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ABSTRACT OF THE DISSERTATION

The Effect of Market Expectations
on Employment, Wages, and Prices

Denis S. Karnosky

Doctor of Philosophy in Economics
Duke University, 1973

This dissertation presents statistical evidence bearing on the
factors which determine behavior in the aggregate markets for commodities
and labor services. A model of this market is developed and tested by
means of regression analysis on quarterly data generated by the private
sector of the United States economy. The model consists of aggregate
supply and demand relationships for labor services, an implicit commodity
supply function in the form of a price-setting equation, and an adjustment
mechanism which explains the dynamic response of labor market behavior to
external shocks.

The model is constructed on two basic premises. First, the
aggregate markets for commodities and labor services are interdependent in
a simultaneous system; and, thus, behavior in each market is determined by
relative prices between the markets. Secondly, market participants have
only imperfect information about market conditions and incur costs in
adjusting behavior to new information. Thus, the relative prices which
affect behavior are postulated to be expected pricés rather than actual
prices. The model explains disequilibria in the aggregate markets as
temporary phenomena which result from the lack of accurate information in
the markets. Aggregate employment, wage rates, and prices are treated as

jointly determined variables in the system. Directly observed measures of
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price and aggregate demand expectations are used to test the relationships
implied by the model.

The empirical evidence is found to be consistent with the implied
relationships between the measures of market expectations and both aggregate
employment and prices. These results support the postulated effect of
expectations on labor demand and commodity supply behavior. The test
results suggest that the wage adjustment mechanism which is incorporated in
the model is not accurate. This function reflects the premise that unem-
ployment is the only source of information available to households
concerning current demand conditions in the labor market. The empirical
evidence suggests that a more general specification of the wage adjustment
mechanism is required.

The test results support the contention that in the absence of
direct government control of prices or resource movements, the aggregate
markets for commodities and labor services interact as a free market system.
The only impediments to market-clearing behavior are temporary in effect

and reflect the costs of adjustment and lack of accurate market information.
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CHAPTER I

INTRODUCTION

The purpose of this dissertation is to test an economic model which
purports to explain observed relationships between aggregate employment,
wages, and prices. The model is based on the premise that in the absence of
direct government controls, the markets for labor and commodity services
operate jointly as a free market system. An explanatory economic model is
derived from the theory of individual utility maximization and is evaluated
in a situation where economic units have imperfect market information and
face positive costs of adjustment. The only impediments to instantaneous
market clearing are those reflecting the temporary effects of imperfect
information pertaining to current market conditions. The model is tested by
means of regression analysis on time series observations generated by the
private sector of the United States economy. The sample consists of
quarterly observations for the period from the first quarter of 1955 to the
second quarter of 1971.

The motivation for this study stems from the continuing debate about
the sources of inflation and the government action appropriate to combat a
persistent or accelerating rate of general price increase. The conduct of
monetary and fiscal policy in the United States since the period of the
Korean War predominantly has been intended to secure desired patterns of
economic activity by means of affecting the aggregate demand for goods and
services. By affecting demand, the stabilization authorities seek to induce
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changes in output, employment. and prices consonant with their interpretation
of national economic goals. While it is widely agreed that the stabilization
authorities are able to affect aggregate demand, given the existing
institutions, there is substantial disagreement on the manner in which
changes in aggregate demand are manifested in output, employment, and prices.
There have been empirically based allegations which question the
ability of stabilization authorities to induce behavior consistent with a
reduction in the rate of increase of prices through demand policies. For
example:
The hard fact is that market forces no longer can be counted on
to check the upward course of wages and prices even when the
aggregate demand for goods and services declines in the course of a
business recession. 1
The failure of prices and wages to decelerate in 1970-71 cannot
be reconciled with any notion that competitive market forces pre-
vail in determining the price level. 2
These allegations are based on the premise that there exist forces
within the commodity and labor markets which impede or prevent market-
clearing price movements. This position has been developed to explain
aggregate price increases during periods of apparent excess capacity or
aggregate supply. This explanation, commonly identified as cost-push,
concerns an autonomous reduction of the aggregate supply, which, given a
rate of aggregate demand, results in increasing prices and falling output.
The argument, in very simple terms, holds that attempts to restrain this

type of inflation by restriction of aggregate demand can be successful only

at the cost of a permanent and often substantial decrease in output and

1Arthur F. Burns, "The Problem of Inflation'' (address before the Joint
Luncheon Meeting of the American Economic Association and the American
Finance Association, Toronto, Ontario, Canada, December 29, 1972), pp. 2-3.

2Arthur M. Okun, "The Mirage of Steady Inflation,'" Brookings Papers on
Economic Activity, (No. 2, 1971), p. 498.
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employment.1 At worst, such actions are thought by some to have only a
minimal effect on prices, having their fullest effect instead on output and
employment, The appropriate actions suggested by this latter analysis
involve not attempts to influence demand, but operations directed at

restricting the shift in aggregate supply.

Background: Prices and Unit-Labor Costs

A convenient relationship for the analysis of price behavior is the
ratio of unit-labor costs to prices. This ratio has theoretical content,
includes most of the variables pertinent to this study, and has played no
small role in the investigation of the nature and cause of inflation.2

The theory of profit-maximizing firm behavior in a static framework
predicts a functional relationship between the market-clearing price of a
commodity and the average variable cost incurred in production. In the case

of a profit-maximizing firm which faces a known demand functionm, Qd = f(P),

1Discussions of cost-push inflation are numerous in the literature.
See for example, Gardner Ackley, Macroeconomic Theory, pp. 439-45; Michael K.
Evans, Macroeconomic Activity: Theory, Forecasting, and Control; An
Econometric Approach, pp. 290-305; and Martin Bronfenbrenner and Franklyn D.
Holzman, 'Survey of Inflation Theory,'" American Economic Review, LIII
(September, 1963), 613-28.

2"Inflation" is probably not the proper description of the phenomenon
to be investigated in this study. The model developed here is designed to
explain movements in the reported price deflator for the private sector.
This price measure includes only the prices of current consumption services.
However, inter-temporal utility maximization, as considered in this study,
requires a price index for wealth and thus should include other asset prices.
In terms of such an index, an inflation is an increase in the money cost of a
given level of utility. The price of current services is not an accurate
measure of this cost in that movements in current prices may be offset by
declines in futures prices, the current price of claims on future services.
For a discussion of the constant utility price index see Armen A. Alchian and
Benjamin Klein, '"On a Correct Measure of Inflation," Journal of Money, Credit
and Banking, V (February, 1973, Part I), 173-91.

Inflation, as used in the present study, refers to increases in the
price of claims to current services. The real rate of interest will be
considered, however, in its effect on household consumption decisions.
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and operates on a joint production function in two factor inputs, a variable

factor (Xl) and a fixed factor (XZ)’ optimal operation requires

-1
a.1) p = =p. &y

1+¢ Xy axl
In equation (1.1), ¢ = price elasticity of demand for Q, Px = unit price of
1
input Xl’ and anax1 = marginal product of Xl.1 For a general Cobb-Douglas
o, @
production function, Q = Axllxzz, this becomes
P X
1
1 , ¢ *1
i1.2) p o [I;EJ——E—— .

1

The term, Px-xllQ, is the unit cost in the variable factor of producing the
1
quantity Q in the current period. Thus, if X, measures units of labor

1
services, equation (1.2) defines the profit-maximizing price to be a function
of unit-labor costs, at a given wage Px . This relationship has a strong

1
tradition in the econometrics of price determination and is incorporated in

various forms in most of the major econometric models.2
As evidenced by the popularity of unit costs in statistical

investigations of price determination, a fairly high correlation has been

observed between commodity prices and associated unit costs——especially labor

lAlso, this relation is often interpreted as determining the optimal
level of employment of the variable factor, given the level of prices P.
Profit-maximization in this case requires hiring X1 up to the point where the
marginal revenue product of X, [P-anaxl'(l+e)/e], is equal to the unit
price of Xl.

2For a survey of the price equations incorporated in several of the
prominent models of the U.S. economy see, William D. Nordhaus, "Recent
Developments in Price Dynamics," in The Econometrics of Price Determination:
Conference, October 30-31, 1970, ed. by Otto Eckstein, pp. 34-46. In that
same volume see L. R. Klein, "Price Determination in the Wharton Model;"
Albert A. Hirsch, '"Price Simulations with the OBE Econometric Model;" George
de Menil and Jared J. Enzler, '"Prices and Wages in the FR-MIT Penn
Econometric Model;" and Saul H. Hymans, "Prices and Price Behavior in Three
U.S. Econometric Models,'" pp. 221-324.
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costs. This correlation has been found across foreign countries with
developed economies and across various industrial categories in the United
States.1

A cursory review of the data reveals several interesting phenomena
in the relationship of prices to unit-labor costs. Over extended periods of
time the ratio of unit-labor costs to prices has been observed to be fairly
constant but has varied significantly within sample periods, especially on a
quarterly basis. As shown in Chart 1, the variance has been cyclical in
nature—-—generally rising from mid-expansion to late~recession and thereafter
falling. Several explanations for this behavior have been offered. Hotson
looked not at the chronological movement but at the frequency distribution
of changes in the ratio of unit-labor costs to prices. He concluded that
the variance was random and normally distributed.2

On the surface, at least, this variation in the ratio appears to
reflect primarily variation in unit-labor costs, as prices moved much more
smoothly. Several writers attribute the movement to changes in the elastic~
ity of demand, from equation (1.2). The hypothesis is that as the economy
approaches full capacity utilization, the monopoly power of individual firms
increases as customer alternatives decrease. Thus, firms are able to
increase price without fear of losing customers to competitors. This view is
derived from the presumption that, on average, prices are determined in

oligopolistic markets where price is gset as a mark-up over unit costs. The

lJohn H. Hotson, International Comparigsons of Money Velocity and Wage

Mark-ups .

2Hotson, International Comparisons, pp. 127-51.



Chart 1
Rates of Change of Prices and Unit-Labor Costs *
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mark-up is determined so as to maximize profit subject to the discouragement
of other firms from entering the 1ndustry.1

An alternative explanation is offered by Schultze and Tryon.2 They
explain prices as a mark-up over standard or "normal' costs--those costs
which are expected to be lasting in nature. The hypothesis is that changes
in unit costs result in price changes to the extent that they represent
permanent changes to the firm. Thus on a quarter-to-quarter basis,
variance in the ratio of observed unit-labor costs to prices is expected.3
The importance of 'mormal"” unit costs has also been noted by Eckstein and
Fromm who took the evidence as indicative of a degree of oligopolistic price
behavior in the manufacturing sector of the United States.h Similar results,

without interpretation, are reported by Ball and Duffy in their study of

price determination in the United States and eleven other countries.5

Wages, Employment and Output

Although unit~labor costs do serve as a reliable predictor of price

movements, the relation does not provide enough information by itself to be

lPaolo Sylos-Labini, Oligopoly and Technical Progress, trans. by
Elizabeth Henderson, Harvard Economic Study, Vol. CXIX. See also Franco
Modigliani, "New Developments on the Oligopoly Front," Journal of Political
Economy, LXVI (June, 1958), 215-32.

2Cha::'les L. Schultze and Joseph L. Tryon, "Prices and Wages,'" in The
Brookings Quarterly Econometric Model of the United States. ed. by James S.
Duesenberry, et al., pp. 281-333.

3Schultze and Tryon postulated that normal costs are computed as a 12-
quarter moving average of actual unit costs. In commenting on their study
Evans rejects their analysis on the basis that it is unreasonable to expect
only one—~twelfth of a change in unit costs to be passed on to prices. Evans,

Macroeconomic Activity, p. 298.

4Otto Eckstein and Gary Fromm, 'The Price Equation," American Economic
Review, LVIII (December, 1968), 1159-83.

SR. J. Ball and Martyn Duffy, "Price Formation in European Countries,"
in Price Determination, pp. 347-68.
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useful for economic policy purposes. Equation (1.2) defines the profit-
maximizing triad of price-output-employment for the firm, given the current
wage, the demand schedule facing the firm, and the technical production
coefficients. The numerator of the ratio, the wage bill of the firm,
contains the prevailing wage in the labor market and the amount of labor
services the firm employs, but not necessarily utilizes in production, at
that wage. The determinants of these variables must be ascertained, in
particular the degree to which the variables are influenced by conditions
in the market for labor services. The extent to which labor supply reacts
to policy induced changes in aggregate demand can have a bearing on the
profit-maximizing behavior of the firm and thus on the price-output
combination.1

Even though one is successful in explaining the variance of the
ratio of unit-labor costs to prices and is able to predict prices on the
basis of the relationship to unit-labor costs, the important question of
the source of variance in unit-labor costs remains. This variance reflects
relative changes in wage rates, employment, and output. The factors which
determine the observed mix of these variables must be considered.

The variables which compose unit-labor costs would not be expected
to be independent of each other. For example, the ratio of employment to
output is the inverse of what is commonly taken as a measure of labor
productivity, a variable which 1s not unrelated to the wage. From the
standpoint of a firm, the rate at which it rewards labor would be considered
relative to the expected return. However, measures of output per man-hour
have shown periods of substantial variation relative to wage rates. Thus,

the demand for labor services relative to the wage rate and the planned rate

lThis point is strongly emphasized in Sidney Weintraub, An Approach to
the Theory of Income Distributiom, pp. 17-19.
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of output is a consideration. The factors which determine the observed
wage-employment-output plans of firms are an important element to be
considered.

On the supply side of the labor market, the theory of individual
choice predicts that a utility maximizing person who derives satisfaction
from leisure in addition to consumption will attempt to adjust his employ-
ment so as to equate the marginal disutility of leisure time sacrificed,
evaluated at the prevailing wage, with the marginal utility of consumption,
evaluated at prevailing commodity ptices.l This postulate says that the
amount of labor services supplied to the market responds not only to changes
in wages but also to changes in commodity prices. The real wage rate serves
as a measure of the opportunity cost of a unit of leisure time; and the
relative prices of consumption and leisure, given the subjective valuation
of each by the individual, determines the amount of each demanded by that
individual. However, statements which allege to refute this postulate can
be found in the literature.

Now ordinary experience tells us, beyond doubt, that a

situation where labour stipulates (within limits) for a money-
wage rather than a real wage, so far from being a mere
possibility, is the normal case. Whilst workers will usually
resist a reduction of money~-wages, it is not their practice to
withdraw their labour whenever there is a rise in the price of
wage-goods.

Keynes based this refutation on two arguments, one derived from

empirical observation and the other based on his interpretation of the

implications of the postulate. This first argument is presented in the

1This statement is recognized as being what Keynes termed the second
Classical Postulate: '"The utility of the wage when a given volume of labour
is employed is equal to the marginal disutility of that amount of employ-

ment." John Maynard Keynes, The General Theory of Employment, Interest, and
Money, p. 5.

2Ibid., p. 9.



10
quote above. The second argument is based on the conclusion drawn by
Keynes that:
The postulate that there is a tendency for the real wage to

come to equality with the marginal disutility of labour clearly

presumes that labour itself is in a position to decide the real

wage for which it works, though not the quantity of employment

forthcoming at this wage.
Keynes contended, and rightly so, that in a non-barter economy an individual
is not in a position to bargain with a potential employer for a real wage
rate. Prices of commodity services are determined in another market, and
the wage-price mix which results from a given level of employment may not be
consistent with general equilibrium. For example, attempts by labor to
increase the real wage might generate pressures in the commodity market
which would cause prices to rise proportionately.

A question to be considered here is whether the evidence cited by

Keynes and others refutes the theory of individual choice. An implication
drawn from the postulate that relative prices and relative subjective
valuation determine the demand for consumption and leisure is that the
supply of labor is determined by the real wage in a positive functional
relationship. This implication was drawn from the conjunction of the
postulate, which is a universal statement, and a set of initial conditionms,
which are singular statements. These singular statements define the
particular situation to which the postulate is applied. The refutation of
the postulate requires not only that the prediction statement be shown to be

inconsistent with empirical observation but also requires that the set of

initial conditions be shown to be in agreement with the observations.z

libid., p. 11.

2See R[obert] L. Basmann, On Predictive Testing of a Simultaneous
Equations Model: The Retail Market for Food in the U.S., Paper for the

Institute for Quantitative Research in Economics and Management, Institute
Paper No. 78.
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It is the purpose of this study to provide evidence on the effects
of relative prices on behavior in the markets for labor and commodity
services. Labor supply and demand functions which are derived from the
theory of individual utility maximization are presented in the next section.
The set of initial conditions includes non-zero costs of information and
adjustment. The implications for the behavior of prices, wages, and

employment are derived and compared with the empirical evidence.



