‘Recent changes in the A growth
of U.S. multifactor product1v1ty

Since 1979, multtfactor productzvzty growth
has recovered ‘completely only in manufacturmg,

for the rest of private business,
growth has recovered partially,

but remazns below the 1 948—73 trend rate

EDWIN DEAN AND KENT KUNZE

The dramatic slowdown in productivity growth that
began about 1973 has been the focus of much analysis
and discussion. ‘In: recent months, this discussion has
taken on new life, as' analysts continue to probe the

influence of U.S. productmty growth on the country’s

competitiveness in world trade. Other commentators
have raised the possibility that the slowdown has enided
and. productivity growth has resumed . its earlier pace.

The present article contrlbutes to the discussion by
presenting and’ analyzmg recent Bureau of Labor Stafis-
tics measures of growth in multifactor productivity in the
United States. It also presents preliminary results of BLS
studies of factors that have affected productivity change.

Special attention is given to the productivity growth

record for recent years, to examine whether productivity
might have resumed its pre-1973 pace.

BLS multifactor measures ;

In 1983, the BLS introduced measures of multifactor
productivity for three major seetors of the U.S. econ-
omy—private busmess, pnvate nonfarm business, -and
manufacturing. Since that year, annual news releases
have provided current m tifactor productivity measures.

Because the methods used to develop these measures‘
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have been described in two 1983 publications,' only a
brief summary is presented here.

In the BLS measures, growth in multlfactor productlv-
ity is measured as the difference between the growth rate.
of output and the growth rate of combined capital and
labor inputs. ? Growth in multifactor productivity reflects
increase in output due to factors other than growth in.
capital and labor inputs. Multlfactorkproductlvny calcu-vk

_lated in this way provides a numerical answer to the

question: What is the portion of the.growth rate of output
that cannot be accounted for by the growth rate of

‘ comblned inputs?

The measured multifactor product1v1ty growth rates
reflect changes in-all influences on output other than the
inputs. They reflect changes in technology, including
changes that result from research and development
activities; economies of scale; changes in the management
or organization: of resources; and changes in the skxlls
and efforts workers bring to the job. ,

- Multifactor productivity is closely related to the com-
monly used coneept of labor productivity, or output per
unit of labor 1npu’t It can be shown that, under certain
assumptions,* growth in labor productivity is equal to
growth in multifactor productivity plus another factor.
That factor is the growth in capital input per labor hour
times the share of capital income in the value of output—
or capital’s share, for short. It follows that growth in
labor productivity can be decomposed into two parts, the’



part due to growth in. multlfactor product1v1ty and the

~ part due to growth in capital input per labor hour or. the

capital-labor ratio. Over. long perieds in most. economies,

all three of these terms will be positive, so that a positive

growth rate in labor productivity is the sum of positive

growth in multifactor productivity plus the positive

growth rate in the capital-labor ratio times the caprtal,:

share in output. (Of course, it is possible for one or more
of these growth rates to be negatrve) i
This relationship can ‘be expressed in an equation:;
o L\ 4 (£ .L). -
m(Z-Z)= S +se\z2F) 0
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where Q is output, L is labor hours, Ki 1s cap1ta1 input, Sk
is capital’s share, and A represéents the state of technol-"
ogy. A dot over a variable indicates the rate of change of

the variable with respect to time. The ratio K/K is o
therefore the percentage rate of change of capital.

g .

The term g—z is-the percentage rate ot?"change over

#

gauge has become increasingly important with the decel-
eration” of productivity growth over the last 15 years.
‘From :1948 to 1986, multifactor pro oductivity. in the
private busrness sector increased at an average rate of 1.4
percent per year (table 1). This growth reflects a -3.2-
percent average annual increase in output and a 1.8-
percent rate of growth of combined inputs of labor and -
capital services: Labor services (hours) in private busmess
increased at a rate of 0.9 percent per year, and capital
services grew 3.4 percent annually. The capxtal labor
ratio grew 2.4 percent per’ year. .
The nonfarm ‘business sector-had a; pattern of produc-f

At1v1tyf growth for the 1948-86" period that was similar to

that of private. business. Multifactor. productlvrty in-
,annually for. the “entire penod ‘as

outputirose 3, 3 percent ‘yearly and combmed inputs grew

time in Iab.o‘r 'k productivity, Q/L (output per hour).

