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Possible measurement bias
in aggregate productivity growth

By examining industry multifactor productivity

In more detail, researchers can gain new insights
into the hypothesis of measurement bias

in aggregate output and productivity

grown about 1 percent per year since thgroductivity at the level of two-digiic indus-

late 1970s, according to data publishetties! Many of the measures that we present are
by the Bureau of Labor Statistics. Some scholampublished, and we do not consider them to be
in the productivity research field have suggesteprototypicalsLs measures. The point of our data
however, that productivity might have growrexercises is to examine possible problems with
faster. the data.

One line of reasoning that supports this faster To estimate multifactor productivity for two-
growth theory hinges on the decomposition afigit nonmanufacturing industries, we used input-
productivity trends by industry. When businessutput tables and other published and unpub-
sector output and hours are allocated to manlished data. (See the appendix, which explains
facturing and nonmanufacturing, the nonmanirow we assembled the data.) In an earlier study,
facturing trend in output per hour appears to lvee describe how an “ideal” set of data, comprised
very low. When output and hours are further allef input-output tables and price deflators, might
cated by industry, some of the resulting produte used to construct a set of multifactor produc-
tivity trends appear to be negative. These trentigity measures which were in turn consistent with
are difficult to reconcile with anecdotal evidenc¢he economic theory of firnsin this article, we
of productivity improvements. emphasize that available data actually fall short

This article sheds some new light on these isf the “ideal” in a number of respects. Nonethe-
sues by using measures of multifactor productiless, the data come close enough in concept to
ity. The multifactor productivity framework is the “ideal” to make the industry multifactor pro-
well suited to sorting out many of the issues beluctivity framework a useful tool for analyzing
cause it allows us to account for capital inputggregate multifactor productivity data.
and for intermediate flows between industries. An advantage of this approach is that it allows
With these measures, we can compare industrg to rule out certain sources of productivity bias.
and sectoral productivity trends. Specifically, those biases resulting from an in-

The multifactor productivity measures that weomplete definition of productivity and those bi-
present in this article are derived from variouases resulting from an improper allocation of pro-
published and unpublished government datictivity to industries can be evaluated separately
sources. Using these measures, we are ableftiam other sources of bias. A further advantage
conduct two main data exercises—one which eis that multifactor productivity comes closer than
amines aggregate manufacturing and nonmarmutput per hour to reflecting the phenomena
facturing multifactor productivity and anothemwhich people usually have in mind when they

Output per hour in the business sector haghich examines nonmanufacturing multifactor
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think of productivity such as “technological change,” “effi- to estimate real output.

ciency gains,” “increased returns to scale” and “quality A second category of explanations involves input mismea-

change.” If there is anecdotal evidence that these phenomesirement. The trend in labor input could be biased. While we

have been operating with a positive influence, then we mightto not suspect significant bias in the long-term aggregate

expect multifactor productivity to have a positive trend. hours trend, there could be an allocation problem with labor
input. Some authors have pointed out thats counting tem-

Aggregate productivity measures porary workers and other contract Igborers working in manu-
facturing plants as nonmanufacturing workers. Because the

Manufacturing and business: divergence in productivity.pmportion of these workers might have increased, there could

From 1960 to 1973, productivity grew around 3 percent pepe an overstatement of the manufacturing productivity trend.

year in each of the aggregate sectors. Since 1973, howe¥ore generally, we note that directly employed laborers are

trends have been lower, causing the United States to expd?f! the only input. The trends in output per hour may reflect

ence a major “productivitylowdowr’ (See table 1.) Never- temporary and _con_tract labor, changes in workers’ skills, or

theless, post-1973 trends also show a mdijeergencebe- ~ cNanges in capital inputs. ,

tween the trends for manufacturing and those for business and third category of possible explanations represents the
nonfarm business. Manufacturing was not affected as mudi!l hypothesis of slow aggregate growth. The aggregate data

by the slowdown between 1973 and 1979. By 1979-98, tH83Y be correct. If this were the case, we would expect that an

divergence intensified: manufacturing productivity nearly re £x@mination of a detailed set of industry productivity trends

turned to its pre-1973 growth rate, while the trends languishefou!d reveal one of two possibilities. Either productivity must
in the other sectors. A closer look into this period shows th&€ rising very slowly imostnonmanufacturing industries or

while all productivity trends increased from 1994 to 199g€lse productivity must be declining enough in some indus-
the divergence also intensified. tries to offset the gains in others. D.W. Jorgenson and Z.

Griliches once suggested a scenario in which, by accounting

Is something wrong with this picture™Noting the output per for all of the quality _change .in inputs, we might explain all of
hour divergence between manufacturing and business, softPut growth, leaving multifactor productivity unchangded.
users obLs productivity data have pointed out tn@hmanu- While this idea might still be plausible, more recent Wprk by
facturingproductivity growth must be quite low. Furthermore,J0rgenson, Gollop, and B. M. Fraumeni did find multifactor
it has been suggested that this result stands in contrast to ablfductivity growth in many industries, while Griliches has
dant anecdotal evidence of remarkable changes in maf¢ncluded that productivity trends are understated due to
nonmanufacturingndustries sLs has never published pro- Meéasurement problerhsihere is one scenario in which eco-
ductivity measures for the aggregate nonmanufacturing se@oMic theory predicts that an industry’s productivity would
tor because of concerns about such measures. However, line substantially for an extended period. This would oc-
some users have pointed out, the aggregate productivity mé&" if demand for an industry’s product declines, resulting in

suresLs doespublish could be biased. Some have gone evenderutilized capacityOther explanations of slow produc-

further in speculating as to the implications of these low protiVity have been advanced, such as J. Madrick's suggestion

ductivity trends for other government data from which the;}hat the increased specialization of produc_ts requires produc-
are derived. Larry Slifman and Carol Corrado, staff memberd®" Processes that are more labor intensilfean explana-

of the Board of Governors of the Federal Reserve Board sydon of slow productivity growth such as this is correct, it might
tem, suggest that the low trends could be a manifestation BFP!Y that we are missing a form of quality change, associ-

the Consumer Price Indexr{) bias alleged by the Boskin
Commissior?.

We can think of three categories of explanations for tHilkutie Téi’r‘:;ci)’:l:g;%”;ﬁﬁ:jgl"r‘g‘g;’ggfé :;g"::l’ede q
divergence. One category involves problems with the aggre periods, 1949-98 ’
gate output measures. Three possibilities are that: 1) the trenapercent]
in nominal business output could be understated, 2) the trend _ Nonfarm _
in nominal manufacturing output could be overstated, even if vear Business business | Manufacturing
the trend in business output is correct, and 3) the trend in real
. . . . 1949-98 ................ 2.3 2.0 2.7
output in business outside of manufacturing could be under-1949 ¢0.... 33 26 20
stated due to the methods used to derive real output from1960-73.... 3.3 30 30
. . . 1973-79 ... 1.3 1.1 2.1
nominal output. The last possibility, in turn, could be the re- 1979_gg 13 11 31
sult of overstated price index numbers, which are used to de- 1979-90 12 10 26
. . 1990-94 .......... 1.2 1.1 3.2
flate most of nominal output, as Slifman and Corrado sug- 199495 ........ 17 16 43
gest. Then again, it could be the result of other methods used
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ated with the diversity of new products. This would best Hgusiness output measureThe source of the real output mea-
classified as an output measurement problem. sures for theLs business and nonfarm business productivity
This article introduces additional evidence illustrating thmeasures is the national income and product accounts (na-
plausibility of some of the explanations on output per hotional accounts), produced by the Bureau of Economic Analy-
divergence. It provides background information on how agis of the U.S. Department of Commerce. The national ac-
gregate multifactor productivity data can help us to evaluateunts measures of total gross domestic produs) @nd
the possibilities. It examines aggregate multifactor productimeasures ofpr in large sectors (such as business and non-
ity data, and then disaggregates the data by industry to filadm business) are based on deflated expenditures on “final”

the effects on multifactor productivity trends. goods and services. Expenditures on intermediate inputs of
materials and services are excluded. The national accounts
Earlier s work measures of real product for business and nonfarm business,

which BLs uses in its productivity work (and whiebs calls

For many years, the s productivity program has worked to “output”), are also derived from the data on deflated final ex-
increase the conformity of its productivity measures with prirpenditures.
ciples emerging from the economic literature on output, pro- In 1996, the Bureau of Economic Analysis introduced a
ductivity, and prices. The divergence between manufacturingeasure oépp based on a superlative index number formula
and nonfarm business productivity was recognized and invéspecifically, the Fisher Ideal IndeXLs has incorporated
tigated bysLs researchers in the late 19?0%is research used these measures of output for business and nonfarm business
the “multifactor productivity” concept, defined as the ratio ointo its published labor and multifactor productivity measures.
output to “combined labor and capital inputs.” The notion of
multifactor productivity, also known as total factor productivGross product originating by industry.The national ac-
ity, was grounded in economic theory by Robert SSI@tart- counts also include estimates of the “gross product originat-
ing with a production function, which included a time variing” (P9 in each industry at about the two-digit level.
able, Solow derived a measure of technological change. Solowtil 1996,sLs based its annual measures of the trend in manu-
derived a formula for multifactor productivity after assumindacturing output on realpa Nominalcrois measured using
competitive input markets and constant returns to scale in pdata from the income side of the national accounts. An
duction. By grounding the multifactor productivity measuréndustry’scroequals the income earned by its primary factors
in economic theory, Solow created a situation in which it isf production, that is, labor and capital. Through accounting
clear what the intended interpretation of productivity is (shifislentities croalso represents the difference between the value
in technology) and what conditions must hold for this intenf the industry’s “gross outpuf’and the value of its purchased
pretation to appl¥® ThesLs research led to the publication ofintermediate inputs. The notionefois similar to the notion
multifactor productivity measures in 1983By including of “value added” (though not equivalent to the value-added
measures of capital in the denominatos,was able to isolate data published by the U.S. Bureau of the Censug)is a
the role of capital in determining the trend in output per hodnet output” measure, in the sense that purchased intermedi-
A recent extension to the multifactor productivity wdrkas ates have been excluded.
allowedss to isolate the effects of changes in the education The national accounts also estimate “rgadl” For most
and experience of the labor force on productivity. Having sepadustries, this is measured by a process known as “double
rated these influences, the multifactor productivity trend isdeflation”: a price deflator foero is created, using a price
better indicator of “technological change” than is output pémndex for the industry’s gross output and a price index for its
hour. purchased inputs. The set of reabmeasures effectively al-

The 1983 measures of multifactor productivity were thiacates reatpr to industries
first regularly published U.S. Government economic series to A decade ago, Lawrence Mishel concluded that the growth
be formulated, in part, using a “superlative index number foof manufacturing output was overstated in ¢he series (as
mula.” One such formula, known as the Térngvist, was usedblished at that timéy. This work was followed by changes
to aggregate inputs of labor and capital, and also detailed typegrocedures used by the Bureau of Economic Analysis in
of capital®®* W. E. Diewert , who coined the term “superla-cromeasurement and bys in productivity measurement. The
tive,” defined this special class of index number formulas &ureau of Economic Analysis suspended publication of its
those which are consistent with “flexible” specifications otro measures and conducted a major revfesus had used
the production functioftSuperlative indexes are useful inthecposeries as its annual measure of output for its published
creating aggregates of several price or quantity trends betweegasures of productivity in manufacturimgs also had cir-
two time periods. Superlative formulas incorporate informaulated (but never published) dataawoper hour for the en-
tion on weights from both the first and second periods beitige honmanufacturing sector and for detailed nonmanu-
compared in an “even-handed” way. facturing sectors at about the one-digitlevel. In 1991pLs
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suspended circulation of these nonmanufacturing measuréagy begin to differ. In terms of output, a sector’s net output
After completing a redesign effort, the Bureau of Economigquals gross output minus all purchased intermediate inputs.
Analysis reintroducedromeasures in 1993. Sectoral output, by contrast, excludes only those intermediate

BLs used the new manufacturing series as the basis foriitputs purchased from within the sector. The intermediate in-
published output per hour trends from 1993 until 1995. Hovputs purchased from other sectors are included as inputs rather
ever,sLs did not resume use aboin its multifactor produc- than being subtracted from gross output.