CHAPTER II
THE GENERAL FRAMEWORK FOR ANALYSIS

This chapter is concerned with developing a model of the aggregate
markets for labor and commodity services. The model, while describing
aggregate behavior, is based on premises which are presented with reference
to microeconomic analysis.1 The analysis concentrates on the interaction of
two economic groups. The first consists of households and has the charac-
teristic of ownership of human capital. The second group consists of firms
who own non-human capital and organize human and non-human resources to
produce commodities.2 The system of two markets is in equilibrium when the
prices prevailing in each market are consistent with the plans of households

and firms.

The Supply of Labor Services

The economic theory which states that individuals attempt to maximize

utility purports to explain behavior as reflecting the interaction of each

lThe problems associated with aggregation are recognized, and the
validity of the manner in which it is handled in the derivation of the model
is crucial to the evaluation of the empirical tests of the model.

2This artificial distinction obviously ignores the important question
of the form in which wealth is held by individuals. The existence of an
organization directed toward the production of commodities reflects a prior
decision by some number of individuals to forgo current consumption. House-
holds would be expected to share in the ownership of this firm. However,
this study is not concerned with the manner in which wealth, not held in the
form of current consumables, is allocated among other assets. For a discus-
sion of the firm-household relationship see Armen A. Alchian and Harold
Demsetz, 'Production, Information Costs, and Economic Organization,' American
Economic Review, LXII (December, 1972), 777-95.

12
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person's subjective valuation of alternative consumption patterns and his
ability to secure each alternative. The behavior of each person is presumed
to be governed by his desire to maximize his individual well-being. The
effective constraint on individual behavior 1is composed of the legal and
institutional framework of the system and individual real wealth, i.e.,
claims on current and future commodity services.1 Wealth consists of the
value of human capital and the current stock of long-lived assets inherited
from the past. The latter represents prior decisions not to consume
commodity services. In a static framework, the human wealth of the household
consists of current income, in terms of command over current commodity
services, that the household can earn through the sale of its human capital.
In an inter-temporal setting, human wealth consists of claims on current
commodity services that can be secured against current and future labor
services which are expected to flow from the household. Thus, the current
period demand for commodity services is constrained by the ability of the
individual to market his labor services, both currently and in the future,
and by the manner in which the market evaluates claims on future labor

services. This constraint plays a central role in the analysis.2

lThis constraint does not preclude "illegal' activity in violation of
the accepted set of property rights. A judicial system which levies heavier
penalties for premeditated crimes might be analyzed in this context as
cognizant of the opportunity costs which were presumed to be considered
prior to the commission of the crime.

2The constraint is emphasized by several writers as forming the crux
of Keynes' analysis of secular unemployment. See Robert W. Clower, ''The
Keynesian Counterrevolution: A Theoretical Appraisal,'" in The Theory of
Interest Rates; Proceedings of a Conference Held by the International
Economic Association, ed. by F. H. Hahn and F. P. R. Brechling, pp. 103-25,
and Axel Leijonhufvud, On Keynesian Economics and the Economics of Keynes:
A Study in Monetary Theory.
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The decision of a household to demand commodities and supply labor
services in the market is presumed to reflect the unit's preference pattern
for commodity services and leisure. Consider a typical household whose
composite utility function is defined in terms of current and future leisure
and consumption of commodity services. A function which reflects these

inter—temporal considerations is

n i
l . \ ]
(2.1) U = Cz)[Ui(ct+i,Nt+i)(l+6) ],Uic>0, UiN<0.

Total utility over the planning horizon (U) is a positive function of

commodity services consumed in each period (C_,.) and a negative function of

t+i

the proportion of each time period used in employment (N ).1 The rate of

t+i
inter-temporal substitution within the utility function is determined by the
rate of time preference (§).

The attainable utility set is bounded from above by the real wealth
of the household. This wealth consists of the integral of past income not
consumed (the non-human assets of the group) and, with perfect capital
markets, the present value of income which can be earned over the planning
horizon by the sale of human resources. The rate of discount, assumed here
to be exogenous, is that rate at which future income can be converted to

claims on current commodity services in the market. The budget constraint

is of the form2:

1The substitution of employment for leisure in the household utility
function reflects the assumption that leisure and employment are the only
ways in which individuals can utilize time. Obviously consumption involves
the use of time, as does trading in the markets. For the purposes of this
analysis, the assumption is made that consumption requires a fixed proportion
of each period, independent of the volume of consumption.

2The equality in the relation precludes the possibility that the
household may wish to hold non-human wealth at the end of the current planning
period. In this form the household acts so as to have zero non-human wealth
at the end of the planning period.



15

n i
(2.2) E[Pﬁ-i t+i e+ t+i][1+r] =4
where (Pt+i) is the market price of commodity services in each period,
(w_,.) is the wage rate at which a unit of labor services may be sold in

t+i

each period, and (r) is the rate of discount in the market. The beginning-
of-period stock of non-human wealth is designated as A. Maximizing equation
(2.1) subject to equation (2.2) yields the demand functions for commodity
services in each time period in the planning span and the supply of labor
services flowing from the household in each period.

These two functions, in current period consumption and employment,

are of the general form:

1+ 146" 1+6 146 0
(2.3a) c0 C["o""l(1+ Yo eeesW (———1+r) ,P Pl(-—-~l+ ""’Pn(_1+r) ,A]

1+6 1+6. 1 + 148,
(2.3b) Ny = N[w ,w1(1+ ) N n(l+ ) Py Pl(—l-;;)...., n(ﬂ'{) »Al.

These functions are homogenous of degree zero in the (2n+3) arguments.
Equation (2.3b) defines the supply of labor services in the current period

as a function of the prices of labor services and commodity services in eac!
period, evaluated by the rate of time preference relative to the rate at
which the household is able to borrow against future income. Following

the procedure utilized by Lucas-Rapping, these relationships can be simplifie«
by considering a two period planning horizon.l Setting n=1 and dividing

through on the right by the current period price of commodity services gives

lkobert E. Lucas, Jr. and Leonard A. Rapping, "Real Wages, Employment,
and Inflation," Journal of Political Economy, LXXVII (September-October,
1969), 721-54.
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w w P
0 "1 ,1+6 1 ,1+5, A
(2.43) C. = C[ ’ ( )’ 19 ( )) ]
0 P, Py l4r P, 41’ P,
Yo Y1 1+s Py o146, A
(2.4b) Ny = N[-———PO, ——PO (—-—Hr), 1, —PO (—-——1+r), -—Pol .

The only implication of the utility-maximization hypothesis for the
specific form of these relationships is that the signs of the partial
derivatives with respect to the current wage rate are positive. Thus, in
order to state either relationship in a testable form, postulates defining
the specific form of the functions and specifying the signs of each of the
other partia' derivatives are required. Postulating that these functions
are linear in the logarithms and that the rate of time preference is

constant, the current period supply of labor services becomes

Yo Y1 Pl A
(2.5) lnN0 = a0+alln(§—)+a21n(F—)+a31n(§")—(a2+a3)ln(1+r)+a41n(§'?
0 0 ] 0
where a, = (a2+a3)1n(1+6). Rearranging terms gives
Yo Y1 P A
(2.6) lnN0 = a0+a11n(§;)+a21n(FI)+(a2+a3)ln(FED—(a2+a3)1n(1+r)+aaln(559

which shows the supply of labor services in the current period to be a
function of the current real wage rate, the future real wage rate, the

future price of commodity services relative to current price, the nominal

rate of interest, and the stock of non-human wealth evaluated at current
commodity prices. The theory of utility-maximization predicts 8N0/8w0>0

and thus ul>0. Determination of the signs of the other coefficients

requires additional premises. Again, following Lucas-Rapping, current leisure
is presumed to be a substitute for future leisure and for current and future

consumption. Thus, the signs of the partial derivatives of the labor supply
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1
function are

The function (2.6) predicts that a ceteris paribus increase in the

price of current commodity services will decrease the supply of labor
services if and only if al>|a2+a3+a4|. Thus, an increase in the current
price of commodity services does not necessarily result in a decrease in the
opportunity cost of leisure and, consequently, does not necessarily imply a
reduction in the current supply of labor services.2 A temporary increase in
prices in which the future price of commodity services is unchanged would be
expected to elicit a smaller depressive effect on the current labor supply
than would a permanent increase which moves PO and Pl upward proportionately.
In addition, the real wealth decrease resulting from a rise in current prices
would stimulate the labor supply.

Thus far the analysis has been conducted with the implicit assump-
tions that market information is readily and costlessly available to the
household and that activity can be adjusted at zero cost.3 The introduction
of non-trivial information and adjustment costs changes substantially the
predictions of equation (2.6). The wages and prices appearing in the
function are no longer those prevailing in the respective markets but,

instead, are those perceived by the household. These estimates are not

1Ibid., p. 728.

2Keynes based his rejection of the second Classical Postulate, in part,
on his observation that workers did not withdraw their services from the labor
market whenever there was a rise in the price of commodity services. Keynes,
General Theory, p. 9. Thus, utility analysis, extended into a Fisherian
inter-temporal setting, seeks to explain, at least in part, Keynes'
observation.

3Such assumptions constitute a portion of the set of initial condi-
tions. These conditions are singular statements which define the circum-
stances to which a theory is applied. See Morris R. Cohen and Ernest Nagel,
An Introduction to Logic and Scientific Method, pp. 211.
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necessarily accurate nor consistent with market-clearing in the entire
system,

The wage information available to an individual at any point in
time consists of the wage at which his current employer, if any, has been
willing to utilize his labor services until that time, the wage his
employer has offered for continued employment, and some notion of the best
alternative wage that had been sacrificed by accepting the past offers of
the current employer. The information about the best wage available for
future use of the services, either with the current employer or elsewhere,
is not readily available and can be acquired only at a cost. Thus, the wage
variables in the supply function are interpreted as the households' estimate
of the best wage available in each period, given their expectations of labor
demand. The effect of this change in initial conditions is illustrated in

Figure 2.1 below which relates labor supply to actual wage rates.

Fig. 2.1
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The curve SS traces the amount of labor services offered at each
current wage rate when, given the other arguments in the labor supply
function, the household correctly perceives the best wage available. Thus,

in the current period, if the household recognizes w, as the best wage it

0

can secure, then N0 units of labor services are offered in the market. If

W is the best wage offer then N1 units of labor services are offered.

The curve g defines the supply of labor services forthcoming at each wage

for any shift in demand away from the point w This is the short-run

o No*

labor supply when the perceived wage is w Given the curve SS, there

0°

exists a sho-t-run function such as s, for each expected wage, relative to

0

the actual wage in the market. The curve s for example, is the short-run

1’
labor supply function associated with the expected wage vy

Figure 2.1 illustrates the effect of costly and imperfect informa-
tion on the individual's supply of labor services. Due to non-zero
information costs, a shift in the aggregate demand for labor services is not
instantaneously detected by each individual in the labor market. Thus, the
new market-clearing wage is not immediately determined. Instead, the
perceived wage level remains relatively unchanged since the individual
worker is not immediately able to determine if the decline in demand is
confined only to his current employer or if it represents a general decline
in the current demand for labor services. In the former case, the wage
alternatives available to the individual would be higher than in the case of
a general decline in the demand; such a decline would lower all wage offers.
It is postulated here that the individual's first reaction is to evaluate a
decrease in the demand for labor services as specific to his current employer.

That is, general declines in demand take time to be detected. Thus the

response of labor supply to a shift in demand for labor services is traced
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along 84 instead of SS. A firm-by-firm reduction in wage offers, reflecting
a general downward shift in demand for current period labor services,
encounters substantial resistence from employees who are not as yet aware
that their alternative wages have also declined.

A discrepancy between the expected, or perceived, wage and that wage
which is consistent with the intersection of the labor demand schedule and
the function SS can arise and be maintained if market information is not
readily available. A change in the demand for labor from a situation where
the household has accurately adjusted its wage expectations will elicit
attempts by “he household to determine whether or not its current wage
expectations are still accurate.l One element of this search will be a
period of voluntary unemployment of the household's labor services reflecting
the decision to engage in a time-intensive survey of alternative wages. The
manner in which the household reacts to increased uncertainty about its
estimates of the best available wage provides the adjustment mechanism in
the explanatory economic model to be tested here. Consideration of this
problem is delayed until later in the chapter.

The price of current commodity services, as it appears in the labor
supply function, is an element which is considered in the determination of
the opportunity cost of leisure. This price is the household's best estimate
of the price which will prevail, on the average, in the commodity market
during the current period. Even though an individual is able to secure the

wage to which he aspires in the labor market, he has no guarantee that, once

1A significant portion of the recent literature deals with the effect
of uncertainty on labor market behavior. Comprehensive analyses are to be
found in Edmund S. Phelps, et _al. Microeconomic Foundations of Employment
and Inflation Theory.
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employed, the prices he will be confronted with in the commodity market are
consistent with utility-maximization at that wage.l The function (2.6) is
not interpreted as suggesting that an individual 1s able to bargain for a
real wage with a potential employer. That employer is probably not able to
deliver on a promised average commodity price which is actually determined
by the joint action of numerous firms and households in the market. However,
individuals are presumed to recognize that changes in commodity prices can
alter their attainable level of utility.

The variable P. in the labor supply function is not the actual price

0
which prevai.s in the commodity market in the current period. Instead this
variable is the household's estimate of that price at the time when employ-
ment-consumption plans are being made. As with the expected wage, there is
no guarantee that the expected price will be realized. For each wage, the
effect of an incorrect estimate of the prevailing commodity prices is to
cause the household to offer a sub-optimal level of labor services in the
market. An under-estimate of commodity prices results in an over-estimate of
the opportunity costs of leisure and, thus, a larger supply of labor at
current wages than would be forthcoming with better price information.

With imperfect information about commodity prices, the household must

engage in a second form of search behavior in addition to the pursuit of wage

lThis result is a consequence of imperfect information in a money
economy. In the classical system where payment was typically assumed to be
made in kind, there was no dichotomy between the labor and commodity markets
in that workers produced their own wage income. The employment decision was
indistinguishable from the consumption decision. In the order of things, the
labor market clears first and the commodity market then clears, in that
period, as a consequence. See David Laidler, "On Wicksell's Theory of Price
Level Dynamics," Manchester School, XL (June, 1972), 125-44.
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information. When the average price in the commodity market is different
from that which had been expected, the household is faced with a complicated
problem. The household may have actually mis-estimated prices, in which case
its employment~consumption plans prove to be sub-optimal. However, the
prices sampled may not represent the true distribution of prices prevailing
in the market and more search could yield a price for a given basket of
commodity services which is more consistent with expectations. The response
of labor supply to changes in commodity prices is then dependent upon the
degree to which the change had been expected and, if the change is unex-
pected, the Jegree to which household price anticipations are altered.

The effect on labor supply of introducing information considerations
is summarized in the amended function below. The actual price and wage

variables in equation (2.6) are replaced by estimates as held by households.

wE w€ Pe
o 0 1 1, ‘ A
(2.7) lnNO = o + alln(—Pe)+ azln(‘—-Pe)+(a2+a3)ln(—e) (a2+u.3)ln(l+r)+ al‘ln("‘e).
0 1 Po P

The Demand for Labor Services

The demand by an individual firm for factors of production is a
derived demand which is related to the output and sales plans of the firm.
The firm hires and owns factors of production for the purpose of organizing
them into a process which is expected to yield a flow of income to the owners
of the firm.l Thus, the objective of the firm is to maximize the stream of

profit over time. Profit-maximization in a system where costs of adjustment

lThe owners are treated as individuals whose behavior is governed by
utility-maximizing considerations. Having made a prior decision to hold
wealth in the form of non-human capital, these individuals expect the maximum
possible flow of income from their venture. 1In this context they hire
managerial talent consistent with this aim.



23

are inconsequential requires the firm to employ factors of production in
relative and absolute magnitudes such that the increment in revenue
realized from the last unit of each factor utilized is equal to the
incremental cost of that factor.

