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PREFACE

THE behavior of capital investment and employment patterns in time-
series data has been an active area of research in economics for many -
years, undoubtedly because of the importance of these phenomena for
understanding and controlling business cycles. Research in the area has
intensified in the past decade, with the emergence of better data and the
realization that investment and employment variations may be best
understood in terms of a modification of the theory of the firm. The
modification largely consists of explicit recognition that there are costs
associated with changes in the stocks of inputs as well as with changes in
the intensity of their use. Under these circumstances, rational decision-
making requires taking into account the effect of current decisions on
future events, for there are strong incentives to minimize costs of change
through production smoothing, reducing the period-to-period variance
of input stocks by spreading out such changes over an extended horizon.
By providing a link between present and future, this approach introduces
a dynamic element into the theory of the firm that the static constructs
of short- and long-run cost functions lack. It focuses attention away
from the question of which inputs are to be regarded as fixed or variable
over the period spanned by the data, and toward the role of inventories
of both output and inputs and of utilization rates, and the dynamic
linkages between input changes during the adjustment process. We hope
to have provided new evidence on these important and interesting
relationships in this study.

A great deal of research under the auspices of the National Bureau
has pointed toward the development of dynamic models of the variety
illustrated in this monograph. In particular, mention must be made of

Xv
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Wesley Mitchell’s? view of the behavior of costs in the generation of
business cycles and empirical work by Thor Hultgren? in documenting
that behavior for the case of labor costs. Further work by Hultgren® and
also by Solomon Fabricant? traced systematic patterns of productivity
over the course of business cycles and raised questions difficult to resolve
on the basis of the customary distinctions between the short run and the
long run. Finally, Gerhard Bry’s® investigation of variations in the length
of the work week naturally lead toward input inventory and capacity
considerations in the theory of demand for factors of production. Though
sometimes only implicitly, elements of all these works are to be found in
our model, and our research certainly could not have proceeded as it
did without them.

Our collaboration began in 1967-68, when we both held research
fellowships at the National Bureau and decided ,to pool our efforts.
From the beginning, many persons contributed to the completion of
this volume, and we are greatly indebted to all of them. Geoffrey Moore,
then director of research, and Victor Fuchs, then in charge of the fellow-
ship program, gave much encouragement to our initial plans. At a later
stage John Meyer made a number of important suggestions regarding
model design. George Borts, Solomon Fabricant, Robert Lucas, Marc
Nerlove, Arthur Treadway, and Neil Wallace offered many useful
suggestions and criticism of the work at various times. A staff reading
committee consisting of Robert Eisner, Franklin Fisher, and Christopher
Sims provided a volume of constructive criticism that materially im-
proved the manuscript. Robert Lipsey was also very helpful in this
connection. We are also thankful for the valuable comments of the
Board of Directors’ reading committee: Otto Eckstein, Nathaniel Gold-
finger, and Robert M. Solow. QOur thanks also are due to Emilio G.
Collado for his observations on the manuscript.

This study benefited greatly from highly competent assistance. Most of

1. Wesley C. Mitchell, Business Cycles: The Problem and Its Setting, New York, NBER,
1927.

2. Thor Hultgren, Changes in Labor Cost During Cycles in Production and Business, Occa-
sional Paper 74, New York, NBER, 1960.

3. Thor Hultgren, Cost, Prices, and Profits: Their Cyclical Relations, New York, NBER,
1965.

4. Solomon Fabricant, Basic Facts on Productivity Change, Occasional Paper 63, New
York, NBER, 1959.

5. Gerhard Bry, The Average Workweek as an Economic Indicator, Occasional Paper 69,
New York, NBER, 1959.
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the data processing and computations were supervised admirably by
Veena Bhatia, Morris Harf, and Susan Johnson. They were assisted at
one time or another by Margaret Crump, Jennifer Michaels, and Selma
Seligsohn. Rose Ferro provided very efficient and conscientious typing
and secretarial assistance. We are very grateful to Ester Moskowitz for
editing the manuscript. H. Irving Forman’s expert draftsmanship con-
tributed immeasurably to the presentation of the material in this book.

