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Introduction

1.1 The Policy Issues

In 1985, the unemployment rate in the United States was 7.1
percent. There is virtual agreement that unemploymeat of this magni-
tude is a serious problem both for the individuals involved and for
society as a whole. Workers who lose their jobs bear an immediate
financial loss which can be substantial even in the presence of
unemployment insurance. Even after a spell of unemployment is
completed, ar individual may continue to feel its economic effects.
Future carnings may be less because of missed opportunities for
on-the-job training and other kinds of investment in ‘‘human capital.”’
From the point of view of the economy as a whole, perhaps the best
way to summarize the impact of unemployment is its cost in foregone
output. In 1985, for example, the difference between actual Gross
National Product and potential Gross National Product was roughly
$110 billion or 2.75 percent of actual GNP.! Finally, we should note
that unemployment appears to be related to a number of individual and
social problems whose costs are hard to quamify—there is some
evidence, for example, that when unemployment goes up, so do heart
disease, crime, mental illness, and even suicide.?

This monograph discusses several approaches to the analysis of
unemployment, and public policy to deal with it. The subject is 2
complicated one, partially because policy toward unemployment
cannot be formulated in isolation from a number of other important
issues. Three impor*~nt related topics are:

1. Inflation. 1f unemployment is such a bad thing, then why can’t
the government simply hire people who are out of work? Alterna-
tively, why can’t the government increase the level of aggregate
demand so that private firms will hire more people? As we shall see
below, one of the major controversies in macroeconomics is whether

1
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2 The Conflict Between Equilibrium and Disequilibrium Theorizs

government spending policies can have any impact on unemployment.
But it is fairly well agreed that a by-product of government spending

important issue we address is how to cstimate the trade-off between
inflation and unemployment.

2. Taxes. In discussions about unemployment, the subject of tax
policy usually arises in two related bt distinct contexts. The first is the
effect of taxes on aggregate demand. For example, docs lowering
income taxes induce consumers to spend more, perhaps leading to
more employment? The second is the effect of taxes on aggregate
supply—do tax decreases affect the amount of work people want to
do? If so, can the additional labor supply be absorbed by the cconomy
in a reasonable amount of time? Both of these effects are important and
interesting. However, the primary focus of this essay is on the
workings of the labor market rather than the determinants of aggregate
demand, so we will consider mainly the supply effects of tax changes.?

3. Unionization. 1t is usually argued that unions increase unem-
ployment by raising wage 1ates above their equilibrium level. It could
be. however, that the main effect of unions is to reduce the supply of
labor, i.c., to shift back the supply curve. This would have the effect
of decreasing unemployment. Because both effects might be operative,
the outcome is theoretically ambiguous. Indeed, in their very careful
analysis of U.S. employment data, Pencavel and Hartsog (1984) find
that when it comes to the effect of unionism on relative man-hours
worked, the data do not unambiguously point to a negative effect. (p.
217) Our analysis allows the unionization rate to infleence the
unemployment rate in several different ways; the data determine
whether the effect is positive, negative, or zero. We also estimate how
changes in the unionization rate would affect the unemployment-
inflation trade-off.

1.2 The Methodological Issues
Given its evident importance, economists have focused a massive

amount of attention on the problem of unemployment. Unfortunately,
no consensus has been reached on its causes. A fundamental contro-
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versy in the profession is whether unemployment is better viewed as an
equilibrium or a disequilibrium phenomenon. Although one may argue
about the precise conmotation of ‘‘equilibrium,® for operational
purposes we take it to refer to a situation in which prices immediately
clear markets: prices are such that neither buyers nor sellers have any
reason to attempt to recontract. Applied to the labor market, this means
that at each instant the wage rate adjusts so that the supply and demand
of labor are equal.

