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Measuring Productivity Growth

Measurement of productivity
growth in U.S. manufacturing

Productivity measurement cannot be restricted
to capital and labor factors—intermediate inputs
constitute too large a part of the cost structure;
revised and extended data show upward trend

in multifactor productivity growth

he indexes of multifactor productivity for
two-digit manufacturing sectors pre-

l pared by the Bureau of Labor Statistics
for sectors in manufacturing have been revised
and extended to cover the 1949-92 period. These
indexes, also called the “KLEMS” multifactor
measures, compare changes in output to changes
in a composite of all the inputs used in produc-
tion—capital, labor, energy inputs, nonenergy
material inputs, and business services.! Because
of this comprehensive input list, these indexes
give an indication of advances in technology and
production efficiency in these broad seciors, im-
portant topics as the economy emerges from the
tecession of the early 1990’s.

This article discusses the measurement of
multifactor productivity for manufacturing and
analyzes growth trends within the sector.
Through the years, a wide variety of productiv-
ity statistics have appeared in the literature, dis-
tinguished by the concepts underlying the mea-
surement of output, the methods of aggregation,
and the inputs included for analysis. Recent ad-
ditions of “superlative” indexes of gross domes-
tic product (GDP) by industry to the 1.8, National
Income and Product Accounts, prepared by the
Bureau of Economic Analysis, U.S. Department
of Commerce, have enhanced available alterna-
tives for measuring manufacturing productivity.
Planned changes in the way BLS measures manu-
facturing productivity are also discussed.?

Multifactor productivity growth trends are
then examined for the overall manufacturing
sector and for 19 two-digit SIC manufacturing

subsectors.? In particular, early postwar and
more recent productivity growth trends are com-
pared. When this comparison was last discussed
in 1992, data were available through 1988, cov-
ering a period of rapid growth following emer-
gence from the 1982 recession.* Because of this
growth, muldifactor productivity growth seemed
to have regained much of its early postwar mo-
mentum. It is now possible 10 examine recent
trends more comprehensively because the ex-
tended series cover the 1990 business cycle peak,
the brief recession that followed in 1991, and a
recovery period in 1992. These trends indicate
that the productivity growth rates of the early
postwar period were not entirely regained dur-
ing the 1980’s.

Issues in measurement

Untit recently, the Bureau of Labor Statistics
produced two distinct and fairly different mea-
sures of multifactor productivity for the manu-
facturing sector. One measure was a comparison
of “net” output to capital and labor inputs.® The
other was the KLEMS multifactor measure, issued
along with multifactor productivity measures for
broad (two-digit SIC) manufacturing industries,
which compares “sectoral” output to capital, la-
bor, and “intermediate” inputs.

In the future, BLS will use the measure based
on sectoral output for both purposes, while con-
tinuing 1o use a somewhat modified net cutput-
type multifactor productivity measure for its in-
ternational comparisons of multifactor produc-
tivity. Some further background on measures
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The Tornqgvist gross output index, This is obtained by
chain-weighting four-digit industry deflated values of ship-
ments to the two-digit level, at which level inventory
change is added; then aggregating to total manufacturing.
Values of shipments are from the U.S. Bureau of the Cen-
sus and are maintained, among other four-digit industry
data, in BLS; deflated shipments for each industry are equal
to the census value of shipments adjusted by a four-digit
deflator which in turn is a composite of five-digit deflators
from the BLS producer price program, the Bureau of Eco-
nomic Analysis, and other sources. All data are arranged
according to the 1987 Standard Industrial Classification
(sIC) system, A Torngvist aggregate quantity index is a
chain of two-period indexes (G»/Q1), each of which is ob-
tained as a weighted average of individual item indexes,
with weights based on cost or value shares taken from the
two pericds. For further discussion of Tornqvist indexes,
see Trends in Multifactor Productivity, 1948-81, Bulletin
2178 (Bureau of Labor Statistics, 1983).

The Torngvist sectoral output measure. “Sectoral” output
is the name given to gross output less intrasector transac-
tions. This name was introduced by Frank M. Gollop. See
“Accounting for Intermediate Input: The Link Between
Sectoral and Aggregate Measures of Productivity Growth,”
in Measurement and Interpretation of Productivity (Wash-
ington, National Academy of Sciences, 1979), pp. 318-33.
Sectoral output thus represents deliveries to consumers out-
side the industry. The BLS sector output index is a Torngvist
index, obtained by removing estimated intrasector transac-
tions from the Tornqvist gross output measure using cur-
rent weights for the removal.

Sector output for an industry represents deliveries to

Alternative output measures

consumers outside the industry; for total manufactur-
ing, sector output represents deliveries to consumers
outside manufacturing. Intrasector transactions are es-
timated from input-output tables published by the Bu-
reau of Economic Analysis in benchmark years, and pre-
pared by BLS for other years.

Benchmark-years-weighted gross output.  This measure of
gross output underlies the estimation of benchmark-years-
weighted gross product originating; the latter series is pub-
lished in the National Income and Product Accounts.
Benchmark-years-weighting is designed to achieve mov-
ing weights even when all the requisite data are not avail-
able annually. See Allan H. Young, “Alternative Measures
of Change in Real Qutput and Prices,” Survey of Current
Business, April 1992; and Jack E. Triplett, “Economic
Theory and BEA’s Alternative Quantity and Price Indexes,”
Survey of Current Business, April 1992,

Throughout the National Income and Product Ac-
counts, but especially in manufacturing, more detailed
data are available in the years of the economic censuses,
usually 5 years apart. The benchmark-years-weighted
quantity index is the (geometric) mean of two fixed-
weighted indexes—a Laspeyres index, based on prices
of the first benchmark year and a Paasche index, based
on prices of the second. The averaging of Paasche and
Laspeyres indexes yields a “Fisher Ideal” index, which
has among its benefits the quality of “reversibility”; any
two of the benchmark-to-benchmark ratios of quantity,
price, and value suggest the third. The benchmark-
years-weighted gross output series are available for two-
digit manufacturing industries from 1977 to 1987, ac-
cording to the 1972 sic.

which help explain these changes are provided in the follow-
ing sections. The main issues have to do with which inputs
and outputs should be included in a multifactor productivity
ratio and how heterogeneous inputs and outputs should be
weighted together,

Basic principles.  BLS is engaged in efforts to insure that its
measures conform, as nearly as possible, to some basic prin-
ciples of productivity measurement which have been devel-
oped in the economics literature.® One of the basic principles
is that inputs be as comprehensive as possible, so that pro-
ductivity growth does not merety reflect changes through time
in unmeasured inputs. Thus, the multifactor productivity
measures for manufacturing industries presented later in this
article take into account all intermediate inputs (energy and
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other materials and business services). The importance of in-
termediates first gained prominence in the literature because
of the events of the 1970’s.” In the period following the OPEC
oil embargo, fuel prices rose almost 150 percent in a 4-year
period (1973-77) and researchers began to suspect that this
price increase was contributing to the emerging slowdown in
productivity growth. Since then, increases in the use of busi-
ness services, such as equipment leasing, computer services,
and the use of temporary labor—all of which could have an
important impact on production and employment—have af-
fected productivity measurement.

A second principle is that inputs and outputs be defined as
comprehensively as possible without double counting. In sec-
tors as broad as those discussed in this article (1wo-digit SIC),
there are inevitably transactions between establishments in
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Benchmark-years-weighted gross product ariginating.
This measure was introduced to the National Income and
Product Accounts in 1993 and is available for two-digit
industries in manufacturing for the period 1977 to 1987.