Similarly, 4/4 is the percentage rate of change in
multifactor productivity, or output per unit of combined

labor and capital" inputs;; The*'t‘errn_j‘]—( Bt "is the

percentage rate of change in capltal input per hour, the i

k cap1ta1 -labor ratio, while’ 5, is ‘capital’s : share. (Capltal’
share, 54 and labor’s share, s,, both are fracttons and their

sum exhausts the total value of output it follows that Sk’

+5; =

)

Equatron I expresses the relatlonshrp descrxbed earherA :

of change in labor product'*'

The percentage' Tie-

multlfactor productrvlty, A.j ‘A plus the percentage rate
of change in the caprtal-labor gatlo, K’: Z, times the .

share . of : capltal in output, s;..
Equation . 1 -decomposes- the change in the famlharf

labor product1v1ty ratio, Q/L, into the role of multifactor.

- -L-,‘ is 'eqqal’,/t(')‘ :;tfhie’ pe irc’entage_i‘-ate of , changelrn

productivity and the role of capltal mput relatlve to labor

input (the capltal -labor ratio).’

Long-term tren,ds

- Annual ‘measul
sensitive to:cyelic
term trends in o
disturbances..
provide a.benc
mance of producs

€ the;effects of eychcal

' rter, eriods. Such a.

f 'productmty change often are .
eﬁfects It.is helpful to look at long-:

ata 2. l-percent annual rate. Hours increased 1.4 percent
' ,e;nonfarrn business, a faster rate of
- in- private busmess, reﬂectmgaa decline in. -
hours 1n farm productlon Inputs of capital services.
increased 3.6 percent per year m prlvate nonfarm"
business. .. S i Wl
In manufacturmg, multlfactor productmty g»rew at an.
annual rate of 1.9 percent between 1948 and 1986..
Output increased at a 3. 3-percent rate and combined
inputs grew 1.4 percent yearly Ldbo ours rose at an
annual rate of only 0.6 percent and capxtal services grew
3 4 percent per. year

growth accounted for 60 fo 70 perc nt of labor productrv-
1ty growth durmg the postwar perlod w1th the remalnder :

A, "'erage annual grswth rates ot multlfactor
;productivt and related. measures for private business,

y 5
_private nonfarm buslness, and manufactuﬂng, 1948—86 .
[ln percént] : i y PRI
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Table 2, = Shares of capital and labor income in the
value of output, private business, private nonfarm. .
business, and. manufacturing, selected years, 1948-86 .
j [in percent] i k

. Income shares
Sector -

. 1948 1973 1979 1986
Prlvate business: EETI )
36.1 - '858.7 35.0 36.2
63.9 64.3 65.0 - 63.8
35.5 . 34.2 33.9 35.4
64.5 65.8 66.1 64.6
322 287 | 264 | 294
. 67,8 713 73.6 70:6

arising from an increase in the capital-labor ratio and

changes in capital’s share (the share of capital income in
the value of output, ;). Because capital’s share was fairly
stable over time (table 2), changés in this share had little
effect on labor productivity. In manufacturing, multifac-

tor productivity growth accounted for the largest propor- y

tion of labor productivity increase, 70. percent.

Manufacturing also had the fastest rate of growth of the
capital-labor ratio; however, capital’s share was generally
lower in manufacturing than in the other sectors, and this
tended to dampen the influence on labor productivity of
growth in the capital-labor ratio. For private business

and private nonfarm business, growth in multifactor .

productivity accounted for about 60 percent of labor
productlvxty increase during the period.

The productivity slowdown:

The post-1973 decline in the growth rate of both
multifactor and labor productivity has been a source of
persistent concern for business leaders, economists, and
policymakers. A plethora of books and articles has
appeared analyzing the probable causes and conse-
quences of the productivity slowdown.® The following

discussion examings the magnitude of the slowdown, .

using the most ‘current measures.

Between 1948:and 1973, the United States enjoyed a
sustained period of strong productivity growth. Multifac-
tor productivity in the nonfarm business sector rose at an
annual rate of 1.7 percent during this period (table 3).
This, coupled with the increase in the capital-labor ratio,
produced an annual rate of growth of labor productivity
of 2.5 percent. For the private business sector, the
productivity advance was even greater: Extra growth
occurred because of a shift of workers out of the farm
sector, which had relatively low productivity, to the
nonfarm sector, which had. higher productivity.” -

The manufacturing sector also experienced sustamed
high growth rates of both multlfactor and labor prod uc-
tivity in:the postwar period. The. rapid advance in lab

productlvlty was a reflection of both a high rate of §

multifactor productivity growth—2.0 percent annually—
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-and a high rate of growth in the capital-labor ratio—2.6

percent per year.
Between 1973 and 1979 the Nation’s rate of produc-

lbvt1v1ty growth changed drastlcally Output per hour in

private business increased only 0.6 percent annually and

- multifactor productivity rose.only 0.1 percent per year.