In contrast, the disequilibrium approach views prices as rigid or at
least sticky—they do not adjust instantaneously to equalize supply and
demand. Hence, suppliers or demanders may have to be rationed, i.c.,
they cannot obtain as much of a commodity as they desire at the current
price. 1 a disequilibrium labor market, the prevailing wage may be
above or below the wage that would equate demand and supply.*

Both approaches have advantages and disadvantages. The nation of
equilibrium is a cornerstone of economics. It is an enormously useful
concept that has permitted a variety of important comparative statics
analyses of micro as well as macro phenomena. However, applying the
equilibrium paradigm to-the analysis of labor market fluctuations leads
to an obvious problem—if the supply and demand of labor are always
cqual, then why is there any unemployment? As Altonji (1982) points
out, accerding to modern equilibrium theorists, the main reason is
intertemporal substitution:

In essence, the [equilibrium] hygpothesis explains cyclical
fluctuations in employment and unemployment as the re-
sponse of Iabour supply to perceived temporary movements
in the real wage. The key behavioral postulate is that leisure
in the current period is highly substitutable with leisure (and
goods) in other periods. Consequently, movements in the

current real wage . . . clicit a large labour supply response.
(p. 783)

In siiort, some individuais inay choose unemployment this year
because they believe that they will be able to earn more next year. Is
this a sensible story? Critics of the equilibrium view find it implausible
that during the Great Depression 25 percent of the workforce was
unemployed only because so many people (mistakenly) believed that if

) Y
1C ie




4 The Conflict Between Equilibrium and Discquilibrium Theorics

they waited a while, they would command a higher wage rate.
Nevertheless, propo.ients of the equilibrium view argue that it provides
a good explanation of the historical data. (See, e.g., Lucas and
Rapping 1970.) On the other hand, other econometric tests of the
equilibrium hypothesis are not very favorable to it. (See Altonji 1982
or Mankiw, et al. 1982.)

In contrast, the disequilibrium formulation appears to accommodate
the phenomenon of unemployment with relative ease—the wage rate is
*‘too high;”’ workers without ;obs would be happy to work for less, but
the wage rate will not fall or, at least, will not fall sufficiently to clear
the market. But denial of wage flexibility, simple as that noticn may
be, brings with it a host of diificulties in model specification and
estimation. For example, why do firms pay workers more than the
wages required by their potential replacements? After all, by defini-
tion, those who are involuntarily unemployed would be willing to work
for a wage less than the prevailing one. In short, failure of markets to
clear is generally viewed as concomitant with the failure of some
agents to optimize.

However, under certain conditions sticky wages can be the outcome
of optimizing behavior by both firms and workers. For example, the fact
that firme do not always take advantage of opportunities to replace
workers with cheaper replacements may be due to costs of labor turn-
over. Several more sophisticated theoretical attempts to rationalize
sticky wages are discussed in section 2.2.3 below. Whatever the success
of such theoretical exercises, however, proponents of disequilibrium
models are apt to point out that despite difficulties in explaining pre-
cisely why the labor market does not clear at every moment in time, ti.e
real world does seem to be like that, and this fact should be reflected
in economic analysis. As Rees (1970, p. 234) observes,

Althqugh we know very little about the exact nature of the
costs of making wage changes, we can infer that they exist.
Wages are, next to house rents, the stickiest general class of
prices in the economy, seldom adjusted more frequently than
once a year. This stickiness may be reinforced by unionism
and collective bargaining, but it was present long before
unions arrived.
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The debate between protagonists of the equilibrium paradigm and
the disequilibrium paradigm has a strong ideological flavor. Propo-
nents of one view frequently think that the alternative view is worthless
or perhaps downright silly. A few years ago, one of us gave several
seminars on the question of how one would test the null hypothesis that
a set of observations is better explained as having been generated from
an equilibrium as opposed to a disequilibrium specification. On some
of these occasions (mostly in the U.S.), five minutes into the seminar
it would be interrupted with the remark, ‘“What you are trying to do is
silly, because everybody knows that prices always clear markets and
therefore there is nothing to test.”” At other times (mostly in Europe)
the interruption took the form, ‘“What you are trying to do is silly,
because everybody knows that prices never clear markets and therefore
there is nothing to test.”” Juxtaposing the two remarks very much
convinced us that there definitely is something to test, and that any
approach that is not ultimately willing to subject such questions to data
as the final arbiter must be misguided.