tivity reports and, since early 1996s has not usedro to We note that the national accounts measuresrdh busi-
determine the trend for its manufacturing labor productivitgess and nonfarm business, whith uses in productivity
measure. measurement, are fairly consistent with the sectoral output

concept. However, the manufacturisgpmeasures, whidghs
BLS sectoral output measuresSince 1995sLs has instead no longer uses, differ significantly from sectoral output.
used a “sectoral output” concept to measure manufacturingA set of aggregate multifactor productivity measures based
output and also other industry outputs. As we shall see, thisthe net output framework has appealing properties which a
choice is in keeping with the production theory-based apet based on sectoral output lacks. For example, if manufac-
proach to productivity measurement. In addition, the “sectoralring and nonmanufacturing productivity both grew at 1 per-
output” concept will facilitate aLs goal of having a compre- cent, then aggregate productivity would also grow at 1 per-
hensive and consistent sefindlustry and aggregateroduc- cent® in the net framework. This stems from the fact that
tivity measures. To achieve this, we must have a set of defineminal outputs are additive in the net framework. In the
tions which properly accounts for interindustry trade. sectoral output framework, a “Domar weight” would be ap-
Evsey Domar proposed definitions of outputs and inpuggied to each subsector’'s multifactor productivity trend be-
for sectors (or industries) engaged in intersectoral (or interifore the trends were added. The Domar weight for productiv-
dustry) tradé® We refer to outputs and inputs conforming withty trends equals the nominal value of the subsector’s output
Domar’s definitions as “sector&l outputs and inputs. Build- divided by the nominal value of aggregate output. It is clear
ing on Solow’s production function approach, Domar showdtbm the output definitions that the sum of these weights for
these definitions permitonsistent aggregation of productiv-manufacturing and nonmanufacturing will exceed one. There-
ity measure$? Domar defined productivity as if each indusfore, if multifactor productivity (defined with sectoral con-
try or sector were a “black box” (our terminology). Inputs ineepts) were growing 1 percent in each subsector, then we
clude directly employed labor and capital services, and als@uld find that the aggregate multifactor productivity trend
intermediate materials and services purchased @otside exceeded 1 percent. Thile multifactor productivitgains
the sector being measured. Outputs include intermediate pridtwo sectors engaged in trade will tend to augment one an-
ucts and services sabditsidethe sectof® Sales of intermedi- other, from the perspective of the aggregate economy. This is
ate products and services between establishments within ghesal effect. The productivity gains in each successive stage
sector in question (intrasectoral transacticar®) excluded of production do augment one another in their contributions
from both outputs and input&urther information on this to the economy as a whole. However, the Domar framework
model is provided in the box. (See page 51.) Also, Gullicks@acrifices the property that “outputs are additive.”
and Harper provide a formal presentation of the sectoral con-
cept using a complex industry modelThis model is the ba- Implicit contribution of honmanufacturing.sLs does not
sis for some results we present in the next section. Howevaublish any measure of productivity for the whole nhonmanu-
this section applies the model to the aggregate manufacturfagturing sectotf’ However, since 198#&Ls has published
and nonmanufacturing or “service” sectors. multifactor productivity measures for manufacturing which
Exhibit 1 illustrates an economy in which manufacturingeflect Domar’s definitions (most recently by Gullickséh).
and nonmanufacturing engage in intersectoral trédefers Likewise, the national accounts measures whighuses in
to outputK refers to inputs of capital, ahdefers to inputs of measuring private business multifactor productivity corre-
labor. The subscrip¥l refers to manufacturing; refers to  spond closely to Domar’s definitioA.In addition, all of the
nonmanufacturing (servicesyefers to intersectoral sales, andaggregate output measures now are derived using superlative
D refers to sales to final demand. aggregation. Before using “Domar weights” to compare these
Using this notation, we can examine, also in exhibit kectors, it is useful to examine the publisheddmeasures of
Domar’s definitions for outputs and inputs and compare themultifactor productivity presented in table 2.
to definitions based on a system comparing “net” outputs (suchThe private business multifactor productivity trend has been
asaero with primary factor inputs (capital and labor) for eactonly a few tenths of a percent since 1979. By comparison,
sector® For a “closed economy,” the output definitions at thbusiness sector labor productivity grew about 1 percent per
aggregate level are identical. However, as we disaggregatear. The multifactor productivity trend reflects changes in
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Relating industry productivity improvements to aggregate productivity measures

Evsey Domar developed a model which identifies the relaclude purchases from other industries, while business

sec-

tionships among productivity measures when industries st inputs exclude all intermediate transactions; industry out-

to one another. (See Evsey Domar, “On the Measuremenpofs include deliveries to other industries, but business
Technological Change,Economic Journal December tor outputs include only deliveries to final deman

sec-
d.

1961, pp. 709-29.) The contribution that each industiherefore, aggregate multifactor productivity growth can-
makes to aggregate growth depends on its own multifactort be obtained as an average using any set of weights that

productivity growth rate, but, because the “sectoral” definsum to 1.
tions of aggregate and industry multifactor productivity are Industry and aggregate multifactor productivity grow

th

somewhat different, the nature of the relationship deservgs, however, be related using a set of ratios that sum to

some discussion. more than 1. In his original exposition of the “sector” me

th-

In one variant of his model, Domar defined mU|tifaCt06d0|ogy, Domar showed that either aggregate multifactor

productivity in terms of all outputs delivered to consumefsroductivity growth (based oK andL) or subaggregate

outside othe industry or sector in question and only thosgrowth (based on inputs including intermediates) can be re-

outputs. Similarly, inputs only included items obtained fromyted to industry total-factok(EMs) measures through the

outside the indUS_try or sector. ThUS, input for industries |ﬂat|os Ofindustry nominal Output' Yqo aggregate nomina
clude raw materials, components, and services, InSOfarcﬁﬁput,VQ_ These ratios capture the relative effects, on

the

they are bought from other industries, as well as primary iparious multifactor productivity measures, of a single bona
puts of capital and labor. However, for the private businefige productivity advance at the industry level. Using these
sector as a whole, inpuggcludeall of the intermediate trans- ratios, aggregate multifactor productivity can be related to

actions between domestic industries that are part of the sgrindustry productivity trends:

tor. This exclusion is desirable because transactions between

these industries would appear identically as both outputs and p|og MFP = S Dlog mfp (vgq/VQ. )
inputs in the productivity ratio if not excluded. This double- ' '

counting would serve no purpose, and would obscure rela-lt is in this way, aggregate multifactor productivity can

tive movements in inputs and outputs resulting from actugé attributed to a sum of contributions of constituent ing

us-

technical change. Therefore, aggregate productivity is b@sés. It should be noted that one could get the identical attri-

defined as deliveries to final users per unit of combied pution of multifactor productivity to industries by usin
(capital) and. (labor), with no consideration of inter-indus-value added weights which sum to 1 and measures of in

try transactions in either output or input. try multifactor productivity which were defined in terms pf

Itis useful to state the definitions of aggregate and indugal net output (value added) and capital and labor ing
try multifactor productivity mathematically: This attribution would be identical only if the net outpt

D log MFP = Dlog Q - W, Dlog L - W, DlogK. 1) were dgrived from the_ industry output and intc_armediate

puts using an algebraic equivalent to expression (2).

Here,Q s private business sector outduts labor input ~ Also note from expression (3) that a bona fidgp’ gain
andK is capital input. The growth rates of these varialides,in any industry will affect aggregate multifactor product
log, are computed as the difference in the logarithms of thg. This will be true even if the industry delivers all of i
variables in successive time periods. The WeigN[sand output to other industries. However, if an apparenfg”
W, are the averages (over the two time periods) of the shaggange is due to an error in measuring output, and if the
of labor and capital costs in the nominal value of privajut is used as intermediate input by other industries, the
business sector output. gregate output and multifactor productivity trends will

For industryz, “mfg’ is defined in terms of the broaderunaffected. This is because the erroneous component

set of inputs:

g
dus-

uts.
ts
in-

\/-
ts

out-
> ag-
be
does

not enter into the aggregate computation, in expression (1).

While the aggregate multifactor productivity would be unaf-
Dlog mfp =Dlogq,-w, Dlog| -w,, Dlogk, fected, the industry attribution in expression (3) would| be
=w__Dloge -w,_Dlogm, -w,_Dlogb, (2) distorted.
Because measurement errors would affect the measures

Here,q, denotes industry outpWk,, |, e

2!

, M, b, which are  jjifferently than bona fide productivity change, we included

inputs to industryz, of capital, labor, energy, materials, andapje 6 in the article. This table presumes that declines in

business services. Therepresentsveights based on costiyqystry multifactor productivity trends are due to meast
shares in the value of industeyproduction. _ . ment error. For table 6, the estimate of an industry’s co

The complicating feature of this system of productivitytion to aggregate multifactor productivity (from table
accounts is that aggregate business sector outputs and ingi&duced by the proportion of its output that is delivere
are not sums of their industry counterparts. Industry inputther industries.

Ire-
ntri-
5)

d to

Monthly Labor Review  February 1999 51



Bias in Productivity Measurement

Exhibit 1. Flows of inputs and outputs in a two-sector model of the economy

Final outputs
Y,\/|; D YS: D
I I
Manufacturing Nonmanufacturing
(M) (S)
Y
Ys; >
4—7
t ¢t r ¢
I I
KM LM Ks LS

Primary inputs

Comparison of the elements used in productivity measurement based on “sectoral” output and

“net” output concepts:

“Economy” output
“Economy” input
Manufacturing output
Manufacturing input
Nonmanufacturing output

Nonmanufacturing input

Sectoral Net

Ym:p + Ysp Ym:p + Ys:p
KmtLm +Ks+Lls Km+LutKs+Ls
Ymp + Ywmi Ymp + Ywmi - Ysi
Kmt+LutYsy KumtLw

Ys:p+ Ysi Ys:p+ Ysi - Y
Ks+Ls+Ym: KstLs
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output per unit of “combined labor and capital inputs.” Th

“labor input” measures used for the private business and pr

vate nonfarm business multifactor productivity measures a

Table 2.

&An percent)

Multifactor productivity trends in aggregate
- sectors, selected periods, 1949-96

hours adjusted for the effects of labor composition change.  vear e ponfarm | Manufacturing

So the difference between business output per hour (table| 1)

and private busine¥smultifactor productivity (table 2) re- |1949-199% ............ 12 11 12

flects the effects of increases in capital per worker and al oig;‘g:;g:j: 2:2 1:3 fji

the effects of labor composition change. 1979-90..... 2 0 1.0
The manufacturing multifactor productivity trends since 1990-96 3 2 19

1979 also have been substantially lower than the labor pro=
ductivity trends. The same manufacturing output measure,autput per hour trends. While hours of temporary workers are
sectoral output measure, is used in both tables 1 and 2. Hoelassified in services, they represent only one of many items
ever, there are a number of differences on the input side, whiah our service-input measure. Therefore, it is unclear how
account for the relatively lower multifactor productivity much, if any, of the 1.0-percent is attributed to increased use
trends. For table 2, intermediate inputs as well as capital iof temporary workers in manufacturing.
puts are included along with labor inputs. On the other hand, Even though our manufacturing measures reflect service
labor input for manufacturing is measured as hours at workedputs, a divergence remains between the manufacturing and
in both tables 1 and 8.s does not publish an estimate of theprivate business multifactor productivity trends. (See table
effects of labor composition change for manufacturing. 2.) This divergence is 0.8 percent per year from 1979-1990
In the discussion of table 1, we noted a divergence in ound 1.6 percent from 1990-1996. The divergence is affected
put per hour since the 1970s, when comparing manufacturity the fact that private business labor inputs reflect labor com-
with the larger aggregates. A divergence is also evident in thmosition effects while manufacturing inputs do not. Table 3
respective multifactor productivity trends in table 2. One posshows the effects (column 3) of removing the labor composi-
sible explanation for the divergence in output per hour is thaion effects (column 2) from private business multifactor pro-
manufacturers might have made increasing use of workedsictivity (column 1). We then use Domar weights to estimate
who were employed by service firms. The hours of these worlkthe manufacturing multifactor productivity “contribution”
ers, which are growing rapidly, show up as inputs to the sefeolumn 5) to the resulting “unadjusted” (for the labor com-
vice sector instead of inputs to manufacturing. If we were tposition effects) private business multifactor productivity
consider this a misclassification, we would report service outrend (column 3). The difference between the unadjusted mul-
put per hour trends which were too low and manufacturingifactor productivity trend and the manufacturing contribu-
trends which were too high. However, this divergence remairtson is an estimate of the implicit contribution of
in the multifactor productivity trends even though the manunonmanufacturing (column 6) to the unadjusted multifactor
facturing inputs reflect an estimate of service inputs purchasguoductivity trend.
by manufacturers. Our estimate of service inputs is drawn Since 1979, the implicit contribution of nonmanufacturing
from data on the nominal value of these inputs drawn fromrmultifactor productivity has been zero. Furthermore, labor
input-output tables and does not involve measuring the houcemposition effects in private business were quite strong dur-
of service workers. These values are deflated using availabley these periods. We do not have separate estimates of these
price indexes that have been matched to the various typesedfects in manufacturing and nonmanufacturing. However, if
service™ In principle, the service inputs include contract busiwe assume these effects were equal in the two sectors, we
ness services such as legal and accounting services, the vakmild conclude that the nonmanufacturing contribution has
of the services of workers hired through temporary help agebeen slightly negative since 197us manufacturing multi-
cies and the services of capital goods rented by manufactdactor productivity more or lessccounts for all of the mea-
ing establishments. While recognizing that these data haweired multifactor productivity change in private business
limitations, it is interesting to compare the trend in the hoursince 1979
of workers employed by manufacturing plants to the trend in
comb?ned _Iabor and purchased intermediate inul$he Implications for industry productivity
combined inputs grow about 1.0 percent faster than do labor
hours for 1979-96. This may be compared to a 1.7-percetitwould be useful to consider, in more detail, what methods
divergence in output per hour between manufacturing anare used to construct the productivity data. This would put us
business over the same period. Thus, using a multifactor prim+ a better position to consider what accounts for the slow
ductivity framework and the (limited) data on service inputsgrowth in nonmanufacturing multifactor productivity. Also, it
we can explain only a little over one-half of the divergence imight be useful to estimate nonmanufacturing productivity
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trends for more detailed industries because production otains observations for 1947, 1992, and for those intervening
cursin firms, and because the government statistical agencigsars for which benchmark input-output tables have been pub-
tabulate most of the relevant data by industry. lished by the Bureau of Economic Analysis. These years cor-