(See table 3 and chart 1.) In private nonfarm business,
output per hour increased at an annual rate of 0.5
percent, while multifactor productivity did not grow at
all. :

Labor productivity continued to show some advance in
these two sectors only because of continued, though
slower, growth in'capital intensity (the capital-labor
ratio). In private business, the average annual increase in
the capital-labor “ratio fell from 2.6 percent in the
previous per_iod,.x_to 1.5 percent in the 1973-79 period.

Table 3. Aveérage annual growth rates of multifactor
productivity: and related measures for. private business,
private nonfarm business, and manufacturing, 1948-73,
- 1973-79, and 197986
“Period
Sector and measure
1948-73 | 1973-79 | 1979-86
Private business’

Productivity:

" Multifactor productivity® .................... 2.0 0.1 0.5
:“Output per hour of all persons.......... 29 6 1.4
Output per unit of capital services..... 3 -9 -1.0

OUtpUL ... 36 2.5 25

Inputs:

Labor hours............ N 7 1.9 1.1
Capital Services........lviueeiiiiiinranvenns 3.3 3.4 36
Comblned unit of labor and cap:tal
INPULS® ottt 1.6 2.4 1.9
Capital-labor ratio® ................. 26 15 25
Contribution of ‘capita mtensuty5 9 5 9
Private nonfarm buslness‘

ProductMty : .

Multifactor productlvny2 e eenseseane 1.7 -1 3
Output.per hour of all persons.......... 2.5 5 1.2
Output per unit of capital services..... 3 -1.1 1.3

Output ............................................. 3.8 2.5 2.4

Inputs: :

Labor hOUrS..........ciiiicncnencrencnninnnnns 1.3 2.1 1.2

" Capital Services............ccceererieeiianens 35 3.7 3.7

’ Combuned umt of labor and capital i

INPUES® Lol e 2.0 2.6 2.1
Capital-labor ratio® .................. 2.2 1.6 25
Contnbutlon of capital intensity® 8 6 9

Manufacturing

Productivity: .

Multifactor productivity? .................v.. 2.0 5 26
Output per hour of ‘all persons..,....... 2.8 1.4 3.5
Output per. unit of capital services ..... 2 -1.8 .1

OUtPUL. ... e e e eecad e ievieenes 3.9 1.9 22

Inputs:

Labor hours.................. errreraraaaea, AR 5 -1.2
Capital SOrvICes.........ocevurvvaiinnrininnas 3.7 38 .23
Combmed unit: of labor and capital

INPUES® Lo it e 1.8 1.4 -4

Capital-labor ‘ratio® ....... s 26 3.3 3.5

Contribution of capital intensity® ........... 8 .9 9
! Excludes gbvemment enterprises. )

Output per:unit of combined labor and capital mput

3 Hours of all persqns c¢ombined with capnal servuce mput index, welghted by

“Iabor ‘and - capntal hares.

4 Capital services per hour of all persons.

' 5Changes in cap«tal -labor. ratio times capntal's share in the value of output.




Chart 1. Average annual growth rates of labor productivity, multifactor
. -productivity, and the contribution of capital intensity, selected periods, 1948-86
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Similarly, in nonfarm buéiness, the growth rate fell from
2.2 percent annually over the. period 1948-73 to 1.6
percent -in 1973-79. Only in. manufacturing did the
capltal-labor ratio continue to increase rapidly. In fact,
this ratio accelerated to a growth rate of 3.3 percent
annually, up from a 2.6-percent rate in the earlier period.

Of the total deceleration in labor productivity growth

in private business (2.3 percentage points), over 80
percent (1.9 percentage points) was a result .of . the
- deceleration in multifactor productivity growth. Less
--than .20 percent of the reduction in the rate of labor
productivity - increase was .due to the decline in the
growth rate of the capital-labor ratio. The same pattern
held :in private nonfarm business.

In. manufacturing, the deceleration of multlfactor
productivity growth accounted for more than the full
decline in the labor productivity growth rate. Because the
rate of increase in the capital-labor ratio actually acceler-
ated during the period, labor productivity growth slowed
less- than multifactor productivity growth. -

The recovery: 1979-86 ; ‘ A

During the most recent period; 1979 to 1986, there has
been a partial recovery in productivity growth. The
recovery must be considered incomplete because growth
rates for both multifactor and labor productivity in
private business and private nonfarm business have risen
above the low rates of 197379 but have not reached the
pre-1973: rates. In manufacturing, however, multifactor
and labor productivity growth rates have surpassed the
pre-1973 rates.