Consider a firm, which in the market for a given commodity Q, faces
a demand function of the form Q = £(P), £'<0. The production of the
conmodity requires the joint effort of human and non~human capital, as
defined by the production function Q = F(K,N), where K and N are units of
non~human and human capital, respectively. The current user costs of human
and non-~human capital are denoted as w and R, respectively. In the absence

of any adjustment costs, this firm would attempt to maximize:

(2.8) 6 = QI 1(Q)] - wN - RK + y[Q-F(K,N)].

The necessary conditions for this maximization are

30 _ 1+ _ _P dq
96 -

(2.9b) WSV + YFN =0
36 -

(2.9¢) K R + ‘YFK =0

Combining (2.9b) and (2.9c) yields the optimal factor proportions according

to

(2.10)

"rllii

R_
N FK
where FN and FK represent the partial derivatives of the production function
with respect to the subscripted variables. Assuming that the production

process can be represented by a generalized Cobb-Douglas production function

[Q=AKBNQ], condition (2.10) becomes

o R
(2.10a) N = E{w]K'
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Solving the production function for K and substituting into (2.10a) yields
g 1

(2.10b) N = {g{fl}p[%lp; o =a+ B.

Equation (2.10b) defines the profit-maximizing demand for labor services in
the current period for a firm which faces zero adjustment costs and knows
the demand schedule for its product. In each period, the demand for labor
services is a function of the current relative user costs of factors, the
technological coefficients, and the scale of production in that period.

As in the derivation of the labor supply function, the utility-
maximizing procedure used to arrive at equation (2.10b) is undertaken with
the presumption that economic units have perfect market information. In the
case above, the demand function was known with certainty by the firm. Thus,
given the current rental prices of factors of production and relative
productivity, the profit-maximizing price-output-employment mix arrived at
by the firm will actually be optimal. However, with less than perfect
information the demand function is interpreted as giving the demand expected
at each price. This element of uncertainty is incorporated by substituting
the variable Qe, defined as the expected amount demanded at the profit-
maximizing price, for the actual demand (Q) in equation (2.10b). Expressing

the function in logarithmic form gives

(2.10¢) lnNg = 4, + d;1nQ5 + d, [1nR) - 1w ]

where: d0 = %’{B[lna—lnB] - 1nA}

d1 = 1/p > 0

d2 = B8/p > 0.

The function (2.10c) defines the demand for labor services by a firm

which incurs no cost in changing its production operations. Both factors of
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production, labor and capital, are treated as completely variable. The only
costs to the firm of using these factors in production are the variable
costs associated with the current rental prices. In the absence of costs of
adjustment, the firm does not have to consider the inter-temporal effects on
profits of its current decisions. Production decisions are independent of
each other in time, and the firm is able to change its operations to take
full advantage of economic conditions in each period. The introduction of
adjustment costs forces the firm to consider the probable effect of any
current action on future profit.

Any factor of production can be altered at a cost. The magnitude of
the cost of changing a factor in the production process compared to the
revenue expected from the venture is important to the firm and deter-
mines the degree of fixity of that factor in the production process. To
assume that a factor such as capital is fixed in the production process is
to postulate that under the circumstances being considered the costs of
adjusting the capital input are uniquely prohibitive. In the range of
possible adjustments, the adjustment of the capital input is profit-minimiz-
ing under such a presumption. Similarly, treating labor as a variable input
in production reflects a postulate that, within the range of technically
feasible adjustments, the adjustment of labor input is profit-maximizing.

The ability of a firm to alter output is limited by its ability to
attract the necessary factors of production or to increase the productivity
of the existing facility, either by increased utilization or improved
technology. In either case, the firm faces costs in adjusting output. The
firm must be cognizant of the implications of their current output deci-

sions on the flow of profits over the future. A policy which produces an
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immediate reduction in current operating costs can cause the firm to bear
much higher costs and less profits in the future.

Consider the situation faced by the firm as illustrated in Figure 2.2
below. The curves Qi are in the capital-input labor-input plane; they trace
the technically most efficient combinations of the two factors which can be
used to produce the rates of output Qi in a given period when the firm faces

no costs of adjustment.
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Fig. 2.2
For the purposes of exposition, the production function which
generates these isoquants 1s assumed to exhibit constant returns to scale,
so that for a given factor price ratio (R/w) the optimal factor imput ratio
is constant and the demand for capital and labor services relative to the
scale of production expands along the ray 00. This diagram illustrates the

case where production costs increase proportionately with output, at least
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in the range of demand where relative and absolute factor prices are
unaffected by the actions of the firm. Ignoring for the moment the potential
effect on future demand of introducing variance into the output program of
the firm, a profit-maximizing rate of output of QO involves a production
cost of RK + w N A change to an output rate of Ql would involve a cost

00 0o’

of ROKl + wONl. The increase represents the variable cost associated with
changing the magnitude of factor inputs.

With no costs of adjustment other than the strictly variable costs
associated with the unit price of factors of production, the firm can reduce
costs by reducing output and employment when it perceives a decrease in the
demand for its product. If this estimate of demand proves to be incorrect,
the firm can restore the rate of output to the original level by re-employing
those factors which were idled earlier. However, there are several elements
which make such adjustment unlikely., The first, and probably the most
obvious, reason is concerned with the probability of being able to rehire the
inputs which were mistakenly released. For example, the suppliers of labor
services would suffer variability in income as the firm hired and laid-off
workers with each apparent shift in demand. This lack of job security, or
more importantly income security, would induce households to survey the
variations in employment experienced in other firms, thereby seeking a more
stable employment situation.

Another element which affects the employment decision is the fixed
cost which is incurred by the firm in production. If the firm requires
skills specific to its production scheme, it will make some expenditure on
training or otherwise adapting the inputs it hires. The more specific the

skill, relative to the requirements of other firms, the less likely is the
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chance that the appropriate training will be provided and financed by some
other economic unit. Thus, the decision to hire a factor will be influenced
by the training or adaption costs that the firm will have to bear. The
marginal cost of increasing labor input includes the training costs in
addition to the wage. For positive training costs, thc marginal revenue
product of the factor would have to be higher than it would be in the case
where such costs are zero, if the factor is to be employed. The present
value of the incremental revenue expected from the last unit employed must
cover not only the present value of the variable costs of employing that
unit but als» the current training costs.1 Once the factor is employed by
the firm, however, these training costs become sunk costs which cannot be
retrieved by terminating the employment of that factor. If the training
program is successful, the release of the factor would result in a decrease
in current profit since the marginal revenue product of that factor exceeds
the wage rate. The firm would have some incentive to continue the employ-
ment of that factor even as output is contracted, at least to the point where
further profit savings are not possible.

Still another element which discourages the firm from engaging in
input adjustment is its ability to alter its production process to
accommodate a greater or lesser rate of output. Plants and production
techniques in place often are not easily changed. The ability of the firm to
reduce the stock of capital on the premises is limited by the rate of

physical depreciation, leasing agreements, and the market for used machinery.

1Walter Y. 0i, "Labor as a Quasi-fixed Factor," Journal of Political
Economy, LXX (December, 1962), 541.
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The rate of capital input can be altered by changing the rate at which the
existing machinery is utilized, but this alternative also is not without
cost. Technical constraints embodied in the inherited capital stock may
require substantial expenditure to achieve a change in factor utilization.

Given the existence of adjustment costs, the predictions of the
theory of firm behavior where factor inputs are variable should not be
expected to be consistent with observed behavior in the economy. At best,
these predictions are relevant for the analysis of the long-run. The
short-run actions of the firm facing positive costs of adjustment are quite
different.

In this analysis it is postulated that, due to the fixed costs
associated with hiring, adapting, and maintaining factor inputs, firms are
reluctant to alter their work force with each and every change in expected
demand. That is, firms find it optimal to maintain their work force in the
face of short-run variations in rates of output and alter this factor only
when convinced that a shift in demand is of sufficient magnitude or duration to
warrant the costs of changing employment. As a first approximation, the
adjustment costs of capital and labor are presumed to be equal; and, thus,
only the current relative user costs are postulated to affect demand for
factors. The effect of adjustment costs on labor demand is postulated to
be reflected in a distributed lag on expected commodity demand. These
postulates are incorporated by redefining the demand for labor services to

the forml:

lThe exact form of this demand function in the case where adjustment
costs are non-trivial is found by maximizing a profit function which includes
costs of adjustment. This function is of the form

max:H = fTe-rt[ﬂ(t)]dt

wvhere n(t) is profit defined as total revenue in each period minus total cost.
The cost c(t) is defined as c(t) = f£[K(t),K(t),N(t),N(t)], where the dots
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d PR
(2.10d) lnNO dO + dlan + d2 (1nR0—lnw0)

where dO’ dl’ and d2 are the same coefficients as appeared in (2.10¢), and
— n c 1
InQ™ = gqian_i.

The Price Level and Supply of Commodities

The previous section introduced the effect of adjustment costs on
the firm's demand for labor services. The existence of these costs also has
implications for the pricing plans of the firm. The equations (2.9a-b-c),
which give the optimal level of labor employment for the firm, also yield
the profit-maximizing price-output combination for the firm. Ignoring the
adjustment costs for the moment, the optimal price is found by solving (2.9b)

for vy and substituting into (2.9a). The result is

= [~ Y
(2.11) P [l+n FN.

With the generalized Cobb-Douglas production function introduced earlier,

FN = aQ/N; and, thus, (2.11) may be written as

o (D 1 (wN
(2.11a) P [1+n] o [ e]

where Qe has been substituted for Q. This function shows the relationship

between the profit-maximizing price and output. Price is found to be a

signify time derivatives. Finding the solution to this problem involves
utilizing the calculus of variations; this results in a complicated and
analytically difficult expression. For a discussion of the effects of this
problem and the effects of the approach used here, see J. P. Gould,
"Adjustment Costs in the Theory of Investment of the Firm,'" Review of

Economic Studies, XXXV (January, 1968), 47-55.

lTWO studies relating directly to the form of the demand function
presented here are M. Ishag Nadiri and Sherwin Rosen, "Interrelated Factor
Demand Functions,'" American Economic Review, LIX (September, 1969), 457-71
and Ronald Soligo, "The Short-run Relationship between Employment and
Output," Yale Economic Essays, VI (Spring, 1966), 161-215.
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function of the unit-labor costs incurred in producing the quantity Qe. The
function predicts that price is unit elastic with respect to these costs.
llowever, the introduction of adjustment costs into the considerations of the
firm has implications for the price equation. In particular, the function
(2.10d) predicts that the firm's demand for labor services does not adjust
instantaneously to changes in expected demand. Thus a change in QE will not
result in an immediate adjustment in labor demand. This implies that the
unit-labor costs that a firm incurs in producing to meet expected demand
will vary over the period of adjustment of employment. The question is the
extent to which the firm adjusts price in response to these changes in unit
costs.

The revenue of the firm in any period is determined by the demand
conditions faced in the market. The firm cannot be sure that the quantity
that it offers for sale in the market during any period will command the
price that had been anticipated when the decision to produce that commodity
was made.l The decision to change price and output in response to an
unexpected change of demand is made with reference to the expected profit
consequences of the adjustment.

The costs relevant to the firm are those which result in a change in
the flow of income to the owners of the firm. These costs are in terms of

changes in the value of the firm to the owners, of which current profits are

1This is one reason that firms maintain inventories of both goods and
orders. These inventories are carried at a cost and serve as a means to
meet stochastic variations in demand which occur over short periods of time.
This method of adjustment is an important one in the operation of the firm,
but it is not the concern of this study. Instead, the concern here is the
manner in which firms react to changes in demand of sufficient length or
magnitude to make continued reliance strictly on inventory policy a
prohibitively costly venture.
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only one element. Attention must also be paid to the effect of current
decisions on the future income prospects of the firm. For this reason
actions which are difficult to reverse are undertaken cautiously, even if
such actions promise to take full advantage of current economic conditions
and yield a relatively high return in the immediate period.

For example, a firm could follow a policy of changing price over
the course of a production period so as to sell its entire current produc-
tion. As the period progressed the firm would be able to form an opinion
of the status of its offering price and adjust the price to meet the demand
of the moment. During periods of relatively sluggish sales the firm could
lower its price; and during periods when queues form, the price could be
increased. The cost to the firm of such a policy stems from the variability
it introduces into its price. Each price change renders the market's
previous price information worthless. Customers who are constantly
confronted with changing prices are not able to plan consumption because the
price prevailing at the moment that they desire to purchase may not be
consistent with utility-maximization. A firm which maintains a constant
price throughout the periodic changes in the price charged by a competitor
is able to provide valuable information to consumers. By not changing its
price, a firm is able to reduce the search costs of consumers by making

their market information longer lasting.1

lAnother consideration is the possibility that the program of price
variance may introduce an element of speculation into the demand function
facing the firm., Consumers who observe that the supply price falls during
periods when sales are slow are tempted to withhold orders in the expecta-
tion that such action will spur a price decline upon which they can act
later in the period.
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A further consideration is the effect of price variability on future
demand. This consideration is related to the effect on demand of changing
price when the price on substitute commodities has a more constant price
distribution. Trades consummated in the early stages of the trading period
may not be at the same price as those completed later. In a situation in
which the price declined over the period, those customers who traded early in
the period cannot be expected to be indifferent to the lower prices paid by
later customers. Similarly, consumers attracted to the firm by prices paid
by others early in the period face the strong possibility that they will not
be able to sccure as attractive a price when the firm raises price in
response to the "increasing demand." Such customer frustration can be quite
costly in terms of the willingness of the affected parties to return to the
firm in the future. In a system where information is an economic good,
price stability can enhance long-run profits.

Given these considerations, it is postulated that future demand is
a negative function of current price variability and that firms do not
adjust price immediately to each and every change in expected current demand.
Instead they will absorb short-term changes in profits in pursuit of long-run

profits. This behavior is approximated by the following function

w_N

_.n.l 00

(2.11b) P, = [l+n]a[-———6€ ]
0

which in logarithmic form is

(2.11c) 1nP

0

= n L1 -
1n [1+n(a)] + 1nw0 + lnN0 an0

_ n
where anE = Zqianii.
0
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This function explains the price behavior of firms in terms of long-term
sales prospects relative to current production costs. The price at which
the firm is willing to offer commodities to the market in the current period
is affected by current period sales prospects only to the extent that these

prospects affect the firm's estimate of the trend of demand.

The Adjustment Mechanism in the Labor Market

In the derivation of the labor demand and supply functions in an
earlier section, the postulate was advanced that the current wage informa-
tion utiliz:d by households was not necessarily consistent with the
employment plans of firms. In order to close the system, it is necessary
to specify the mechanism by which the wage offers of firms and the wage
demands of households interact.

Consider Figure 2.3 below where the supply and demand functions in
the labor market are plotted in the wage-employment plane. The supply
curve traces the amount of labor services forthcoming at each wage when

that wage is correctly perceived by households as the best wage available,
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J
I
I
|
1
N

Fig. 2.3
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on the average, in the market. Given the other arguments in the functions,
if firms have long-term sales expectations of 63 the market for labor

services is in equilibrium when the wage is Wy which is equal to that
expected by the household sector. Assume that for some reason firms become
pessimistic in their sales expectations, resulting in a decline to 6;. The
effect is to shift the demand for labor services leftward, relative to the
wage rate.

Other things equal, the new equilibrium is at the wage ;i, with
employment of ﬁi. However, the household estimate of the prevailing wage

does not fall immediately to ;i, reflecting the postulate that households

do not immediately detect the general fall in demand for labor services.

Instead the expected wage falls only to wi where Ni units of labor services
are offered. However, at the wage wl = wi only Ni < Ni units of labor

services are demanded by firms. The result is an increase in reported
s _ Nd) 1
1 1"

The emergence of this unemployment is postulated to reflect search

unemployment equal to (N

behavior which provides information about prevailing labor demand conditions.
This information has a depressive effect on household wage aspirations and
results in a decline in both w® and w proportional to the discrepancy

(NS - Nd). Specifically the expected wage approaches ;; the wage which
equates labor demand and the long-run supply of labor according to the

adjustment function:

(2.12) Alow® = A (law - Inw©)) 0 < A < 1.0,

lThe system is not meant to convey the impression that at the wage
where N9 and NS are equilibrated the rate of unemployment is zero. These
functions represent deviations from the normal frictional unemployment which
naturally exists in a complex economy.
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It is further postulated that firms are always on their demand functions;
and, thus, W= w and Nd = N in all time periods.1 Equation (2.12) can be
rewritten as

(2.12a) alaw = A(1nw - lnw_))

The discrepancy between Nd and N° will close at the constant rate of A
percent per period. The equilibrium wage (;) is found by equating the
demand and supply functions, (2.7) and (2.10d), and solving for the current
wage.