BLs has published relatively few measures for nonmanrespond to quinquennial economic censuses, a major source
ufacturing sectors or industries. This circumstance stemssed in constructing input-output tables. Annual data on capi-
largely from concerns about the limitations of real outputal and labor inputs and their costs are based on those data
measures, which could be created from available data arsed in constructing thees private business sector multifac-
nonmanufacturing industries. Nevertheless, we know thdbr productivity measures. (See the appendix for more detalil
there must be some set of nonmanufacturing industry multon the data.) Two-digit industry detail for labor and capital
factor productivity trends that account for the aggregate busire developed as part of the regelarprocedure to account
ness sector trends. To fill this void, we have engaged in dor the allocation of proprietor’s income between capital and
effort to estimate a set of industry multifactor productivitylabor and for the changinigdustrial composition of capital
measures, which is implied by the measurement systems thrr the purposes of this article, we remtheadjustment for
BLS USes to create its published aggregates. We have prepardathor composition effectsyhich is applied to the aggregate
for this article, estimates of multifactor productivity trendshours published bgLs. This adjustment accounts for the
for nonmanufacturing industries at the two-digit level. Ourchanging education and experience of workers. We remove
approach is to use a measurement framework, which h#sis because we do not have information on worker skills by
emerged in the productivity literature in recent dec&tdasd  industry. The measures in the Domar model reflect the effects
to implement that framework using various published anaf the reallocation of labor among industries, as valued by
unpublished government datasets (described in the appendidjfferences in average wages by industry. The publisted
The framework and data are constructed to ensure that weeasures of “labor composition effects” reflect aggregation
account for the published aggregate multifactor productivitpf labor hours differentiated by education and experience
trends. As in our aggregate exercise (table 2), we use a frammather than by industry.
work based on production theory. This framework uses the Nominal output and intermediate inputs for quinquenial
assumptions of competitive markets for input factors and corcensus years were developed from input-output tables, the
stant returns-to-scale in production. Subject to these condnost recent being the 1992 tables described by A. M.
tions, the framework allows us to isolate some of the factoisawson®* An industry’s nominal output can be tabulated from
that influence the productivity trends (such as changing capihe commodities it “makes” and its expenses on intermediate
tal-labor ratios). We also use sources of industry data that argputs can be tabulated from the commodities it “uses.” In an
the same—or adjusted for compatibility with—the sourcesmportant sense, these tables underlie the published aggre-
underlying thesLs business sector multifactor productivity gate output measures and are appropriate for determining
trends. This helps ensure that observations we make abauhich disaggregate set of nominal input and output values (of
the resulting industry multifactor productivity measures canmany possible sets) is “consistent” with the published national
be related to the aggregate measures. accounts.

Therefore, we must introduce some data and assumptionsBecause the format of the published tables has changed in
that are not part of the aggregate measurement system we aaeious ways over the years, the tables have been modified by
seeking to understand. We must acknowledge that what wes to make them somewhat more suitable for estimating the
introduce is a source of potential bias in our industry meaime trends of industry outputs and inputs. Some of these “
sures, in addition to any bias inherent in the aggregate systemodifications” were made by the Office of Employment Pro-

It is important to keep this in mind

when interpreting our results Again Multifactor productivity growth in the private business sector, and the
. ) contribution of labor composition effects, manufacturing growth, and
we caution that we do not regard th nonmanufacturing growth, selected periods, 1949-96
calculated industry measures to b private | Unadjusted [\, contibut
candidates for official publication by Private business private ; _ontribution
business labor business mul;ir;gcior to private business of—
BLS. Year multifactor | composition muliitaqk_)r productivity
productivity| effects | Productivity Manufactur{ Nonmanu-
Multifactor productivity measures for ing | facturing
nonmanufacturing A dataset was | 1949 1996 ......... 12 0.2 14 12 0.6 0.8
constructed containing estimates of 1949-1973.......... 21 2 2.3 15 8 15
inal val d l trends f 1973-1979 ........... 6 0 6 -4 -2 8
nominalvalues and real rends 1or out- 19791990 .......... 2 3 5 1.0 5 0
puts and inputs of 35 nonmanuyt 1990-19%........... 3 5 8 1.9 8 0
facturing industries. The dataset cona
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jections which uses the tables in projecting industrial demamgquest. Since we are investigating movements in the national
for workers with various skills. The authors also have madaccounts aggregates, it benefits us to use as much data from
some further modifications for this article mainly to improvethe national accounts as possible, including the industry gross
the consistency of the earlier tables with current input-outpwutput measures on which the industry multifactor productiv-
concepts. Both the Employment Projections staff (for the puity estimates are based. However, mainly because the gross
poses of its projection model) and the authors (for preseoutputs are available only after 1977 from the Bureau of Eco-
purposes) have tried to conform the input-output tables toomic Analysis, theLs industry output data we have used in
the 1987sic. Adjustments to older data have been made tthis article are similar series constructed independently by the
conform them with the 198%ic changesaLs has made Office of Employment Projections and provided on an un-
adjustments to remove some of the “industrial reclassificgaublished basis. We have estimated an alternative set of mul-
tions” made in the Bureau of Economic Analysis tables whiclifactor productivity trends based on the gross output mea-
affect mainly trade and construction. sures from the Bureau of Economic Analysis by adjusting the
multifactor productivity trends derived from the data pro-
BLS output based trends, 1977—-98.addition to the input- duced by the Employment Projections staff.
output tables, the Employment Projections staff provides us To estimate the Bureau of Economic Analysis output based
with prices and annual values of production for industries ahultifactor productivity trends, we calculated adjustment fac-
the two-digitsic level of industrial detail. They currently main- tors for thesLs output based multifactor productivity trends
tain values of production and prices, covering 1972 to thi® create a new set of such trends, which are consistent with
present period. We have supplemented these with previotlse gross output trends from the Bureau of Economic Analy-
versions of these data, extending back to 1947. Thus seves#, and inputs, which have been “adjusted for consistency.”
versions of the production and price work from the EmployBYy this, we mean the adjustments effectively preserve the
ment Projections staff form the basis of the output measurédentities between the total outputs reported by the Bureau of
which we have labeledts output based.” Economic Analysis and the sum of outputs to other industries
Because the values of production from the Employmerdnd to final demand. We discuss the adjustment factors we
Projections Office are part of the process by which the inputiave developed further in the appendix. While use of these
output based growth model is constructed, they are compilddctors represents a tedious methodology, we present these
with a view toward consistency with the Bureau of Economicesults because the output trends from the Bureau of Economic
Analysis input-output tables and with the national account#nalysis differ significantly from the employment projections
in general. Whenever possible, values of production reportemltput trends for some industries.
by the Employment Projections Office are based on data taken
from the national accounts. However, because the publish&bnmanufacturing industry multifactor productivity trends.
national accounts contain only sales to final customer$able 4 presents our estimates of average multifactor produc-
(C+I+G+X—M), they provide the basis for total industry out-tivity growth rates for industries within the U.S. private busi-
put only for cases in which the bulk of an industry’s output isiess sector. The nonmanufacturing industry measures are
sold to final users. Examples are construction and health sahown at two levels of detail—the (roughly) two-digjitlevel
vices. For other industries, industry outputs are based on otharwhich the estimates are made, and broader measures for
available sources, especially the industrial censuses and amdustrial divisions. The two-digit industry estimates are based
nual surveys and the Producer Price Inaex. ( on detailed input-output tables, which are available only back
to 1963; 1947-63 growth rates for broader sectors are based
Bureau of Economic Analysis output based trends, 1977-9@n less detailed tables. The early and later periods are orga-
As an alternative to the output trends produced by the Enmized around the year 1977, rather than the usual 1979 for
ployment Projections staff for 1977-92, we have estimated@mparisons of early and late growth trends, because a bench-
second set of multifactor productivity trends for this time pemark input-output table, the only systematic source of inter-
riod. For output in this alternative, we use trends in gross outnediate input information (discussed earlier), is available for
put developed by the Bureau of Economic Anal§sishe 1977, but not for 1979.
Bureau uses these in developing tkesestimates. The Bu- During the 1947-63 period, all of the one-digit multifactor
reau of Economic Analysis has recently published industrproductivity trends were positive and most were between 1.2
gross output time series for 1977-96 as part afitdy in-  and 3.5 percent. Most of the trends weakened during the 1963—
dustry prograni® As previously mentioned, their reabois 77 period, but only three turned negative. During the 1977-92
obtained by a process called double deflation in which reg@eriod, most of the one-digit trends weakened further.
intermediate inputs are deducted from deflated gross output. There are two sets of multifactor productivity estimates
The Bureau makes all of the underlying data available updior 1977-92; one based on industry output series from the
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Estimates of multifactor productivity trends in industries, from main

sources of output estimates, selected periods, 1947-92
[Compounded annual rates]
Bureau of
Bureau of Labor Statistics Economic
SIC Industry Analysis
1947-63 | 1963-77 | 1977-92 1977-92
1,2 Farms ......ccccoovivciiiiii 21 0.8 1.8 1.7
10-14 Mining 7 -1.1 -1.2 -15
10 Metal mining . - -1.6 2.3 2.0
11,12 Coal mining ............ - -2.2 2.2 15
13 Oil and gas extraction ............... - -9 -2.3 -2.7
14 Nonmetallic minerals,
excluding fuels ............c.ceeeene. - 5 9
15-17 CONStruCtion ........ccceveeneenieeniennns 1.2 -7 -4 -9
20-39 Manufacturing ............ .8 .6 5 7
24,25 32-39 Durable manufacturing ...... .6 .8 4 .8
20-23,26-31 Nondurable manufacturing . 1.0 5 2 5
40-47 Transportation ................... 14 1.9 4 2
40 Railroad transportati - 2.2 24 5.2
41 Local and interurban passenger
TrANSIt .o - 2.6 -3 2
42 Trucking and warehousing . - 11 7 -3
44 Water transportation - 25 3 2
45 Transportation by air ................. - 2.2 -1.2 -1.4
46 Pipelines, excluding natural gas - 15 -5 2
a7 Transportation services ............ - .0 9 3
48 Communications ...........coceeeeennenn 3.2 24 4 9
49 Electric, gas, and sanitary
SEIVICES ..ooiiiiiiiiiiie e 35 4 -3 -1.1
50-59 Trade oo 1.6 2.1 1.1 1.2
50, 51 Wholesale trade ... - 2.6 21 1.0
52-59 Retail trade .......ccccoveevveeniennnn. - 1.7 3 1.2
60-67 Finance, insurance, and
real estate ..........ccoovveveieiiinnnns 9 7 -12 -1.3
60, 61, 67 Credit agencies, holding
COMPANIES ..o - 5 -1.9 -2.3
62 Security, commodity brokers ..... - A 1.0 .8
63 Insurance carriers ............coe.... - 1.2 -3.0 -2.1
64 Insurance agents, brokers,
and Services .........cocueevenenns - 3.2 -34 -2.2
65, 66 Realestate ........ccccvvvvveeeeeeeeeennn. - 4 -1 —-.4
7-9,70-89 SEIVICES ..ot 3 2 1 2
7-9 Agricultural services, forestry,
fiShiNG .eooveiee - 13 14 15
70 Hotels and other lodging
Places ......ccovviiiii - 15 -35 -1
72 Personal Services ..........cccceeue. - 2.3 7 .0
73,76 Business and miscellaneous
repair SErviCes .......cccceuvvevenne. - 7 3 .0
75 Auto repair, services, and
JArAgES ..ot - -1.1 -1.4 5
78 Motion pictures .........ccoceeveenenne. - -1.2 3 1.7
79 Amusement and recreation
SEIVICES ..ovviiiiiiiieniieiee e - -1 -3 1.7
80 Health services .........ccccoovvvnne. - -1.4 -5 -7
81,83-89 Legal and other professional
SEIVICES ..vveiiiiiiieeniee e - 13 17 13
82 Educational services ................ - -1.2 12 2.2