In private business and private nonfarm business, the
rate of increase in labor hours in 1979-86 declined
relative to the 1973-79 rate, while capital services grew
steadily, resulting in an acceleration of growth in the
capital-labor ratio. These developments contributed to.
the more rapid rise of labor productivity. A’ modest
increase in multifactor productivity growth also assisted
the growth of labor productivity. In manufacturing,
however, the rise of more than 2 percentage points, from
1.4 percent to 3.5 percent, in labor productivity growth
reflected an increase in multifactor productivity growth
of 2 percentage points, with no notlceable assistance from
the ‘capital-labor ratlo

. Elements of multifactor productivity change

It is noted above that the measured growth rates of
multifactor productivity reflect changes in technology
(the processes used to produce output); economies of
scale; organizational or management changes; and the
skills workers bring. to the job: (generally acquired

through schooling and expenence) In addition, multifac- -

tor productrvrty reﬂects ‘any errors made i in measurement
of the inputs (hours and capital serv1ces) and the output.
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BLS has conducted and continues to conduct reseaich in
these ‘areas to gain understanding of the multifactor:
productivity changes and also to eliminate possible
measurement error. The present areas: of research include
the measurement of the effects of research and develop-
ment (R&D) expenditures on productivity growth; the
measurement of the changing amounts of education and
experience that workers possess and the subsequent
effects on productivity growth; and a better measure of
hours, which reflects the actual number of labor hours
spent at the workplace as opposed to the hours (1nc1ud1ng’
vacations and other leave time) for which workers are
paid.

Increased expendrtures on R&D are considered to be a
prime factor in the creation of more efficient technolo-
gies. Relative expeénditures on R&D in nonfarm business
slowed substantially in the 1970’s. The total stock 'of
r&D,% which had incréased 7.8 ‘percent annually between
1948 ‘and 1973, rose 4.0 percent per year between 1973
and 1979. From 1979 to 1985, the growth rate of the R&D .
stock accelerated moderately to 4.4 percent.” However;
results of the empirical work also show that the post-

*. 1973 changes in the growth rates of the stock had almost
) no effect on post-1973 rates of change in multifactor

productivity. The research results for manufacturing are
quite similar to those for nonfarm business. :

Preliminary work on the productivity effects of worker-
experience and education shows that a small but measur-
able portion of the slowdown was attributable to changes
in the composition of the work force. Increase in
workers’ education and experience is positively correlated
with growth in output and productivity. During the late
1960’s and throughout the 1970’s, the work force ex-
panded rapidly, resulting in an increased proportion of
younger, inexperienced workers. At the same time, more
and more workers attained higher levels of education,
tending to counter some of the consequences of the influx
of inexperienced workers.

Preliminary results indicate that the contribution to
multifactor productivity growth of changes .in labor
composition in private business dropped from an average
of 0.2 percent per year in 1948-73 to zero in 1973-79.10
The rise in the proportion of less experienced workers
ceased after 1979, although there continued to be’ an’
mcrease in the average years of schooling of the work
force.!! After 1979, labor composition changes contrib-
uted about 0.3 percent per year to multifactor productiv-
ity growth—about as much as they had before 1973.?
Similar preliminary results hold for private nonfarm
business, while results for manufacturmg are. noth_
presently available. .

Beginning in: 1982, BLS began collecting data on the ;
ratio of hours at work to hours paid for production and

-nonsupervisory workers in nonagricultural establish-

ments. One purpose of this survey is to develop new data-



on labor: hours for use in ‘productivity . measurement
Only 15- percent of -total labor hours, as . presently

measured “in ' the' labor product1v1ty and - multifactor

measures, are based on an “‘hou twork” sconcept; the

concept most consistent with productivity measurement. -

This portion-of total hours is derived prlmanly from the

- Current . Population Survey, a survey ‘of households
conducted for BLS by the Bureau of the Census. The

.femaining 85 percent of the hours are based on an “hours“
paid” concept; this-portion of total hours is denved from
““the Current Employment Statistics survey, a BLS estab-
lishment-based program. Hence, the current product1v1ty
‘measures, as presented in’ tables 1 and 3; reflect predoml-
na’tely an “hours pald” concept o ,
The growth rates of hours at work and hours pald
may, of ‘course, drffer over trme If,-for example, hours

paid increase faster than hours at work, then productmty :

growth will be underestrmated Old estimates of the

historical trend of the hours-at- work/hours—pard 1atio
show a small divergence in ‘the growth rates of the two .