The real gross product originating index and its
fixed-weighted counterpart are obtained by removing
an estimate of real intermediate inputs from an estimate
of real gross output. The use of weights from bench-
mark years derives from the fact that data necessary for
annual reweighting of intermediate inputs are not avail-
able. Although the total costs of materials are available
annually for manufacturing industries, materials by
type are available only in the benchmark Census of
Manufactures, collected every 5 years, Thus, annual
estimates of gross product originating based entirely
on annual data are not possible.

The index of intermediate inputs for manufacturing in-
dustries is obtained through the use of a benchmark-years-
weighted price composite using a wide variety of annual
commodity and service input prices, including BLS pro-
ducer prices. Taking advantage of the reversibility of price
and quantity growth in this formn of index, quantity growth
is computed as total cost change less price change.

Lastly, an index of real gross product originating is ob-
tained by removing real intermediate inputs from real gross
output. The calculation is done in index form using weights
that ensure consistency with the benchmark-years-
weighted gross output formula. Thus, between benchmark
years, a benchtnark-years-weighted index combining real
gross product originating and real intermediate inputs
equals the index of real gross output. See Robert F. Parker,
“Gross Product by Industry, 1977-90,” Survey of Current
Business, May 1993,

Fixed-weighted gross product originating. These are
the traditional measures of industry gross product avail-
able from the U.S. National Income Product Accounts,
first published in the 1960’s. Presently, the series are
available for two-digit industries as well as for durable,
nondurable, and total manufacturing, for the period
1977 10 1992, aithough, like the benchmark-years-
weighted series, estimates for 197786 are based on the
1972 sic.

The Federal Reserve Board's Index of Industrial
Production. The Federal Reserve Board prepares monthly
indexes of industrial production, which are averaged to re-
flect annual movements in the index shown. The Board’s
indexes are based on 225 individual series, which are in
turn based either on physical quantities obtained by survey
or on measures of labor or energy inputs. In the latter cases,
output movements are inferred from labor measures from
the BLS establishment survey or estimates of kilowatt hours
from a Federal Reserve Board survey, together with his-
toric input-output relationships. Most of the individual se-
ries are¢ benchmarked to deflated Census values of produc-
tion (some of the physical quantity measures are not). Ag-
gregate indexes, such as the total manufacturing one shown
in table 1 are “linked Laspeyres” indexés: weights for ag-
gregation are periodically vpdated and then held constant
for a number of years. The weights used by Federal Re-
serve Board for aggregating are based on value-added mea-
sures taken from the Census of Manufactures. For a com-
plete description of the Federal Reserve Board Index of In-
dustrial Production, see Industrial Production 1986 Edi-
tion (Washington, nDC, Board of Governors of the Federal
Reserve Syster, 1986),

the same sector. It is best to include all inputs—including
raw and semi-finished material inputs along with primary
inputs of labor and capital—in a productivity measure which
is supposed to shed light on trends in industrial efficiency
and applied technology; but it is also important not to in-
clude as inputs both a semi-finished good and the inputs
used to produce that semi-finished good. When there are
transactions between producers in the same sector, the avail-
able data sources will often reflect such duplication and, to
prevent double-counting, BLS adjusts them.

A third principle which has emerged from the literature
concerns aggregation. Multifactor productivity measures for
broad industrial groups, such as the two-digit manufactur-
ing industries discussed in this article and the BLS measure
for the private business sector, necessarily involve substan-

tial aggregation, For the two-digit measures, outputs of indi-
vidual industries are combined into a single measure for the
numerator, while highly diverse inputs are combined for the
denominator; for the private business indexes, the output
measure is a combination of all goods and services purchased
by final users from private industry. Because of the extent to
which aggregation takes place, the method of aggregation is
crucial. It is particularly important that, wherever possible,
aggregation be done according to a weighting procedure that
allows weights fo change over time as the relative impor-
tance of various inputs and outputs changes.

Alternative output measures. Because many of the issues con-

cern the measurement of output, we begin the investigation by
comparing movements in several of the most prominent
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alternatives. Table 1 shows movements in six series in two
main groups, net and gross. (See box, pages 14-15.)

The net output series are the various measures of real gross
product by industry (sometimes called gross product origi-
nating, or GPQ) in manufacturing from the U.S. National
Income and Product Accounts.® Measures of net output re-
flect value-added concepts—they represent the real contri-
bution of capital and labor in converting intermediate inputs
into finished products. The gross measures, by contrast, re-
flect deliveries of the finished products. Both net and gross
measures, except for the Federal Reserve Board’s Index of
Industrial Production, are based on deflation of four-digit

values of shipments from the Bureau of the Census, using
composite deflators based, in turn, on five-digit prices from
the BLS producer price program or other sources.

Several observations can be made from the data in table 1.
First, the similarity of Tornqvist and benchmark-years-weight-
ing is apparent from the two gross output indexes. This fol-
lows from the fact that both reflect contemporary economic
theory (both are associated with production functions which
are second order approximations to the “true” underlying func-
tional form). The Torngvist aggregate (annual) index is con-
structed by computing weighted average annual rates of
change, using value share data (averages for each pair of con-
secutive years) for weights; and by

“chaining” (multiplying consecutive
Table . Alternctive output medasures for manufacturing, 1956-93 . g" ( . py g N
index numbers) into a time series in-
{Indexes, 1987=100] dex. _ _
bench The benchmark-years-weighted in-
mark m Fixed- Federal dt.ex is cons@cted in two stages. First,
voer Tornqvist Tomqvhid ; Z::‘?.d years weighted wnooom‘m Fisher Ideal index numbers are com-
oross sectora w wel Qross X : :
output oulput ross gquoh::d product | of incustrial puted between cach successive pair of
output procuct | Originating | production preselected benchmark years. Then,
originating annual index numbers for the interven-
39.3 370 - - — 30.61 ing years are computed by averaging
440 404 - - - 345 two indexes, one constructed using
z-g :‘11*13 - - - ggg weights from the first benchmark vear,
478 435 —_ - — 38.4 the other using weights from the sec-
50.6 46.2 — — - 40.7 ond. The benchmark-years-weighted
538 9.3 - - - 435 index is designed to reduce systematic
gg'l :3; — — - gg drift which can occur with chained
636 592 - - - 536 time series and at the same time to take
:-: gg; - - - gg-? advantage of more detailed data avail-
65'1 o1 '7 56' able in benchmark years. As will be
) . - - - 4 : :
66.6 634 _ - _ 573 dlscussefi later, the Fisher Ideal and the
30 8.8 - — - 63.3 Torngvist procedures are compu-
788 74.4 - — —_ 68.9 . . . ..
b 738 - - — 679 tationally similar and yleld very simi-
705 8.1 611 lar results. Thus, estimates of total
776 74.4 —_ — — 67.4 growth between benchmark years us-
g-g gﬁg g-g ;?-; g-; 733 ing the two indexing procedures are
X y ) . . 778 . - )
ag.2 85.6 89.5 835 888 809 likely to be :smnlar: Larger differences
847 82.0 847 789 826 788 are more llkel)f in nonbenc_hmark
85.0 827 85.1 82,1 85.0 80.3 years, as is seen in the comparison for
79.9 79.3 80.8 79.0 81.0 766 1983-86
83.4 82.7 84.7 823 83.5 80.9 ) .
90.8 90.1 92,4 89.5 90.1 853 The contrast between the fixed-
91.4 92.1 93.4 91.9 92.3 916 weighted and benchmark-years-
93.0 942 852 924 933 94.3 weighted gross product originating
100.0 100.0 100.0 100.0 100.0 100.0 :
104.6 1046 L e 105.2 1047 s_enes.demonstrates the usual rfala—
104.9 105.4 - - 106.2 106.4 tionship between fixed and moving-
1036 104.3 — _ 105.8 106.1 weighted aggregates. The disadvan-
:g;-i :gg-g - - :gg-g 1039 tage of any fixed-weighted quantity
_ _' - _ = '1?3:3 index is that relative expenditures for
~ - various products, which indicate the
NOTE:  Seebox, pages 14-15 for definition of the indexes. Dash indicates data not available, im portance which should be given to
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each item in aggregation, change over time, The fixed-
weighted aggregate therefore, while roughly appropriate for
years close to the base year, may be subject to greater error
for years further removed from the base year, the degree, de-
pending on changes in relative expenditures due to relative
price change or other reasons.

