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MEASURING PRODUCTIVITY CHANGES IN U.S. FOOD MANUFACTURING: 1959-82

Many factors, including sharp increases in reallenergy prices,
changes in laborlforce composition and slower rates of growth in research
and development expenditures, have been cited in accounting for the
slowdown of labor productivity growth in the U.S. economy in the late
1960's and 1970's (Kendrick, Baiiy; ete.). The importance of understanding
both the determinants of this productivity decline and its implications for
sectoral and overall macroeconomic performance has led to extensive
analysis of productivity trends inm many U.S. industries in recent years.

The agriculturai‘and food sector is no exception. In recent years,
Brown, Ball, and'Capalbo,-et. al., have all examined total factof
productivity changes in U.S. prdduction agriculture over the post-World War
II era. Research on productivity beyond the farm gate has been
considerably more limited, however. Gisser and Kelton botﬁ examined the
relatioﬁships between market structure variablesAand productivity changes
in U.S. food manufacturing, but their studies yielded inconsistent results.
Grieg analyzed productivity changes in food processing and distribution but
did not take advantage of the availability of improved methodological
techniques for total factor productivity measurement which yield empirical
results consistent with production theory. Most recently, Helen estimated

a Torngvist productivity index for the total food processing and

distribution industry for the period 1950-77. While this index is
theoretically superior to those estimated by Grieg, two major inputs,
capital equipment and capital structures, were excluded from the analysis.

In addition, by aggregating food manufacturing and distribution sectors,




these results obscure the differential productivity trends which have °
characterized these industries in recent years.

This paper estimates superlative (Tofnqvist) éutput, input, and total
factor productivity indexes for the U.S. food manufacturing industry for
the‘period 1959-82. The analysis makes three contributions to research on
food system productivity. First, thé-results are developed specifically
for the food proéessing industry. Both trends in the underlying data and
pfior research on the food industry suggest that fundamentally different
~ factors have accounted for productivity changes in food manufacturing.and‘
food distribution in recent years. Second, the analysis gives particular
attention to the development of a superlative index for capital inputs,
which have either been excluded or not consistently included in ﬁrior food
manufacturing productivity studies. Finally, the indexes are developed for
a period through 1982. This is important because recent discussion has
centered on the likelihood of a revival of U.S. productivity growth in the
1980's (Clark; Baily and Chakrabarti). Yet little evidence ls thus far
available regarding the extent to which the growth in food industrf

productivity has changed following the late 1970's.

Total Factor Productivity Indexes

An increésingly common approach to productivity measuremenf, due
primarily to its desirable theoretical properties, has been the development
of "Tornqvist" indexes of output, input and total factor productivity. The
commonly used fixed-weight Lasﬁeyres index is exact for Leontief and linear
pfoduction processes and thus implies perfect substitutability ambng
inputs. This assumption in food manufacturing would appear to be
inappfopriate, however, gi#en the results of Lutton; who found "subsgtantial

variation in substitute and complement relationships across [food



processing| industries" (p. 85). In view of this, an alternative index
aggregator which-does not impose such restrictive assumptions on the
production process and which possesses other desirable properties is the
Divisia index (Jorgenson and Griliches). The Divisia index is a continuous
index, however, and must be approximated in empirical use by a discrete
form. *

The Torngvist (1936) index is such a discrete approximation. The
Torngvist input guantity index (Q) takes the form:

m
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where r;, is the share of total factor payments attributable to the i'h
input, Xit" Among other attributes, the Torngvist index is exact for the
linear homogeneous translog aggregator functicn (Diewert), which has been
shown to provide a second order local approximation to any arbitrary linear
homogeneous function (Christensen, Jorgensen, and Lau).