measures. Between 1948 and 1973, the ratio decreased

0.1 percent annually, and from 1973 to 1979, 1t fell 0.2

" percent ‘per year. These computations. suggest that the
slowdown in labor productrvrty growth is 0.1 percentage

point less than recorded in table 3. From 1979 to 1986,

the - ratio “of hours at work to hours paid remained

virtually unchanged Hence, product1v1ty in nonfarm
business has increased-as presently reported The results -

for manufacturmg indicate ‘that changes in"the ratio of
‘hours at work to hours pald had’ effects on product1v1ty,
as presently reported of 01 percent or: less for the
periods under examrnatron gt :
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YTrends iri Multtfactor Praducuvzty, 948-81, ‘Bulletin 2178 (Bureau of
Labot ‘Statistics; 1983); and Jerom Mark and William H. Waldorf,
“Multifactor producthity anew measjure,” Monthly Labor Review,
December 1983, pp. 3-15. ; i i :

2Output is definied as real gross proc
which-is net of its intermediate 1 mpu

‘yriginating ina given sector;
nsistency with this output

defmmon, ‘the 1nputs include only’ the ‘primary ‘inputs of labor - andt

capital, “that ‘is, ‘they excliide lntermedlate inputs such as energy,
nonenergy mateﬂals, and’ business: services:

In measures:of multifactor proditctivity growth for detalled mdus-
tries, output is more appropriately measured as deflated gross output-of
the industry, rather than deflated gross. product  originating. :For
consrstency with  this output - measure, -inputs ‘for detailed industries
should include purchased intermediate inputs as’ well ‘as: the primary
inputs. of labor and capital: For further discussion of these concepts and

implementation-of the measurement ‘methods, see Wllham Gullickson

and Michael Harper,’ “Multrfacbor productivity in’ UsS. manufacturmg,

1949-83,” Monthly Labor. Rewew, October 1987, pp. 18-28; and. Mark;

K. Sherwood, *
motor vehicles mdust
: 22—31

rformance of muftifactor productivity in the steel and
s,” Monthly Labor Revzew, August 1987 pp

'FOOTNOTES

: Harper, “Multifactor . producti

Summary
BLS measures show" that after a penod of strong

: growth in both- rnultlfactor productivity -and output per

hour from: 1948 to 1973, there followed a period of little
or ng increase from 1973 t0 1979. Since 19 ;.productlv-

ity growth has recovered partially in. the private business

and the prrvate nonfarm' ‘business " sectors. Only in

gmanufactunng has. the recovery been complete.

* An analysis of the 1973-79 slowdown in labor produc-

tivity shows that the major part of the slowdown cannot

be explamed by any of the factors examined to date in the
BLS research program. This conclusron holds for all three
of the sectors ‘examined -here—private. business, private
nonfarm business, and manufacturing. In this regard, the

- BLS results coincide’ with ‘the analyses ‘of most prrvate
 researchers. Three: of the four factors discussed in this:
_article—growth. in the ‘capital-labor ‘ratio; ‘changes: in

labor composition, and a decline in the ratio of hours at
work to hours paid—contributed in modest ways to‘the
slowdown, while the fourth, the decline in the growth
rate of R&D expenditures, did not. The major component
of the deceleration in labor productrvrty ‘was:a slowdown
in multlfactor productivity - that was not. explalned by
these four factors.

. The partral recovery of labor productrvrty growth in

private bu: iness and private norﬁ'arm business after 1979
can. be attrlbuted largely to increases in the caprtal labor

ratio- and to. changes in the. composltlon of the. labor
force. The other two factors——R&D expenditures and
hours at work——dld not contribute to thlS recovery. For.
manufacturrng, the complete recovery in labor. product1v~
ity growth after 1979 was due predommately to 1ncreasedr

- growth in multrfactor productrvrty Sl

3The multifactor productrvrty measurement formula is denved from an
assumed productron relationship: Q(1) = A(t) f{K(1), L()]; where Q(t) is

real'output, K(¢) is real capital input, L(2) is real laborinput, and A(y) is -

an“index of neutral technological progress:or- maltifactor productrvrty
The' development of  this. assumed  production: relationship into "a
measurement formula is based on the assumptions of perfect competi-:

“tion, Hrcks neutral techmcal change, and: constant returns, to. scale.

Equation 1 in:the text is an example of the measurement formulae that: -

" can.be derived from this assumed productron relationship: For addr-v

tional discussion of this model and the assnmptions underlying it, se¢’

-Trénds  in. Multifactor Productivity, “1948-81: Mark -and -Waldorf; .