1.3 Goals of this Monograph

The equilibriur~ vs. disequilibrium controversy is not only a matter
of methodological interest. Appropriate answers to the important
policy problems discussed in the first part of this chapter wili depend
in part on whether an equilibrium or disequilibrium characterization of
the labor market is more appropriate. The goal of this essay is to
estimate both disenuilibrium and equilibrium models of the U.S. labor
market, and to compare th< results and their implications for policy. To
our knowledge, this is the first attempt to estimate and compare fairly
sophisticated equilibrium and disequilibrium labor market models.

A great deal of work in the U.S. labor market has followed the
equilibrium paradigm. The economic and statistical issues associated
with such models are now well understood, and there is no need for
them to be exposited here at great length. In contrast, there has not
been a great deal of work based on the disequilibrium paradigm.’ We
shall therefore devote a disproportionate amourt of time to discussing
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the problems that arise in formulating and estimating a disequilibrium
model.

Chapter 2 discusses equilibrium and disequilibrium approaches to
labor market analysis, with special focus on policy implications. In
chapter 3 we specify the disequilibrium model, and in chapter 4 the
results are presented and discussed. Chapter 5 contains the equilibrium
model. Chapter 6 concludes with comparisons between the disequili-
briun~ and equilibrium results, and some suggestions for future
research.

NOTES

!This calculation was done using *‘Okun’s Law,’* which states that for each
I percentage point reduction in the unemployment rate, real GNP will rise by
2.5 percent. If the actual rate of 7.1 percent had been reduced to an assumed
“natural rate’” of 6.0 percent, then Okun’s Law implies an incrzase in real
GNP of (7.1 — 6.0) X 2.5 = 2.75 percent.

2For a careful discussion of the crime issue, see Massourakis, et al. (1984).

3For a discussion of the influence of tax changes on aggregate demand, see
Blinder (1981).

““Disequilibrium™ has often been construed to refer to a state in which
forces are at work to restore the system to equilibrium. This interpretation is
not intended here, since the state of disequilibrium may persist indefinitely.
For this reason, disequilibrium in the present sense is sometimes called a
“fix-price equilibrium.”’

SFor some examples, sce Rosen and Quandt (1978), Romer (1981), and
Artus, Laroque, and Michel (1984).
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Equilibrium vs. Disequilibrium Labor
Market Analysis

In ¢his chapter we discuss how labor markets have been treated in
equilibrium and disequilibrium contexts. As preface, two points should
be emphasized. First, we consider only analyses that deal with both
supply and demand in the labor market as a whole. Thus, we exclude
from discussion the very interesting disequilibrium analyses that have
been done of individual labor supply decisions without explicit
reference to the demand side of the market. (See, e.g., Ham 1982 and
Dickens and Lundberg 1985.)

Second, it is important to distinguish between the use of the term
‘*disequilibrium’’ in this monograph and its use in some previous
work. As noted in chapter 1, we characterize as disequilibrium a
situation in which price fails to clear a market. Hence, some agents
face rationing—they cannot obtain ali of the commodity they desire at
the going price. This usage is widespread and in conformity with much
of the literature, e.g., Barro and Grossman (1971), Fair and Jaffee
(1972), and Malinvaud (1976). In contrast, some authors characterize
a situation as being in disequilibrium if the actors fail to reach an
optimum in a given period, even though in each period pric.. adjust so
as to bring supply and demand towards equality. (See, e.g., Nadiri and
Rosen 1973, Chow 1977, and Sarantis 1981.) Thus, according to this
partial adjustment approach, any model in which either prices or
quantities (or both) adjust slowly in each period toward their Jong-run
values is in disequilibrium. There is no point in engaging in a semantic
discussion of which is the ‘“‘real’’ meaning of disequilibrium. Suffice
it to say that very different maintained hypotheses are involved.