With regard to output aggregation, Diewert has shown that the
Tornqvist index will yield a consistent aggregation of outputs if the

production function is separable in outputs and inputs and if the translog

function is used as the aggregator. The output index takes the form:

n
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where Sit is the revenue share of the jth ocutput, A5t

Christensen and Jorgensen, and later, Caves, Christensen, and Diewert

have also shown that, under the above assumptions, the (Torngvist) translog

bilateral total factor productivity index can be written as:
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Given their desirable theoretical properties and relative ease in
computation, Torngvist approximations to Divisia input, output and
productivity-indexes.have been used frequently by researchers in recent
years to study changes in total factor productivity, following their

initial use by Christensen and Jorgensen.

Variable Construction and Data

This section describes the data construction used in the calculation
of Torngvist output, input, and productivity indexes for U.S. food
manufacturing, All data were developed for Bureau of Labor Statistics
Standard Industrial Classification (8IC) category 20, "food and kindred
producﬁ manufacturing." The index values reported here begin in 1959, the
year following a major reorganization of SIC classifications, and continue
through 1982, the year of the most recent Census of Manufactures.

In constructing the gutput index, time series are required on revenue
shares and real outpﬁt levels for each of the major subsectors in food
manufacturing. These data were constructed at the "four-digit" SIC level
for the major industries within each of the nine major food manufacturing
industries: meat products; dairy products; preserved fruits and
vegetables; grain mill pro&ucts; bakery products; sugar and confectione;y
products; fats and oils; beverage preducts; and misceilaneous food

products. . Revenue shares were estimated from value of shipments data

reported in the Census of Manufactures (CM) and the Annual Survey of

Manufacturers (ASM) over the 1958-82 period. These data were adjusted for



changes in value of inventories of finished products so that output would
be measured in terms of actual production rather than shipments. 'Thg total
valqe of production and the sectoral shares_(sjt) were then obtained from
these adjusted shipments data.

In measuring real output levels, adjusted gross output ﬁaé calculated
through the deflation of value of output by an appropriate deflator, as
opposed to the measurement of real ﬁalue-added through the "double
deflation” of both value of sales and materials costs. The latter
procedure requires strong partial separability of capital and labor from
other inputs. Based on tests of the separability hypothesis and their
rejection for U.S. manufacturing by Norsworthy and Malmquist, this analysis
follows the first approach and deflates the value of output {adjusted for
inventory changes) by the Producer Price Index for the appropriate food
manufacturing industry (1972=100). This yields real output values at S5IC
four-digit levels (q;.), which afe then used in the construction of output.
indexes for SIC three—digit industries and the overall sector.

Input data were constructed for the following inputs: labor
(production and non—production'workers); capital services (equipment and
structures); energy, and non-energy materials. Daté on value of input
shares (rit) and real input levels (Xit) were required-for each of the six
inputs. Torngvist quantity indexes of labor and capital inputs were
constructed separately prior to estimation of the final input and
productivity indexes.

For the labor inputs, total annual hours of production worker

employment and associated wage costs are available in CM and ASM. Annual

hours of non-production workers are not directly available but were

estimatéd following the procedure used by Hulten and Schwab, by subtracting



production worker employment from total employmeﬁt to get annual non-
production worker employment, then multiplying the results by 2,080
(assuming a standard 40-hour work week throughout the year). Wages of non-
production workers were calculated by subtraction of production worker
wages from ﬁotal wages paid. Data on non—ﬁage payments to labor (fringe
benefits, ete.) are not available from the standard sources prior to 1967,
and thus these payments are not included in the share estimation. The
resulting labor share and quantity (hours) data were used to construct a
Torngvist index of labor input in which each category’s iabor input was
weighted by its respective share of total payments to labor over the period
'1959-1982.