“Multifactor prodiictivity: .a new - BLS - measure”; Gulhckson and
ity “in ULS, manufactunng, 1949-83”;
of “capital discards in multrfactor’

and Susan Powers,~ “The ' 10|

productwrty measurement i Monthly Labor Rewew, forthcommg

“As mentioned in the precedlng note, it.is assumed that the productron i

,functron is “characterized by Hicks neutral technical change and
- constarit retuirns to scale, and-that there is’ perfect competmon m mput-

and output : markets

5The BLS multlfactor productmty Mmeasures: lntroduced ifi 1983 were-
extensrvely revised in: 1986. The recent.:rneasures are based.on revised
basic data as ‘well asa ‘ al n provement The data revisions”
consist of new output data  for 1948 to 1984 and new caprtal input data
for the saime years.. The methodologrcal fevisiott: isan nnprovement o
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the technique for measuring capital inputs. These improvements: aré
described “in - detail in the appendix fo ‘this article. - '

The 1986 revisions were first reflected in the data presented in an
. October 1986 nigws reléase, “Multifactor Productivity Measures,'l985,”
USDL 86402 (Bureau-of Labor Statistics, Oct. 2, 1986). Further minor
revisions were reflected in the October 1987 news release, “Multlfactor

Productivity Measures,” 1986,” USDL. 87-436 (Bureau of Labor Statls— )
tics, Oct. 13, 1987). The meastres presented in tables 1; 2, and3 of this -

article are consrstent with the October. 1987 release." i

$For examples, see the numerous references in Edward “Denison,
Trends in- American -Economic Growth, -1928-1982 (Washmgton, The
Brookings  Institution, 1985)

- :!See J.R. Norsworthy and L.J. Fulco, “Productivity and costs in the
private economy, 1973, Monthly Labor Review, June 1974, pp. 3-9,
The authiors found an increase in labor productivity growth of 0.3
percentage points in the private economy between 1948 and 1973 due to
the shift of employment and hours from the farm to the nonfarm sector.
The difference between the private economy and private business is that
the former includes nonproﬁt institutions, households, and government
enterprises, which. combined represent about 8.5 percent of gross
national product. :

%The stock of R&D- is equivalent to accumulated expenditures, depreci-
ated each year at a rate of 10 percent. See.Leo Sveikauskas, “The

contribution of R&D to productivity growth *? Monthly. Labor Review,

March 1986 pp.. 16-20.

9Svelkauskas, “The contrrbutron of R&D™; and. Leo Svelkauskas,
“Research “and’ Development and Productivity Growth,” paper 'pre-:
sented at the annual: ‘meetings of the' American Economic Assocratron,
New Orleans, LA, December 1986.

" 1William H. Waldorf, Keiit Kunze, Larry Rosenblum, and Mlchael B

Tannen,  “New Measures of the Contribution of Education and'
Experience to U.S. Productrvxty Growth,” paper presented. at the:
annual meetings of the Amerrcan ‘Economic Assoclatlon, New Orleans,
LA, December: 1986.

”Accordmg to data from the Current Population Survey, in 1959
about 12 percent of the work force was between 18 and 24 years old and
50 ‘percent of the total work force had graduated from high school. In
1969, 18-'to 24-year-olds were about 17 percent of the work force and
64 percent.of the total had a high school education or better.. As of
1979, 18- to 24-year-olds were moré than 19 percent of the work force
and 75 percent of the work force had graduated from high' school.: By
1986, persons 18 to 24-had dropped to just over 16 percent of the work
force, while 80 percent of the work force had. graduated from hrgh
school.

2Waldorf, Kunze, Rosenblum, and Tannen “New Measures -of the
Contribution of * Education and. Experrence to US Productrvrty
Growth.” T S

BThese estrmates are based on preliminary BLS research. See Edward
Denison, Trerids in American’ Ecoriomic Growth, 1929-1982- (Washmg-
ton, The Brookings Institution, 1985), and earlier studies by the same
author, for use of the ‘older- estimates in measures. '

‘AlPPENDI‘X; Recent revisions to multifactor productivity measures

Th1s appendix describes two rev1s1ons made in the BLS
multifactor productlvrty measures after they were intro-
duced in 1983 One set of revisions mvolved the introduc-
tion of new output and capital input data for 1948 to

1984, developed usmg revised National Income and

Product Accounts data released by the Bureau of Eco-
nomic Analysis of the U. S Department of Commerce in
December 1985 and January 1986. The second revision is
a methodological 1mprovement in the techmque for
measurlng capital 1nputs

