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WAGES, PRODUCTIVITY, AND PRICES: DEFINING THE STRUCTURE

OF FOOD PRICE INFLATION

In a recent AAEA Presidential address, Polopolus criticized agricul-
tural scientists, including agricultural economists, for the insufficlent
attention they have given to analysis of the food and fiber system beyond
the farm gate relative to that given to production agriculture. In calling
for a redress of this imbalance, he cited not only the much greater magni-
tude of value added and employment beyond the farm gate compared to the
production sector, but, "more significantly, productivity and inflation
problems beyond the farm gate have affected national economic performance
more persistently than gyrations in the farm economy per se.”

While Polopolus' assessment of agricultural system research is gener-
ally accurate, in some specific areas, his criticism is less justified.
Considerable study has been devoted, for example, to the determinants of
food price inflation, albeit with an emphésis on those price changes origi-
nating in the farm sector. Several studies, however, including those of
Popkin, Heien, Lamm and Westcott, and Belongia, have investigated some of
the productivity and inflation-related issues stressed by Polopolus.

This paper builds on these and other studies of food price inflation
in describing aspects of the underlying structure of U.S. food price infla-
tion, based on the interrelationships of wages, productivity, and prices in
U.S. food manufacturing. The first gsection of the paper is concerned with
establishing the relatiomship, using a causal ordering approach, between
unit labor costs or real wages1 (nominal wages ad justed for labor produc—
tivity) in the U.S. food manufacturing sector and food prices at the whole-

sale and retail levels. After establishing these relationships, the paper




then describes how the rate of change of real wages or unit labor costs may
be considered as forming an "underlying rate" of food price inflation, in
much the same manner as the underlying or “"core" rate of general inflation
has been degcribed elsewhere (Callahan; Eckstein). Finally, other aspects
of wage, productivity, and price interactions are discussed, including
feedback relationships which tend to perpetuate price inflation. The
emphasis throughout the paper is on describing a set of wage, productivity,
and price relationships in the U.S. food sector which have received little
attention in the literature, but which together form an important part of

the underlying structure of food price inflation.

Unit Labor Costs and Food Prices

Common to cost-push pricing models of food price inflation is the
assumption that increases in wage rates in the food processing sector, like
increases in raw material prices, are carried through to retail prices as
manufacturers are forced to raise prices to cover increased labor costs,
and these increased prices are then passed on through each stage of the
marketing chain. Increased labor costs are commonly represented by nominal
wage variables in econometric models (Barr and Gale; Lamm and Westcott),
whether incurred in processing or distribution stages. As Belongia has
argued, however, the use of nominal wage measures to represent labor costs
is of questionable validity given the fact that actual firm labor costs
(unit labor costs or real wages) are a function of labor productivity rates
as well as nominal wage changes. Consequently, failing to distinguish
between nominal and real wages in food pricing models may confuse general
inflationary forces affecting all sectors more or less equally with the

effects of real factor cost shifts on price changes in a given sector.



Based on the above distinction, we can state the conventional
relationship between changes in nominal wage rates and unit labor costs

(Bransom}:
(1) ULcy =Wy - (11/84)

where ULC is unit labor costs, W is the money wage, Y/N is labor productiv-
ity, i denotes industry i, and superscript "*" denotes rate of change.
Adjusting money wage changes for changes in labor productivity means that
the real labor costs incurred by food manufacturers shift with changes in
UﬂCM, not W. Since other non—labor costs including those for crude food
and feedstuffs (CFF) and other intermediate factors of production (RM) also
enter the determination of wholesale price levels, a general function
representing rates of change in the aggregate wholesale price level for

food products (WP) may be written, following Popkin, as:
(2) W = £(ULC,, CFF, R,).

At the retail level, food price changes (éP) may be considered, using a
stage—of-processing approach, to be a function of changes in wholesale
price levels, wholesale and retail unit labor costs (ULCR), and other
factors RR (representing transportation and utility costs, profit levels,
etc.), or in general form:

(3) CP = g(Wp, ULCp, R.)