Because of changes in relative prices in manufacturing at-
tributable largely to the rapidly declining prices of computers
and peripheral equipment, differences are substantial between
manufacturing aggregaie indexes prepared using fixed weights
and moving weights. For years before the 1987 National In-
come and Product Accounts base year, the use of fixed weights
based on 1987 prices understates the growth in the aggregate
because the rapid growth in the output of the computer indus-
try is weighted, not by the price of computers in those years, but
by weights based on the lower 1987 price. Similarly, the fixed-
weighted agpregate for years after 1987 overstates aggregate
growth because the 1987 weight is based on a price greater
than actual prices in the later years.”

“Net” output productivity measures. BLS publishes several
productivity series based on “net” output. Among these pro-
ductivity measures are the multifactor (X-L) measures for the
aggregates—the private business sector and the private non-
farm business sector—and the quarterly iabor productivity
series for business, nonfanm business, manufacturing, and
nonfinancial corporations. All compare real gross product
originating in the sector to inputs of labor or capital and la-
bor together.

The real gross product originating measures for the eco-
nomic aggregates are based on data provided by the Bureau
of Economic Analysis, U.S. Department of Commerce, most
of which are published with the U.S. National Income and
Product Accounts, Gross product originating represents the
contribution of each industry or sector to gross domestic pro-
duct. Equivalent to the more familiar concept of value-added,
gross product originating is equal to gross output (sales or
receipts and other income, plus inventory change) minus in-
termediate inputs (goods and service inputs purchased from
other domestic industries and foreign sources). Gross prod-
uct originating represents, therefore, the value that is added,
by the application of capital and labor, to intermediate inputs
in converting those inputs to finished products; productivity
based on a value-added output measure is thus limited to capi-
tal and labor as inputs. A productivity measure based on “net”
output concepts is thus in distinct contrast to the “gross” and
“sectoral” definitions of output underlying both the KLEMS
measures reported here and the BLS industry labor produc-
tivity measures reported elsewhere, for which output is de-
fined in terms of finished products purchased by consumers,

The use of gross product originating for a system of pro-
ductivity accounts—both aggregate and industry measures—

has certain advantages and disadvantages. An advantage is
that the relation between industry and aggregaie (total
economy) measures is straightforward and simple: In the
fixed-weighted, constant-dollar case for example, the sum
of real (constant-dollar) gross product originating for all in-
dusiries is equal to real (constant-dollar) gross domestic
product; and the index of aggregate productivity is a
weighted average of industry indexes, where the weights are
fixed and based on industry gross product originating in the
price index base year,

However, the value-added specification also carries with
it a distinct drawback which has led to the development of
the KLEMS measures for industries reported in this article.
The existence of the value-added function requires that the
production of gross output is characterized by value-added
“separability,” as follows:

Y = fIV(K.Lt)X].

In this specification, gross output is defined in terms of a
separable value-added subfunction (V) which includes tech-
nology, and intermediate inputs (X). Important implications
of this specification are that intermediate inputs cannot be
the source of productivity growth; that, if technical change
is “augmenting,” that is, associated with changed usage of
particular inputs, it can augment only capital and labor; and
that developments in intermediate inputs, for example, price
change, cannot influence the relative use of capital and la-
bor. In short, intermediate inputs are excluded from consid-
eration in the value-added mode] on the basis of the assump-
tion that they are insignificant to the analysis of productiv-
ity growth, 10

The predominance of intermediate inputs in the cost strac-
ture of most manufacturing industries suggests that inter-
mediates should not be ignored in the analysis of technical
change. For the two-digit industries discussed in this ar-
ticle, costs of material and business service inputs together
represent 40 percent to 80 percent of all costs. Developmenis
such as the previously mentioned price increases in energy
and other materials in the 1970’s and the growth of service
inputs such as computer services and temporary labor are
clearly sufficient to affect production decisions. In addition,
many modern manufacturing productivity enhancement
techniques are aimed at improving the efficiency with which
both intermediate inputs and primary inputs are used. Just-
in-time production, statistical process control, computer-
aided design and manufacturing, and many other recent de-
velopments in production technique, reduce error rates and
thus cut down on substandard, rejected production. In so
doing, they reduce the wastage of matertals as well as work-
ers’ time. The full benefits of such improvements can only
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be measured with a productivity index which takes into ac-
count all inputs,

In summarizing the discussion of value-added, it is im-
portant to note that for large segments of the U.S, economy
such as private business as a whole, intermediates are a rela-
tively small part of the input structure and can be ignored.!!
But for industries, the value-added specification of output
rests on a restrictive version of production theory and for
this reason, the gross output specification is generally pre-
ferred for industry productivity measurement.

Intrasector transactions. 'When one establishment provides
materials used by other establishments in the same industry,
a form of double counting occurs in the data on which KLEMS
multifactor measures are based: summing the unadjusted
data for all the establishments in the industry gives a total
input measure which includes both the intrasector-sector
transaction and the inputs required to produce it; the output
measure based on unadjusted data includes both the
intrasector-sector transaction and the goods made from it
and sold to consumers outside the sector.

This double counting carries with it at least two potential
hazards for productivity measurement. The first of these is
that double counting tends to obscure the evidence of tech-
nological change actually occurring in industries. If the
intrasector-sector transaction were not removed, it would
appear identically in both the numerator and the denomina-
tor of the productivity ratio; with identical components in-
cluded as both input and output, change in productivity is
always closer to zero than if that component is removed.

Another consideration is the possibility that the degree of
integration in the data on which the measures are based
might change over time, which would introduce a bias to
productivity growth trends. Over a long period (such as that
covered by the data presented in this article), changes in the
degree of integration reported to the Census Bureau and
therefore expressed in the data are bound to occur. For ex-
ample, if a plant reporting to the census as one plant in one
year is divided into two plants the next year, with all output
of one consumed by the other, the result would be increases
in both output and material input reported to the Census
Bureau. In this case, the addition of equal quantities to both
output and input would result in a tendency toward zero in
the rate of change in the output/materials ratio and in the
growth rate of multifactor productivity, notwithstanding any
actual change in production, efficiency, technology, and so
forth.

The need to avoid the double counting of internal transac-
tions has long been recognized.! This problem is addressed
in the BLS productivity measures for major economic aggre-
gates, such as for the business sector as a whole, by the means
of their definition: real aggregate output is defined as sales
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to final consumers (governments, investors, households, and
net exports), and input includes only capital and labor. Thus,
“intermediate” transactions-—sales from one producer to
another—are included in neither the output measure nor in-
put and double counting is avoided.

For industries, the same goal is achieved by subtracting
from output, and from intermediates, those intermediates
purchased from other establishments within the industry be-
ing studied, while leaving in purchases from outside the in-
dustry or sector. This removal yields what has come to be
called “sector” input and output measures, for which output
is defined as deliveries to consumers outside the sector (plus
inventory change), and material inputs as all consumed items
obtained from outside the sector.!3

It is important to note that the removal of intrasector trans-
actions implies a notion of output which is dependent on the
level of industry or sectoral aggregation under consideration.
That is, as the sector size becomes larger, the proportion of
all transactions which are intrasector tends to rise, and the
ratio of intermediate inputs to value-added tends to fall.