Construction of the capital input data (shares and quantities) was
coﬁsiderably more complicated. While time series on new capital investmeﬁt
in capital equipment and structures are readily available from CM and ASM,

it is the value of services from the total capital stock that is the

theoretically correct capital input. The approach used here in the
valuation of‘capital services prices and quantities is based on Griliches
and Jorgenson's durable goods model (as summarized in Brown, p. 39-45),
which has been extensively used in factor productivity analysis,

Assume that the flow of capital services (forlequipment (e) and

structures (s)) is proportional to capital stock:

1,6~ P ¢ K et (4)

The value. of éapital services in period t (V; ) is therefore the product
of the price of capitail (P4 ¢) times the capital stock existing at the end

of the previous period. P;  can be calculated, following Brown, as

Pi,e =M e-1 Tc - (g ¢ -0y (7) + Ny .1 85 v 03 o1 05 ¢ (5)



where: ny ¢ is the price of new capital investment in good 1 in year t; T
is the rate of return on capital; §; is the rate of depreciation of
existing capital; and 9i,t is the effective tax rate,

In calculating the prices of capital equipment and services, data on
each of these four components is required. The price of new capital
investment was derived implicitly from the current and constant dollar
series on gross fixed nonresidential capital investment in U.S..
manufacturing in BEA (1982) aﬁd recent year estimates deriﬁed from GM and
ASM. As a proxy for the rate of return on capital (re)s Moody's Corporate
Industrial Bond Réte was used. The rate of depreciation (Et) was assumed
constant, following Hulten and Wykoff, at their estimated rates for U.5.
manufacturing: 3.61% annually for structures and 14.64% for equipment.
The annual effective tax rate (Bt) was estimated from pre- and post-tax
corporate profits data for food manufacturing reported in the National

Tncome and Product Accounts and Survey of Current Business. Due to a lack

of data on capital gains in food manufacturing, this component (ni,t'—
ni,t-l) was not included in the capital price estimates (see also Denny et
al., and Capalbo et al.).

The second component of capital services value, the capital stock of
good i in year t, Ki,t’ is given, by definition, as the previous &ear's

capital stock minus depreciation plus new investment:

§: K

i Ky e 14t . (6)

Equation (6) again assumes a constant rate of depreciation. It also
requires, under the perpetual inventory method, a benchmark estimate of

capital stock. An estimate of net capital stock for all U.S. manufacturing




: is.availabie'in BEA (1982). Capital stock (for each of equipment and
structures) was allocated to food manufacturing under the assumption that
the existing capital stock in manufacturing is proportional to new capital
investment. In the benchmark year used here, 1958, the food industry
accounted for 10.6% of new capital investment (and employment) in U.S.
manufacturing. Thus this allocation factor was used.

With these benchmark values for capital equipment and structures
stocks, knowledge of the depreciation rate and ﬁew capital investment (from
BEA) enabies caleulation of an annual series on estimated capital stocks.
These stocks estimates, multiplied by the estimated prices of capital
(equipment and structures) in equation (5), yield the capital service
values used in the caléulation of the input and Productivity indexes.

Finally, cost shares and input levels were calculated for energy and

non-energy materials. Annual energy (fuel and power) costs for food

manufacturing are available in CM and ASM. These data were used to
calculate cost shares and then deflated by the PPI for fuel and power to
estimate real energy inputs. Materials costs are also available from CM
and ASM annually. These data were First adjusted to exclude energy costs, .
and.then adjusted for materials inventory changes prior to calculating
input cost shares. Real materials inputs were then calculated by dividing
the adjusted series by an input price deflator estimated as an index of
prices for materials inputs in food manufacturing, consisting of producer
prices for raw agricultural products, intermediate inputs, containers an&

supplies.

Results and Implicatiops

Estimated output revenue shares for the nine three-digit SIC industry

classifications in food manufacturing are given in table 1 for the period



1959-82. Revenue shares have remained generally quite stable over this
period. The most notable changes have been slight increases in the shares
of the preserved fruit and vegetable, sugar and confectionery, and beverage
“industries, and small decreases in the shares of the meats, dairy products
and bakery industries.

