ’



Table V.--Percent Distribution of Employed Population (Females)
by Educational Attainment -- Corrected for Coverage in 1972-75

Period Grade School High School College Median
0-4 5-7 8 1-3 4 1-3 4 5+ | IeATS
Females: 1960 ......
1961 ......
1962 ...... 3.0 7.2 11.5 18.1 38.8 11.5 7.2 2.8 12.3
1963 ......
1964 ......
1965 ...... 2.3 6.1 10,5 18.1 42,1 10.6 7.2 3.2 12.3
1966 ...... 2.1 6.2 9.4 18.0 43.1 11.1 6.9 3.3 12.3
1967 ...... 2.0 5.7 8.9 18.0 43,2 11.9 7.3 3.0 12.4
1968 .... 1.8 5.3 8.6 17.1 43.9 12.5 7.6 3.2 12,4
1869 ...... 1.9 5.1 7.8 16.9 45.0 12.6 7.3 3.4 12.4
1970 ...... 1.6 4.4 7.6 16.5 45.6 13.3 7.5 3.6 12.4
1971 ...... 1.4 4.3 7.1 15.8 45.5 14.0 3.0 3.9 12.5
1972 ...... 1.4 3.9 6.5 15.6 46.5 13.8 8.3 3.9 12.4
1973 ... 1.3 3.5 5.9 15.1 46.9 14.5 8.7 4.1 12.5
1974 ...... 1.1 3.5 5.3 14.5 46.0 15.9 9.2 4.5 12.5
1975 ...... 1.0 3.1 5.1 13.4 46.5 16.2 9.6 5.0 12.5
1976 ...... .9 3.0 4.8 13.2 46.6 16.3 9.9 5.2 12.5
1977 ..... . .9 2.9 4.5 13.0 46.8 16.5 10,1 5.3 12,6
1978 ...... .8 2,7 4.2 12.8 46.9 16.7 10.4 5.4 12.6
1979 ...... .8 2.5 4,01 12.6 47.0 16.8 10.6 5.6 12.6
1980 ...... .7 2.4 3.8 12.4 47.1 17.0 10.9 5.7 12.6
1981 ...... .7 2.3 3.6 12.2 47.0. 17.2 11.2 5.8 12.6
Source: The historical data are from the Special Labor Force Reports — Series on Educa-

tional Attainment.
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Chart I.
R&D funding trends:
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Table VI.--Contributions to the Percent Change in
Real GNP per Hour of Labor

s

2.

3.

Period

4.
Contribution | Contribution [C0l.1-(Cols2+3
Total Percent to percent to percent Contribution

change real

change of

change of

to percent

Growth, (The Brookings Institution, 1974) p. 138.
velop this table are approximations of Denison's.

GNP changes in changes in the | change of
per hour the Capital/ | composition of junobservable

""" of labor Labor Ratio the Workforce factors
1956-1965 feeeaeen cee e 2.61 ' .88 47 1.26
1965~1970 ...viviiiaenn cheeeaa 2.04 .79 .09 1.16
1970-1975 tiviiiaiiirnnnnnen . 1.04 .45 .19 40
1970-1973 .. iiiiiiiian, - 1.83 .64 .18 1.01
C3973-1975 e e e ~-.14 .16 .22 -.52
1976-1977 ...... e e lf29 .21 .31 .75
1978-1981 . Ceeae et . 2.13 .68 W45 1.00

*Source: See the Statistical Appendix to this.Report. The entry in Column 3. for 1956-

1965 is inferred from Edward F. Denison, Accounting for United States Economic

The procedures used to de-
Also, Denison's output mea-

sure was real national income, whereas we are working with realgross national
product. Accordingly, the numbers reported herein are not strictly comparable

with Denison's.