The index number issue. In any construction of data for
large economic groups, such as the productivity measures
for two-digit industries discussed in this article, or the mul-
tifactor measures for the total business sector done by BLS
and reported elsewhere, the means of aggregation is a fun-
damental issue.

Aggregation methods for inputs and outputs for produc-
tivity measurement were developed by Dale Jorgenson and
Zvi Griliches, using the economic theory of the firm."* It is
easiest to explain their procedure for input aggregation. A
production function is assumed:

x,H

Y=fix,x, ..
1 2 n
where f is the technologically maximum amount of output,
Y, which can be made from a set of inputs x; at time. 7. Multi-
factor productivity is identified with a shift in f over time.
The multifactor productivity growth rate is-defined as the
percent increase in ¥ which can be obtained from a given set
of inputs in one year. Because input quantities are changing
contemporaneously with output, a practical measurement
scheme must allow for changes in the input mix. To allow
for input change, the productivity ratio must compare the
output growth rate to a weighted average of the input growth
rates.) By assuming firms buy input factors in competitive
markets, the appropriate weights are the cost shares's of the
respective inputs at the point in time at which growth rates
are being aggregated.
Once growth rates have been calculated for discrete
periods (usually years) the Jorgenson-Griliches procedure




“chains” the growth rates into an index number time series.
Each period’s index number is arrived at by multiplying the
previous period’s index number by the growth rate between
the two periods. The theory associated with this procedure
has been sharpened over the years to address such issues as
what problems can arise in chaining muttifactor productivity
growth rates when prices are changing'’ and what conditions
must be met to combine subgroups of inputs.'® However, the
key points are to aggregate inputs in terms of growth rates
and to weight with contemporaneous cost shares.

BLS makes use of annually chained Torngvist index num-
bers in aggregating together major input classes (capital with
labor and capital with labor and intermediates) in all of its
multifactor productivity measures. In addition, the chained
Tornqvist procedure is used for aggregating together subcat-
egories of capital and of intermediates. In 1994, BLS intro-
duced the procedure for aggregating subcategories of labor,!®

Theory also recommends the use of growth rates and con-
temporanecus weights for aggregating outputs. W. Erwin
Diewert discussed alternative ways to generalize a produc-
tion function to describe tradeoffs faced by a multiproduct
firm.?* He concluded that growth rates of various outputs
should be weighted with their respective shares in the nomi-
nal value of output. BLS has used annually chained Torngvist
index numbers to aggregate outputs in its industry multifac-
tor productivity measures since their inception. However,
until recently, BLS used constant, dollar output measures
(from the Bureau of Economic Analysis) in its major sector
multifactor productivity measures.

The Bureau of Economic Analysis subsequently made
available annually chained Fisher Ideal index measures of
output for private business and private nonfarm business and
BLS began using these as its main measures of output for
major sector multifactor productivity in 1994,2

The issue of aggregation again arises because there are
many measures available for manufacturing. As part of the
National Income and Product Accounts, the Burean of Eco-
nomic Analysis now prepares three types of output aggre-
gates: the traditional, fixed-weighted constant-dollar esti-
mates of both gross output and gross product originating;
the chain-weighted Fisher Ideal indexes; and the benchmark-
years-weighted indexes. BLS has, for many years, used the
Torngvist method for aggregation in its multifactor produc-
tivity program, a practice which continues in the two-digit
manufacturing measures reported on in this article.

The Fisher Ideal, the Tornqvist, and the benchmark-years-
weighted indexes are all from a class of aggregating proce-
dures in which the weights used in averaging are based on
values or costs and are allowed to change through time. In
1976, Diewert showed that only a small class of index num-
bers, which he named “superlative,” were consistent with a
flexible functional form.?? In connection with modern pro-

ductivity analysis, a flexible form of production function is
one which places few restrictions on the elasticities of sub-
stitution among the inputs being aggregated. The Torngvist
and Fisher Ideal indexes are two of the superlative indexes;
aggregation methods which use fixed weights, for example,
the summation of deflated dollar values traditionally used in
the National Income and Product Accounts, are consistent
with a specific, but rather restrictive production function.

While there has been a certain amount of debate about the
relative merits of Torngvist and Fisher Ideal indexes, Diewert
concluded that neither has any compelling theoretical ad-
vantage and suggested that users choose on practical
grounds. Nor is there much difference practically, as data on
manufacturing gross output shows. (See table 2.) The
Torngvist manufacturing index presented in table 2 is the
Torngvist gross output chain index, constructed from an-
nual growth rates, also shown in table 1; these growth rates
are calculated using weights which are computed as geo-
metric averages of current-value weights taken from each of
the 2 years over which growth is being measured.

Nevertheless, the two measures differ in certain ways
which may make either preferable to a given user. The Fisher
Ideal has the quality of being based on two computationally
simple and familiar indexes—the Paasche and Laspeyres—
as well as the quality of “reversibility” (discussed earlier).
The National Income and Product Accounts have tradition-
ally been based on these two indexes---outputs have been
fixed-weighted (Laspeyres) aggregates and prices current-
weighted (Paasche) indexes. The Fisher Ideal quantity in-
dex, which is the geometric average of Paasche and
Laspeyres quantity indexes, is easily understood by users of
the National Income and Product Accounts and for this rea-
son, the Bureau of Economic Analysis has chosen to empha-
size the chain index based on the Fisher Ideal procedure as a
new alternative gross domestic product measure published
as part of the National Income and Product Accounts.

The Torngvist index, on the other hand, has been widely
used in productivity measurement since the 1970’s, and is
probably more familiar to productivity analysts. For that rea-
son, it is used throughout the manufacturing multifactor pro-
ductivity measurement program and presented in this ar-
ticle.

It is worthwhile to summarize the discussion of the defi-
nition of BLS industry multifactor productivity measures.
First, in reference to the two-digit and total manufacturing
data undertying this study, we use the term “sectoral output”
to refer to output measures because they can be classified
neither as gross output nor as value-added. In these, output
is measured in terms of gross output—that is, as the real
value of production—except that intra-industry sales are re-
moved from the industry’s output. Correspondingly, intra-
industry purchases of materials are left out of the materials
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JEsiKE Tornqvist and Fisher Ideal indexes of

manufacturing gross output, 1949-92
[1987=100]

Yeon Tornqvist Fisher ldeal
29.435 29.437
33.110 33.114
35.081 35.085
36.795 36.799
40.411 40.417
37.448 37.452
41.814 41.818
42.276 42.280
42,211 42,215
39.315 39.318
44.020 44022
44,443 44,445
44,273 44.276
47.822 47.825
50.563 50.566
53.798 53.801
58137 58.141
62.41 62.415
63.622 63.626
66.833 66.837
68.887 £8.891
65.112 65.115
66,630 66.634
72.965 72.970
76.923 78.925
77.660 77.667
70.493 70.494
77.587 77.588
83.566 83.567
gr.e7s ar.979
89,156 89,157
84,694 84,693
85.024 85.023
79.883 79.879
83.418 83.413
90.767 90.762
91.2364 91.360
93.025 93.025

100.000 100.000
104,816 104.817
104.867 104.867
103.597 103.598
101.282 101.283
107.382 107.393

measure, while interindustry purchases are included. There
are several reasons for this. First, removing intra-industry
sales eliminates a degree of double counting. Inputs of mate-
rials produced and consumed in the same sector are already
represented by the inputs used to make them. Counting both
the intrasector transaction and the inputs that they embody
tends to give an exaggerated importance to these inputs,
Also, because these transactions are shown in both the nu-
merator and denominator of a productivity ratio, productiv-
ity change is artificially reduced when intra-industry trans-
actions are not removed.