The explanatory economic model developed thus far consists of five

functional relationships in five endogenocus variables. These variables are:

N” = current period supply of labor services

Nd = current period demand for labor services

P = current period price of commodity services
w = current period wage rate

w = current period equilibrium wage.

The variables exogenous to the system are :

€

Q = expected current period demand, at P
P® = household anticipation of current period price of commodity
services

p = household expectation of the rate of change of commodity

service prices in the future, from 1n (Pi/PS) = In (1+P€/P8)

g_PEIPg = pe in equation 2.7

lAn alternative approach would be to specify a functional relation-

ship between w" and other economic arguments. However, that procedure
suffers from a lack of observations on household wage aspirations.
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w = household expectation of future real wage rates
r = interest rate at which future income can be converted to claims
on current commodity services
A = stock of household non-human wealth at beginning of current
period

R

current period user cost of capital services.
The exact form of the system to be tested is presented below where several
additional postulates are introduced.

The supply and demand relationships derived in this chapter have
been constructed from analyses of microeconomic theory. The supply function
(2.7) describes the behavior of a single household, just as the labor demand
and commodity supply functions relate to the behavior of a single firm.
These functions must be aggregated across all households and firms if a
model of aggregate behavior is to be constructed. Thus the labor supply
function predicts the aggregate amount of labor services forthcoming, given
total household non~human wealth, some average market rate of interest, and
average expectations of current and future wage rates and prices. The
labor demand function predicts the total amount of labor demanded, given
the sum of all demand expectations and the average wage relative to the
average user cost of capital. The price function predicts the average
level of commodity prices, given the average wage, total employment,
expected aggregate demand, and the price elasticity of aggregate demand.

Several external factors which can affect behavior in the aggregate
commodity markets have been ignored to this point. However, they must be
considered in order to state the model in a testable form. One of these
elements is the role of the government's labor demand. Employment in

government has increased significantly faster than has employment in the
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private sector of the economy.l No attempt is made here to explain govern-
ment demand for labor services. Instead, the effect of govermnment demand
on the market for labor services is treated as a reduction in the supply of
labor available to the private sector. Thus government demand is postulated
to be a negative component of the intercept of the labor supply function.
In addition, a time trend variable is introduced into the labor supply
function to capture the effect of increasing government demand over time.
The trend effect of government demand on the supply of labor to the private
sector is postulated to be negative. The effect of government demand on the
trend in labor supply to the private sector is offset to some degree by
growth in the civilian population of labor force age. The net effect of
these two influences on the trend of labor supply is not postulated here
and; thus, the coefficient on the time variable is left to be ambiguous.

In the derivation of the labor demand function, no allowance was
made for the effect of changes in the technological productivity of factors.
A time variable is included in the labor demand function to capture this
effect. In a similar fashion, a trend variable is included in the price
equation to account for secular drift in the distribution of firm income
between wage earners and other claimants. Over the post-war period, the share
of income going to wages has increased at about a one percent annual rate.
Thus, the time trend in the price equation is postulated to have a negative

sign.

lThe level of civilian employment in government was slightly more than
13 percent of total civilian employment in 1971, compared to only 9.4 percent
in 1955. See U.S. Department of Commerce, Survey of Current Business,
National Income Issues (July), Table 6.6 for civilian employment in govern-
ment; and U.S. Department of Labor, Employment and Earnings, Table A-1 for
total civilian employment.
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The specific form of the explanatory economic model to be tested,

including the restrictions introduced above, is

Labor Supply function

(2.13) InN® = s, + st + s, [Inw - 1nPe] + s.rr

0 1 3

where, from (2.7):

4]
L]
2

7]
via
(]

1

- (a2+a3) >0 and rr = [r - pel

7]
]

Labor Demand function

Py ~E —
(2.14) 1nN = d0 + dlt + dzan + d3 {InR - 1lnw]

where, from (2.10d):

|

d = {B[1lna-1nB] - 1nA} > 0O

o
©

d, <0

lThe coefficient s3 is derived as follows: recall in (2.7) the terms
(a2+a )[1nP1—1nP ] - (ay+ag) 1n (1+r). Since ln (l4r) = r, and since AlnP =
[dP /dt] [l/PO], this term may be rewritten as - (a2+a )[r—p ], where p is
the expected rate of change of prices. On the presumption that the nominal
rate of interest is the sum of the real rate of interest and the expected
rate of change of prices, current labor supply is a positive function of the
real rate of interest. William P. Yohe and Denis S. Karnosky, ''Interest
Rates and Price Level Changes, 1952-69," Federal Reserve Bank of St. Louis
Review, LI (December, 1969), 18-38.
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Price function

(2.15) InP = p ) + p,t + p, [low + InN - 1nQ%]

where, from (2.11b):

- L. n. >
by = In ll+nl} -0
py <0
Py = 1.0

Wage Adjustment LEquation

(2.06) 1nw = Alnw + (1-A) w_,

where, from (2.12):

0 <A <1.0

Lquilibrium Wage function

(2.17) 1ow = vy, + yjt + y,1nQ" + YaloR + v, 1nP° + y rr

where, from (2.13) and (2.14):

1
YA = [d -s.] <0
0 d3+s2 0°0
Y, = =—=—{d,-s.] > 0
1 d3+s 171
d
2
Y, = >0
2 d3+s2
d
3
Yy = >0
3 d3+s2
S
2
Y, = >0
4 d3+s2
-S
3
Y5 = 338, O
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This system of equations and the set of premises which define the
structural coefficients represent a theory of how behavior is determined in
aggregate labor and commodity markets which are free from external control
of price and resource movements. The only impediments to instantaneous
market clearing are those arising from imperfect information, and this
effect is postulated to be temporary. Thus, if the predictions of this
model are consistent with observed relationships in the aggregate markets
for labor and commodity services in the United States economy, then this
would constitute evidence supporting the contention that aggregate employ-
ment, wage rates, and prices are determined by market forces in this

economy .



CHAPTER II1I
TEST OF THE HYPOTHESIS

The model developed in the previous chapter, in conjunction with the
set of economic postulates defining the structural coefficients, is offered
as a theory of how aggregate markets for commodity and labor services operate.
The model constitutes a universal statement which is applicable to any
economic sys “em over any period of time and serves as a general rule by which
behavior in the aggregate commodity and labor markets can be analyzed. The
model is offered as a foundation for the analysis of behavior in aggregate
commodity and labor markets. The usefulness of this or any other theory is
determined by the accuracy of the predictions which can be derived from it
under a wide set of circumstances. Strong tests of the theory can be made
by considering the accuracy of its implications in various circumstances.
Such tests are the purpose of this chapter.

In order to test a profferred theory, the set of circumstances in
which the theory is to be evaluated must be clearly stated. The particular
set of circumstances chosen constitutes the set of initial conditions, which

in conjunction with the theory, form the hypothesis to be tested.l The

1The role of initial conditions in the consideration of an explanatory
theory and in the development of a fully implemented hypothesis is amply
summarized by Nagel, '"The indispensability of initial conditions for the
deductive explanation of individual occurrences is obvious as a point in
formal logic. For it is logically impossible to deduce a statement
instantial in form from statements that have the form of a universal
conditional. (For example, it is impossible to derive an instantial state-
ment of the form 'x is B' from a universal conditional of the form 'For any
X, if x is A then x is B.') But obvious though the point may be, it is an

42
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method of testing by deductive analysis involves deriving the logical
implications of the hypothesis and then comparing these implications with
the empirical evidence.
Such testing is based on the fact that if a given theory is true, then
some of the logical implications of that theory for behavior under a specific

set of circumstances will be observed empirically.1 A piece of evidence

important one that is frequently neglected in discussions of scientific
procedure. Its neglect is at least partly responsible for the cavalier way
in which broad generalizations are sometimes used to account for detailed
matters of fact (especially in the study of human affairs) and for the low
esteem which observers sometimes have for painstaking investigations of what
are the actuval facts. It is, however, often difficult to make c¢oncrete uses
of laws and theories, simply because the specific initial conditions for
their apnlication are inaccessible and therefore unknown. And, conversely,
mistaken explanations and false predictions are frequently proposed because
the general assumptions that are employed, though sound enough in themselves,
are applied to situations which do not constitute appropriate initial condi-
tions for those assumptions. Though laws of one sort or another are
indispensable in scientific explanations of the actual course of events, what
actually transpires cannot be explained exclusively by reference to laws. In
the pursuit of scientific understanding, as in the settlement of legal dis-
putes, general principles alone do not determine any individual case." Ernest
Nagel, The Structure of Science: Problems in the Logic of Scientific
Explanation, p. 32.

An example of an analysis which ignores the role of initial conditions
in the formulation of a hypothesis is found in Evan's discussion of the
inability of the quantity theory to explain price movements over the period
since the Korean War. Observing that contemporaneous rates of money growth
and price change often diverge, reflecting output and velocity variability,
he concludes: " . . . a need to find a new explanation for every postwar
business cycle explaining why the previous version of the quantity theory
did not hold has reduced its efficacy as a possible determinant of the price
level." Evans, Macroeconomic Activity, p. 304.

lDenoting the statement of a theory as T and a set of initial condi-
tions as I, the conjunction (T<I) is the statement of a hypothesis describing
behavior under the conditions I. Denoting the logical consequences of the
hypothesis as S, the method of testing used here can be written:

=: T-I>S
S
P ’\J(T‘I)

This is recognized as the classical modus tollens form of argument and reads:
"if (T+I) then (S), but not (S), therefore not (T-I)." Thus the truth of the
prediction statements (S) of the hypothesis is a necessary, but not
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which 1s inconsistent with a single implication of the hypothesis is
sufficient to warrant the rejection of the hypothesis. This approach can
never yield results which prove the theory to be true; however, repeated
testing which yields results consistent with the implications of the theory
can serve to increase confidence that the hypothesis 1s an accurate
representation of that which it purports to explain.

A set of prediction or test statements is derived in this chapter
from the conjunction of the model presented in the previous chapter and a
set of initial conditions. Following this derivation, the criteria for
rejecting the hypothesis are presented, and the results of the tests are

reported.

The Set of Initial Conditions

The set of initial conditions form the framework in which an
explanatory model is evaluated. A given hypothesis 1s designed to represent
a segment of the real world under a specific set of initial conditions, and
a change in one or more of these conditions can result in a change in the
derivable consequences of the hypothesis. Such a change can also lead to a
change in the empirical evidence which is relevant for the falsification of

the hypothesis. Evidence which is a potential falsifier of a given

sufficient, condition for the truth of the hypothesis.
The test of the theory T is of the form:

: T-I>S
ASel
Q'ﬁ r\'T L)

Thus the refutation of the model (theory) requires not only that the predic-
tion statements of the hypothesis not be in agreement with the evidence but
also that the set of initial conditions are met. The truth table for the
evaluation of the statement T<I>S is presented in Appendix A.
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hypothesis under one set of initial conditions may not be appropriate as a
falsifier under a different set of conditions.l
The set of initial conditions imposed in this chapter includes
statements about the observed values of the exogenous variables in the
model and statements about external conditions whose effect on behavior is
either negligible or constant throughout the sample period. These condi-

tions are summarized in the following set of invariant regression equations:

B S‘.— B * * *_1 B — ] ]
InN, 11 T2 7T T17 InQg Ne1
* * * lnPe
InN, Tor o T2 TTTTTT 97 ¢ Ne2
3.1 1 = | o * * 1 +
(3.1a-e) | lnw, | = | 7y Wy) —mm=- LEY nR, Ne3
1 — * * *
nw, o1 a2 TTTTTT 47 Iy A
1nP * * * 1
t Tsp Ty TTTTTT T57 Weo1 N5
t
1
€ by n €
where rr = [r-p ], 1nQ% = Zqian_i, and the vectors
0

n = (ntl v e nts)

lFor example, the implications of the model would be changed
significantly in a situation where the government decreed that prices or
wages were frozen and not allowed to change under any set of circumstances.
The specification of the model would be unchanged, but the categorization of
exogenous variables would be altered. For example, a wage-control program
would result in the wage rate being treated as an exogenous instead of
endogenous variable.
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are independently and identically normally distributed with
n * 0
E(n,)
and non-singular covariance matrix

*

I = [ ]) (isj = l, — 5)-

o*
ij

The system of equations (3.la-e) is the unrestricted reduced form of
a wide class of models which contain the variables as listed; this system
describes the set of alternative economic models which are considered in the
present study. The model developed in the previous chapter is shown to be
one of these zlternatives.

This set of regression equations is interpreted as meaning that over
a sample period characterized by: (1) a particular temporal sequence of
observations on the four exogenous variables (lnaz, lnPE, InR, rr); (2) a
particular beginning-of-sample-period magnitude of one of the endogenous
variables (lnw_l); and (3) the absence of external shocks which directly
affect behavior or alter the legal, technological, and economic institutions;
the mechanism that determines the magnitudes of the endogenous variables can
be represented by the system (3.la—e).l

The matrices of regression coefficients (H*) and error terms (n)
define the observed relationships between the endogenous and exogenous
variables. The demonstration that the model yields a set of prediction
statements (JI) which are a proper subset of (H*) allows the model to be

%
tested by comparing the observed relationships (I ) with those implied by

lThe effects of government demand for labor, population growth, and
productivity changes constitute the set of external shocks explicitly
considered. Thus, consideration (3) in this paragraph is a restatement of
the assumed effects of these factors.
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the model. The model is tested against all of the alternative hypotheses
*
whose implications form the proper subset (Il -I). Although the tests

conducted here are related only to the parameters = j(i=l,5; j=1,7), this

i,
approach is not to be interpreted as asserting that the properties of the
system (3.la-e) are taken as established. The system presented here is
testable against a broader class of alternatives, where additional exogenous
variables are considered, but these tests are not undertaken.

Solving the set of structural equations to get each of the endogenous

variables as a function of exogenous and lagged endogenous variables only

yields the following system:

(3.2a) lnNS = nlllnaE + 7 ZlnPE + LB InR+ 7, rr + 7, dow . + 7t + 7

1 3 14 15 1 16 17
where: w,. = Szkdz ™ = g, (1-2)
: 11 s +d 15 2
23

o sz[d3+sz(l-k)] o sl(d3+sz)+)\(dl—sl)s2
12 sz+d3 16 32+d3
. SZAd3 . so(d3+s2)+x(d0—so)82
13 sz+d3 17 sz+d3

s3[d3+sz(l—A)]

14 sz+d3
— €
(3.2b) 1nN = nlenQ + wzzlnP + n23lnR + )4 Xt + nzslnw_1 + "26t + Tag
d. [s.,+d, (1-2)]
_ 2772 "3 - _ _
where: Ty = s2+d3 Lo d3(1 A)
djAs d, [s.+d,(1-2) +d s
TI'22 = - 3+d2 "26 = 1 2 3 3 1
°2% s2%d3
- -\) I+
d3[82+d3(l M1 ) d0[82+d3(l A1 d3kso
T3 s +d "27 s +d

2 73 23
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d. As

T = 373
24 sz+d3
2 - —€ €
(3.2¢) lnw n3lan + n321nP 4 n331nR + LY 22 + n351nw_1 + “36t + n37
Adz
where: LIV 32+d3 Tyg = (1-3)
. Asz o A(dl—sl)
32 Sz+d3 36 32+d3
- . Mgsg)
33 sz+d3 37 82+d3
o As3
34 sz+d3
= _ —€ €
(3.2d) 1lnw "41an + n421nP + n431nR + LVASS + 'nm,’lnw_l + n46t + L
dy
where: ﬂ41 = sz+d3 n45 = ()
s
2 d,~-s
n = 1l "1
42 s, +d T, =
273 46 82+d3
d
3 d. -s
T = 0 "0
43 s +d w =
273 47 sz+d3
w,, = - °3
44 s2+d3
(3.2e) 1nP nSlan + wszlnP + n53lnR + T, IT + 'rrsslnw_l + "56t + Teq
where:
- +d )+ -
] - (d2 l)(s2 d3) dzl(l d3) ] . o (1oh) (1odoy
51 2 sz+d3 55 2 3
s,A(1-dy) P, A[(d;-8,) (1-d,) I+(p,d +p ) (8 ,+d,)

52 2 sz-+d3 56 32+d3
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+ - - -
e d3[s2 d3+A(1 d3)] e A(dO so) (1 d3)+(do+p0/p2) (s2+d3)
53 2 32+d3 57 2 52+d3
e s3x(l-d3)
54 2 sz+d3

These relations comprise the set of prediction statements of the
model. From this set of relations, the sign pattern of the implications can
be derived. This sign pattern is summarized in Table 3.0 below. With the

exception of 7 = alnP/alﬁ6€ and several of the intercepts and time

51
coefficients, the signs implied by the hypothesis are unique. The hypothesis
implies a cowmplicated relationship between expected demand (lnat) and price
(1InP) which does not yield an unambiguous sign without the introduction of
some additional order restrictions on the structural coefficients.1 The same
is true of the elements in the vectors "16 and “17 (i=1,2 . . . 5). Thus
these coefficients are not potential falsifiers of the hypothesis.