Equations (3) and (4) simply demonstrate the influence, at thusfar

unspecified lag lengths, of real wage changes at the food processing level

(ULCM) in the determination of wholesale food prices and, ultimately,

retail price levels.




The directionality of the hypothesized relationship between real wage
changes and retail food prices has been tested by Belongia for several food
subsectors. Surprisingly, and in contradiction of the underlying assump—
tions of traditional cost-push pricing models, he is not able to reject the
null hypotﬂesis of no causality rumning from real wages to food prices in
five of six food groups tested, including the overall food sector. This
result, if correct, wouldrnot only imply that many prior food pricing
models have been subject to serious specification errors, but would also
suggest that the concept of cost—push pricing in the food sector is open to
question.

In re-examining the type of approach taken by Belongia, we make use of
the same basic theoretical approach represented by equation (3), which
emphasizes the role of real wages or unit labor costs rather than nominal
wages in determining food price levels. 1In addition, however, the approach
taken here looks at the role of food processing labor costs in determining

food prices at both wholesale (equation (2)) and retail levels.

A Causality Approach

Empirical causal ordering approaches have been used extensively in
recent years to test the exogeneity of specific variables included in
economic models. The concept of unidirectional causality generally
employed is the following, after Granger: X is said to "cause" Y if and
only if Y; can be better predicted by using past values of X than by not
doing so (with past values of Y being used in either case). Concepts of
contemporaneous and feedback causality can be defined analogously. While
space does not permit a review of the many empirical approaches to causal-

ity that have been taken, applications in agricultural markets have



included analyses of variable jnterrelationships in livestock markets
(Bessler and Brandt) and farm programs (Weaver), as well as in food pricing
models (Heien; Lamm and Westcott;‘Belongia).

A number of different procedures have been proposed to test the exis~
tence of bivariate causal relationships (see review by Pierce). Recent
Monte—Carlo analysis of three of the most commonly used procedures, the
Granger, Sims, and Modified Sims tests, suggests that the Granger test has
guperior small sample properties and is computationally the most efficient
procedure (Guilkey and Salemi; Geweke, Meese, and Dent). The Granger test
is used here to test causal orderings between real wages and prices in the
food sector.

Briefly, the Granger test is based on OLS estimation of the following

equations:
J
(4) Yy = 410 + % alet_j + E1¢
=
J J
(5) Yt = asg + .Elaijt—j + .Zlszxt‘j + EZt
J= J=

where j represents the number of lagged values (1, 2, «-+, J), and €14 and
ggy are white noise residuals. Testing the hypothesis that X does not
cause Y amounts to testing the null hypothesis that.sz =0 for =1, 2,
vev, J. This is done by estimating both constrained (4) and unconstrained
equations (3), and using the resulting residual sum of squares estimates

(8SE1, and 55E2, respectively) to calculate the F-statistic:

. _ (SSEy - SSE3)/J
SSE,/[T-(27 + 2)]

(6) F

where T equals the number of time series observations. Rejection of the



null hypothesis is equivaleant to the statement that X does cause Y. Use of
the F-test (6) assumes that no significant autocorrelation exists in resid—-
uals of equations (4) and (5). The transforﬁatioﬁ here of the original
series into_variables representing fgrst difference percentage changes
(following equations (1) - (3)) avoided the problems potentially caused by

serial correlation of error terms.

The Data

The data used in testing the causal relationship between food sector
real wage costs and prices measure three major variables: money wages,
rates of labor productivity, and food prices. Monthly rates of change 1in
nominal hourly wages were calculated for the overall Food and Kindred
Product sector (SIC 20) from data contained in the Bureau of Labor

Statistics' Employment and Earnings publication. A ma jor difference

between Belongia's approach and that taken here is that Belongia used wage
rate changes for the entire manufacturing sector, while the current analy-
sis uses wage data specific to the food manufacturing sector.