Bureau of Economic Analysis and one frem. At the one-

cent for only one industry, utilitiesi¢ 49), for which theLs
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output based trend in multifactor pro-
ductivity exceeds the Bureau of Eco-
nomic Analysis output based trend by
more than 0.5 for coal mining, truck-
ing, transportation services, wholesale
trade, and personal services. By the
same criterion, the Bureau of Eco-
nomic Analysis output based trends
are greater for railroads, pipelines, re-
tail trade, the insurance industries, ho-
tels, auto repair, motion pictures, other
amusements, and education. We will
not attempt to explain the differences,
nor determine which set of multifactor
productivity measures is “better.” We
suspect the output series from the Bu-
reau of Economic Analysis are more
solidly controlled to industry data
sources and are preferable. However,
we do not have a set of input-output
tables consistent with their output data.
We have had to adjust the input data
for consistency with outputs to esti-
mate inputs for the Bureau of Eco-
nomic Analysis output based estimates
and so in this sense, tlees output
based estimates may be preferable.
Rather than render judgment, as to
which approach is better, we have cal-
culated our results from both datasets.

We find multifactor productivity for
the service sectgoroper (sic's 7-9,
70-89) to be about unchanged during
the 1977-92 period in both datasets.
At the two-digit industry level within
the service sector, multifactor produc-
tivity trends are negative for most in-
dustries for either the 196377 period,
the 1977-92 period, or both. In some
of these industries, such as hotels and
auto repair, output is deflated usitrg
components.

In addition to the narrowly defined
services, however, there are some other
notable negative multifactor produc-
tivity trends.The data for construction
and for oil and gas extraction indicate

that multifactor productivity declined during the 1963—77 pe-
digit level, the respective trends differ by more than 0.5 period as well as during the 1977-1992 period; and, in both
datasets, multifactor productivity declined substantially for air
trend is greater (less negative in this case). However, mot@ansportation, for credit agencies (banks), and for the insur-
differences of this size crop up at the two-digit level. gilse  ance industries during the period from 1977 to 1992.



Consistency of industry and business sector multifactor praable 5 are two lines providing alternative estimates of private
ductivity trends. Before we consider the possible interpre-business multifactor productivity trends. One line reports the
tations of these results, we want to address the following que$RublishedsLs estimates,” while the final line reportsL$

tion: How important are the effects of each of these industrgstimates adjusted for compatibility with industry esti-
multifactor productivity trends on the trend in private busi-mates.?® The differences between the last line (the adjusted-
ness sector productivity? Some of the industries illustrated published data) and the “total contributions” (derived by
table 4 are quite small. Some, such as health services are sntaimar aggregation of industries) are fairly small. We would
and have relatively little impact on the private business sectexpect these lines to correspond if fully consistent data were
because they are operated by government agencies or by naged. Therefore, the data and methodology used to construct
profit institutions, both of which are excluded from the busithe industry estimates are similar enough to the aggregate data
ness sector and from our two-digit estimates. Also, we notnd methodology to allow an approximate (though not pre-
that government enterprises are excluded from the industgjse€®) replication of the aggregate multifactor productivity
measures and from the private busi-

ness sector, for whichLs produces

multifactor productivity measures. Wew Estimates of private business sector multifactor productivity and estimates
want to avoid drawing broad conclu- of its qﬂrlbuhpn to industries, from main sources of output estimates,
sions about the business sector mea selected perlods

sures from industry multifactor pro-|[Compounded annualrates]

L. . Bureau of
ductivity trends that have little effect Bureau of Labor Statistics Foo o
on the aggregate. sic Industry Analysis

Table 5 presents estimates of the 1947-63 | 1963-77 | 1977-92 | 1977-92
“contributions” of industries’ multi-
i i 1,2 FalMS weoooevveeeeeeeeeeseeeeeeessseeees 0.3 0.1 0.1 0.1
faCt.Or product|V|ty tr_ends to prlvate 10-14 MINING .o .0 -1 -1 -1
business sector multifactor productiv; ,
. . . . 15-17 CoNnStruction ........cceeevveveviiveniinnes 2 -1 -1 -2
ity. The contributions are the industry 2039 Manufacturing ........... 8 6 4 6

i ivi i- |24,2532-39 Durable manufacturing .... . 3 A4 3 4
mylnfactor pI'Odu.C'[IVIty trenqs multi 20-23,26-31 Nondurable manufacturing ........ 5 2 1 2
plied by the industry “Domar ,

. " . . 40-47 Transportation ..............ccoeveeeeenne A 2 .0 .0
weights.” The Domar weight is the ra- o
. . , |48 Communications .........cccccevveeennns 1 1 .0 .0
tio of the value of the industry’s |49 Electric, gas, and sanitary
sectoral output to the value of the services 1 0 0 -1
sectoral output of the private busines$0-59 Trade ..ooooooeeeee. 5 7 A4 4
50, 51 Wholesale trad - 3 3 2
sector. (See the box on page 51.) Aps,_sgy Retail trade _ 3 1 3
p|lC&tI0n of these. Domar WelghtS not 60-67 Finance, insurance, and real
only scales the industry multifactor, estate _ _ 1 1 -3 -3
.. . . . 60, 61, 67 Credit agencies,
productivity estimates by their relative COMPANIES ~orreereroee e _ 0 1 -1
importance, but it also permits their63 Insurance carriers...........cccu...... - .0 -1 -1
L . . 64 Insurance agents and brokers .. - .0 A 1
reconciliation with the publishegls 6566 P - 0 0 -1
aggregate series. To make the tableg 7089 | services v S 0 0 0 0
easier to read, we have rounded thé&° Hﬁfc'zsnd other lodging o L 0
contributions to the nearest 0.1 (thér Personal Serices 1T - 1 0 0
icj i i 80 Health services ..........c.ccecveenen. - -1 .0 -1
same precision dIS_pIay?d in table 3 81,83-89 Legal and other professional
Also, we have omitted industry con- SEIVICES wvvoeveeeereereseereseeeesenes - 1 1 1
tributions which round off to zero in| . Total contributions: Private
all of the three time periods. business trend derived by
“ . X " Domar” aggregation ................. 2.2 16 2 2
Total contributions,” near the bot- ) ) )
. L Private business sector multifactor
tom of table 5, effectively measure pri- productivity trend estimate
vate business sector multifactor pro- gcf%ﬁgr?;g)ded annual rates
ductivity and has been constructed by Published eLs estimates ........... 2.2 18 2
adding up the “Domar” weighted in-| Ls estimates adjusted for
dustry contribution$® The total in- compatibility with industry
. . | estimates ......ccccceveeeeeeeeeeeennns 2.2 1.8 4
cludes contributions of less than 0.05 NS———— o —" T ———] ——
. . : 1 t tl t i t t tl . t
percent from IndustrIeS that dO nOt ap_are ;%Einer& #gnﬁﬁig?abfgc 0ors with absolute contributions rounaing to less than percentin each perio
pear on the table. At the bottom o Dashes indicate data were not available.
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trends from the industry multifactor productivity trends viaside of services proper. We would focus more attention on
the Domar framework. nonmanufacturing industries outside of services proper than
Prior to 1963, there were no negative contributions to muldid Slifman and Corrado.
tifactor productivity, and during the 196377 period, three The structure and logic of the Slifman-Corrado exercise
industry groups—mining, construction, and health services—are central to the case that low productivity betrays price mea-
made negative contributions of at least —0.1 percent. Feurement bias. As we understand it, the experiment involved
1977—92, five two-digit industries made negative contributhe following steps:
tions to the aggregate multifactor productivity trend of 0.1 1. Substitution of an assumed zero productivity trend for
percent per year or more in both datasets: mining, construtdie measured trend wherever the measured trend was nega-
tion, banks, insurance carriers, and insurance brokers. (In aade.
dition, hotels contributed about —0.1 to the output based 2. Adjustment of the industry output trend up by the same
estimate and utilities and health services each contributesmount as productivity.
about —0.1 to theea output based estimate.) Altogether, these 3. Aggregation of the adjusted output measures and recal-
industries with negative (measured) average multifactor praulation of nonfarm business productivity.
ductivity growth rates contributed —0.6 percent and —0.8 per-
cent to the aggregate multifactor productivity change fofrhe logic of step (1) is that the long-term trends are below a
1977-92 in the datasets mf and the Bureau of Economic plausible lower bound for labor productivity, so we should
Analysis respectively. prefer the lower bound to the actual measure. The logic of
step (2) rests on the premise that any measurement problem
Comparison with other results.Larry Slifman and Carol must be with output. The logic is appropriate so long as there
Corrado examined data on trends in labor productivity by inwere no grounds to suspect that the hours’ trends were sig-
dustry? In this work, they measured output witho. They  nificantly overestimated in these industries.
found negative output per hour trends for most industries The data in table 5 permit us to do a similar exercise using
within the service sector propesid 70-89) and indicated multifactor productivity data. To figure out how much we
skepticism about these results. They suggested that outpubuld raise aggregate multifactor productivity by raising
price measurement error is the “likely statistical explanatiomultifactor productivity to zero in each industry for which it
for the implausible productivity.” They also did an exercisejs negative, all we would have to do is add up the negative
which they called a “benchmark thought experiment,” incontributions. The negative contributions shown in table 5
which they “raised” the productivity trend to zero for indus-for the 1977-92 period total about —0.6 percent, using either
tries that were observed to be negative. This resulted in éimesLs output-based dataset or —0.8 percent, using the “Bu-
aggregate productivity trend that is “nearly half a percentageau of Economic Analysis” output-based dataset. When we
point faster per year” than the published aggregates. Citing thisclude the small contributions of those industries which are
research, Federal Reserve Board Chairman Alan Greenspan hasdisplayed in table 5 because of our rounding criterion, we
suggested that the nonfarm business ptiddtyctrends pub-  estimate that negative productivity industries make a —0.61-
lished bysLs are implausibly low. He has suggested that thespercent Domar “contribution” to aggregate productivity, based
trends may help support the conclusion of the Boskin Corren thesLs data. Thus, adjusting all negative multifactor pro-
mission that the growth of the Consumer Price Inde} s  ductivity trends to zero would imply a 0.61-percent upward
overstated. adjustment to aggregate productivity. This can be compared
There are similarities and differences between our resultgith the 0.5-percent adjustment that Slifman and Corrado cal-
and the Slifman-Corrado results. We found negative multieulated. The difference is mainly attributable to the fact that
factor productivity in many industries within the service seceapital-labor ratios and intermediate input-labor ratios have
tor proper, during the 1977-92 period (table 4). This corredsen in most industries. Because of this, multifactor produc-
sponds, roughly, to one key finding of Slifman-Corradodtivity trends tend to be lower than labor productivity trends.
However, we estimate that the most important negative multFherefore, a zero multifactor productivity trend usually rep-
factor productivity contributions (table 5) after 1977 wereresents a tougher criterion for the “plausible lower bound”
from nonmanufacturing industriesitside of the service sec- for productivity than does a zero output-per-hour trend.
tor proper. At the one-digit level, the finance, insurance, and However, one other consideration influences the applica-
real estate sector made a contribution of —0.3 percent, whilen of the Slifman and Corrado logic to multifactor produc-
the net contribution of the service sector proper was essetivity data in a Domar framework. Some industries deliver
tially zero. At the two-digit level, only the health services in-part of their output to other industries. These items become
dustry from services proper had a large negative impact dantermediate inputs to the receiving industry. In constructing
aggregate multifactor productivity (—0.1). Slifman andour measures, we have used the same price indexes to deflate
Corrado did not report results below the one-digit level outthese deliveries on the input side as we do on the output side.
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So if one suspects, as Slifman and Corrado did, that the oditvity for these industries, the published private business mul-
put trend is biased because of price deflation, then the lodiifactor productivity growth trend since the late 1970s of about
of the exercise dictates that we adjust the input trends for i8-2 percent per year might be raised to 0.6 percent or 1.0 per-
dustries buying the output of industries with negative multicent. If either assumption were correct, it would account par-
factor productivity. We need to adjust the trends for these itially, but not fully, for the post-1973 slowdown in productiv-
puts by the same amounts as the trends for their outputs. (Sgeand for the divergence of manufacturing and business
the box on page 51.) productivity trends.