Financing for the study was provided partly from grants to the
National Bureau by the Alfred P. Sloan Foundation and the Alex C.
Walker Educational and Charitable Foundation for the Bureau’s studies
on productivity, employment, and price levels, and partly from the
general funds of the National Bureau.






INTRODUCTION

THE purpose of this volume is to present a systematic investigation of
investment, employment, utilization rates, and inventories in manufac-
turing industries over the post-World War II period. The focus of the
study is on the dynamic interrelationships among these variables that
arise from changing demand and market conditions. Costs associated
with changes of these variables, absent in a static world, significantly
affect the outcome in a dynamic setting. These costs provide a link
between present and future profits and consequently require firms to
take explicit account of the effects of current decisions on future profits.

In a changing world, the firm is faced with three basic options regard-
ing production and input. It can perfectly synchronize input and output
decisions without holding any inventories. It can hold inventories of
output to meet changing demand and stabilize employment of its capital
stock and labor force. Finally, it can hold the equivalent of inventories
of inputs, not smoothing production perfectly but changing the intensity
of use of existing resources. The first strategy is unlikely to be pursued
because there are natural delays in production and because rapid
acquisition and change in the utilization of inputs is costly. The typical
policy for most firms is to follow a mixed strategy of holding some
inventories of output and some of input. The combination is determined
by an interrelated set of implicit cost trade-offs which are, in turn,
determined by the technological and market conditions under which the
firm operates.

The forces underlying these trade-offs are very complex, and lead to
a network of interrelated decisions. Changing the levels of output
inventories, input utilization rates, or additions to input stocks all involve

Xix




XX Introduction

costs which vary according to the type of adjustments, the length of
time, and the decisions made about the other inputs and outputs. These
events, in turn, lead to a pattern of intertemporal substitutions among
these variables. Costs of altering input utilization rates include overtime
wage payments to labor and accelerated depreciation of capital equip-
ment because it is used more intensively. Finally, changing the labor
force involves search, hiring, and training costs, and acquiring new
capital goods entails order delays, installation costs, etc.

Some simple examples will illustrate the nature of the response
mechanisms involved. Suppose a firm expects a permanent increase in
sales, which will eventually make an expansion of its productive capacity
advantageous. To meet new demand in the short run requires, because of
adjustment delays in the acquisition of new capital goods, increasing
utilization of existing capacity by adding overtime and additional labor
and by running down existing inventories. Current costs are thereby
increased temporarily. As capital expansion proceeds, these costs are
slowly reduced to more normal levels. In certain cases, the firm may be
additionally constrained by labor market conditions. Current unavail-
ability of skilled labor at or near existing wage rates leads to the
postponement of capital expansion plans and greater reliance on more
intensive utilization of existing resources. In situations where increased
sales are not considered permanent, costs of temporary changes of plant
capacity may be so large that new investments are precluded. The firm
increases utilization of existing stocks and may temporarily increase its
labor force as well. As sales fall to their prior levels, utilization rates
taper off, inventory-sales ratios slowly increase to their desired levels, and
temporary labor acquisitions are reduced.

It is important to take account of these interrelationships and feedbacks
in the adjustment process, both from a purely scientific point of view and
also for policy prescriptions. The scientific contribution lies in a more
complete description and analysis of production decisions. Taking account
of these dynamic constraints provides an opportunity to predict more
accurately the production and factor employment behavior of firms.
This point is illustrated by a survey of the literature on investment and
employment functions. Existing time-series employment studies assume
fixed capital stock. Yet estimated labor stock adjustment periods are so
long as to place this assumption in serious doubt. On the other hand,
most investment studies treat labor as a completely variable factor even
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though employment studies indicate otherwise. Furthermore, few of
these investigations have made adequate allowance for variations in
utilization rates of labor and capital, and the estimates often are difficult
to interpret.!