Because commonly available monthly or quarterly industrial productiv-
ity data is not sufficiently disaggregated (to the food sector level) for
the requirements of this analysis, it was necessary to construct a monthly
labor productivity series for the food sector from several sources. This
was done assuming the standard definition:

Index of Total Production
Index of Total Hours

(6) Index of Hourly Productivity =

= Index of Total Production
Index of [(Ave. Hours Worked) x (Ave. No. of Production Workers)]

All variables in (6) were expressed in index form (1967 = 100). An index

of total food sector production (nonseasonally ad justed) was obtained from



the Federal Reserve System's Industrial Production publication. Indexes of

average weekly hours and average numbers of production workers in the food

sector were derived from Employment and Earnings, enabling construction of

a monthly index of total hours worked. The ratio of the two indexes repre=
senting total production and total hours yields an index of labor produc—
tivity in food manufacturingz, from which monthly percentage changes were
obtained. Monthly changes in retail food prices were obtained from the
total food component (nonseasonally adjusted) of the Consumer Price Index;
Monthly wholesale price changes for food products were derived from the
food conmponent of the Producer Price Index. Monthly observations were
obtained for the January, 1954 through December, 1980 period yielding 324
monthly observations on all variables. As suggested by equations (1)-(3),

all data were expressed in terms of monthly percentage changes.

Results of Causality Analysis

The results from using the Granger test to test the hypothesis that
real wage rate changes cause changes in food prices are given in Table 1,
with reference to both wholesale prices and retall prices, and for differ-
ent lag lengths. Previous research has indicated the sensitivity of causal
ordering results to lag selection (Geweke; Feige and Pearce). Resolutlon
of the lag parameterization problem may require the use of data—based
approaches (Bessler and Brandt) or, preferably, may be based on a priori
knowledge of the system analyzed. The latter approach has been used here.
Given the results of previous research on lags in food sector pricing (Barr
and Gale; Heien; Lamm and Westcott; Lamm; Hall, et al.), lags of from one
to six months were tested for wage to wholesale price causality and from

three to ten months for wage to retail price causality. In each case, use



Table 1: Results of Granger Causality Tests

F~Test Values Resulting from Tests of:

(1) (2) (1) (3)
Lags {(months) Real Wages & Wholesale Prices Real Wages & Retail Prices
(1)-=2>(2) (2)-=>(1) (1)——>(3) 3)——>(1)
1 4u47% 62 - -
2 3.14% 47 - -
3 3.43% .59 1.52 .96
4 3.89%% .55 1.83 1.70
5 2.32% .56 2.99% 2.26%
) 2.58%* 1.91 2.88%% 3.16%*
7 - - 2.38% 2,49%.
8 - - 2.35% 2.74%
9 - - 2.25% 1.79
10 - - 2.07% 2.62%

*Denotes statistical significance at .05 level.
**Denotes statistical significance at .01 level.

of the Ljung-Box modified test for autocorrelation of error terms demon-
strated no statistically significant evidence of autocorrelation.

The results of Table 1 demonstrate, excepl at very short lag lengths
(for retail prices only), that the null hypothesis that real wage rate
changes do not lead to food price changes is conclusively rejected at both
wholesale and retail levels. The demonstration of causality at the whole-—
sale level means that changes in producer prices for manufactured foods and
related products are significantly influenced by changes in unit labor
costs in the food processing industry. Furthermore, these costs are passéd
on at very short lag lengths, confirming a priori expectations. Tests for
instantaneous causal relationships, however, did not reveal instantaneous
causality running from real wages to wholesale prices.

At the retail level, real wage changes in the food mamufacturing

sector are also found to cause changes in food prices, though at short lag



lengths (up to four months) this relationship is not statistically signifi-
cant. These results also confirm prior research results which suggest that
additional time is required for the transmission of wholesale price changes
to the retail level. Taken together, the two sets of results contradict
those reported by Belongia, which were based on more highly aggregated wage
data, and strongly reinforce the traditional éoncept of "cost—-push” pricing
in the food industry.