After accounting for these input effects, we estimate that We would like to direct attention to the industry detail pre-
adjusting negative multifactor productivity trends to zero dursented in the third column of the top part of the table (using
ing 1977-92 would raise private business multifactor produc¢‘Bureau of Economic Analysis-based” output trends, and ad-
tivity by about 0.4 percent. This is the case with either of thpisting where necessary to raise negative industry multifactor
datasets that we tested. This agrees, roughly and perhaps gaductivity trends to zero). Perhaps, for researchers, this is
incidentally, with the result of the Slifman-Corrado exercisethe most useful set of results for thinking about measurement
Table 6 presents details of these calculations for 1977-92.issues, because it starts with the Bureau of Economic Analy-
shows the effects on multifactor productivity in private busi-sis’ own estimates of the trends in gross output. This column
ness and manufacturing when adjust-

Ing both the outputs of each ble 6. IEEE t ltifact ductivity trends by t djustment
nonmanufacturing industry with neqa RIRE 10 reimg St ol macrement Sioserioyps e
tive multifactor productivity and the
inputs of all industries using their out-[Sempounded annual rates] _
puts. We have shown these effects to ot o o Ance it e o
two decimal places and we have sic Adi - -
justed Industry Private  |Manufactur-| Private | Manufactur-
shown the effects for all nonmanu- business ing business ing
facturing industries with negative muliifa(_:t.or muliifagigr muliitac_;tgr multich_ic_Jr
. .. productivity | productivity | productivity | productivity
measured multifactor productivity
trends. Because it is arbitrary to as- Adjustment 1—Sufficient to produce
sume that multifactor productivity Zerzperc-e m'ndu?rymu”'faaor
productivity growth:
grew 0 percent in these industries, we Total €ffECtS vvvrrvreveereererree 0.41 —0.14 0.44 -0.17
have also dlsplayed reSU|tS (Seconq3 Oil and gas extraction ................ —-.02 —.08 .00 -.10
panel) which assume a second arb'i5—17 CONSHIUCHON ...ooooorveeerceeens .06 -.00 12 -.00
trary (1 percent) multifactor produc-|41 Local passenger transit .00 -.00 .00 -.00
tivity trend for the same set of indus- > Transportation by alf ... 02 -0 02 -0l
X . i ectric, gas, and sanitary
tries (those with negative measured SEIVICES worvvveeeeeeeeeeeeeeereven .03 -.02 .06 -.04
; Wi _160, 61,67 Credit agencies, etc. ... .08 -.01 .09 -.01
multifactor prOdUCtIVIty)'_We ha\_/e re 63 Insurance carriers ........... .14 -.01 .10 -.00
peated all of the calculations using thes4 Insurance agents, brokers .00 -.00 .00 -.00
BLS output based dataset (first two coliss- 66 REal ESLALE oo 01 —.00 02 —.00
umns) and the Bureau of Economicyo Hotels and other 100ging ......... 02 ~01 00 00
Ana|ys|s Output based dataset (f|na|75 Auto repamletc. ........... .03 -.01 .00 -.00
. 80 Health services .........c.ccocevevuiene .03 -.00 .05 -.00
two columns). We think table 6 repre- g > suffic )
. t t 2—! t t
sents a better basis than table 5 for 1 percont industry multtactor
tracing thepotential implications of productivity growth:
alleged output measement biases Total ffECtS vevvvrrrrrrrrrererereeee 83 _25 87 _.28
for aggregate er’dU_Ct'V'ty- 13 Oil and gas extraction ................ -.03 -12 -.03 -14
With the substitution of percent | . Construction 19 00 - o1
multifactor productivity trends for in- |41 Local passenger transit 01 -.00 01 —.00
dustries with negative trends, privatejg gansf.’o”a“"“ DY @l ..ovr 03 -01 03 -00
X . L ectric, gas, and sanitary
business multifactor productivity SEIVICES worvvveeeeeeeeeeeeeees oo .07 -05 10 -07
60, 61, 67 Credit agencies, etc. 12 -.02 13 -.02
(Iqwer part of the table) would be 63 Insurance carriers ........... .19 -.01 .15 -.01
raised by about 0.8 percent$) or 0.9 |64 Insurance agents, brokers ........ .00 -.00 .00 -.00
percent (Bureau of Economic Analy-es- 66 Real EStAte «...vvvooreeeeeeeseeree, 07 -01 .08 -01
sis). Depending on whether we assumey Hotels and other 100ging ......... 03 ~01 01 00
zeroor 1l percent multifactor produc. 75 Auto repalr,‘etc. ............... .06 -.02 .03 -.01
80 Health services .........ccccevveenenns .10 -.00 A1 -.00
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is similar in coverage to the last column of table 5. Howevedeflated value approach. The nominal value of the output
in table 6, the effects of adjusting intermediate inputs have/y) is divided by a corresponding output price indéy»:(
been accounted for as well as the effects of adjusting outputs. Y=V /P
In general, the industry contributions are smaller in table 6 y oy
than in table 5 and the ranking of the industry contributions There certainly could be biases in some of our estimated
changes slightly. A zero multifactor productivity trend in con-trends in nominal industry output. An alternative, which many
struction would result in a 0.12-percent increase in the priauthors have focused on, is that there could be upward biases
vate business multifactor productivity trend. Adjustment ofin the price index number trends used in deflation. But there
insurance carriers would have an impact of 0.10 percent, whilge other possibilities. Price indexes are not available for ev-
the impact of adjusting banking would be 0.09 percent. Thesgy output and so the builders of a comprehensive dataset like
three are worthy of emphasis, as they account for 0.31 pafe national income and product accounts must find other
cent of the 0.44 percent increase to the aggregate from “zefgays to make estimates. For some commodities, the prices
ing out” all of the negative multifactor productivity trends atused in the deflated value approach are prices for a different
the industry level. There would also be notable effects fromommodity to which they have been matched. In other cases,
raising the multifactor productivity trends of utilities (0.06 they are input price indexes or input cost indexes. Finally,
percent) and health services (0.05 percent). A factor limitingome “prices” are derived implicitly by dividing the nominal
the importance of health services in our analysis is that mamalue of output by a direct measure of output or by an esti-
of these services are provided by government or nonprofihate of output made by assuming that output grew at the same
institutions, both of which are excluded from the private busirate as an input.
ness sector. For no other industry does the multifactor pro- If the input and nominal output measures are not seriously
ductivity adjustmentaise the private business multifactor pro-biased, then the hypothetical problem comes dowviinetal-
ductivity trend by more than 0.02 percent. location of the nominal output trend into a price trend and a
guantity trend Assuming all of this, it would be good to know

Possible interpretations of the resultsThere are various ynat combination of price index numbers is used to measure
possible explanations for the negative multifactor productivx

; . X . output in industries with negative multifactor productivity
ity trends by industry. As we mentioned earlier, one explangzenqs | ey Eldridge has estimated that for 1997 data, about

tion is that the measures are correct. If one suspects that th\%’percent of business output was constructed at the Bureau

are not, then itwould be useful to think through the measure £onomic Analysis byei deflation and another 15 percent
ment process to identify where we could be going wrong. Mulyy, o, deflation#2 However, in two of the three industries

tifactor productivity is measured by dividing measures of OUt(banking and construction) for which negative multifactor

put,Y, by input!: productivity trends are most important to the aggregate, it
MFEP =Y /1. appears that extensive use is made of methods of output
Therefore, the trend in multifactor productivity would be measurement that do not involve deflation with price index
too low or negative if the output trend were too low or if thenumbers?? Since 1994ppri deflation has been used by the
input trend were too high. Bureau of Economic Analysis to deflate the majority of
There are many possible avenues by which inputs could Ibealth services output. However, the health servieesas
biased. The data on intermediate inputs come from input-outtsed for the period covered by this article. Finally, it appears
put tables. Some researchers are skeptical of these data. Cépatcri deflation is used for all of insurance, except life insur-
tal measurement involves some strong assumptions. Even tiigce, for which, a “composite index of input prices” is used.
allocation of labor hours to industries might be suspected. IHowever, for health and casualty insurance, for whicte-
addition, in the multifactor productivity measurement, we creflation is used, the nominal output concept is one of premi-
ated a “combined input” measure by aggregating the variousns less benefits, and premiums and benefits are deflated
types of inputs with value weights. This is rationalized orseparately.
assumptions of competitive input factor markets and constant While a comprehensive review of these methods is beyond
returns to scale production. These assumptions represent #te scope of this article, we would like to highlight two is-
ditional potential sources of measurement bias. sues. The first of these relates to banking. About 82 percent
An alternative explanation is that some industry outputf final demand expenditures on banking output are “finan-
trends are too low. (Of course, there could be some combinaial services furnished without payment.” Real final demand
tion of explanations also.) To determine the possible sourcésr these services is measured by extrapolation with “paid em-
of output bias, the methods used to measure output must ppleyee hours.” This is, in effe@n assumption of a zero trend
examined. The output measures in our dataset are createdniabor productivity The negative multifactor productivity
several different ways. Output is sometimes measured usingrand reflects our use of this same labor productivity assump-
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tion in measuring gross outptitoupled with large increases the 1977-92 period and, in our framework, those trends were
in capital and intermediate inputs used by banks. We shousidgnificant enough to lower the business sector productivity
note that theri is used to deflate the 18 percent of nominatrend by about 0.1 percent per year each during the same pe-
output representing bank service charges. riod. We also found that negative multifactor productivity
The second issue is that input cost indexes and other ingueénds for utilities and for health services, and each trend was
price indexes appear to have been used exterSiaalyout-  significant enough to lower the aggregate trend by about half
put deflators for parts of construction, and for life insurancas much.
output?® Use of these methods can lead to restrictive produc- In theory, declining multifactor productivity could occur if
tivity measures. For example, if wagesare used to deflate there were causes, such as forgotten technology, decreasing
nominal output, then we have virtually assumed that labaeturns to scale in a growing sector, underutilization of capi-
productivity does not change. Labor productivitiy, would  tal in a shrinking sector, or some other decrease in efficiency,
change only if the shar&| of labor compensatiow() in  perhaps due to institutional changes. If bona fide, the multi-
nominal outputV,) changes: factor productivity declines over such a long period represent
_ _ _ vast losses in efficiency.
LP=Y/L=(V,/w)/L=15. There are certainly some important examples of anecdotal
Since 1947, business sector labor productivity has growevidence working against multifactor productivity growth in
steadily, while the share of labor experienced only small varidhese five industries. However, there are also many anecdotal
tions. There are analogous implications for productivity wheexamples of productivity improvements, and so, it is difficult
prices of other inputs are used in deflating output. to believe that there has been such a large net decline in mul-
This article does not attempt to study methodological istifactor productivity in this block of industries.
sues in ther.. However, our results can shed some light on We outlined, in some detail, a few possible sources of bias
the extent to which slow productivity growth may be a reflecin the measurement of inputs and outputs. There are impor-
tion of cpi bias. As we have seen, tta plays only a minor tant empirical and theoretical questions on the input side, con-
role in the Bureau of Economic Analysis output measuremeiaerning how the data we use were put together by others and
for banking and constructioori components do play a larger also concerning how we have used them. The answers to these
roles for insurance, where they are used for all types of insuguestions could imply input bias. We have considered the is-
ance except life insurance. However, for health and casualsye of manufacturers purchasing labor services from service
insurance outputs, output is defined as premiums less claimsdustries. In concept, we have accounted for this issue in our
Output is then deflated using price indexes for premiums anultifactor productivity trends, although we must acknowl-
claims, or both. If these output measures are biased, it is updge that the data we have used might be weak. Other than
clear just what roles nominal output and deflation play. this issue, we are not aware of any grounds to suspect that
In general, it does not seem reasonable to itdebias  input trends are substantially and systematically overstated
from the declines in multifactor productivity in any of the threen any of the five industries with significant negative multi-
industries which we have emphasized. We stress that our efactor productivity trends or in the private business sector as
dence does not rule out the possibility that alleged bias smwhole.
components of thepi affects productivity measures. Itis pos-  We suspect that some output trends are indeed downward
sible that bias in certaicp components could contribute to biased. It is, of course, possible that the trends in nominal
the negative multifactor productivity trends for the five in-output are downward biased. Here, we have another possibil-
dustries that we have identified. It is also possible ¢hat ity that cannot be ruled out. But again, the measurement of
components could contribute to bias in other final demandominal transactions is relatively straightforwér&nd we
components associated with increases in multifactor produtave no particular reason to suspect a serious bias in any par-
tivity. For example, even though multifactor productivity ticular direction.
trends for manufacturing and communications are positive, The remaining explanation would be a bias in the decom-
they could be understated duetobias. Yet, it is still hard to position of output trends into quantity trends and price trends.
see how our industry multifactor productivity trends couldWhile we have no empirical basis for assigning weight to the
back up the assertion that low aggregate productivity trendarious explanations, there is good reason to suspect that bias