Revised data

In December 1985 and January 1986 the Bureau of
Economic Analysrs released  revised  national accounts
data for the years 1929-84, which caused BLS to revise its
computations of output and capital input for the entire
period covered by its multrfactor productivity measures,
which begins in 1948. The revisions in the national
accounts statistics were of two types, statistical changes
and definitional and class1ﬁcatlon changes. The latter
~ changes mainly affected components of gross national
product—for example, output of general government—
that BLS excludes from its measures of the output of the
private busmess sector of the economy, and so need not
be examined in-a discussion of output revisions. Private
business sector output is gross national product minus
general government, government enterpnses, nonprofit
institutions, the household tor, owner-occupied hous-
ing, thé statistical discrepan ~and the-rest-of-the-world

sector: (Fot further drseussron,see Trends in Multifactor
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Pfdductivity, Bulletin 2178 (Bureau of Labor Statistics,
1983), appendix F; and Jerome A. Mark, “Measuring,
smgle-factor and multlfactor productivity,” Monthly La-
bor Review, December 1986, pp. 3-11)

The statrstlcal changes in the natlonal accounts af-
fected the BLS measures of output as well as the measures
of capital input. The output measures were most affected
by four 1mportant statlstlcal changes:

¢ Data from regularly used sources that appear 1ess often
than annually—for example, the 1977 input-output
tables—were incorporated. into the accounts.

¢ The Bureau of Economic Analysis made improved
adjustments for misreporting on tax returns, some-
times misleadingly referred to-as “underground econ- -
omy adjustments.” These adjustments were ‘based on
studies of the underreportmg of income on tax returns
and nonﬁlmg of -the returns.

e The base year for computation: of the accounts .was
changed from 1972 to 1982. Hence,: constant-dollar
output series were computed usmg 1982, rather than
1972, prices. : :

e A price index for computers was 1ntroduced ‘For-
merly, it had been assumed that computer prices had

- not changed over time: The new index showed. an
average annual decline in computer prices, after ad-:

“justment. for quality: change, of 14 percent per year
between 1969 and 1984. - :

‘The BLS measures. of capltal services' inputs are pre—
pared using, among several data sources, Bureau of

v



' Table A-1. Onglnal and rewsed measures of multlfactor productwnty growth and related measures, pnvate busmess,
private nonfarm business, ‘and: manufacturmg, _1948-84 - : e : .
[in- percent] . ! : . T
sastor : . 1948-73 1973:79 1979-84 ;
S "=l Previous® | ‘Revised® | Ditference | Previcus® | Revised® | Difference | Previous® | Revised®- ‘Difference -
Private business*- i [ N ' , _ e
COUPUL .. i i e s B V4 36 ~0.1 2.7 25 ~0.2 23 2.6 _oa”
Capital services.. . 36 3.4 -2 3.2 3.4 2 29 3.6 .7
Combined |nputs5 ....... 1.7 1.8 =1, 23 2.4 1 1.5 1.8 3
] Muttifactor productlwtyé R SO 2.0 20 = 4 A -3 .8 -4 S =6
Private nonfarm business* L B s . '

T oput.....0 0 Sl ae 38 = 28 ‘o8 =3 23 20 3
Capital ‘services .. OB SR X 35 =1 3.3 37 4 3.0 37 T
Combined |nputs 2.1 .24 - 25 2.6 1 1.6 1.9 3.
Multifactor productivity® ....o.............; 1.7 1.7 e 3 o=t -4 7 B E =6

Manufacturing o
QUIPUL .. 5. vt eenneees e 40 3.9° e 2.0 18 <1 18 14 1
Capital services.. ... w o 84 o 87 .3 35 38 3 20 25 5
Combined |nputs5 ....... L 18 1.8 e 1.3 1.4 R -5 -4 1
Multifactor productivity® ................... 2.2 2.0 =2 7 5 L =2 1.8 1.9 1
! Average ‘annual compound rates. " ) ; : N i

2 presented iin '*Multifactor Productlwty Measures, usDL. 85-405 (Bureau Excludes government enterprises.

of Labor Statlstlcs ‘Oct. 3,-1985), % Hours of all persons combined with capital-services mputand welghted
7 E with labor and capital shares.in the value of output.

Presented in "' Multifactor Productlvny Measures 1986,"" UsDL 86—402 . o )

(Bureau of Labor Statistics, ‘Oct. 2, 1986)."  Output per-unit of combined labor and capital input.