The relationships among input and output decisions have important
policy implications. For example, a policy designed primarily to influence
investment behavior may have unintended spillover effects on employ-
ment and utilization decisions. Policies aimed at one market do not in
fact remain confined to that market. An important consequence is that
program monitoring of fiscal and monetary policies is rendered more
difficult. Because of the complexity of the response networks involved,
the immediate response and the evolution of the system can be very
different from that intended. It therefore becomes very important to be
able to predict how these response patterns will evolve. For example, as
will be seen below, employment response to expansionary fiscal policy
may exceed its ultimate equilibrium value for some period of time after
the stimulus because of the feedback and cross-adjustment mechanisms
involved. In terms of employment objectives, the policy temporarlly may
look better (or worse) than it will ultimately be.

An attempt has been made in this study to develop and estimate a
model which takes explicit account of these interrelationships. The
theoretical structure is based on the neoclassical theory of production in
the presence of costs of changing input levels. The model and estimates
of it provide a unified framework for analyzing input demand functions
over time. The inputs considered are production and nonproduction
labor, capital stock, and inventories. The role of utilization rates in these
functions and variations in utilization rates are also analyzed. The
model is estimated for total manufacturing and its component sub-
sectors—durables, nondurables, and fifteen individual industries—using
quarterly data over the 1947-69 period.

The main contribution of this study lies in four areas:

1. We have tested for the existence of cross-adjustment or feedback
effects among input decisions and have found them to be present in all
industries studied. Quarterly changes in each input are found to be

1. Some studies use man-hours rather than employment stock but do not determine
the division between employment and hours of work. Two exceptions are Black and
Kalejian [1970] and Kuh [1963a]. Nadiri [1969] explicitly takes into account capital
utilization in his investment function, but it is exogenous to the model.
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significantly affected by the position and adjustment response of other
inputs. The results verify the generality of the model, which includes
existing employment and investment models as special cases.

2. The existence of cross-input adjustment effects implies patterns of
responses to changing conditions which are in marked contrast to results
reported in previous studies. Two outstanding general features of the
results are as follows: First, dynamic responses of utilization rate variables
and, very often, employment variables overshoot their ultimate equili-
brium values very soon after the adjustment process begins. These results
cannot be obtained (by construction) in traditional employment and
investment function studies, which exclude feedback effects from one
input to the other. Second, there are systematic differences in the timing
and speed of response among inputs. Utilization rates respond very
quickly to changes in demand, followed by production employment and
inventory variables. Nonproduction worker employment and especially
capital stock respond very sluggishly. Moreover, the average lags in the
system tend to be shorter than those found by previous investigators,
who have ignored interaction effects. It should be emphasized that those
variables which overshoot their ultimate equilibria are also the quickest
to respond to external stimuli. They act as buffers, taking up the slack
imposed by the slower-adjusting inputs such as capital. This result
justifies the cross-adjustment specification of the model.

3. The analysis permits separation of sales and relative input price
responses, and these are systematically different in all industries studied.
The sales effects are much larger than the price effects, which tend to be
very small in magnitude and often indiscernible in these data.

4. There are systematic differences across industries, both in speed of
response of inputs to sales and prices and in the ultimate effects of these
variables. Input responses are much more rapid in durable goods
industries than in nondurables, and long-run responses are also smaller.

The material in this volume is presented as follows: Chapter 1 contains
a discussion of the general setting of the problem and illustrations of
some conceptual issues. The complete model is presented and elaborated
in Chapter 2. The nature of the data and some preliminary observations
are discussed in Chapter 3. Structural estimates, distributed lags, and
long-run elasticities for total manufacturing and their interpretation are
presented in Chapter 4. Results of various experiments with alternative
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forms of the model for total manufacturing are found in Chapter 5.
The complete results for individual industries are presented in Chapter 6.
In Chapter 7, the empirical results obtained in this study are used to
answer some heretofore unresolved questions about the estimation of
short-run employment and investment functions, and a summary and
conclusions are also given. Appendixes and references are included at
the end of the volume.

For those readers interested only in the essential theoretical and
empirical results of this volume, we recommend Chapter 2 for theoretical
development and Chapters 4, 6, and 7 for empirical application.
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