Previous research also suggests the likelihood of a feedback causal
relationship running from overall prices to real wage changes, given the
impact of inflationary shocks on workers' price expectations, which in turm
take the form of cost-of-living adjustments in wage contracts (Vroman).

For these reasons, the causality running from wholesale and retail food
prices to real wage changes was also tested. No significant causality was
found at the wholesale level, while causality at longer lag lengths (five
months and greater) was found at the retail level. In interpreting these
results, it must be remembered that the food component represents less than
20 percent of the overall CPI which is often used in wage escalator
clauses. Despite this fact, Table 1 reveals that the wage level response
to changes in retail food prices is significantly stronger than the
response to wholesale price changes, which is in accord with expectations,
given COLA-induced price-wage feedback. It is somewhat surprising that
causality at any lag is evident in the retail price - real wage relation~
ship given that the non-food component is substantially larger than the
food component. The latter is relatively volatile, however, which likely

accounts for the result.
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The Structure of Food Price Inflation

Having established the relationship between real wage costs and food
prices, several implications follow. To begin with, in receat years,
economists have come to distinguish the overall rate of price inflation
from. the so-called "qnderlying rate” of inflation, the latter having been
described in a number of alternative ways (Callahan): the CPI minus food
and energy components; the CPI minus food, energy, home purchases, taxes,
financing and insurance components; the PPI minus food and energy compo-—
nents; unit labor costs; etc. The primary difference between these various
measures of "structural” inflation are that some measures explicitly
exclude volatile components such as food and energy, while other measures
construct an estimate by aggregating real costs of production (Eckstein's
"core" inflation).

The results derived in the previous section provide support for the
second approach to measuring "underlying” inflation, in that even in the
relatively volatile food sector, real wage rates or unlt labor costs pro—
vide an underlying structural dimension to sectoral inflation, as they do
for gemeral inflation (Eckstein; Nordhaus). The extent to which this is
the case is illustrated in Figure 1, in which annual rates of change of
food prices are plotted along with the annual rate of change in unit labor
costs in the food sector. The latter is measured by a weighted index of
unit labor costs in food manufacturing (weight = .56) and food retailing
(weight = .44). This composite index accounts for more than three-quarters
of the total labor cost component of the food marketing bill. Although the
relationships evidenced in Figure 1 do not reveal the extremely high
correlation between unit labor cost changes and price changes that have

been estimated for general price inflation (Callahan), there nevertheless
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FIGURE |. ANNUAL RATES OF CHANGE OF RETAIL FOOD PRICES AND
FOOD SECTOR UN!IT LABOR CO0STS: 19591980

Retail Food Prices

Unit Labor Costs
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does appear to be a close relationship between rates of change in the two
variables, especially in recent years. The use of aggregated data in
Figure 1 obscures the specific lag relationships between changes in real
wages and food prices demonstrated above.

In summary, this analysis has directed primary attention to the
applicability of the concept of cost-push pricing in explaining food price
inflation at the wholesale and retail levels. Although cost-push or
"pass—through” pricing is commonly observed at the firm level (Bloom) and
has been incorporated in prior studies of pricing in the food sector
(notably Heien), recent research has cast doubt on the legitimacy of the
cost—push pricing concept in the food industry. The results of this
analysis, however, provide empirical support for the validity of this
concept at the aggregate sector level.

The approach presented here further suggests the usefulness of viewing
changes in unit labor costs as an underlying element of the structure of
food price inflation. An additional element of this inflationary structure
is represented by the feedback relationship from general inflation (includ-
ing the volatile food component) to nominal wage changes. Research is

currently underway analyzing this price-wage linkage.

lin this paper we assume equivalency between unit labor costs and
"real” wages. While the two are, strictly speaking, different by a factor
representing the ratio of the rate of labor productivity in period (t-1) to
period (t), in the data used for the present analysis, the two measures
were correlated at the .999+ level and thus are used equivalently.

21n following standard procedures for estimating labor productivity,
the present analysis abstracts away from the considerable and well-known
problems involved in differentiating measurements of labor productivity
from measurements of total factor productivity.
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