Economic Analysis data on real gross investment in
deprec1able assets and inventories. These real investment
data also were revised in December 1985 and January‘
1986, along with. other ‘componénts of ‘the national
accounts. The four statistical changes mentioned in the
discussion of output revisions, as well as two. definitional
and classification changes, all affected the ‘series on real
gross investment in depreCiable asséts. The two defini-
tional and classﬁ'rcatron changes were the capltahZatron
of replacement rarlroad track .and the capitalization of
major . replacements to. residential - structures, such :as
roofs and -heating’ systems. : .
The BLS measures of capital inputs were also affected
by two other.changes in procedures: (1) The Bureau of
Economic Analysis adopted new-—and usually longer—
asset lives for several assets. The BLS uses these asset lives
in developing measures of capital stocks from real gross
investment data, utilizing the perpetual inventory
method; and (2) for the first time, the: Bureau of
Economic ‘Analysis prepared real gross investment data
for 61 industries, essentially those industries at the two-
digit level of the Standard Industrial Classification (SIC)
system maintained by the U.S. Office of Management
and Budget, -in ‘addition’ to investment data for major
economic sectors. Using these disaggregated investment
data, BLS prepared revised total productive capital stocks
fot- each asset type for each major sector. These stocks
were combined, ‘using specially prepared weights, to
provide measures of capital inputs for'each major sector.
The methods used in. computation of productive capital
stocks and in developmg ‘weights for each asset type were

the same as those described in Trends in Multifactor
Productivity, appendix C, with the single exception of the
methodologlcal 1mprovement descrlbed in the next sec-
tion of this appendix. ~ ‘

Flnalfy, the Bureau.of Economtc Analys1s revisions of
late 1985 and early .1986 1ncluded revrsed data on
incomes of caprtal and labor, and therefore led to changes
in the shares of capital and labor in the value of output
the s; and s; terms discussed in connection with text
equation 1. The revised data on capltal income  also
affected the weights used to aggregate different produc-
tive capital stocks to produce a measure of aggregate
capital services.

The Bureau of Economic Analysrs descnbed its revi-
“siofis in several artlcles in its monthly pubhcatlon, Survey
of Current ‘Business, in 1984 to 1986.  Among these
articles were Robert P. Parker, “Improved Adjustments
for ‘Misreporting of Tax Return Information Used to
Estimate the National Income and Product Accounts,'
1977,” June 1984, pp. 17-25; John A. Gorman- and
others, “Fixed anate Capital in thie UnitedStates,” July
1985, pp. 36-57; “Revised Estimates of the -National
Income and Product Accounts of the United States;
1929-85: An Introduction,” December 1985, pp. 1-33;
and Roseann Cole and others, “Quahty-AdJusted Price
Indexes for Computer Processors and Selected Peripheral
Equlpmen » January 1986 pp- 41 50

A methodologrcal 1mprovement : _
- The methodologlcal 1mprovement in the measurement

of capital inputs affected the weights used to aggregate
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product1ve capltal stocks These welghts are calculated to;‘
- reflect the importance of each type of caprtal stock in
vices. To compute these

producing :a flow of capltal
weights, an 1rnp1101t rental’ price is calculated for each

capital asset: One of the variables in the equation used to

estimate the rental price is a. capltal appreciation term. In-
1983, when the BLS measures were introduced, this capltal '
_ appreciation term was the annual change in the price of :

the asset. The 1983 adoption by BLS of this “annual first

“view of specrahsts in productmty measurement.
Since 1983, BLS" researchers,v

of capital apprec1atron using a 3-year moving average is

supenor to an annual ﬁrst drfference estrmate Thrs “

22 -

estimate -accorded  with  the then-dommant

in collaboratron ‘with- /.
academic spec1ahsts, have determined that computatlon‘ :

:;October 3, 1985 ancl October 2 198

conclus1on follows careful exammatlon of the theory of”
price expectatlons as well as emplrlcal tests of the relative

performance of alternative ways of _measuring capital
- appreciation. This" work is described in- Michael J.
‘Harper, Ernst R. Berndt, and David O. Wood; “Rates of
‘Return and Capital Aggregation Using Alternative

Rental Prices,” Working Paper 170 (Bureau of Labor

‘Statistics, July 1987).

" The effects of the revisions and improvements de-

scribed in this appendix are shown.in table A-1. This
- table compares the BLS measures of output, ‘capital
‘services inputs, combined capital -and labor- mputs, and

multlfactor productmty ‘before and after the revisions, as
reflected in the data presented in: the. news: releases of