Second, especially in any large aggregate such as the two-
digit manufacturing sector measures, it is important to use
aggregation methods which employ current, value- or cost-
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based share weights. The Tornqgvist index is used here be-
cause of its traditional use in productivity analysis and be-
cause of its use of cost or value shares for both periods over
which growth is measured. There are no significant differ-
ences between Torngvist and Fisher Ideal indexes in the vari-
ous productivity data sets we have worked with, however,
and we considered them interchangeable.

Last, it is important to consider all inputs actually used in
production in constructing data which is supposed to reflect
improvements in industrial efficiency. Intermediate inputs—
fuels, raw materials and semi-finished component inputs,
and business services—represent a large part of the cost
structure of manufacturing industries and developments in
these inputs (for example business services, including those
related to computers, and temporary labor) have clearly been
powerful forces in shaping production.

Net output discontinued. In a July 1994 news release, BLS
stopped showing a net output multifactor productivity measure
for manufacturing in its major sector news release.?? There were
several reasons for discontinuing this practice. One reason was
that BLS began using the Fisher output measures developed by
the Bureau of Economic Analysis for the private business and
private nonfarm business multifactor productivity measures at
that time. Although a comparable, moving-weighted measure
(the benchmark-years-weighted index) is available for manu-
facturing in the 197786 period, for years after 1987, the only
available manufacturing net output index is fixed-weighted.
Because alternative output measures were unavailable after
1987, the manufacturing numbers would not have been com-
parable with the other sectors.

A second reason for discontinuing the manufacturing net
output multifactor productivity measures in 1994 was that it
was difficult to explain to users of our data why we had two
multifactor productivity measures for U.S. manufacturing.
The rationale for having the two measures had been that one
was more comparable to the net output for business and non-
farm business, while the other was more comparable to the
sectoral output measures for two-digit manufacturing indus-
tries. Further, we had recently concluded that the role of
manufacturing multifactor productivity in nonfarm business
multifactor productivity is best assessed by using Domar’s
approach.?* This involves using the sectoral output measure
for manufacturing,

A final reason for not showing a net output multifactor
productivity measure is that BLS introduced measures of
labor composition for private business and private non-
farm business into the calculation of multifactor produc-
tivity in the July 1994 release. Because similar measures
are as yet unavailable for manufacturing, this would have
represenied another conceptual difference between the
multifactor productivity measures for major sectors pre-




viously published in a news release.

In light of the foregoing discussion, the main BLS mea-
sure of multifactor productivity in manufacturing will use
the sectoral measure of output. We plan to resume the pre-
sentation of manufacturing data in our news releases on
major sector multifactor productivity. However, because of
differences in concept and differences in the timing of data
availability, BLS will present manufacturing multifactor pro-
ductivity in a separate section which stresses these differ-
ences and which briefly discusses how the manufacturing
numbers relate to the more aggregate measures.

BLS will continue to maintain a set of multifactor produc-
tivity measures which compare net output to capital and la-
bor inputs for U.S. manufacturing. These will be used for
international comparisons, because the information needed
to construct sectoral output and intermediate inputs for other
countries is generally difficult to obtain. These measures are
presented in this issue in the article by Wolodar Lysko.

Long-term trends in productivity

In any discussion of productivity growth trends, the produc-
tivity slowdown, which commenced some time in the 1970’s,
and the degree to which we have emerged from it, are topics
that arise. Table 3 shows multifactor productivity growth
rates for selected periods and illustrates this general slowing
of productivity growth in recent years. Using 1973, a busi-
ness cycle peak year, to delincate early and late periods and
comparing 1949-73 with 1973-92, most industries exhib-

ited some degree of slowdown. In total manufacturing, the
growth rate dropped from !.8 to 0.8 percent per year; among
the 19 industries, growth slowed by some degree in all but
five—apparel, leather and leather products, industrial and
commercial products and computer equipment, etectrical and
electronic equipment, and instruments. In most other indus-
tries, growth slowed substantially, by at least 0.3 percentage
points.

Table 3 also illustrates the problems presented by multifac-
tor productivity performance in the 197379 pericd in analyz-
ing the productivity slowdown. The multifactor productivity
level declined in manufacturing as a whole by a total of 0.6
percent over this 6-year period—an average annual decline of
0.1 percent. While there are several single-recession years in
which multifactor productivity declined, there is no other in-
stance of a multi-year decline in multifactor productivity in
manufacturing since the beginning of the series in 1949,
Whether the 1973-79 performance was due to energy shocks,
the double-digit inflation that followed, or to an actual slowing
of innovation, the period seems to be uniquely dismal.

Extension of the data to 1992 allows average growth rates
for the period beginning with the 1979 business cycle peak
and ending in 1992 to be computed and these averages, also
shown in table 3, might be more representative of current
conditions and more appropriate for comparison with the
early years. These averages suggest that manufacturing pro-
ductivity growth has regained some, although not all, of the
pace of the early postwar period. For manufacturing as a
whole, the average annual growth after 1979 in multifactor

m Multifactor productivity growth in U.S. manufacturing, selected periods, 1949-92
[Compound average annual growlih rates)
Industry 1949-52 1949-73 197392 1973-79 197992
Total manuacluAng ......oc.ceeeeee e v srr s e e 1.3 1.8 0.8 -0.1 1.2
Nandurable manufacturing .... 9 18 A -3 3
Food and kindred products B 1.0 5 2.1 ]
Textile mill products............. 1.9 21 1.6 2.1 1.3
Apparel and related products . . 141 1.0 1.3 1.9 1.0
Paper and allied products ..........coooveveeeeereereeeecennas R 1.5 .1 -9 6
Printing and publishing ........... .0 5 -8 -3 1.0
Chemicals and allied products 14 28 -3 -1.7 3
Patroleum refining and related mdus:ries ............. 3 8 -4 -4 -4
Rubber and miscellaneous piasncs products . 1.2 1.3 1.0 -1.5 2.2
Leather and leather products 2 0 4 -8 h:}
Durable goods................ 1.5 16 1.3 0 19
Lumber and wood producls 1.0 1.4 B 0 9
Fumiture and fbaures ..............ccccimvmieees 5 7 3 2 3
Stone, clay, glass and concrete producls 8 1.0 A -1.1 K]
Primary metal industries .. 2 4 0 -1.9 9
Fabricated metal products B 9 4 -6 8
Industrial and commercial products and
computer equipment .. b st senen s ene 1.7 1.0 27 1.2 3.3
Electrical and electronic equupment 23 2.2 26 19 29
Transportation equipment ... 1.0 1.6 2 -3 5
Measuring, analyzing, and comrolllng
Instruments .. 1.8 18 20 2.0 2.0
Miscellangous manulactunng 9 1.5 2 -8 7
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productivity was 1.2 percent per year, compared with the
1949-73 rate of 1.8 percent.

Multifactor productivity growth varies substantially across
industries, both in terms of total postwar growth and in the
pattern of growth through subperiods. At the high end of the
growth spectrum for the entire 1949-92 period are electrical
and electronic equipment (2.3 percent per year), textile mills
(1.9 percent), industrial and commercial machinery and com-
puter equipment (1.7 percent), and measuring, analyzing, and
controlling instruments (1.9 percent). Primary metals, and
leather and leather products, with average growth rates of 0.2
percent, and printing and publishing (no growth) were at the
other end.