are a symptom afri bias. in the output quantity/price allocation is a dominant explana-
tion for two of the industries we have identified. In banking,
Conclusions employment values have been used in measuring output, while

in construction, input prices have been used in measuring
We found three industries (construction, insurance, and ban&utput prices. In either case, strong and conservative assump-
ing), that had negative multifactor productivity trends duringions about productivity growth are implicit. It is less clear
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what is causing the negative multifactor productivity trends However, there are industries with complex measurement
for insurance, health services, and utilities. issues for which neither government nor academic re-
Finally, the services that the insurance, banking, and hea#tbarchers have been able to develop widely accepted ap-
services industries provide are among the most difficult foroaches. Pending solid and usable research in these areas,
conceptualize within the context of economic measurememte need to continue publishing aggregate datasets such as
The absence of a good scientific basis for measuring thebe national accounts. It is necessary for the national ac-
outputs probably accounts for the fact that price indexes areunts to continue to make estimates in situations for which
sparse as well as the apparent reluctance of statistical agatice indexes are either inadequate or unavailable. In do-
cies to impute specific productivity trends. Fortunately, thei@g so, we would suggest exploring alternatives to the as-
are data improvement initiatives pendingiat at the Bureau sumption of constant labor productivity as the basis for ex-
of Economic Analysi€® and at the Bureau of the Census, adrapolating real output trends. One possibility is to assume
dressing measurement of real output in the industries we hdkiat the multifactor productivity trend is zero. While still
emphasized and in other industriédn some cases, new conservative, this approach would consider growth in sev-
methods already have been implemented. Use of these real inputs, rather than just one. Another possibility is to
methods does not necessarily affect the data prior to 1992¢ independent data on industry labor productivity trends,
used in this study. in addition to employment, in estimating real output trends.
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) . ; of Trend Movements,” in L. H. Klassen, L. M. Koyck, and H. J. Witteveen
Costs,"Occassional Staff Studie®SS-1 (Washingtomc, Federal Reserve ¢ ! . '
Board, 1996). See also “Final Report of the Advisory Commission to Stu%js"hn Tinbergen, Selected Papefémsterdam, North Holland, 1959).

the Consumer Price Index,” Senate Print (U.S. Senate, Committee on Fi-11 SeeTrends in_ I\/_Iultifactor Productivity, 19_48—8Bu||etin 2178. (B_u-
nance, December 1996), (¥04—72. reau of Labor Statistics, September 198% the timesLs began publishing

. N . . . measures, data were only available through 1981. Evidence of a productiv-
D. W. Jorgenson and Z. Griliches, “The Explanation of Productivityty recovery in manufacturing had not yet emerged.

Change,"Review of Economic Studjekuly 1967, pp. 249-82. 12 Research on the composition of the labor force by Larry Rosenblum,
5D. W. Jorgenson, F. M. Gollop, and B. M. Frauméhpductivity and  Mary Jablonski, and Kent Kunze led to the publicatiohaiior Composi-

U.S. Economic GrowttCambridgema, Harvard University Press, 1987); tion and U.S. Productivity Growth, 1948-3ulletin 2426 (Bureau of La-

and Z. Griliches, “Productivitygep, and the Data Constraint,” Presidential bor Statistics, December 1993).

Address American Economic RevieMarch 1994, pp. 1-23. 2 The use of superlative index numberssia productivity work is de-

s Eventually, we would expect the industry to return to an optimal amous€ribed in E. R. Dean, , M. J. Harper, and M. K. Sherwood, “Productivity
of capital and resume productivity growth. However, in industries affectéeasurement with Changing Weight Indices of Output and Inpusitis-
by technological change or the introduction of imports, this might take d&Y Productivity: International Comparison and Measurement Is¢Besis,
cades. A few examples where this has happened in the United States ard fifeOrganisation for Economic Co-Operation and Development, 1996), pp.
railroad, steel, and textile industries. Quality may also decline, and and@3-215.
dotes about declining service quality are abundant. “W. E. Diewert, “Exact and Superlative Index Numbegurnal of

7J. Madrick, “Computers: Waiting for the Revolutiorhe New York Econometricsvol. 4, no. 4, 1976, pp. 115-45.
Reviéw of Boo,ks\/Iar. 26, 19'9& pp. 29-33. ' 15 Formally, these formulas assume fewer restrictions about substitution

. . than do traditional fixed-weighted aggregation procedures. Frequently, su-
See J. R. Norsworthy, M. J. Harper, and K. Kunze, “The Slowdown iperiative index formulas are calculated for successive pairs of years, the

Productivity Growth: Analysis of Some Contributing FactorBfookings  resulting growth rates being “chained” into an index. This technique effec-
Papers on Economic Activitpecember 1979, pp. 387-421. While it wastjyely keeps the weights current.

noted that productivity had slowed down more in nonfarm business than in ;4
manufacturing, the slowdown appeared to be large in both sectors, usjﬁ%
data then available. The study focused mainly on how inputs accounted for “ " S

prepares “gross output” to measure gross product originatiog (t makes

the slowdown rather than- on the divergence. ) additional adjustments to “gross output” to ensure conformity ofstle
°R. M. Solow, “Technical Change and the Aggregate Production Fungata with the national accounts. We use these gross output measures, avail-

In its productivity work gLs defines nominal gross output as the value
hipments less inventory change. The Bureau of Economic Analysis also
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able 1977-93, in a dataset we construct later in this article. multifactor productivity for the measures comparing mealwith inputs of

7| R. Mishel, Manufacturing Numbers: How Inaccurate Statistics capital and labor (which we had used in earlier multifactor productivity news
Conceal U.S. Industrial Declin@Vashingtonpc, Economic Policy Insti-  feleases). Also, see W. Gullickson, Measurement of productivity growth in
tute, April 1988), and “The Late Great Debate on Deindustrializat@mal-  U-S. manufacturing,Monthly Labor RevienJuly 1995, pp. 13-28.
lenge January-February, 1989, pp. 35-43. 2 The Bureau of Economic Analysis output measure usedstfgr U.S.

18 An interim report on the redesign effort was presented at a Confererfgrvate business sector multifactor productivity falls slightly short of being
on Research in Income and Wealth meeting in 1990. See M. F. Mohr, “Rsectoral output.” This sector does use some intermediate inputs obtained
cent and Planned Improvements in the Measurement and Deflation of Sepm “outside,” mainly imports. For strict comparability in the Domar sense,
vices Outputs and Inputs #EA’s Gross Product Originating Estimates,” in the multifactor productivity measures should include imports along with
Zvi Griliches, ed.Output Measurement in the Service Sect@kicago, capital and labor inputs. We have looked into this, and it appears inclusion
The University of Chicago Press, 1992), pp. 25-71. of imports would have very little effect on the multifactor productivity trends.

19 For a description of these new measures, see R. Parker, “Gross Produdprmula for the bias is derived in Gullickson and Harper, “Production
by Industry, 1977-90,Survey of Current Businesslay 1993, pp. 33-54. Functions, Input-Output Tables.” We do not th|r_1k this issue significantly
The improvements included using new sources of data to allocate facRiECtS the conclusions that can be drawn from this table. Note tides
incomes to industries, more extensive use of the Bureau of Economic Analy8igude imported intermediate inputs in its manufacturing inputs. At some
preferred double deflation method, and incorporation of additional data 81Nt BLs may consider including them as inputs to private business.
import prices. 30 The output per hour measures for business and nonfarm business in

2, D. Domar, “On the Measurement of Technological Charigeg: table l_include go_vernmententt_erprises. These ent(_erprises are excluded‘from
nomic Journal December 1961, pp. 709—29. the ‘fprlvate” busmgss _and “private” nor_1farm business sectors for which

' i multifactor productivity is measured, as in table 2.

#The term “sectoral output” was coined by Frank Gollop. See F. M. =1\ Gyllickson, and M. J. Harper, “Multifactor Productivity in U.S.

Gollop, “Accounting for Intermediate Input: The Link Between Sectoral anﬂ/lanufacturing 1949-83,Monthly Labor ReviewOctober 1987, pp.
Aggregate Measures of Productivitpffeasurement and Interpretation of 1g_»g ' ' '

Productivity (Washingtonpc, National Academy of Sciences, 1979), pp.

318-33. This study was part of a National Academy of Sciences rep r532.We arrive at the 0.7 figure by comparitigs trend of an aggregam‘ )
recommending thaiLs prepare measures of multifactor productivity. The a) directly employed labor hours and (b) purchased services inputiiaith

section written by Gollop recommended thet follow these definitional trend in directly em.ploye_d labor houssone. To aggregate hours and ser-
conventions. The Domar framework was also used by C. R. Hulten to Aices, we use the Tornqvist index formula and cost share weights as we do in

plore the direct and secondary implications of technological advances ir?%gregat!ng all inputs for multifactor F_)rOdUCt'V'_ty measurement.
given industry. See C. R. Hulten, “Growth Accounting with Intermediate ** Gullickson and Harper, “Production Functions, Input-Output Tables.”

Inputs,” Review of Economic StudjeSctober 1978, pp. 511-18. A, M. Lawson, “Benchmark Input-Output Accounts for the U. S.
22 Domar, “Measurement of Technological Change.” Economy, 1992,'Survey of Current BusingsSovember 1997, pp. 36-82.

. . ) . A §
2 Note that all capital goods created by an industry are treated as out- There are no estimates for a few industries, notably banking. See foot

puts. In the neoclassical literature, capital goods are not treated as difs¥e S in the appendix.

inputs, whether obtained from the same industry or a different industry. *S. K. S. Lum and R. E. Yuskavage, “Gross Product by Industry, 1947—
Capital inputs are instead defined as “service flows” associated with capi@,” Survey of Current Busingsdovember, pp. 20-34.

goods. For a discussion on the measurement of capital services, see M. 37 For readers interested in seeing more significant digits, in table 6, we

Harper, “Estimating Capital Inputs for Productivity Measurement: An Overyrasent a similar exercise that shows contributions to two decimal places.

view of Concepts and Methods” (Bureau of Labor Statistics, Office of Pro- _, . L )
ductivity and Technology, 1997). We have included in this total an adjustment term for government en-

o ) . . . terpr_ises.BLs _presently‘excludes thepo of government enterprises from its
W. Gullickson, and M. J. Harper, “Production Functions, Input-Outy, plished private business sector measures. This exclusion represents a

put Tables. departure from the sectoral output concept because we have not properly

2 Prior to 19968Ls used a net output framework. Manufacturing multi-accounted, in the sectoral output sense, for the fact that government enter-
factor productivity measures comparewb to inputs of capital and labor. prises trade with other private businesses. We have computed the adjust-
(The Bureau of Economic Analysiso accounts do not explicitly match ment term by applying a weight to the trend in the ratio of (a) government
capital and labor inputs tgro) Since 1996gLs has published, instead, a enterprise reatroto (b) real intermediate inputs purchased by government
manufacturing multifactor productivity measure using the sectoral concepnterprise from other businesses. This weight is the negative of the nominal
BLS continues to publish multifactor productivity measures for the more agro of government enterprises divided by the nominal output of private busi-
gregate private business and private nonfarm business sectors which coess. The adjustment term, which is reported for 1977-93 in table 6 is small
pare national accounts outputs to capital and labor inputs. We have simpld negative. The adjustment is effectively a subtraction, in the spirit of
fied with respect to the index number issue in this schematic. In either themar weighting, of a dummy productivity trend.
sectoral or net framework, only nominal outputs are additive. Real outputs

2 . " - ”
and inputs must be combined with index number formulas. In GuIIicksot The pybllshed measures reflect “labor composition effects ‘based on
ﬁ education and experience of workers. We are not able to disaggregate

T e o1 composiion fcts o the ndusty el o 1siea, we use hots
explicitly consider the issue of imported inputs. owever, when we aggregate mulpfaqtor prod_uct|V|t){, using Domar weights,
% ) ] ) We_effectlvely Welght _Iabor hours in different industries with thel_r compen-

In this example, we are referring to instantaneous rates of changesigion shares. This differs from a total-hours measure by what is sometimes

avoid index number issues. called an industry reallocation effect. The adjustment we make to the last
#gLs does publish productivity measures for selected nonmanufacturitige in table 5 is the difference between this reallocation effect and the labor
industries. composition effect used bsts in its published multifactor productivity

28 |n particular, the output is “sectoral output,” that is, gross output net #heasures. The published aggregates are inconsistent with the industry data
intraindustry materials flowing between manufacturing establishments. Als®) one other score: the published measures exclude imported intermediate
inputs are formulated to include materials and services purchased by maif@uts from both outputs and inputs. These exclusions are inconsistent with
factures from outside manufacturing. Input-output tables were used in e§omar’s model. However, these exclusions are not only small, but they
mating these intra- and inter-industry transactions. See “Multifactor Préffect output and input trends at the same rate. They approximately cancel
ductivity Trends, 1994,UspL 95-518 (U.S. Department of Labor) Jan. 17,0ut and so we can safely neglect them.