The test of the hypothesis consists of investigating whether or not
the empirical evidence on H* is in agreement with that implied by II. The
evidence considered here consists of ordinary least squares estimates of a
portion of the system (3.la-e) from quarterly data generated by the private
sector of the United States economy over the period from the first quarter of

~% ’
1955 to the second quarter of 1971. These estimates (I ) are taken as

lGiven the order restriction 0<d, <d,<1.0, which is an element of the
hypothesis, the sufficient condition fofr m5;>0 is 0<sz<(kd2-d3)<l.0. The
inclusion of this latter premise in the specification of the hypothesis would
yield the implication that = =alnP/aan£>0. Evidence contrary to this
implication would then be sug%icient grounds for rejection of the hypothesis.
This premise is not introduced because it depends critically on the speed of
adjustment (1) of household expectations of the best available wage. The
theory of individual choice does not allow specification of this parameter,
other than 0<A<1.0.
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TABLE 3.0

*
SIGN PATTERN IMPLIED BY THE HYPOTHESIS

Dependent Predetermined
Variables Variables
lnaE 1nP€ 1nR rr 1nw_l t Constant
s

1nN + - + + + + +
1nN + - + + - + +
lnw + + + - + + +
inw + + + - 0 + +

1nP + + + + + + +

*The signs are those the partial derivatives of the matrix . For
example, the plus-sign in the first row--first column signifies that the
model predicts a positive relationship between labor supply (1nN®) and long-
term sales expectations (lnat). The sign pattern was determined by means of
an algorithm which has been developed by Lancaster. See Kelvin Lancaster,
"The Solution of Qualitative Comparative Static Problems," Quarterly Journal
of Economics, LXXX (May, 1966), 278-95,

representative of the "event' described by the system (3.la-e) and are
compared with the predictions of the hypothesis.

The data used in any test are a very important portion of the set of
initial conditions. Data are real numbers which purport to represent
objects of experience. Thus, the validity of any hypothesis which is stated
with reference to a specific set of initial conditions is dependent upon how

well the data correspond to real world events.

Current labor demand (Nd).~-current labor demand is measured by

current employment, reflecting the postulate that firms are always on their
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demand curve relative to the wage rate. The data consist of total payroll
man-hours in the private Sector.l

Current wage rate (w).-—-average compensation per man-hour in the

private sector.

Current commodity price (P).--implicit price deflator for private

sector product.

is the price

Current user cost of capital (R). = Pk(r+u).-—where Pk

deflator for business fixed investment in the National Income accounts, r

is the interest rate on seasoned Aaa-rated corporate bonds, and u is the

rate of physical depreciation. The rate of depreciation 1s postulated to be
2

constant at 0.16.

Real rate of interest (rr) = r - pe.——where (r) is the market yield

on Moody's Aaa-rated corporate bonds. The series (ps) is the expected rate
of change of private sector prices over the future. This series is
constructed from survey data collected, from a diverse group of 60-80 persons,
and published semi-annually by J.A. Livingston. The survey appears semi-

annually in late June and December in the Philadelphia Sunday Bulletin.

The series used here is comnstructed from the consensus forecasts of the rate
of change of the consumer price index over the year following the date of

the survey. Since the survey is conducted semi-annually, it is necessary to

1The data, with the exception of the expectation variables, the rate
of interest, and the rental price of capital, are indices supplied upon
request by the United States Department of Labor, Bureau of Labor Statistics.
A listing of all of the data is presented in Appendix B.

2The value was not chosen arbitrarily but is based upon experiments
which were conducted during the construction of the FRB-MIT econometric
model of the United States economy. For a summary of this construction see
Franco Modigliani, "Econometric Models of Stabilization Policies" (paper
presented at the Third Far Eastern Meeting of the Econometric Society,
June 27, 1968).
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construct a quarterly series. This is accomplished by assigning the forecast
published each June to the third quarter of the corresponding year and by
assigning the forecast reported in December of the previous year to the
first quarter. Data for the second and fourth quarters of each year is
constructed by linear interpolation.

Expected demand (Q?l.——this series is also constructed from the

Livingston survey data and is based on the consensus forecast of movements in
industrial production. The survey asks participants to report their best
estimate of the levels of various measures of economic activity six and
twelve montls into the future. Much of the data in the survey is 1in the
form of indexes, the bases of which changed over the sample period. Thus, it
is necessary to compute forecasted rates of change in order to get a
consistent time series. The expected rate of change of industrial production

€

over the six months following the date of survey (tQ ) is computed as:

t+6
1
€ 4
> I t+6 -
tQt+6 [ Qt -1

where tQi+6 is the forecast made at time t of the level of industrial
production at time (t+6) months in the future, and Qt is the actual level of
industrial production at time t.

This implied annual rate of change for each of the June surveys is
taken as the measure of the expected rate of change of demand from the second
to the third quarter of that year. The implied rate of change for each of
the December surveys is taken as the measure of the expected rate of change
of demand from the fourth quarter of the year in which the December survey
was conducted to the first quarter of the next year.

The expected rates of change for the second and fourth quarters of

each year are constructed from a combination of the forecasts from (t) to
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(t+6) and from (t+6) to (t+12). The expected rate of change applied to the

second quarter of each year is computed as:

1
4

&

Qf Q
1,746 teH12.
Aruniieran

Qe+6

Qf(11) =
t

where t refers to December of the previous year. The expected rate of change
for the fourth quarter of each year is computed in a similar fashion, but
from a base of t = June.

The expected level of demand in each quarter was computed according

to the following scheme:

Q% (1) = lnQ, ; + .251n [1.0 + (0.1) )] 1 =1,2,3,4
where 1 refers to the quarter to which the particular magnitude is assigned
and (Qi-l) refers to the level of output produced in the private sector in
the previous quarter.

Expected level of commodity prices (PE).-—this series is also computed

from the Livingston survey data. The method of construction was identical to
that used to derive Qe. The price data used to comstruct P are the
forecasted levels of the consumer price index PC. The expected level of

prices in the current period is computed as:

1nP® (i) = 1nP, . + .25In [1.0 + (.01) ée(i)]
C

i-1
where (Pi—l) is the implicit price deflator for private sector output in the

previous quarter.2

lA chart of this series is presented in Appendix C.

2A chart of the expected rate of change of prices is presented in
Appendix D.



54

The Results of Time Series Regression

The test of the hypothesis consists of comparing the estimates of the
coefficients (;:j) with the coefficients (nij) as implied by the hypothesis.
The estimates are those generated by ordinary least squares regression on the
equations (3.2a-e). The confirmation of the hypothesis requires that
the estimated coefficients be in agreement with the implications of the
hypothesis. Every implication which is unambiguous in sign is a potential
falsifier of the hypothesis. There are 25 such implications of the hypotheses
to be tested and each is a potential falsifier of the entire hypothesis. Nomne
of these coefficients is to be interpreted as uninteresting or unimportant.

The explanatory model in conjunction with the set of premises which
restrict the structural coefficients implies a definite sign pattern to the
coefficients in the equations (3.2a-e). Thus, the criteria by which the
hypothesis is judged is based, in part, on the estimated signs of the
coefficients. In addition, all of the structural coefficilents are so
restricted as to imply non-zero values for all but one of the reduced form
coefficients; and thus, the significance of the deviation of the estimated
coefficients from zero is also an important consideration.

The test of the hypothesis consists of estimating the coefficients in
equations (3.2b-c-e). Lack of observations on the long-run equilibrium wage
(;) and the current period supply of labor services (Ns) precludes estimation
of the coefficients in equations (3.2a-d). Thus, the tests are only partial
in nature, in that a significant portion of the implications are not
confronted with evidence.

The results of the regressions on equations (3.2b-c-e) are presented
in Table 3.l1. The signs of all but one of the estimated coefficients are in

agreement with those implied by the hypothesis. The one exception is the
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TABLE 3.1

ESTIMATED COEFFICIENTS?

Dependent Predetermined
Variable Variables
-€b € —2
1nQ InP 1nR rr lnw_l t Constant R D.W. h
(3.2b)1nN .842 .272 .084 .031 ~,121 -.007 .105 .9733 . 699
(11.753) (.885) (1.024) (.070) (.616) (6.274) (.126)
(3.2¢)1inw .133 429 .061 ~-,216 .539 .002 ~.736 .9995 1.818 2.782
(2.859) (2.154) (1.141) (-.762) (4.232) (2.749) (-1.367)
(3.2e)1nP .039 .875 014 .153 .098 -.001 -.041 .9995 1.584
(1.994) (10.430) (.626) (1.281) (1.820) (-3.999) (-.180)

%Values in parentheses below the estimated coefficients are t-scores.
determination, adjusted for degrees of freedom.

f? is the coefficient of
D.W. is the Durbin-Watson statistic, and h is Durbin statistic

used to test for auto-correlation in the presence of lagged endogenous variables.

bThe coefficient on lﬁﬁe is the sum coefficlent generated by the Almon-lag estimator, with n=4.

Almon-constraints used were d=2, t+1#0, t-n-1=0. The estimated weights are reported in Appendix F.

The
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coefficient of the expected price level in the employment equation, where
the estimate (.272) is not consistent with the negative coefficient implied
by the hypothesis. This result is sufficient to reject the hypothesis;
however, closer examination reveals evidence which suggests where revisions
might be made. The coefficients on InR and rr in the wage equation are of
the implied signs but are not significantly different from zero.1 These
estimates are tentative evidence against the premises that labor demand is a
function of relative factor costs and that labor supply is a negative
function of the real rate of interest. Recall equation (3.2c) where

dlnw _ Ad3 > 0 alnw - _ASS < alnw - ASZ
€
3lnR d3+s2 arr d3+s2 91lnP d3+s2

> 0.

Since the estimated coefficient of expected prices in the wage equation is
0.429 and is significantly different from zero, and since the sign and
significance of this coefficient are dependent on the sign and significance of

82, the estimated zero coefficients on 1InR and rr can result only from
dy = 83

equation is positive and significantly different from zero, but less than

= (0, or A = 0. However, the estimated coefficient on (lnw_l) in that

unity., This result is consistent with the premise that 0 < X < 1,0; and,

thus, d3 = s,

Further evidence which is suggestive of the inaccuracy of the premises

= 0 is suggested.

that d3 > 0 and 33 > 0 is found in the estimates of the coefficients of the

employment equation (3.2b). There are four coefficients in this relationship

for which d, = 0 is a sufficient condition for a zero value. These are

3
8lnN _ - - d3l52 <0 alnN _ . . d3[82+d3(l-)‘)] o
BlnPe 22 52+d3 3lnR 23 82+d3
d, s
81nN e 3 3 951nN _ o )
drr T4 82+d3 >0 SI;;:I Tos d3(1 A) < 0.

1
The 5 percent level is used throughout to determine significance.
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The signs of the estimates of each of these coefficients, with the exception
of (;;2), are in agreement with those implied by the hypothesis; but none of
the estimates are significantly different from zero. Since A # 0 and s, #0
are suggested by other estimated coefficients in the wage and price
relationships, the evidence suggests that d3 = 33 = 0.

These results do not support the postulated effect of relative factor
prices on the short-run labor demand of firms. The dominant consideration in
labor demand in this context is the expected level of long-term sales (at)’
as would be the case for firms which operate with either fixed factor
proportions or a fixed capital input. In either case, the demand for labor
services would be expected to vary with the scale of output, at least over
the period of time where adjustment costs prohibit capital adjustments.

Also, the results do not support the premise that labor supply is a
negative function of the real rate of interest. Recall that the real rate of
interest was computed by using a measure of expected price change during the

next year. The suggestion that s, = O implies that: (1) the measure of the

3
real rate of interest 1is incorrect, or (2) leisure and consumption are not
inter—-temporal substitutes given the degree of variance in the real rate of
interest experienced in the sample period.

A further consideration which cannot be ignored in the evaluation of
the estimated coefficients is the efficacy of the testing procedure in
determining H*. For example, each of the reported regressions exhibits a
high probability of auto-correlation in the residuals. However, one of the
initial conditions explicitly states that the error terms in the regression
equations (3.la-e) are serially independent. Since auto-correlation of
residuals tends to cause the least-squares estimator to generate under-

estimates of the variance of the parameters, the t-statistics in these

regressions must be interpreted with caution.
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As a test of the potential effect of auto-correlation, the
estimation procedure is amended to include a technique for reducing the
effects of auto-—correlation.1 The results are presented in Table 3.2.
These results are similar to those reported earlier. Of the estimates
which are not significantly different from zero in Table 3.1 only the

% ~%
variances of w., = 31nN/31lnR and 7_. = alnP/alnw_ are reduced sufficiently

13 55 1
to yield estimates significantly different from zero.

Although auto-correlation affects only the variance of the estimated
coefficients of exogenous variables, the method used here to correct for
auto-correlation resulted in substantial changes in several of the
estimates.2 The coefficient of expected prices in the employment function

is now estimated to be negative, as implied by the hypothesis, but it is not

significantly different from zero. Other changes in sign which result in

1,

The assumption is made that the error terms in each of the three
regression equations are generated according to the scheme ny, = PiN{ (¢~1)
+ vit- This information is incorporated into the regression procedure by
transforming each of the variables in each of the three equations according
to the scheme Xe = Xt - pXt_l, where p is the estimate from successive
iterations on nj, = P{N4 (¢-1) + Yj¢- An auto-regressive term (p) is
estimated for each of the three equations, and the variables in each rela-
tionship are transformed accordingly. See D. Cochrane and G. H. Orcutt,
"Application of Least Squares Regressions to Relationships Containing Auto-
correlated Error Terms,'" Journal of the American Statistical Associationm,

XLIV (March, 1949), 32-61.

2A.uto--correlation of residuals can yield biased estimates of the
parameters in a relationship which includes lagged endogenous variables on
the right-hand side, since in general the lagged dependent variable is not
independent of the error term. If the auto-correlation is positive, as
suggested in Table 3.1, the ordinary least-squares estimate of the coeffi-
cient on the lagged endogenous variable will be biased upward. This effect
can be seen by comparing the estimated coefficient of 0.539 on lnw_, in eq.
3.2c in Table 3.1 with the estimate of 0.186 in Table 3.2. For a discussion
of the problems of estimating a function which contains lagged endogenous
variables on the right-hand side, see Zvi Griliches, '"Distributed Lags: A
Survey,'" Econometrica, XXXV (January, 1967), 24-46. '
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TABLE 3.2

ESTIMATED COEFFICIENTS

(With Adjustment for Auto-correlation)

Dependent Predetermined
Variable Variables
- . P € £ N -2
1nQ —pian_l 1nP 6ilnP_l lnR—;SilnR_1 rr—ﬁirr_l lnw_l 6ilnw_2 t 1 by R D.W.
lnN—ﬁllnN_l .699 -.152 .199 ~.423 .006 -.006 1.723 1.718/.985711.969
(7.668) (-.612) (2.005) (-.910) (.035) (3.469) | (1.827)
lnw—ﬁzlnw_l .183 742 .093 -.199 .186 .004 -1.003 [.341].9995(2.045
(3.270) (3.469) (1.318) (-.567) (1.238) (3.885)|(-1.570)
lnP—éslnPgl .030 . 804 .015 .186 .158 -.001 066 1.239(.9995i2.039
(1.357) (9.148) (.551) (1.356) (2.522) (-3.741) (.262)
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estimates which are inconsistent with the implications of the hypothesis
are observed in the estimates of the coefficients of the real rate of
interest and the lagged wage in employment function.