Since 1979, the leaders have been industrial and commer-
cial machinery and computer equipment (3.3 percent per year),
electrical and electronic equipment (2.9), rubber and miscel-
laneous plastics products (2.2), and measuring, analyzing, and
controlling instruments (2.0). The industries in which pro-
ductivity grew fastest in the early period were not always the
same ones in which it has grown fastest more recently. Using
1949-73 to represent the early period and 1979-92 for the
late, we find that only textile mill products, electrical and elec-

tronic products, and measuring, analyzing, and controlling
instruments were in the top third in both periods.

Thus, even though growth rates for manufacturing as a
whole were similar in the two periods 194973 and 1979-
92, the sources of growth were rather different. Table 3
shows that, on average, multifactor productivity grew 1.8
percent per year in 194973 and 1.2 percent in 1979-92 in
total manufacturing. In the early period, growth rates in
durable and nondurable groups had been the same (1.6 per-
cent), thus contributing to the total in roughly equal pro-
portions. In the later period, however, multifactor produc-
tivity growth in nondurable manufacturing declined almost
to nil; the source of manufacturing multifactor productiv-
ity growth in the later period thus was growth in durable
industries, especially industrial and commercial products,
and computer equipment and electrical and electronic
equipment. Table 4, which shows the growth in inputs, in
output, and in multifactor productivity for early and late
periods, sheds some light on the improvement in produc-
tivity growth over the last few years. The growth rate in
durable goods output as a whole was more than twice the
rate evidenced before 1979; there was a substantial im-

Output, input, and multifactor productivity indexes, 1949-92
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[Compound average annual growth rates]

Input, output, and muttifactor productivity growth, 1949-92 selected periods

Inter- Al Multifactor
industry Caphal Labor mediate Inputs productivity Outpart
inputs
Totat manulacturing
194973 ..o e b e e 41 1.4 26 2.3 1.8 4.1
197379 . 4.6 3 4.1 25 -1 24
1878-92 ... 36 -9 B 1.2 1.7
Nondurable goods
1949-73 . 33 7 25 2.0 1.5 3.5
1873-79 . . 4.4 -2 3.8 2.7 -3 24
197902 ...t e et 38 -2 1.2 1.3 3 1.5
Focd and kindred products
1949-73 .. 15 -4 1.8 1.4 1.0 2.4
1973-79 . 35 -2 33 27 2 o
1978-92 25 -2 15 1.3 8 20
Textile mill products
1949-73 1.2 -4 4.2 1.9 21 4.0
1973-79 1.2 -2.4 1.3 -1 21 20
197992 2 -1.9 -3 1.3 1.0
Apparel and related products
1949-7 ... e 4.2 8 2.5 1.9 1.0 29
1973-79 ..., st et e i ten 29 -1.8 -1.4 -1.3 19 6
V7DD oot st eeen 5 -1.5 8 3 1.0 1.3
Paper and allied products
1949-73 .. 3.8 1.8 4.2 3.3 1.5 4.8
1973-79 .. . 5.5 -4 3.9 27 -9 1.8
197902 .ottt s b 3.4 1 5 1.3 5 1.9
Printing and publishlng
1949-73 .. 43 1.4 4.4 29 £ 35
1973-79 34 1.6 34 28 -3 23
197992 55 20 43 3.5 0 2.4
Chemicals and allied producls
1949-73 .. . 4.1 21 4.8 38 28 87
1973-79 . 6.2 9 4.3 37 1.7 20
1979-92 . a0 0 1.0 1.2 3 1.5
Petroleum refi nmg and related industries
1849-73 3.3 -3 3.9 3.3 8 4.1
3.3 1.6 28 2.7 -4 23
89 ~2.1 -1.0 8 -4 2
Aubber and misceilaneous plastics products
1949-73 ..... 6.3 3.8 58 5.1 13 65
1973-79 . 5.4 4.6 29 28 -1.5 1.1
1979-92 29 7 1.0 1.3 22 35
Leather and leather products
1949-73 140 -1.3 23 5 0 5
1973-79 . 1.2 2.6 -1.1 -1.6 -8 2.4
197992 2 =51 —-4.3 3.7 9 -2.8
48 20 40 3.1 1.6 4.8
4.6 ri 3.4 22 0 22
34 -1.4 .0 0 1.9 18
1949-73 3.3 0 3.7 20 1.4 3.3
1973-79 4.7 .0 Ki 1.1 0 1.0
1979-82 -7 -8 1.8 4 9 1.3
Fumiture and fixtures
1949-73 3.7 1.9 4.0 a2 7 3.9
1973-79 . 40 -9 1.3 7 2 9
1970-02 ... e e e e a0 2 1.6 1.5 3 1.8
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ICEEEN  continued—input, output, and multifactor productivity growth, 1949-52 selected periods
[Compound average annual growth rates]
Industry Capital Labor Inder- Al Multifactor Output
mediate Inputs productivity inpuls
Stone, clay, glass and concrete products
L Ee T L I i O PP PSPPI a2 1.4 4.3 30 1.0 4.0
46 -5 28 1.7 -11 6
2.4 -1.8 -1.2 -1.1 ] -4
L2 L T PSRRI P PPN 38 9 37 27 4 31
25 -7 1.4 ) -1.9 -1.0
-5 ~4.1 2.2 2.8 k) -18
4.7 25 42 36 9 4.5
45 1 141 1.0 -6 4
1.4 -1.7 -8 -9 8 =1
Industrial and commerdial progucts, ...
and computer equipment
194973 43 25 4.9 38 1.0 4.8
1973-79 6.5 22 3.4 az2 1.2 4.5
1976-92 . 5.3 -18 3 .0 3.3 3.3
Electrical and electronic equipment
1948-73 ... 6.4 3.6 4.7 4.4 22 8.7
1973-79 ... 8.0 B 3.4 24 19 4.3
1979-92 ..o 6.4 -1.0 1.9 1.2 2.9 4.1
Transportation equipment
1G49-T3 oot sersserresessrsss s e ses pasas e b e 1] 20 38 34 16 5.0
1973-79 ... 29 7 a7 1.9 -3 16
3.2 -8 .6 4 5
6.8 3.3 6.9 5.1 18 7.0
65 2.4 6.7 4.7 2.0 6.8
79 -6 33 18 2.0 3.9
Miscellanecus manufacturing
1848-73 ..cvrvervmecrrenes 40 5 3.7 24 1.5 4.0
197379 ..o...e. . . 37 -2 1.3 1.0 -8 2
197982 ..o srane e 1.5 -7 5 2 K 9

provement in output growth rates in all durable industries
(led by industrial and commercial products, and computer
equipment). Chart 1 (page 22) shows the acceleration of
multifactor productivity growth coinciding with the rapid
growth in output which commenced around 1983.