2.1 Equilidriui Labor Market Analysis

The biggest problem that equilibrium models of the labor market
have is explaining the existence of unemployment. In some equilib-
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rium medels, this problem is “‘solved’” by ignoring the existence of
unempic -ment. For example, Lewis (1963) and Pencavel and Hartsog
(1984) ¢ iine the effects of unionism on wage rzies and hours of
work in a two-sector model of the labor market. The wage rate clears
the labor ma et each year. No unemployment equation is grafted onto
the aaalysis ~ wages and hours. From the point of view of publi
policy toward um mployment, what do such models tell us? Given that
they make no at.cmpt to deal with unemployment, ¢' : answer has to be
“‘nothing.”

Ir contrast, the classic equilibrium model by Lucas and Rapping
(L-R) 1970) explicitly considers unemployment. A detailed discus-
sion of the L-R medel is provided in chapter 5. For the moment, we
merely describe its main components. The aggregate supply of labor
depends upon current and anticipated wages and prices, the interest
rate, and the market value of household assets. The demand side of the
model is derived from the marginal productivity condition for a
constant elasticity of substitution production function. There is no
disequilibrium in the model: ““The current wage is assumed to equate
quantity demanded and quantity supplied each period’’ (Lucas and
Rapping 1970, p. 272). Nevertheless, L-R do allow for unemploy-
ment, und pssit that it is due to job search and erroneous wage-price
expectations. Using this theory of unemployment and making certain
simplifying 2ssumptions, L-R complete their model with an equation
that relates the unemployment rate to current and iagged wages and
prices, and to the lagged unemployment rate.

In both the supply and demand equations, L-R exercise great care to
account for slow adjustment in behavior. In spite of this, they take as
a maintained hypothesis that the labor market itself is always in
equilibrium and tnat there is no lag in the response of the real wage to
changes in supply and demand.

From a policy point of view, two points are worth noting:

1. The model does allow for a short-run trade-off between inflation
and unemployment. This is possible because, by inflating wages (via
aggregate demand policy), the government can temporarily fool
workers iuto believing that their real wage has increased. Note,
however, that if one augrments the L-R theory with rational expecta-
tions—i.e., workers’ expectations are on average correct predictors of
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the future—then the model implies that there is not even a short-run
trade-off between inflation and unempioyment.

2. Unionization is ignored in the model. L-R correctly note that
theoretically, changes in the unionization rate have an ambiguous
effect upon the level of wages in the economy as a whole. If unions
increase the wage rate in the union sector, some workers may have to
seek jobs in the nonunion sector. But the influx of workers into the
nonunion sector may depress wages there, so the impact on the average
wage level is unclear. However, just because the overall impact is
ambiguous does not mean that it is zero. Unionization should at least
be considered for a role in the models of the labor market.

2.2 Disequilibrium Labor Market Analysis

2.2.1 Disequilibrium and the IS-LM Model

It is useful to begin our discussion of disequilibrium by considering
the standard ‘‘Keynesian’’ IS-LM model. Ii the current context, a key
point is that despite the fact that one often thinks of Keynesian analysis
as being ‘‘disequilibrium,”” in IS-LM analysis virtually all markets
clear. After all, the IS curve is the locus of equilibrium poiats in the
goods market; the LM curve is the locus of equilibrium points in the
money market; and their intersection is a point of general equilibrium.

The intersection o the IS and LM curves determines rzal output and
the interest rate. Where does unemployment come in~ According to the
model, changes in cutput drive changes in employment. As suggested
in a popular elementary textbook: ‘‘Faster growth of real output
naturally means faster growth in the number of jobs and, hence, lower
unemployment. Conversely, slower growth of real output means
slower growth in the number of jobs and, hence, higher unemploy-
ment”’ (Baumol and Blinder 1985, p. 311). Contrary to what this
statement implies, however, it is not ‘‘natural’’ that changes in output
will change the unemployment rate—if wages are perfectly flexible in
the labor market, then there will be no unemployment, regardless of
the level of output.! In short, the IS-LM model appears to be an
equilibrium model of output and interest rate determination with a
disequilibrium model of the labor market grafted onto it.