1996. In this press release, we substituted these measures of manufacturingThe publishedss private business multifactor productivity measure is
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based on the product side of the national accounts, one component of which i€* These methods are described in Bureau of Economic Analysis “Up-
“net exports” (exports minus imports). In the National Accounts, importedated Summarwipa Methodologies,”Survey of Current Business
goods, whether they are consumed by final users or by industries as interm8eiptember 1988, pp. 14-35.

ate inputs, are deducted from exports in computiskgand private business 4 One could contend that we have set up a “straw dog” by applying the
Ot e s roBJJpoyment erapolaton assumpton 1o gross outpit.” The nationa
from output. See F. M. Gollop, “Growth Accounting in an Open Economyacc.oun.ts apply this as;umptlo_n in estlmaﬂqn Of real final demand and in
Boston Collége Wo.rkin.g Pape}s in Econonfiiarch 1981) ‘estimation of reatro (which are in concept quite different from one another
In our industry measures, imported intermediate inpﬁts are included gd from gross outpuf). See S. K. S. Lum and .R' E.Yuskavage, “Gross
' foduct by Industry, 1947-965Uurvey of Current Busined$ovember 1997,

e e e eniable 05 20-34. Lum and Vskavage do ot make an estimat o ral gross oupu
. I p - ; ) e r banking. The bottom line here is that employment assumptions are
plies and materials; nondurable industrial supplies and materials; and petro-

leum and products) plus auto parts and computer peripherals and parts. q%t%app_rqprlate if we are to use any of these output measures to measure
share of these inputs (among all inputs) is about 6 percent in 1980. From R uctivity. ) ) . .
standpoint of the sectoral output concept, imported intermediate inputs are™ We have not determined precisely what fraction of each of these indus-
an input to the business sector. Because they are deducteddrdm  tries’ outputs reflects these methods.

arriving at thesLs measure of business output rather than being included in 4 Bureau of Economic Analysis “Updated Summary,” 1988, pp. 14-35.
inputs, there could be a bias in the resultant sectoral multifactor productivity 4; Measurement of nominal transactions is not so straightforward in bank-

measure. Howevgr, the b'fds is likely to be_ quite ‘small. The fact that we hém . However, this is of little relevance to the possibility that nominal output
treated imported intermediates correctly in the industry measures could ac=

> measurement is responsible for negative multifactor productivity because
count for some of the small discrepancy between the aggregates obtalu_&é P 9 b Y

> ! - national accounts output estimates for banking are based mainly on em-
from Domar aggregation of the industry measures and the publlshB yment extrapolation p 9 y
measures. '

48“gea’s Mid Decade Strategic Plan: A Progress Rep@&titvey of Cur-
rent Busines (Bureau of Economic Analysis, June 1996), pp. 52-55.

*2Lucy Eldridge, “How price indexes affemts productivity measures,” < pean, Harper, and Sherwood, “Productivity Measurement with Chang-
Monthly Labor Reviewthis issue, pp. 35-46. ing Weight.”

41 Slifman and Corrado, “Decomposition of Productivity.”

Appendix: Construction of the data for industries

In this appendix, we discuss how the data were assembled for tabléth the present national accounts, we include them to extend this
4, 5, and 6. If we had a consistent set of periodic input-output tablegercise to cover a longer time span with the best available data.
along with a complete detailed set of commodity price indexes, we The study by the employment projections staff compiles gross
could construct accurate and consistent industry and aggregate muoltitput and output price series for each of 183 industries for pur-
factor productivity measures. In practice, available data fall short pbses of an economic growth moé®hlues of production and out-
this ideal. Assumptions must be made to fill in some of the cells of that measures in the collection are constructed by interpolation be-
input-output tables. Available input-output tables reflect industry “reween input-output tables, using interpolator series from the best
classifications” which reassign the industry of some inputs and owvailable sourcesthe input-output benchmarks used by the staff
puts associated with secondary products to other Standard Industia those presently part of their growth model, that is, 1977, 1982,
Classification(sic) categories. In actual practice we lack a “time seand 1987. Earlier tables for 1963, 1967, and 1972 were conformed
ries” of tables: the only input-output table consistent with the curretd the 1987%ic as closely as possible by the authors of this article,
U.S. national accounts is th@87 table. Finally, price indexes do notand the values of production for years 1958-76, from the Office of
exist for many commodities and have to be estimated in the natiof&hployment Projections, are adjusted to these benchmarks as well.
accounts. The authors also adjusted the employment projections series on
The 1977 and 1982 tables used in this article are part of the cautput to conform with the 1992 input-output table published re-
rentsLs economic growth model, and have been closely conformexgntly by the Bureau of Economic Analysis and described by A. M.
to current national accounts practices bysieOffice of Employ- Lawson *
ment Projections. Pre-1977 tables have been conformed as closelyrhe work of the Bureau of Economic Analysis (which, as stated
as possible to the 198 by the authors. The Bureau of Economicpreviously, we use for multifactor productivity calculations for 1977—
Analysis does not retroactively conform older tables and time seri@2 and which we report as a “variant” to multifactor productivity
to current definitions, so any conceptual or methodological changeased on employment projections output estimates) compiles the
introduced to the national accounts since these older data were pralue of gross production and corresponding price series for most

pared might not be reflected accurately in these older data. two-digit industries.One use that the Bureau of Economic Analysis
makes of these data is in the estimation of gross product originating
Output (ePo) by industry. These data extend back to 1977, with problems in

a few industries due to the revision of the system in 1987. For

The gross output measures are based on data available from tihese industries, we base output on data from the Employment Pro-
sources: 1) theLs Office of Employment Projections (used for 1958—ections work described in the previous paragraph. These industries
77 and for 1977-92 in one variant we report), 2) the Bureau of Ecare water transportation, transportation services, credit agencies, real
nomic Analysis gross product-by-industry program (used for 197 &state, business services, legal services, and government enterprises.
92 in a second variant we report), and 3) a 1975 study by Jack FaucetThe present Bureau of Economic Analysis’ values of production
Associates commissioned by the employment projections offi@nd price series for two-digit industries, which are available for the
(used for 1947-58)While pre-1977 data are not fully consistentyears 1977 forward, are aggregated to the 35-industry level and com-
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pared to their counterparts from the Office of Employment Projetabor
tions for consistency. The employment projections’ production and
prices series for 1958—77 and the present Bureau of Economic Analjie labor measures used in this article are similar to those used in
sis series were linked in the year 1977, except cases in which thprevious multifactor studies for major industrial sectors dorehy
weresic problems in the Bureau’s data. The Bureau of Economithese measures have the lasge employment survey sources in
Analysis does not adjust data for prior years to conform to a revise@mmon with the major sector multifactor productivity work, the
sic, but rather shows data for the years before the revision on the gd@nufacturingwems multifactor measures for two-digit industries,
basis, for the years after on the new basis, and the year of the cha®ie@ thesLs quarterly labor productivity program. A complete de-
both ways. In this case, data for several industries on the basis of $&iption of the labor measures underlying the output per hour and
1987sic are available only after 1986. major sector multifactor productivity measures can be found in prior
Lastly, industry outputs are adjusted if necessary by the auth@s publications:
to reflect the concepts underlying the publishedprivate business ~ Labor input is measured in terms of undifferentiated (that is, un-
sector output measure. Because our purpose is to relate these inadjigssted for skill or wage levels) hours at work. The primary source
try productivity estimates with aggregates to assess the effectusiderlying these estimates is the Current Employment Statistics
measurement problems, the conventions we follow for the privafgirvey program which provides employee hours paid, supplemented
business aggregate multifactor productivity measures are duplicafddCurrent Population Survegrg data on proprietors and special
for industries. The industry measures are based partially on inpgts surveys of differences between hours paid and hours worked.
output tables, which are in turn based on the inclusive concept Bie Current Employment Statistics Survey provides monthly sur-
cpr, several activities estimated in the national accounts are excludey data on total employment and, for manufacturing, average weekly

from the private business sector, so some adjustments must be matrs of production workers, and, for nonmanufacturing, average
weekly hours of nonsupervisory workers. Average weekly hours of

nonproduction workers in manufacturing are estimated on the basis
Capital of data underlying theLs quarterly labor measures for durable and
nondurable manufacturing. Average weekly hours of supervisory

Capital input is measured following the same general procedunesrkers outside of manufacturing are not collected and so these are
used byaLs for its major sector and manufacturing capital measurealso estimated.
Detailed specifications have been publishedusyreviously’ This The average weekly hours data collected in the Current Employ-
section provides a summary of data sources and procedures. ment Statistics Survey reflect payroll hours. Thus, hours based on

Capital measures cover inputs of equipment, structures, inventhis source include paid leave time for holidays, vacations, sick and
ries, and land in each industry. For fixed depreciable assets (equiersonal leave, as well as time spent at the work site. Given that
ment and structures), constant and current dollar investment datagneductivity relates to production, it is desirable to have a labor-
obtained for each of 25 detailed asset type categories from the Byut measure based on hours actually worked, exclusive of such
reau of Economic Analysis study of two-digit capital, as describgghid time off.
by A. J. Katz and S. W. HermdrConstant-dollar yearend capital ~ Production and nonsupervisory workers’ hours paid, based on
stocks are developed by applying the perpetual inventory methodie Current Employment Statistics Survey, is adjusted to reflect hours
constant-dollar investment. This method sums up weighted past at-work through the use of hours worked/paid ratios available for
vestments to obtain an estimate of capital stock in the current periedch two-digit industry in manufacturing and for each one-digit in-
The weights are determined by a fixed “efficiency schedule” whictustry outside of manufacturingFor recent years, these ratios are
describes the marginal product of an asset, as it ages, relative to bested on the results of thies Hours-at-Work Survey, which gathers
of a new asset. This schedule is indexed to 1.0 for a new asset, ardhta. on the hours at work and hours paid of nonsupervisory and
assumed to decline slowly, early in an asset’s life and more quicktyoduction worker&!For years before 1981, the ratios are based on
later on. The schedule is gauged to the Bureau of Economic AnatizesLs Survey of Employer Expenditures for Employee Compensa-
sis estimates of service lives. tion. This survey, which was conducted biennially from 1966 to 1974

Constant and current-dollar yearend stocks of inventories for eaahd then for a final time in 1977, gathered information on hours paid
of three stages of processing are obtained for each two-digit indusaryd hours of paid leave for office and nonoffice workeAdso, for
from the Bureau of Economic Analysis from 1959 forward; estithe years 1959 and 1962, the Survey of Employer Expenditure
mates are made for 1949-58 starting with data from the Annual Sior Selected Supplementary Compensation Practices for Production
vey of Manufactures. Land stocks for two-digit industries are basesd Related Workers in Manufacturing Industries provided the basis
on Manvel's estimate of the ratio of land to structures in 4866 for hours worked/paid ratios for two-digit manufacturing industfies.
gether, with thesLs estimate of the value of structures (the wealth Due to the fact that the Current Employment Statistics Survey
stock) in 1967. data include only wage and salary workers, data from the Current