Productivity's effect on prices

Multifactor productivity represents the difference between
the growth of output and the growth of a composite of all
inputs and therefore represents the extent to which output
may grow beyond the increased use of scarce inputs. Multi-
factor productivity also represents the difference between
output price change and the change in a composite price
for all inputs. Multifactor productivity is the residual in the
relationship between output and inputs and, identically, it
is the residual in the relation between output and input
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prices. It is in this connection that productivity takes on
a particular significance in the present, highly compet-
tive manufacturing environment: productivity growth rep-
resents the means by which a competitive position may be
enhanced in the absence of input price reductions; the

‘means by which the effects of input price increases may be

mitigated; or the means by which payments to labor and
to the owners of capital may rise without increasing
price.*

Table 5 shows average movements in input prices, mul-
tifactor productivity, and output price in selected postwar
periods. The importance of multifactor productivity
growth in offsetting the effects of input price increases is
suggested in this table. Averages for three periods are shown,
and special attention should be given to the contrasts be-
tween the early and late periods and the 1973-79 years. It
was during the mid-1970’s when the economy suffered a
simultaneous increase in input price growth rates and a




Memwm tates of input prices, mullifactor productivity, and output price in manufacturing industries, selected

periods, 1949-92
[Compound average annual growth rates]
Inter- All Muitifactor
Industry Capital Labor madinte Inputs productivity Output
inputs

Total manutacturing (SIC 20-38)

194073 sttt e s 2.0 54 3.1 39 1.8 2.1

b o - 4.9 9.9 10.8 8.5 -1 9.6

197802 ...t 22 54 3.2 4.0 12 28
Nondurable goods (SIC 20-23, 26-31)

1949-73 ..ot 23 5.1 2.7 3.4 1.8 18

Bl s - OOV 7.3 9.8 1.3 10.4 -3 10.7

19702 ...ttt b e e 31 58 22 33 a3 3.0
Food and kindred products (SIC 20)

TB4G=T3 et s et et en e anad abemne 22 54 27 a2 1.0 22

L < o - ST 8.2 8.6 6.8 7.3 2 71

19792 et e e erab s et rae 7.3 5.1 2.0 3.0 8 2.4
Texthe mill products (SIC 22)

1BAG-TI .ot ms e s sra s srar s eere 18 4.5 1.4 27 21 B

1973-79 ..., 6.2 8.2 8.5 71 1 4.9

1979-92 57 5.3 3.0 4.1 1.3 27
Apparet and related products (SIC 23)

LE: L e RV 7 4.1 1.0 22 1.0 1.2

1B73=T9 vt rene e 88 87 6.8 17 19 5.7

TO7DB2 ... ecsst e 58 47 33 4.1 1.0 3.1
Paper and allied products (SIC 26)

1949-73 ... 27 54 29 a7 15 22

1973-79 29 10.7 10.5 9.3 -9 10.3

1879-982 .......... 3.4 5.5 4.2 4.4 8 38
Printing and publishing (SiC 27)

1949-73 24 48 28 35 5 3.01

B 7 £ o i O 6.9 8.1 8.8 8.6 -3 B9

197902 .. ... e 3.0 5.2 38 4.2 -1.0 53
Chemicals and allied products (SIC 28)

194973 ittt e e et een 27 57 25 3.5 2.8 7

197379 ....orvcrcrserremmessarerenrans 31 145 128 101 -1.7 120

TOTBDZ ..o orerrrrnnrirsresmsiares sriens bt e ssrs e e, a7 8.3 3.1 4.3 3 4.0
Pstroleum refining and relaled industries (Slc 29)

1949-73 13 . 541 22 25 8 1.6

1973-79 .. [ 23.7 12.7 247 236 -4 241

197992 ... e ——————— -13.3 4.5 5 -3 -4 N
Rubber and miscellaneous plastics products (SIC 30)

1949-73 .......... 34 4.8 19 3.1 13 17

1973-79 .. -7 8.2 10.5 8.7 =-1.5 10.4

TOTGB2 ...ttt st e e et et sr s st 58 54 5.0 52 22 3.0
Leather and leather products (SIC 31) :

b L U 21 45 5 28 .0 25

197379 .ot - 9.7 75 9.6 8.8 -8 8.7

1979-82 ... 6.7 4.6 3.1 43 R:] 3.3
Durable goods (SIC 24, 25, 32-39)

1849=T3 ...ttt e 1.8 55 3.1 a1 1.6 25

BEE T - U 28 9.8 9.8 a8 .0 8.8

AGTG-D2 ...t s ares s s 2 54 45 4.6 18 26
Lumber and wood products (SIC 24)

194873 ...t e 42 59 31 45 1.4 31

1973=79 ..o 8.0 9.2 9.8 89 -2 9.0

1979-92 ... et 22 50 28 a5 9 26
Fumiture and fixtures (SIC 25)

1949-73 12 4.6 26 a2 7 2.5

1973-79 50 76 89 8.2 2 80

1979-82 .. 36 56 35 4.2 3 39
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Table 5.
- Continued—Growih rates of input prices, multifactor productivity, and output price in manufacturing indusiries,
selected periods, 1949-92
[Compound average annual growth rates)
Inter- All Multifactor
Industry Capital Labor madiate Inputs productivity Output
inputs
Stone, clay, glass and concrete products {SIC 32)
1940=T3 .o e s e s oo 30 54 26 3.8 1.0 27
L= Fic o 4 U 31 10.0 10.6 8.4 ~1.1 10.6
1979-02 ...t s =-1.1 5.0 3.6 37 L 3.1
Primary metal industries (SIC 33)
1948-73 .. 1.7 58 29 37 4 3.3
1973-79 53 1.1 1.4 10.5 -1.9 126
1979-92 -1.9 48 34 3.3 9 24
Fabricated metal products (SIC 34)
L T £ OO 24 49 3.2 38 9 29
...... 7.7 9.6 10.9 10.2 -6 10.9
......... 3.2 4.7 3.6 4.0 8 i
Industrial and commercial products, and compuler
equipment (SIC 35)
1949=73 ...t e b ne e sreeseneen 28 53 3.0 4.0 10 29
197379 oo sbiossss b semsensons 48 o8 8.7 9.2 1.2 7.9
BEE T R -5.8 53 39 35 33 A
Electrical and slectronic equipment (SIC 38)
1949-73 14 4.7 3.2 36 22 1.4
1973=T9 ..ot 8 9.5 88 8.3 18 6.3
1979-92 . T 8.2 4.0 4.5 29 1.5
Transportation equipment (SIC 37)
194973 .. s 3 6.1 3.2 39 1.8 23
197379 .. vrre s e -8.0 2.9 10.1 8.8 -3 9.1
19702 ot e er e s et sasae 49 58 39 4.7 5 4.1
Measuring, analyzing, and controlling
Instruments (SIC 38)
1949-73 . 45 59 23 42 18 23
T973-T9 it b oo 25 9.4 8.3 a5 20 6.4
TGTBBD ..ottt e e e r s s en e 89 7.2 35 5.7 20 3.6
Miscellaneous manufacturing {(SIC 39)
1949-73 16 49 25 34 15 1.9
1973-79 ... 3.0 82 9.4 8.4 8 2.3
1979-82 ............ 8.5 46 29 42 7 as

productivity slowdown which, together, had disastrous con-
sequences for growth in output prices.

In the pre-1973 period, multifactor productivity growth absorbed
about 46 percent of the increase in input prices, and in the post-
1979 period about 28 percent, judging from the data for total manu-
facturing. In the 197379 period, there was no multifactor produc-
tivity growth to dampen the extraordinary input price growth. For
12 of the two-digit industries, output price actually grew faster
than the prices of inputs. Declines in productivity occurred in all
12 industries in this period.