Table‘z reports the input cost shares for the siz input cafegories:
labor (production and non-production workers); capital (equipment and
structures); energy and materials. Input cost shares are also relatively
stable over the 1959-82 period. The most importantrtrend evident in table
2 is the increase in capital’s share of total factor costs, offsetting a
decline in labor's share. The share accounted for by non-energy materials
is large, ranging between 68 and 74 percent, but quite stable over time.
Interestingly, despite the large increases in energy prices over the past
decade or so and the concomitant attention this input has received,
energy's share of total input costs in food manufacturing is very low (1-2
percent) and has risen only very modesﬁly in recent years.

Quantity indexes of input usage are reported in table 3. The large
decrease in labor input (-17% between 1959-82) and even larger
proportionate increase In capital inputs (nearly 87%) are largely
responsible for the abovementioned shifts in factor shares. The trend of
capital substitution for labor inputs in U.S. food manufacturing is clear.
At the same time, energy and, in particular, materials inputs have
increased significantly since 1959. The trend in energy inputs (as for
materials) is not monotonic; presumably as a result of high relative prices
for energy inputs following 1973, energy inputs have declined significantly
from their highest level reached in 1972. Overall, both the Torngvist

indexes for total food manufacturing input and output show gradual
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increases over most of the 1959-82 period. These increases are not
uniform, however, with both input and output declining on four occasions
during this period, mostly during the mid- to late 1970's. While total
input usage has stabilized in recent years, food manufacturing output has
V(With the exception of 1979) been steadily increasing since 1975.

The overall Tornqvist index of total factor productivity (table 3)
represents the difference between the annual rates of change in output and
input (with a base of 1972=100). Several important results are evident
from this index. To begin, total factor productiviﬁy has risen rather
slowly in U.S. food manufacturing over the 1959-82 period, exhibiting an
average growth rate of only just over 0.3% annually. This is a signifi-
cantly lower rate of growth than U.S. manufacturing overall, which has been
generally estimated to have exhibited annual productivity growth of between
1% and 2% in the past two to three decades (Kendrick; Hulten and Schwab;_
etc.). These results also show a more modest rate of productivity growth
in food manufacturing than reported by Grieg and are closer to the
estimates of Heien, though the current results also account for capital
inputs,

Closer inspection of the results reveals three fairly distinet
periods of productivity change in the 1959-82 period. An early period,
1959 through 1970, was characterized by stagnant productivity growth with
increases in output coinciding with increases in input use. Between 1970
and 1975, productivity change was more highly variable and generally
decreasing, as input use (with the exception of 1973) grew more rapidly
than output. Fluctuations in both input and output gquantities were
presumably due largely to the rapid increases in farm and food prices which

characterized the early to mid-1970°s. After 1975, however, with the
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exception of 1977, growth in total factor productivity resumed and at a
stronger rate than any prior period. Between 1875 and 1982;.productivity
growth in U.S. food manufacturing averaged around 1.4% annually. It is
important to note, howevef, that the calculation of average annual
productivity growth rates is often highly sensitive to the periods.over
which they are calculated.

Tn terms of policy implications, recent economic developments suggest
that the modest revival of productivity growth may be continuing. High
production and stocks levels for both petroleum-based fuels and farm
commodities have led to lower real prices for these iﬁputs. In recent
years, less stringent enforcement of environmental, safety, and other
regulations may have decreased compliance costs for manufacturing firms,
although this is just a hypothesis. Regarding labor, although the data are
1imited to date, continuing capital-labor substitution, an older and more
experienced labor force, substantial labor concessions to management, énd_
other factors (Filer) have likely all had an impact in raising labor
productivity. One major reméining question concerns capital., Until very
recently, high real interest rates have continued to limit capital
investment in new plant and equipment in U.S. manufacturing, despite strong
economic growth in the last several years. Macroeconomic and tax poiicies
designed to reduce real interest rates and inérease capital investment
would appear to be a necessary step in ensuring continued growth in food

manufacturing productivity.
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