As with the results presented in Table 3.1, the estimated
coefficients on the distributed lag of expected demand and of the time
trend are significant in the employment function. Contrary to the previous
estimates, the estimated coefficient on 1nR in this function is now

significantly positive. However, this latter result is inconsistent with
*
1

52#0 and d3#0. The premise that labor supply is a non-zero function of the

other estimates reported in Table 3.2. Necessary conditions for = 3#O are

perceived real wage, 32#0, is supported by the estimated coefficients on
expected prices in the price and wage equations. Both of these estimates

are positive and significantly different from zero, as implied by the

~%
hypothesis. However, with 32#0 and A>0 as suggested by the T35 and Teos d3 =

0 is a necessary condition for the coefficients on InR in the wage and price

% * .
and n52) to be zero. Thus the estimates that Mi3 = wx =0

equations (r 53

*

33
~%

are inconsistent with n13¥0.

The previous finding that the empirical evidence does not support the
postulated effect of the real rate of interest on labor supply is also
suggested by the estimates in Table 3.2. 1In particular, with 32#0 and A#0

*
the necessary condition for Ty = 31lnW/3rr = 0 is that labor supply be

unresponsive to changes in the real rate of interest, i.e., that 33 = Q0.

~%
Thus the estimate LEY 0 suggests 8y = 0. Also given 52#0 and A#0, a zero

~

*
value for “54’ the effect of the real rate of interest on the current price

level, can arise only from Py = o, 84 = 0 or d3 = 1. The evidence cited in

the previous paragraph indicates the caution with which the contention d3 £ 0

~%
is accepted. Thus, a zero value for Tey is more probably reflective of 0y
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or s, being zero. However, Py = 0 is a sufficient condition for all of the

~% ~% ~%
coefficlients in the price equation to be zeroj; and since "52’ LEPY and "56

are non-zero, the premise Py = 0 is doubtful.

In summary, the evidence is consistent with d2 >0,s, >0, Py >0

2
and 0 < A < 1.0, but does not support d, > 0 and s, > 0. Thus the

3 3
hypothesis must be rejected. The implications of the conjunction of the
model, the economic premises which restrict the structural parameters of
that model, and the set of initial conditions (including the data used to
measure the variables) are not in agreement with empirical evidence.
However, recalling the deductive nature of the test, the evidence is not
sufficient to reject the explanatory model.l A false prediction is
conclusive evidence against the validity of the model if and only if the set
of initial conditions are valid. A false prediction can be derived from the
conjunction of a valid model and a set of false initial conditions. The

task at hand is to determine the source of the predictions which were shown

above to be false.

The Revised Hypothesis

The task of providing strong empirical evidence bearing on the
validity of a particular set of initial conditions is one of the most
difficult in the procedure of testing a hypothesis. This difficulty is
probably a major factor explaining the infrequency of the task being
undertaken. The severity of the problem is the reason for the adoption of
several of the specifications employed in this study, including the sample

period and the data used. The sample period is truncated in mid-1971 to

lBasmann, "On Predictive Testing," p. 16.
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exclude observations which were generated in the environment of the wage-
price control program adopted by the Federal govermnment in August of that
year and pursued with varying degrees of intensity through 1973. The
control program represents a substantial and easily identifiable external
shock to the system under consideration. The program is not consistent
with the set of initial conditions which excluded the possibility that the
government directly determines market prices. Since the observations
generated under the control program come toward the end of the available
data set they are easily excluded from the sample.

The considerations which enter into the selection of the data also
are intended to reduce the problem of verifying the set of initial
conditions.l At one level, all of the data selected are generated by the
private sector of the economy, which excludes from consideration the labor
market activities of the general government. This choice is made on the
presumption that government activities are less constrained by economic
considerations than are the activities of the rest of society.

A further data consideration involved the expectations variables.
In the absence of observations of market expectations, an explanatory

economic model which postulates a role for expectations must include a

lOne test of the effect of the data selection was run. The user cost
of capital series which was utilized included no provision for the effect of
tax rate changes in the computation of the series. An alternative series
which incorporates the corporate tax rate and the effective rate of tax
credit on durable equipment was tried. The results are presented in
Appendix E. This alternative series did not change the test results.
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postulate describing the procedure whereby expectations data are generated
from available measures of other series.l This postulate becomes a non-
separable part of the hypothesis. In order to avoid the problematic choice
of an expectations generator, time series based on reported measures of
market expectations are used. While it cannot be shown that these
variables are accurate representations of market expectations in general,
they do represent the consensus forecasts of at least one portion of the
market participants. The use of these variables precludes the introduction
of ad hoc expectation-forming mechanisms which are impossible to verify as
accurate.

Prior to consideration of the initial conditions several addi-
tional characteristics of the test results should be noted. First, the
test results support each and every postulate describing the effect of
expectations on market behavior. Second, none of the test results supports
the postulated effect of the real rate of interest on labor supply, and only
one estimate supports the postulated effect of relative factor costs on
labor demand. Zero values are estimated for all but one of the coefficients
where s, = 0 or d, = 0 is a sufficient condition for a zero value, and zero

3 3

values are estimated for those coefficients only.

1For example, Lucas-Rapping clearly recognized the problem when they
postulated that economic units form expectations of real wages and prices which
are adaptive on the levels of the variables. This mechanism reflects the
assumption that economic units expect wages and prices to return to normal
levels, They used this postulate to solve for the expectation variables in
terms of the associated observed magnitudes. Lucas and Rapping, '"Real Wages,"
731,

2For an attempt to determine how well the Livingston forecast data can
be explained by various, commonly used expectation generators see Stephen J.
Turnovsky, 'Empirical Evidence on the Formation of Price Expectations,"”
Journal of the American Statistical Association, LXV (December, 1970), l441-
54.
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On the basis of these characteristics of the estimates, a test of a
revised hypothesis where s3 = 0 and d3 = 0 is of interest. However, care
must be taken that the results of this second test are not accepted as
evidence relevant to the validity of the original hypothesis. The second
test is conducted on an entirely different hypothesis, and evidence consis-
tent with the implications of the new hypothesis says nothing about the
original contention. The exercise is supplementary to the original test and
is conducted only in an attempt to provide additional information on the
effect of expectations on behavior in the labor and commodity markets.

A revision of the hypothesis designed to take account of the sugges-
tion that current labor demand is only minimally affected by relative factor

prices and that current labor demand is not affected much by the real rate of

interest yields the following model:

(3.3a) InN® = s+ 8.t + 5, [lnw—lnPE]

0 1
n €

(3.3b) 1nN = dO + dlt + dzgqian_i
(3.3c) Alnw = A(ln;;lnw_l)

- 1 n € €
(3.3d) 1nw = g;'[(d0-30)+(d1~sl)t +d23qian +szlnP 1

n €

(3.3e) 1nP = Po + Pyt + pz[lnw + InN - gqian~i]

where the economic premises which define the model are

>
d0>0 SO'<-0 p0<0
dl<0 leO pl<0
0 <d, <1.0 s, >0 p, = 1.0
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The implications of this hypothesis are prediction statements
bearing on the signs of the following set of invariant relationships, where

n
€ _ £
InQ Zqian_i.

0

_l N; B F 3 3 "GA1 ~l —e— B *_—

n ™1 M2t s nQ "

* * * € *

1nN To1 o2 + Tos 1nP n,

] * * *

(3.4a~e) | 1nw = "31 w32 . . n35 lnw_l + n3

_— * * * *

Low T4l 42 45 t A

l P % * * l *

L_“ Tsp Tsp © * * Ts5 N

where residuals are independently and normally distributed with

E(n) =0
(ny) =
and non-singular covariance

%*

* . s 1
Z = [Oij]’ l’J = 132’ LA 5'

The hypothesis implies:

(3.5a) 1aN® = nlllnaE + TrlzlnPE + 1r131nw_1 + "l4t + Ts
L A, T4 = sl(l-)\)+d1
Mo = sz(x—l) M5 = so(l—x)+dO
T3 = 1-2
1

The time-subscript has been deleted in this specification.



66

— €
(3.5b) 1InN wZIan + nzzlnP + 1r231nw_1
T ™4 T4
"22 = () "25
a3 = 0
- —€ €
(3.5¢) lnw n3lan + w321nP + 1r331nw_1
m,, = ffg ™
31 s2 34
Typ = A 35
LET (1-2)
— -t €
(3.5d) 1lnw = “4lan + nazlnP + 1r43lnw__l
T41 s, 4h4
n42 = 1.0 ﬂ45
T4z ™ 0
—€ €
(3.5e) 1nP = n511nQ + nszlnP + n53lnw_1
) [82(d2—1)+d2A] .
Ts1 © P2 s, 54
Tsy = Po) 55

w34t + n35

)\(dl-—sl

A(do-so)

ﬂ44t + n45

n54t + n55

s,(pydyto ) +p )2 (d; s ,))

S2

52(92d0+po)+p2A(dO-so)

82
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Table 3.3 presents the implied signs of (lI). As with the original

*
hypothesis, the coefficient = = alnP/alnaE is not a potential falsifier,

51
TABLE 3.3

SUMMARY OF SIGNS IMPLIED BY
REVISED HYPOTHESISY

lnaE 1npP® lnw_1 t 1
1nn° + - + + +
1nN + 0 0 - +
1nw + + + + +
1ow + + 0 + +
1nP + + + + +

*
The signs refer to the implied coefficients w..,, i,j = 1,2,...5.
Thus the positive sign in the first row--first column refers to LITE

since the relationship implied by the hypothesis (ﬂ51) is ambiguous in sign.l
The same is true for several of the intercepts and time coefficients. The
implications of the revised hypothesis are more restrictive than those of
the original hypothesis. The testable prediction statements (3.5b-c-e)
contain zero-valued coefficients, while this was not true in the original
formulation. Specifically, the revised hypothesis implies that there exists
no significant relationship between current employment magnitudes and either

current price expectations or lagged wages. This result follows directly

lGiven the premises s,>0, 0<d

<1.0, and p,>0, the sign of = is
2 2 11
determined by:

2
l--d2

>
"112‘0 as A <5, [—Gf—i.



68
from the premise that the schedule of current labor demand is vertical in
the wage-employment plane. The hypothesis contains as one of its elements
the contention that employment is strictly demand-determined whereas wages
are strictly supply determined. Within the confines of the model, the
household sector can determine the prevailing wage but not the amount of
labor services employed at that wage.

The postulated vertical labor demand schedule also has interesting
implications for price behavior. The effect of price expectations on unit-
labor costs and, thus, prices, given the mark-up factor Pys is determined
by the speed of adjustment of household wage perceptions A. Since the
model does not explicitly consider a feedback of labor supply on employment,
the relationship between price expectations and current prices is determined
by the speed at which wage information is disseminated in the labor market.
The slower this adjustment, i.e., the smaller the magnitude of A, the more
prolonged is the adjustment of prices to changes in current price expecta-
tions.

The test of the revised hypothesis is presented in Table 3.4. The
empirical evidence is not in agreement with two of the implications of the
hypothesis. The estimate of “;2 (alnN/alnPe) is 0.477 and 1is significantly
different from zero at the five percent level. The hypothesis implies a
zero value for this coefficient. The other estimate which is not in
agreement with the implications is ;;5, the intercept in the employment
equation (3.5b). All of the other estimates are consistent with the implica-
tions of the hypothesis. However, on the basis of ;;2 and ;;5, this test

indicates that the hypothesis is false.



TABLE 3.4

ESTIMATED COEFFICIENTS
(Revised Hypothesis: d

3° %3

Dependent Predetermined
Varlable Variables
1n6€ 1nP® 1nw~1 t Constant §2 D.W. h
(3.3b)1nN .860 477 -.139 -.007 ~-.554 973 .722
(16.521) (2.171) (-.736) (-6.885) (-1.276)
(3.3¢)1nw .167 594 503 .002 ~1.290 .9995 1.740 | 8.939
(3.3e)1nP .029 .898 .109 -.001 -,101 .9995 1.640
(2.000) (11.802) (2.104) (-4.284) (-.845)
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As in the test of the original model, the statistics indicate that
the residuals in these regressions probably exhibit positive first-order
auto-correlation. As a check against the possibility that the estimates
are influenced by non-independence of the error distributions, the
relationships were re-estimated using the Cochrane~Orcutt technique employed
earlier. These results are presented in Table 3.5.

The signs of all estimated coefficients are consistent with the
implications of the revised hypothesis. However, the coefficient ;;5, while
positive, is not significantly different from zero at the five percent level.
The estimated coefficient ;;5 is an estimate of the intercept term in the
labor demand function (3.3b) and is postulated to be positive. The implied
sign on this coefficient is unambiguous and thus it is potential falsifier
of the hypothesis. On the basis of the estimated constant in the employ-
ment function the hypothesis must be rejected. However, the validity of the
explanatory model is still unsettled until the evidence bearing on the

initial conditions is considered.

Inferences from the Tests

Although both the original and revised hypotheses must be rejected
on the basis of the empirical evidence presented here, the exercise does
allow inferences to be made about the effect of market expectations on
employment, wage rates, and prices, Although the tests do not support the
conjunction of the model and the economic postulates as a system, no
evidence has been found contradicting the postulated effects of expectations
on behavior. These postulates were supported in tests of both hypotheses.
Even though the initial conditions have not been investigated, the results

of the test are suggestive of some important aspects of the model.
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TABLE 3.5

ESTIMATED COEFFICIENTS
(Reviged Hypothesis: d, = s, = 0)
Adjusted for Auto-cofrelation

Dependent Predetermined
Variable Variables
lnae—é 1n(_2e lnPe—ﬁ 1nP® Inw -5, 1lnw t Constant 6 ﬁz D.W
i7-1 iV -1 -1 "1 =-2 the
(3.3b)1nN—6llnN_1 .768 .169 .084 ~-.007 .282 .703 .9852 1.797
(9.930) (.894) (.537) (~5.397) (.486)
(3.3c)lnw—621nw_l . 207 . 864 .255 .003 ~-1.648 .288 .9995 1.999
(4.907) (5.074) (2.728) (3.537) (-4.812)
(3.3e)1nP—631nP_l 017 824 174 -.001 014 .210 .9995 2.036
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Recall that the evidence in Table 3.5 which led to rejection of the
revised hypothesis referred to the implication Toss where

ﬂzs = do > 0.

Each of the other implications was found to be consistent with the empirical
evidence., The result ;;5 # Tos is evidence against the premise d0 > 0.

From equations (3.5b-c-e), the only other implied coefficients which are
affected by dO are mgo and Toes the intercepts of the wage and price equa-
tion. However, these latter two coefficients are derived as being ambiguous
in sign and, thus, they are not potential falsifiers and do not offer
evidence relevant to d,. The independence from d. of all of the other

0 0

coefficients allows some confidence that the misspecification d, > 0, given

0
the initial conditions, did not influence the other implications.1

The constant in the labor demand function is interpreted as the
measure of the average effect on labor demand of all variables excluded from
the specification of the function. These are the effects introduced in the
set of initial conditions as being constant through the sample. The
postulate that the intercept in the labor demand function is greater than
zero reflects the presumption that the total effect of these excluded

variables is positive. However, when taking the estimates at their face

value, the suggestion is that these effects are insignificant in total, and

lThe estimate of the constant term in a regression is not independent
of the estimates of the other coefficients in that function. Statistical
problems which resylt in biased estimates of the structural coefficients
also lead to biased estimates of the constant term. One potential source of
bias in the estimate of the employment equation is the possible exclusion of
an independent variable which is correlated with the expected sales variable
and gas a positive effect on labor demand. In such a situation the estimate
of Ty is biased upward and the estimate of the constant (“35) is thus
biased toward zero. Such a situation would be an example of the
inappropriateness of the set of initial conditions. See Potluri Rao and
Roger Leroy Miller, Applied Econometrics, pp. 26-32.
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that labor demand throughout the sample period is dominated by long-term
sales expectations. Thus, while the tests do not support the premise

d0 > 0, this result tends to strengthen the evidence in support of the

postulated effect of expectations.
The results reported in Table 3.5 show the elasticity of labor

demand with respect to long-term sales expectations to be 0.768. This
n
ZZq and is thus the "long-run"
0 i

elasticity in the context of this model. The estimates of d2qi for

coefficient is actually an estimate of d

i=0, 1,..4, with t-values in parentheses, are

d2qO = ,3724 dzq3 = ,0442
(7.3892) (1.6965)
d,q, = .2280 d,q, = .0046
(10.4862) (.2362)
d2q2 = ,1186
(5.4761)

The impact elasticity is estimated to be 0.3724. Thus, the
contention that labor inputs are quasi-fixed with respect to short-run
output plans is supported by the test results. This estimate is quite
similar to that of 0.248 reported by Soligo from quarterly observations

over the period 1947-—61.l Lucas-Rapping, using annual data for the period

1Rona1d Soligo, "Employment and Output," p. 190. Contrary to the
form estimated here, Soligo specified labor demand as a function of actual
output. The long~run effect associated with the impact coefficient
reported was 0,483 which is significantly less than that found in this
study.
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1930-65, estimated the impact coefficient to be 0.79 which is consistent
with the five quarter estimate of 0.77 reported here.1
The immediate impact on the wage of a unit change in expected demand
was estimated as 0.101.2 The total effect of a unit change in sales
expectations on the average wage rate suggested by the regression results is

-1

~% ~% -
found by considering 1r31(l—7r3 ) 7 = 0.207(1~.255) 1. 0.278. The coefficient

3
31 is the estimate of direct effect on wages of a unit change in long-run

sales expectations (62). The term, (l-—1r3

3) , measures the lagged response
of wage expactations to a shift in the demand for labor services. The slope
of the labor supply function (52) implied by the ratio of the response of
wages and employment to a unit change in expected sales is 0.768/0.278 =
2.763.3 The suggested short-run slope is found by computing the ratio of
the impact coefficients of lnaE in the wage and employment regressions.