Real capital inputs of each asset type were then assumed profpulation Survey are used for proprietors and unpaid family work-
tional to stocks? and a chained (Torngvist) aggregate index of totadrs!” This survey, upon which industry estimates can be based back
capital input—equipment, structures, inventories, and land—wete 1961, provides the numbers of persons in both groups and their
then obtained for each two-digit industry. The weights for this praverage weekly hours.
cedure are based on estimates of the shares of each type of capital in
the current value of capital income. Total capital income, obtaingAtermediate inputs
from the national accounts, in each industry and year is allocated to
asset-type categories by estimating an implicit rental price for eathe values of the intermediate inputs used by each nonmanu-
type! The rental price model employed here adopes@moshomi-  facturing industry are estimated from input-output tables maintained
nal rate of return with a 3-year moving average of asset-specific capy-thesLs Office of Employment Projections. These in turn are based
tal gains. on benchmark input-output tables prepared by the Bureau of Eco-
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nomic Analysis on the basis of a variety of soufedignificant and inputs for each benchmark year. Instead, we started with the
assumptions are made by the Bureau in preparing the details of theisgloyment projections output based multifactor productivity trend
tables. The economic censuses systematically collect dataapsthe for 1977-92 and estimated adjustments to this trend for two effects.
of materialdy typefor manufacturing industries—but not for a ma-One effect is rather simple and comes from substituting the Bureau'’s
jority of nonmanufacturing industries. Fortunately, there are data proutput trend for employment projections’ output trend for each in-
viding a reasonable basis for ttegal costof intermediate inputs dustry. A second effect is an input effect. The input adjustment for a
from the Internal Revenue Service, the censuses of industied, given industry is a weighted average of the output trend adjustments
other special data available for particular industries. to all otherindustries. The weights are 1997 and 1992 averages of a
Growth in the value of intermediates is estimated using the 188articular industry’s shares in total input costs: the costs of the com-
sector input-output tables (provided by the Office of Employmenhodity inputs thagivenindustry buys from the respectivtherin-
Projections) for all benchmark years since 1963, together with ledsstries. If we only accounted for the output effect, the Bureau of
detailed tables for 1947, 1958, and 1963. The tables for 1977 dadonomic Analysis output based multifactor productivity trends
later are part of the present growth model maintained by the staffould no longer be accounting for the private business multifactor
1963-72 benchmarks are from previous versions of that model, cameductivity trend. We introduced these input adjustment factors
formed as closely as possible to the present (§28Yased) sector because we realized that adjustments to output alone would imply
plan, and the less detailed tables for 1947, 1958, and 1963 are aggreinconsistency with an “ideal” nominal accounting structiBg.
gates of the original, 80-sector tables publishedibyand the Bu- using these factors, the Bureau of Economic Analysis output based
reau of Economic Analysis. Price series for each of the 183 indusultifactor productivity trends approximately account for the pub-
tries in the present growth model (from the Office of Employmerlished aggregates for the 1977-92 period.
Projections) also are available for 1958 forward; from 1947 to 1958, Inputs are deflated using the output prices associated with each
prices are specially constructed. type of input being purchased. These prices, which were obtained by
The nominal values of intermediate inputs are constructed, the authors from the Employment Projections Office, are based
the Bureau of Economic Analysis tables and the employmelargely on deflators used by the Bureau of Economic Analysis in the
projections tables, so as to ensure identities between: a) the total vaagonal accounts (which, in turn, are based mainly, but not exclu-
of nominal output of each industry, b) the total value of the commodiively, on price data obtained from the Bureau of Labor Statistics
ties which that industry makes, and c) the cost of inputs it uses.  andrriprograms). “Real” intermediate inputs, by detailed type, are
For the calculation of multifactor productivity consistent withthen aggregated into three categories (energy inputs, nonenergy ma-
our alternative (Bureau of Economic Analysis gross) output trendsrials, and business service inputs) using the Térngvist index num-
for 1977-92, we have not actually set up a full set of data on outpiisr formula?*

Footnotes to the appendix

1 For years prior to 1958, values of production and prices are from tmational accounts. Each is represented in the input-output tables as an in-
Faucett study, This source contains data for the years 1947 to 1972, for @l&try selling only to final demand. Materials purchased by these sectors are
industries in the growth model (from the Office of Employment Projectiondyeated as final consumption rather than as inputs to these sectors. Thus,
at that time. See “Output and Employment for Input-output Sectors; TingFoss output is equal to value added for these activities and the aggregate
Series Data,” Jack Faucett Associates study, commissioned bysttd-  treatment can be extended to the industry decomposition simply by omitting
fice of Employment Projections, 1975. these industries from our database.

2 These series, extend to 1958, are conformed to the recently pub”shed\lonprofit insti_tutions a_nd government enterprises are slightly different
input-output tables, and are based on the 5887n earlier version of this N that they use intermediate inputs in the input-output tables. Thus, gross
work was published as “Time Series Data for Input-Output Industries,” BuUtput is greater than the value-added (gross product originating) which we
letin 2018 (Bureau of Labor Statistics, March 1979). are excluding fronspr to get business sector gross product. The treatment

s“Methodology for Time Series Data on Industry Output Price, and E of industries in these cases in the present dataset is not to ignore the indus-

| v (B f Labor Statistics. Offi £ Empl t Proiecti Ties altogether, but to remove the value-added. The value of production and
Eggg;en (Bureau of Labor Statistics, Office of Employment Projec IonS(’)utput that remain for government enterprises and nonprofit institutions thus

represents only the value and quantity of intermediates consumed in
“A. M. Lawson, “Benchmark Input-Output Accounts for the U. S.production.
Economy, 1992, Survey of Current BusinesNovember, 1977, pp. 36-82. 7 seqTrends in Multitactor Productivity, 1948-8Bulletin 2178 (Bu-

® For those industries for which real gross output is unavailable from thgau of Labor Statistics, September 1983), Appendix C. This describes pro-
Bureau of Economic Analysis, we use the estimates frorath®ffice of  cedures used for major sector measures. A similar procedure was followed
Employment Projections. This affects our banking result. The real gross ofir the two-digit industry measures used in this article.
put estimate for banking is made by extrapolating the input-output value
with the real final demand estimate from the Bureau of Economic Analysis. ) >
By using this, we could be imparting a bias to the extent that the proporti e Tangible Wealth, 1929-95 Survey of Current Businesslay, 1997,
of banking output going to final demand changes. However, because fif 69-92.
real final demand trend is measured by extrapolating with employment, it is °Allen D. Manvel, “Trends in the Value of Real Estate and Land, 1956—
hard to say whether one measure is more biased than another. The poin6& National Commission on Urban Problems: Three Land Research Stud-
make in our conclusions is that these assumptions might be reconsiderdds (Washingtonpc, U.S. Government Printing Office, 1968). Manvel esti-

6 The private business sector excludes the government and houseHdftes the ratio of the land’s value to the value of structures in 1966 as .24.
industries (all labor), the product of nonprofit institutions, gross owner-oc- 1° Barbara M. Fraumeni and Dale W. Jorgenson, “The Role of Capital in
cupied housing product, and the gross product originating of governmemntS. Economic Growth, 1948-76,” in George M. von FurstenburgCagdis
enterprises. The government sector, household industry, and owner-ocl-Efficiency, and GrowttCambridgewma, Ballinger Publishing Co., 1980),
pied housing all appear identically on the income and product sides of thesume capital inputs are proportional to the previous yearend capital stock.

8A. J. Katz, and S. W. Herman, “Improved Estimates of Fixed Reproduc-
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See also, Erwin W. Diewert, “Aggregation Problems in the Measurement of Regressions designed to show trends in the ratios and their sensitivity to
Capital,” in Dan Usher, edThe Measurement of CapitgChicago, Univer-  output levels generally indicated both trend and cyclical movements. On
sity of Chicago Press, 1980), pp. 433-528. Diewert derives a capital modekrage, the trend movement in the ratio is 0.2 percent per year. Significant
in which capital inputs are assumed proportional to the present yearend stadefficients on output growth occur in three industries at the 95-percent
He also discusses the distribution. Boe treatment is a compromise be- confidence level and in eight industries at the 80-percent confidence level.
tween these two models. Standard percentage error estimates for the hours worked/paid ratios, com-
u A general derivation of the rental price formula consistent with thiguted for each year and for each industry from the variation in the sample,
efficiency schedule, among others, was presented by Robert E. Hall, “Te¥fgre typically slightly less than 0.50 (half of 1 percent change in the ratio, in
nical Change from the Point of View of the DuaR&view of Economic Which equality of hours paid and worked is represented by 100.0) and ranged
Studies January 1968, pp. 35-46. The use of rental prices to allocate capfiween 0.14 percent for tobacco and 0.69 percent for petroleum products.
tal income was proposed by Laurits R. Christensen and Dale W. JorgensonStandard percentage errors in annual changes in the Hours-at-Work Sur-
“The Measurement of U.S. Real Capital Input, 1929-19R@yiew of In- V€Y were compared with standard percentage errors in monthly changes in
come and WealfrDecember 1969, pp. 292-320s reviewed this rental Current Employment Statistics Survey employment and hours. In about
price allocation procedure using a preliminary version of the data for tt@!f the cases, the Hours-at-Work Survey represents a larger “proportion of
present study. See Michael J. Harper, Ernst R. Berndt, and David O. Wol error” than the Current Employment Statistics Survey, suggesting that
“Rates of Return and Capital Aggregation Using Alternative Rental Price§€ hours-at-work error is probably about the same as the error inherent in
in Dale W. Jorgenson and Ralph Landon, €Rchnology and Capital For- the Current Employment Statistics Survey.
mation (Cambridgeva, ThemiT Press, 1973), pp. 331-72. 15 For details regarding the Survey of Employer Expenditures for Em-
12 For a discussion of the labor input measures for large sectofsesds ~ Ployee Compensation, sBenployee Compensation in the Private Nonfarm
in Multifactor Productivity,pp. 66-68, and theLsHandbook of Methods, Economy, 1974Bulletin 1963 (Bureau of Labor Statistics, 1977).
Bulletin 2285 (Bureau of Labor Statistics, 1988), pp. 70—71. For a complete ¢ This survey is described Eimployer Expenditures for Selected Supple-
description of the Current Employment Statistics Survey, see pp. 13-27 anéntary Compensation Practices for Production and Related Workers;

for the Current Population Survey, see pp. 3-12. Composition of Payroll Hours, Manufacturing Industries, 19BRlletin
3 The hours at work series are fully described in Mary Jablonski, KeA#28 (Bureau of Labor Statistics, April 1965).
Kunze, and Phyllis Flohr Otto, “Hours at work: a new base®produc- 7 For a description of the Current Population Survey, selahebook
tivity statistics,”Monthly Labor ReviewFebruary 1990, pp. 17-24. of Methods Bulletin 2490 (Bureau of Labor Statistics, April 1998p.
14 The Hours-at-Work Survey was first presented in Kent Kunze, “A New—12.
BLS survey measures the ratio of hours worked to hours gdiaiithly La- 18 The Bureau of Economic Analysis has documented the estimating pro-

bor Review,June 1984, pp. 3-7. Kunze updated those survey results ircédures underlying the input-output estimates. See, for exabefiej-
subsequent research summary, “Hours at work increase relative to hogighs and Conventions of the 1972 Input-Output S(Bdyeau of Economic
paid” Monthly Labor ReviewJune 1985, pp. 44-46. Analysis, U.S. Department of Commerce, July 1980).

The Hours-at-Work Survey, which is done in conjunction with the Cur- 19 The cost of intermediates can be estimated as the residual, after labor
rent Employment Statistics Survey, covered about 4,500 respondents in 4@ capital costs have been deducted from the value of gross output.
first 6 years of the survey (1981-86) and 5,500 since 1987. The survey ISy . . ) . . . . .
therefore relatively small, and there is the possibility that (especially at the > This ideal no“mlnal accounting structure is described in W. Gu|||ck§on
two-digit level) the statistical error associated with the small sample si#8d M. J. Harper, “Production Functions, Input-Output Tables, and the "Re-
exceeds the benefit of the adjustment. In considering whether to incorpeinShip Between Industry and Aggregate Productivity Measures” (Bu-
rate the ratios at this level, the approach taken was to consider: a) the &y of Labor Statistics, Office of Productivity and Technology, 1998).
pirical importance o$ystematichanges in the hours worked measure (that 2! It should be noted that the Office of Employment Projections, as part of
is, trends and short-term changes apparently related to the business cydig)growth model, prepares constant-dollar input-output tables as well as
b) the amount of error being introduced by the small sample size for aoyrrent-dollar tables. Presently, deflated tables are available for 1977, 1982,
industry; and, c) an assessment of sampling error already present in oth@87, and 1992. The method used by the authors to estimate material inputs
KLEms data, especially that reported for the Current Employment Statisticses the current-dollar (undeflated) tables, together with price Térnqvist ag-
Survey employment and average weekly hours estimates. gregation, to avoid index number bias.
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