PRODUCTIVITY MEASURES FOR  industries provide important in-
sights into technological change and price increases.This
article has presented evidence on the recovery of productiv-
ity growth in manufacturing in recent years, and on the forces

26  Monthly Labor Review  July 1995

underlying price change through the postwar period.
The form of productivity measures for industries has
also been discussed. In particular, analysis of produc-
tivity for industries cannot be restricted to capital and
labor as inputs. In manufacturing, intermediate in-
puts—energy, nonenergy materials, and business ser-
vices—constitute a large part of the cost structure,
Firms’ managers make decisions based on prices of
all inputs and other market conditions, adjusting in-
put mix, labor force, and investment levels accord-
ingly. A specification of productivity which excludes
intermediate inputs from consideration makes mis-
measurement of growth trends more likely, while se-
verely limiting the kinds of analyses to which the
measures can be put. o




Fooinotes

! For a description of these BLS measures, see William Gullickson and
Michael J. Harper, “Multifactor Productivity in U.8. Manufacturing, 1949
83, Monthly Labor Review, October 1987, pp. 18-28. The current data set
updates the measures described in this article and incorporates several techni-
cal improvements. For a thorough discussion of capital measurement proce-
dures, see Trends in Multifactor Productivity, 1948-81, Bulletin 2178 (Bu-
reau of Labor Statistics, 1983). For a discussion of BLs rental prices, see Michael
J. Harper, Ernst R. Berndt, and David O. Wood, “Rates of Return and Capital
Aggregation Using Alternative Rental Prices,” in Dale W. Jorgenson and Ralph
Landau, eds., Technology and Capital Formation (Cambridge, Ma., The MIT
Press, 1989), pp. 332-72.

*BLs plans to publish these changes in future press releases on multifactor
productivity in major sectors of the U.S. economy.

*Tobacco manufactures is not reported separately because of the small size
of the industry and because of data limitations, The industry is, however, in-
cluded in the nondurable goods and total manufaciuring aggregates.

‘William Gullickson, “Multifactor Productivity in Manufacturing
Industries,”Monthly Labor Review, October 1992, pp. 20~32. See also “Manu-
facturing Costs, Productivity, and Competitiveness, 1979-93,” by Edwin R,
Dean and Mark K. Sherwood, Monthly Labor Review, October 1994, pp. 3—
16, in which multifactor productivity growth for two-digit manufacturing in-
dustries is analyzed in the context of price change and competitiveness.

* "This measure was issned in press releases on muhtifactor productivity for
major sectors (private business, nonfarm business, and total manufacturing),
See Multifactor Productivity Measures, 1991 and 1992, uspL 94-327 (U.S.
Departrent of Labor) July 11, 1994,

* Another article in this issue describes some of these efforts. See Kent Kunze,
Mary Jablonski, and Vitginia Klarquist, “BLs modemizes industry tabor pro-
ductivity program.”

"See especially Charles R. Hulten, James W. Robertson, and Frank C.
Wycoff, “Energy, Obsolescence, and the Productivity Slowdown,” in Dale W,
Jorgenson and Ralph Landau, eds., Technology and Capital Formation, (Cam-
bridge, MA. MIT Press, 1989), pp. 225-58; Michael J. Harper and William
Gullickson, “Cost Function Models and Accounting for Growth in U.S. Manu-
facturing, 1949-86," paper presented af the Nationa] Bureau of Economic Re-
search Summer Institute, July 1988; and J. R. Norsworthy, Michael J. Harper,
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whole, regardless of the concepts being followed in defining productivity and
the statistics used to estimate it. This term is not used in the U.S. National
Income and Product Accounts, which use special terms to refer to specific na-
tional accounts series. For example, in the National Income and Products Ac-
counts, the term “real gross product by industry™ is used when referring to real
value-added, to avoid confusion with gross cutput.

* The effect of computer prices on manufacturing aggregates is discussed in
Robert P. Parker, “Gross Product by Industry, 1977-90." Survey of Current
Business, May 1993,

*There is a substantial technical literature reporting on econometric tests of
the existenice of a value-added function. Dale W. Jorgenson, Frank M. Gollop,
and Barbara M. Fraumeni, Productivity and U.S. Economic Growth (Cam-
bridge, MA, Harvard University Press, 1987), pp. 211-60, describe these tests
extensively and reject the value-added function for 40 of 45 industries ana-
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There is also a substantial literature relating elasticities of substitution and
the separability of production and cost functions into subfunctions. Since the
relationships between inputs (that is, elasticities) can be observed, the separa-
bility of the production function (and in this case, the permissibility of ignoring
intermediates) can be investigated empirically. See Emst R. Berndt and Laurits
R. Christensen, “The Internal Structure of Functional Relationships: Separa-
bility, Substitution, and Aggregation,” Review of Economic Studies, July 1973,
pp. 40310 for a discussion of the history and alternative definitions of the
concept of separability.

The question of the existence of a K-L aggregate, necessary for a measure of
K-L productivity, has been explored by several investigatars. Emst Berndt and
David O. Wood, “Technology, Prices, and the Derived Demand for Energy,”
The Review of Economics and Statistics, vol. LVII, no. 3, pp. 259-68, re-
jected the K-L aggregate for total U.S. manufacturing (but could not reject a K-
E aggregate). ). R. Norsworthy and D, H. Malmquist, “Input Measurement and
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Economic Review, December 1983, pp. 947-67, also reject K-L separability.

" For national aggregates such as the U.$. business sector, intermediate in-
puts, defined according to “sector’’ concepts used here as including only goods
and services produced outside the sector, include only imported intermediates.
See Frank Gollop, “Growth Accounting in an Open Economy,” Bosron Col-
lege Working Papers in Economics, March 1981, on this point. While grow-
ing in recent years, imported raw materials and components consumed by U.S.
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an indvstry varying with inpuis of capital and labor, and an input from another
industry (Rz), and multifactor productivity change (dlnA l/d.r).

dinY Ids = dind fdt + o dinL fdt + b dInK fdt + g dInR, /ds.

If the second industry’s production function for R,is identical to that of the ¥, ,
integrating them gives:
Y =4 MI-B’)L a..'(l-gl)K

1 ] 1 1

blf(l-g|).

The growth of the residual for the integrated indusiry (sector) becomes
dnd=dinA (1+g +gl‘ + gl’...) =dinA (1-g).

With this, Domar distinguished between a “gross™ rate of productivity
growth—that measured as the change in gross output less the change in a
weighted composite of all inputs—and the underlying residual which more ac-
curately reflects changing production technology. It is worth noting that the
gross measure of productivity change, computed from summed data for all es-
tablishments in the sector, is always less than the productivity gain at the estab-
lishment levet where a technical improvement takes place.

It shouid be noted that some researchers have preferred not to adjust outpats
and intermediate inputs to remove intrasector transactions. See for example,
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to indusiry source data (such as the Census of Manufactures) and to “represen-
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mity with each other and to conform to multifactor productivity principles.
The intrasector ransaction for each industry (and for the aggregated
manufacturing sector) is estimated as the proportion of total industry out-
put consumed intra-industry in the I-O tables, applied to total industry
(sector) gross output underlying the estimates described in this article.
The use of proportions from the I-O tables, rather than absolute amounts,
is preferred because of incidental differences in industry concepts used
for I-O 1ables and by the Census Bureau (on whose data the multifactor
productivity measures are based).
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ing industry’s gross output deflators. It is not possible to distinguish be-
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“ From the production function, we differentiate with respect to time
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(dY/dn)/Y = ( off Bxl) (a!Jtll’cb‘)f.!c1 +..+(atfa x ) (dx ldyx ... + (9 flO Y.

In this representation, the growth rate of output equals a weighted average
of the input growth rates plus a residual term, (9f/g /Y, representing
prodoctivity change.

* Under the assumption that factor markets are competitive, each fac-
tor is paid its marginal product (Px = d¥/dx ) and the elasticities of output
with respect to each input (df/ 9x) ‘are equal to the shares of each input in
the value of output (v ). Hence, '

vi= (dYldx ) (x/Y) = lexlIY and we may substitute

(dYidniY = vl(tb:l lMr)l.r1 + ..+ v {dldix .+ (BfQO/Y.
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