This estimate is (.372)/(.101) = 3.683. This result, compared to the
estimates of the slope of the long-~run labor supply, suggests that the
short-run labor supply function is more wage elastic than is the long-run
function, but the difference does not appear to be substantial. This result

suggests that wage expectations adapt rapidly to disequilibria in the labor

market.

1Lucas and Rapping, "Real Wages,' p. 746. The long-run elasticity
was constrained to unity in their study.
n
2The estimates of all coefficients containing the term Zqi are
reported in Appendix F. 0

3The structural coefficient (sz) is over-identified in this system.
From equations (3.5b) and (3.5c), 8, = ﬁ32ﬁ21/ﬁ31 = (1-f33)%, /ﬂ31. The
latter estimate is presented above. The former estimate is (.864) (.768)/
(.207) = 3.206.
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These estimates of the slope of the long~ and short-~run labor
supply functions are computed relative to the nominal wage. However, since
household expectations of commodity service prices (Pe) are held constant,
these estimates can be interpreted as being estimates of the slope of the
labor supply function relative to the perceived real wage. The model
gives only very weak information about the slope relative to the actual
real wage, since the model allows for no interaction between actual and
expected magnitudes.

In each of the tests, the implication of the premise that the supply
of labor services reacts positively to changes in the perceived real wage is
supported by observed experience. The model makes no attempt to link actual
and perceived prices of commodity services; and, thus, the manner in which
joint observations of labor employment and the real wage are generated is not
complete. However, within the context of the model, the behavior of house-
holds is consistent with money illusion. This does not mean that households
ignore commodity price patterns in making market decisions. Imnstead, the
model predicts that households conduct their affairs according to their best
estimate of current prices. These estimates may or may not be accurate.
Thus, if actual price movements differ from household estimates, observations
can be generated which appear to be inconsistent with the theory of the
effect of relative prices.

~ A

From equation (3.5c), the estimates LEY) and w;3 are alternative
estimates of )\, the speed at which households adjust their wage expectations
to the emergence of excess demand in the labor market. The premise
introduced was 0 < A < 1.0, which is interpreted as postulating only that

wage expectations, and thus the wage rate, moved toward equilibrium with

some speed greater than zero. To postulate A = 0 is to advance the
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contention that households refuse, in the face of any evidence, to alter
their wage expectations and are willing to bear permanent unemployment to
insure that their expectations are realized. Such behavior is grossly
inconsistent with the theory of individual utility maximization presented
here.l With X = 0, any economic shock which permanently displaces the
demand for labor from an existing equilibrium would result in a permanent
change in the rate of labor service unemployment. A situation where A =
1.0 would be one where market wage expectations instantaneously adjust
to excess demand in the labor market.

Giveun the behavior observed during the sample period, the forces
which determine the speed at which wages adjust to labor market disequili-
brium are difficult to determine. The only definite statement which can be
made is that competitive labor markets require 0 < X < 1.0; pressures must
exist which move the average wage rate toward equilibrium. The experience
in the United States over the period from 1955 to 1971 was characterized by
neither prolonged periods of rising unemployment nor long periods of high
but constant unemployment. Thus, A < 1.0 could result from one extreme
which reflects the effect of imperfect information on a market which is
very competitive to the other extreme where forces exist which resist wage
cuts, even with perfect information. As a hypothetical example, the latter
effect might result from collusive action among households to resist any
wage cut with the hope that the government's commitment to full-employment

is sufficiently strong that the stabilization authorities will validate their

1The utility function from which household behavior was derived
considered each individual as attempting to maximize his own self-interest.
A much more general function, which includes "public interest," would have
to be developed to account for behavior where one economic unit sacrifices
consumption willingly so that other units may increase their consumption.
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actions. The test of the model is not sufficient to prove the labor-
market is competitive, given the sample period considered.. However, the
tests can yield results which contradict the contention of competitiveness.
The evidence bearing on the magnitude of A is contained in the
estimates of the wage and price equations in Table 3.5. The coefficient
A 1s over-identified in the model. From the wage equation (3.5c),

~

*
A and w,, = (1-1). The respective estimates are 7., = 0.864 and

32 T 33 32
~%
Tay = 0.255. The latter estimate implies A = 0.745. It is important to

determine whether these two estimates are significantly different from each

other. An F-test was used to determine whether n33 = 1—n32, and on the

basis of this test the hypothesis is rejected.1 Thus, even though the
estimated coefficients in the wage equation are consistent in sign with the
implications of the model, the relative magnitudes of the estimates do not
support the hypothesis.

From equation (3.3e) in Table 3.5, the elasticity of prices with

~

%
respect to long-term sales expectations is estimated as “Sl = ,017, but the

estimate is not significantly different from zero at the five percent level.

lThe specification of the wage equation reported in Table 3.5 is
lnw = ﬂ;llnas + ﬁ;zlnPe + ﬁ;3lnw_l + Rt + ﬂ s+ BN+ e,
where (52) is the estimate of the auto-regressive term in the errors. This
estimate yielded a residual sum of squares (RSS ) of .00169. The implica-
tion that ﬁ§3 = 1-ﬁ32 is tested by constraining the coefficient on expected
prices, and then using an F-statistic to compare the residual sum of squares
in the original and constrained estimates. The constrained estimate is

lnw-lnw_; = 8,1nQ° + &,[1nPS-lnw_ ] + &t + &, + fu_j + €',
which yields a residual sum of squares (RSSZ) of .00179. The F-statistic
is computed as

(RSS,~RSS,) /n

RSSl/(T—K)
with one parameter restriction (n=1l) and T-K = 60 degrees of freedom. The
critical value for the F distribution for the 95 percent level of confidence

is 4.00, which is less than the computed value. Thus, the null hypothesis
ﬂg3 = l-ﬁgz is rejected. Rao and Miller, Applied Econometrics, pp. 145-8.

F = = 5.89
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Given the hypothesis, this result suggests that the net effect of a
permanent change in expected demand on expected unit labor costs is zero.
The necessary condition for this effect is

dlnw + alnN = 1.0

alnaE alnat

% * 0
or, ﬁ3l + ﬂ21 1.0.

Since ﬁ;l = ,207 and ﬁ21 = ,768, with standard errors of 0.04 and 0.08,
respectively, this condition is probably met.

Prices are postulated to be unit-elastic with respect to expected
long~term unit-labor costs, i.e., that Py = 1.0. If the premise Py = 1.0
is true then the coefficients on expected prices and lagged wages can be
written Tsy = 1.0x = A and Teq = 1.0 (1-)) = 1-) respectively. A test of
this hypothesis is conducted by constraining the coefficient on lagged wages
to be equal to one minus the coefficient on expected prices in the price
equation and then by comparing the residual sum of squares from this run
with that from original price regression. This test provides evidence not

only on the premise Py = 1.0, but also additional evidence on the

specification of the wage adjustment function and the magnitude of (A).1

1One test of this premise might have been found in the ratios
ﬁ32/n5§ and ﬁ33/ﬂ§3, since my, = A, 5y = p2}, W33 = (1-1), and mgy =
po(1-2 The test would involve investigating whether the ratios of these
estimates are significantly different from unity. However, the test is
questionable on the basis of the earlier rejection of the hypothesis that
ﬁ33 = 1-ﬁ3 An alternative test was selected which does not require the
use of the estimates ﬂ32 and ﬂ33 from the wage equation.
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The computed F-statistic from this test is zero, and thus the premise

*

* . 1
ﬁ53 l-ﬂsz cannot be rejected.

This result, in turn, is interpreted as supporting the contention
that prices during the sample period were, on the average, a constant
mark—-up over long-term expected unit-labor costs, with adjustment for a
negative secular trend.2 Given that there is no linkage provided in the
model between expected and actual demand at the price (P), the model does
not provide direct evidence on the joint observations of actual prices and
unit-labor costs. However, the model is consistent with observed variability
in the ratio of prices to unit-labor costs. The variability reflects

discrepancies between actual and expected demand at prevailing prices.

* *
lUnder the null hypothesis, fig3 = l-ft5y, the following equation is
estimated: — c
- = — '
1nP lnw_l Blan + Bz[lnP 1nw_1] + B3t + 84 + an_l + ¢

The sum of squared residuals from this regression is .00029, equal to that
from the regression reported in Table 3.5. Thus, RSS} = RSS3 and F = 0. The
estimate of Bo in this regression is 0.830, which compares closely with the
estimate ﬁ32 = (62A) = ,824 in the price equation reported in Table 3.5.

2An alternative test of the implied coefficients in the price equation
is to comnsider ﬁs Py - £ Using this relationship to substitute for ms3
in equation (3. Se), the following regression equation is derived:

€
1nP = 511nQ + T [1nP —lnw_l] + p21nw t + 7 + €.

-1 F st mss Fegn
The estimate of this equation yields a residual sum of squares of .00030. The
original estimate presented in Table 3.5 yielded a residual sum of squares of
.00029, The computed F-statistic using these residuals is 2.03, which is less
than the critlcal value at the 95 percent confidence level. Thus the null
hypothesis ﬁ52 = 62—ﬂ53 cannot be rejected. This result also supports the
premises in the model.

The estimate of the equation derived above is

InP = 017an + 824[lnP -1lnw_ ] + .9981nw_; - .002t + .014 + .211n_,,

(.990) (11.587) (57.743) (-4.405) (.103)

where the values in parentheses are t-values for the associated coefficients.
The estimated coefficient on the lagged wage term (.998) is an estimate of p)
and is consistent with the contention that p; is unity. The estimated
coefficient on [1nP€—lnw_1] is an estimate of p)A and, with $,*1.0, is thus an
estimate of A. The value (.824) is quite close to that obtained in the other
tests of the price equation.



CHAPTER IV

SUMMARY AND CONCLUSIONS

This dissertation has been addressed to the problem of identifying
the factors which determine the relationship between aggregate employment,
wage rates, and prices. Directly observed measures of price and output
expectations have been used to test a model of the aggregate commodity and
labor markets. While the tests results do not support all of the postu-
lated relationships of the model, the results are suggestive of the effect
of imperfect information on the behavior of economic units.

The implied relationships between the aggregate price level and
the measures of market expectations are consistent with the empirical
evidence, as are the implied relationships between these expectations and
the level of employment. However, the evidence on the implied wage relation-
ships did not support the hypothesis, particularly the form of the adjustment
mechanism postulated for the aggregate labor market.

The wage rate is postulated to be an endogenous variable in the
economic system, determined by the interaction of demand and supply in the
labor market. The wage rate included in the model is interpreted as being
the household perception of the best wage available in the current period.
This wage represents the consensus of households as to the best wage which
can be secured, given their expectation of current demand in the labor market,
an estimate which may or may not be accurate. To my knowledge no appropriate
measures of this variable exist; and, thus, a mechanism for generating these

expectations was required. The model postulates that household wage

80
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aspirations adjust proportionately, and at a constant rate, to the magnitude
of excess demand or supply in the labor market. For example, a general
decline in the demand for labor, requiring a wage cut to clear the market,
is postulated to result in a temporary rise in unemployment as households,
basing their employment decisions on incorrect wage expectations, seek
alternative employment. This period of unemployment provides the households
with information about the new conditions in the market and results in the
necessary decline in average wage aspirations of the unemployed.1

In addition to the wage adjustment function, the model consists of
supply and demand functions for labor services and an implicit commodity
supply function in the form of a price-setting relationship. The basis on
which the model embodied in the hypothesis tested here was constructed can
be summarized in two premises. First, the aggregate markets for commodity
and labor services are interdependent in a simultaneous system, where
behavior in one market is determined jointly with behavior in the other.
Secondly, market participants have only imperfect information about condi-
tions in each market and base their plans on their expectations of prices.
The behavioral relations, while descriptive of aggregate magnitudes, were
derived with reference to the theory of microeconomic behavior.

The labor supply function was derived from the premise that indivi-
duals attempt to maximize inter-temporal utility which is defined in terms
of current and future magnitudes of leisure and consumption. In a situation
where the attainable utility level is constrained by the human and non-human

wealth of the household sector, current supply of labor services is shown to

1The emphasis is on the wage aspirations of the unemployed. The
model does not suggest that all wage rates fall in such a situation. The
average wage in the market is held to fall as the unemployed become pre-
pared to take lower paying jobs than they had held previously.



82

be a function of the expected current and future real wage, the real rate
of interest, and the stock of real non-human wealth. The effects of
changes in the rate of time preference and the stock of non-human wealth
were subsumed in the analysis, and the effect of the expected future real
wage was combined into the real rate of interest and current wage expecta-
tions. The supply function tested was then defined in terms of the current
real wage expected by households and the real rate of interest. However,
the postulated effect of the real rate of interest on the supply of labor
services was not supported by the evidence, and the specification was
dropped without further investigation.

Theoretically, the specification of labor supply as a function of
the real wage rate explains the work plans of households as a joint
decision, made in conjunction with consumption plans. The real wage rate
serves as a measure of the opportunity cost of leisure which rises with an
increase in the nominal wage rate and falls with an increase in commodity
prices. In a system where market participants have perfect information on
all available alternative uses of their resources, this specification
predicts that households will attempt to adjust their employment and
consumption to equate the wage they receive with the marginal disutility of
employment at that wage. Where market information is not perfect and
behavior is based on expectations, the household employment decision may
prove to be sub-optimal in that the consumption which can be achieved from
that level of employment may not be of the magnitude expected. If actual
prices in the commodity market are found to exceed expected prices in a
given period, the household is not able to realize the utility level planned
when employment was accepted at a given wage. The leisure time sacrificed

is excessive in terms of the commodity services realized. The response of
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labor supply in such a situation is determined by the degree to which
households alter their commodity price expectations in view of the prior
incorrect estimate.

The manner in which price expectations are generated is not
considered in the model in that household price expectations are taken
as exogenous. Directly observed measures of price expectations were used
to test the implications of the model. The labor supply function predicts

that a ceteris paribus increase in commodity prices will decrease current

labor supply only to the extent that the price increase affects household
expectations. To the extent that household price expectations are affected
by factors other than actual price experience, the short-run relationship
between labor supply and actual price movements is further weakened. Thus
the manner in which price expectations are generated is an important
question requiring investigation.

Just as labor supply is postulated to be jointly determined with
the demand for consumables, the demand for labor is postulated to be
determined simultaneously with the plans of firms in the commodity market.
The level of employment and the rate of output desired by firms are derived
jointly from the premise that firms seek to maximize net worth, under the
constraints of expected current and future demand, current factor costs, and
the costs of adjusting operations in the future.

The demand for labor services is postulated to be a function of
long-term sales expectations and the current wage rate relative to the
current user cost of capital. Long-term sales expectations are postulated
to be a five quarter distributed lag function of sales expectations in the
current period. The test results did not support the postulated effect of

relative factor prices on labor demand, and like the real interest rate in
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the supply function, this specification was dropped without further
investigation. The inclusion of the relative price of factors reflected
the premise that capital and labor, while not variable at zero costs, are
variable at equal cost. That is, the adjustment costs of altering the
absolute magnitude of the capital stock are approximately the same as
those incurred in changing the amount of labor employed. This approach
was selected as an alternative of treating the capital stock as a fixed
factor, with infinite costs of adjustment. While I still consider the
latter approach to be unsatisfactory, the treatment of labor and capital
adjustment costs as equal 1s not supported by the evidence. The question
of the relative fixity of factors remains to be investigated.

The revised labor demand function treats labor as a quasi-fixed
factor of production, with demand being a distributed lag function of
sales expectations. Thus, the degree of association between labor demand
and actual output in a given period is dependent upon the relationship
between actual and expected sales in that period and the effect of current
sales on long-term sales prospects. In terms of lags, the employment
decision is affected by the adjustment of long-term sales prospects to
changes in current period sales expectations and by the adjustment of
current expectations to actual sales. It is by this process that the model
seeks to explain variance in the observed output per man-hour ratio.
Variance in this ratio is interpreted as reflecting incorrect estimates
of aggregate demand at current prices and the costs of adjusting labor inputs,
in addition to the technical productivity of labor. The costs of adjusting
the labor force result in the aggregate employment remaining relatively

fixed throughout periods of short-term variation of sales.
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The effect of adjustment costs on firm behavior is carried over to
the commodity supply plans and is included in the price equation. Prices
were postulated to be jointly determined with labor demand and sales
expectations. Functionally, prices are alleged to be determined by long-
term sales and cost expectations. The price equation treats prices as a
function of expected long-term unit-labor costs, the cost per unit that
the fifms incur in producing to meet long-term sales expectations. This
equation then explains variance in the ratio of observed prices and unit-
labor costs in terms of divergence between current output and the long-term
expectations of aggregate demand at current prices.

The model is not sufficient to determine the effect of autonomous
changes in aggregate demand upon employment, wages, and prices. The model
was constructed in block-recursive form in order to test the effect of
expectations on market behavior. No explicit mechanism is incorporated
in the model by which actual experience in the commodity market is trans-
mitted back to the labor market. The linkages are considered only
implicitly through the observed series on price and sales expectations.
Thus definite statements about the effect of government aggregate demand
policies on employment, wages, and prices are not possible from the model.
However, the model does suggest several considerations which are important
for policy purposes.

Most importantly, the postulate that the aggregate labor and
commodity markets interact as free markets where resources tend to flow to
their highest expected reward in a manner which will result in systemic
equilibrium is supported by the evidence. Wages and prices are endogenous

variables in the system and are determined by the interaction of market
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forces. Inflation, in terms of a persistent rise in general prices, reflects
the effect of excessive aggregate demand in the commodity market.

The observed relationship between prices and unit-labor costs is
explained as resulting from the joint action of firms and households in the
commodity and labor markets. The model does not predict a causal relation-
ship from unit-labor costs to prices independent of the level of aggregate
demand.

The dominant role which expectations play in the model suggests that
the effects of policy actions on market activity cammot be expected to be
instantaneou.. The speed at which prices and employment respond to an
autonomous shock to aggregate demand is dependent on the degree to which
market expectations are affected, the manner in which various expectations
interact, and the speed at which economic units adjust behavior to new

information.



APPENDIX A

In the terminology employed here, the statement T+I>S comprises a
hypothesis reading as ""if T and I then S." As illustrated in the table
below, there are exactly eight ways in which truth values can be assigned

to the three statements which form the hypothesis.

T I S T-I T-I>S ASe1
1 T T T T T F
2 T T F T F T
3 T F T F T ¥
4 T F F F T F
5 F T T F T F
6 F T F F T T
7 F F T F T F
8 F F F F T F

The demonstration that a set of prediction statements is the logical
consequence of the conjunction of the theory and the set of initial condi-
tions results in the exclusion of row 2 from consideration. Once an
argument is shown to be logically valid in form, i.e., once T-I®S is shown
to be true, the argument cannot be dismissed on grounds other than the weight
of contrary empirical evidence on the validity of its components.

The inconclusiveness of deductive analysis in determining the truth
of a theory is demonstrated in lines 5 and 6. There are two ways in which a

true prediction statement can be derived from a false theory. In one case,
87
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(line 5) the initial conditions are fulfilled and in the other (line 6)
they are not. Thus, even though a set of prediction statements is found
to be In agreement with empirical observations and the set of initial condi-
tions is found to hold, the evidence 1is not sufficient, in principle, to
justify the assertion of the truth of the proferred theory.

The importance of initial conditions in deductive analysis can be
seen by comparison of lines 4, 6, and 8. In each case the set of prediction
statements is not in agreement with empirical observation. However, this
evidence is not sufficient to reject the theory since in line 4 the theory
is seen to be true and in line 8 it is false. The conclusiveness of the
truth of S for T is shown in line 6 to depend upon the demonstration of
the truth of the set of initial conditions. Thus, deductive analysis can
lead to the rejection of a theory, but only in the case where the prediction
statements are found inaccurate and the set of initial conditions is found

to be fulfilled.




APPENDIX B

€

€

DATE P A N Q P Y R
1954 79.100 53.700 89.500 58.508 77.825 3.844 16.416
79.100 54,500 88.300 57.998 78.925 3.521 16.328
79.000 54.700 87.900 58.700 78.179 3.285 16.372
79.100 55.300 88.800 59.636 79.012 3.163 16.488
1955 79.400 55.300 90.200 61.697 79.074 3.110 16.628
79.500 56.000 91.200 63.336 79.370 2.958 16.806
79.900 55.900 92.800 64.198 79.604 2.800 17.056
80.300 56.500 94,100 65.334 79.952 2.727 17.301
1956 81.100 57.900 93.700 65.895 80.449 2.616 17.588
81.900 59.000 94,000 65.185 81.193 2.740 17.950
82.900 59.800 93,600 65.500 81.961 2.864 18.394
83.500 61.300 93.200 65.300 83.020 2.580 18.870
1957 84.400 62.300 93.100 66.585 84.044 2.069 19.109
85.000 63.100 92.600 66.784 84.729 2.307 19.378
85.800 63.500 92.700 66.600 85.273 2.768 19.869
86.100 64.500 90.600 67.017 86.080 3.229 19,957
1958 86.700 65.100 88.400 64.982 86.130 3.379 19.489
86.900 65.400 87.600 64.069 86.751 3.316 19.521
87.200 66.400 88.200 65.262 86.900 3.571 19.890
87.500 67.200 89.300 67.293 87.271 3.573 20.254
1959 88.000 68.100 90.200 68.719 87.591 3.388 20.492
88.200 68.500 92.200 69.889 88.170 3.501 20.862
88.500 69 .400 91.400 71.395 88.322 3.511 21.088
88.700 70.200 91.200 70.632 88.721 3.432 21.187
1960 89.000 71.700 91.700 73.112 89.032 3.240 21.232
89.400 71.600 92.400 73.664 89.289 3.252 21.169
89.600 71.500 92.600 72.760 89.673 3.223 21.004
90.000 72.000 91.300 71.922 89.842 3.234 20.991
1961 90.200 72.400 91.000 70.909 90.212 3.190 20.858
90.300 74.400 89.800 71.719 90.447 3.095 21.034
90.200 74.900 90.400 74 .581 90.603 3.142 21.336
90.700 75.900 91.200 75.704 90.492 3.084 21.369
1962 91.000 76.300 92,500 77.178 91.002 3.053 21.328
91.100 77.400 92,800 77.775 91.310 3.052 21.291
91.300 78.100 92.400 78.323 91.359 3.203 21.394
91.500 79.000 91.800 79.015 91.559 3.084 21.290

89
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€

€

DATE P W N Q° P T R
1963 91.800 79.600 92.400 79.884 91.759 2.985 21.267
92.100 80.200 92.800 80.472 92.080 3.092 21.393

92.300 81.300 93.000 81.531 92.327 3.244 21.565

92.500 82.200 93.400 82.744 92.543 3.299 21.635

1964 92.800 83.600 93.400 84.037 92.721 3.344 21.735
93.100 84.200 94.400 85.350 93.040 3.262 21.917

93,400 85.400 94.800 86.891 93.358 3.147 22.043

93.800 86.300 95.500 87.808 93.701 3.171 22.146

1965 94.300 86.800 96.300 88.291 94.091 3.165 22.176
94.800 87.600 97.300 90.087 94.597 3.154 22.283

94.900 88.900 97.600 91.193 95.124 3.173 22.423

95.200 90.200 98.600 92.982 95.213 3.144 22.695

1966 95.900 92.000 99.100 95.587 95.619 3.198 22.978
96.800 93.900 99.500 97.505 96.283 2.862 23.377

97.600 95.200 100.100 97.997 97.497 2.653 23.921

98.400 96.900 100.200 98.847 98.249 2.739 24 .185

1967 98.900 97.600 100.200 99.927 99.132 2.499 24 .077
99.400 99,500 99.200 99.472 99.543 2.770 24,410

100.400  100.800 100.000 100.697 99.915 3.249 25.227

101.300 102.100 100.600 101.729 101.002 3.229 25.969

1968 102.100  104.400 100.800 102.899 102.178 2.898 26.176
103.100  106.300 101.800 103.866 102.923 2.796 26.659

104.000 108.600 102.200 105.254 104.230 2.392 26.713

105.100 110.900 102.500  106.121 104.949 2.693 27.204

1969 106.200  112.500 103.600  106.708 106 .054 3.285 28.148
107.600 114.700 104.200 107.903 107.102 3.079 28.723

108.900 116.700 104.700 107.753 108.827 2.865 29.360

110.400  119.500 104.200 108.414 110.041 3.292 30.202

1970 111.800 121.500 103.900 106.959 111.659 3.743 31.085
112.800 123.300 103.200 107.011 112.957 3.822 31.720

113.900 126.100 102.100 107.436 114.225 3.736 31.970

115.600 127.700 101.300 108.446 115.172 3.825 32.417

1971 117.000 130.600 101.600 109.832 116.601 3.540 31.900
118.200 132.500 101.900  110.590 118.086 3.287 32.816
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P--index of implicit price deflator for private sector product, (1967=100).
Supplied on request by United States Department of Labor, Bureau of Labor
Statistics.

w-—index of compensation per man-hour in the private sector, (1967=100).
Supplied on request by United States Department of Labor, Bureau of Labor
Statistics.

N--index of manhours employed in the private sector, (1967=100). Supplied
on request by United States Department of Labor, Bureau of Labor Statis-
tics.

Q€~-index of expected demand for private sector output, (1967=100).

P®—-index of expected implicit price deflator for private sector output,
(1967=100).

rr--real rate of interest, rr = r--pE
r--yield on Moody's Aaa-rated corporate bonds.
Source: Federal Reserve Bank of St. Louis.

R-~user cost of capital services, R = P (r-n)
Pk—-implicit price deflator for business fixed ivestment.

Source: U.S. Department of Commerce, Survey of Current Business,
National Income Issues (July), Tables 1.1 and 1.2,
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Appendix C

Expected Rate of Change of Demand (Q€)
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Mhe shaded arcas represent periods of economic recessior as defined by the Mationol Bureau of Economic Research.
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Appendix D

Expected Rate of Change of Frices (P€)
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The shaded areas represent periods of economic recession as defined by the National Bureau of Economic Research.
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APPENDIX E

ESTIMATES USING AN ALTERNATIVE MEASURE OF THE USER COST OF CAPITAL (R')a

Dependent Predetermined
Variable Variables
—sb c =2
1nQ 1nP® 1nR’ rr Im_y t Constant | R D.W. h
InN .870 .528 ~.008 172 -.177 ~-.007 -.663 .973 .730
(13.259) (2.142) (-.393) (.406) (-.867) (-6.382) (-1.368)
Inw 2152 .619 -.007 -.111 496 .002 -1.297 .999 1.748 2,593
(3.584) (3.875) (-.525) (-.403) (3.748) (2.550) (-4.134)
inP 041 .948 -,007 .189 .071 -,001 -.212 .999 1.674
(2.328) (14.382) (1.371) (1.663) (1.300) (-3.816) (-1.639)

8alues in parentheses below the estimated coefficients are t-—scores. §2 is the coefficient of
determination, adjusted for degrees of freedom, D.W. is the Durbin-Watson statistic, and h is Durbin statistic
used to test for auto-correlation in the presence of lagged endogenous variables,

bThe coefficient on lna8 is the sum coefficient generated by the Almon-lag estimator, with n=4, The
Almon-constraints used. were d=2, t+1=0, t-n-1=0.

CPor the explanation of the construction of the series see Robert H. Rasche and Harold T. Shapiro, "The
F.R.B.~M.I.T. Econometric Model: Its Special Features,' American Economic Review, LVIII (May, 1968), 128-30.

The data series are the observations of the Quarterly Econometric Model (F.R.B.-M.I.T.~Penn) as defined
in the Quarterly Econometric Model Data Directory (Board of Governors of the Federal Reserve System, January,
1973).
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ESTIMATES USING AN ALTERNATIVE MEASURE OF THE USER COST OF CAPITAL (R')

(With Adjustment for Auto-correlation)

Dependent Predetermined
Variable Variables
lnﬁe-ﬁ ln-(ie lnPe—ﬁ 1np® InR'-5,1nR'_ | rr-6, rxr Inw .-f,1lnw t Constant| § §2 D.W
i -1 i -1 i7 =1 i -1 =1 7172 i Y
lnN—ﬁllnN_1 JJ74 .156 .007 051 .083 -.007 .301 }.706].985}1.809
(9.058) (.770) (.306) (.122) (.514) (-5.241) (.475)
lnw--b‘zlnw_l .199 .867 -.006 -.019 .263 .003 | -1.649 [.273{.9991.991
(3.859) (4.791) (-.384) (-.060) (2.718) (3.437)| (-4.476)
lnP-ﬁBInP_l .028 .866 ~-.010 .236 .145 -,001 -.097 |.224(.999|2.109
(1.402) (11.924) (-1.548) (1.884) (2.357) (-4.387)| (-.666)




APPENDIX F

4
A. WEIGHTS OF THE DISTRIBUTION Eqianii
o

for Table 3.1%

i Equation 3.2b Equation 3.2c Equation 3.2e
0 461 (8.463) .057 (1.625) ~.002 (-.106)
1 .261 (11.383) .038 (2.559) .007 (1.196)
2 114 (6.882) 023 (2.102) .012 (2.686)
3 022 (1.039) 011 (.812) .012 (2.160)
4 -.016 (-.966) 004 (.334) .008 (1.854)
Sum .842 (11.753) .133 (2.859) .039 (1.994)

*
Numbers in parentheses are t-values for the associated coefficients.
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B. WEIGHTS OF THE DISTRIBUTION Xqian_e_i
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*
for Table 3.2

4

o

TEEETI

SETmLEmR R R LR RN

i Equation 3.2b Equation 3.2¢ Equation 3.2e
0 .328 (5.703) .088 (2.089) -.007 (-.396)
1 .205 (7.734) .054 (3.086) .005 (.670)
2 111 (4.966) .029 (2.082) .011 (2.062)
3 046 (1.777) .011  (.634) .012 (1.817)
4 .009 (.454) .002  (.111) .009 (1.634)
Sum 699 (7.668) .183 (3.270) .030 (1.357)
*Numbers in parentheses are t-values for the associated coefficients.
4
C. WEIGHTS OF THE DISTRIBUTION Zqian_E_i

for Table 3.3* °
i Equation 3.3b Equation 3.3c¢ Equation 3.3e
0 473 (9.615) 074 (2.329) -.005 (-.361)
1 .267 (14.963) 048 (4.172) .005 (.970)
2 .116 (8.030) .027 (2.957) .010 (2.529)
3 .022 (1.040) 013 (.959) 011 (1.940)
4 -.017 (~1.044) .004 (.340) .008 (1.696)
Sum .860 (16.521) .167 (4.938) .029 (2.001)

*
Numbers in parentheses are t-values for the associated coefficients.
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4
D. WEIGHTS OF THE DISTRIBUTION EqianEi
o
for Table 3.4*
i Equation 3.3b Equation 3.3c Equation 3.3e
0 .372  (7.389) .101 (2.691) ~.012 (-.768)
1 .228 (10.462) .062 (4.467) .001 (.183)
2 119  (5.476) .032 (2.659) .009 (1.800)
3 044 (1.696) 012 (.719) .011 (1.652)
4 .005 (.236) .001 (.095) .008 (1.546)
Sum .769 (9.950) .207 (4.908) .017  (.990)

*
Numbers in parentheses are t-values for the associated coefficients.
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