'5{3
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10 The Conflict Between Equilibrium and Disequilibrium Theories

2.2.2 The Barro-Grossman Mode!

These inadequacies of the standard IS-LM model led Barro and
Grossman (B-G) (1971) to study the theoretical properties of a model
which allowed for price rigidities in all markets. Again, we will make
no attempt to summarize their entire analysis. We merely want to
provide enough of the flavor of their work to make the following point:
Theory shows that counter-intuitive results with respect to the efficacy
of various economic policies can arise in disequilibrium models.
Therefore, as an empirical matter, it is important to find out whether
disequilibria exist in various markets.

To begin, B-G consider a profit-maximizing firm employing labor
as its only input. Suppose that the firm believes that it can hire all the
labor it desires at the going real wage (W/P), and can sell ali the output
it supplies at the going price (P). Then profit maximization leads to n
optimal quantity of labor hired LP, and an associated optimal quantity
of output supplied, Q5. Supplies and demands which are based on the
assumption that there will be no rationing are referred to as being
““notional.”

Now suppose that the (rigid) price in the output market is such that
there is excess supply. Given the principle of voluntary exchange,
according to which no purchaser can be forced to buy more and no
seller to sell more than he or she wants, the quantity actually sold, Q,
will be the minimum of the quantity supplied and the quantity
demanded; in this case, then, Q < QS. Facing this constraint, how
does the firm decide how much labor to hire? It simply hires the
minimum quantity required to produce Q; call it LP. Hence, the
constraint Q < QS implies that L® < LP. What is remarkable about all
of this is that the effective demand for labor can change even if the real
wage stays constant. ““The quantity of employment . . . is not uniquely
associated with the real wage’” (Barro and Grossman 1971, p. 86).

Some further implications of the model can be obtained by referring
to figure 2.1. The horizontal axis measures the quantity of labor; the
vertical axis measures the real wage rate; LP is the notional demand for
labor, and LS is the notional supply of labor. If Q = QS, LP is the
effective demand for labor. If Q < QS, the effective demand for labor,
IP, is independent of the real wage; this possibility is depicted by the
vertical line AB.

4
L
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Figure 2.1*

1o (given Q< Q5)
A

*Based on figure | in Barro and Grossman (1971), p. 86.

Suppose that initially Q¥ = Q, so that equilibrium in the labor
market is determined by the intersection of LP and LS at point E, which
is associated with a real wage of (W/P);. Now say that there is a shock
to the system which leads to the current price level being too high to
clear the goods market. In this case, Q < Q5, and the labor demand
schedule is LP. Assuming that the real wage is rigid at (W/P);, the
quantity of labor supplied, FE, exceeds the quantity demanded (FC) by
the distance CE, which represents the amount of involuntary unem-
ployment. Thus, involuntary unemployment is not a consequence of
the real wage being “‘too high.”

Suppose now that a fall in the real wage to (W/P), were engineered.
Now there would be no involuntary unemployment. However, the
quantity of labor hired would still be suboptimal in the sense of being

20




12 The Conflict Between Equilibrium and Discquilibrium Theorics

CE less than the quantity associated with general equilibrium. From a
policy perspective, the important result is that programs designed to
lower the real wage will not necessarily be the “‘cure’” when the level
of employment is smaller than that associated with the general
equilibrium solution. In this example, the “‘fault’’ is due to inadequate
commodity demand, and the “‘cure’’ is to stimulate the goods market.

Of course, this need not be the case; for other configurations of
supply and demand in the goods and labor markets, real wage
reduction may be efficacious in reducing unemployment. Moreover, a
complete analysis should consider disequilibria in both markets simul-
taneously. But for our purposes, the basic point has been made: policy
prescriptions that are appropriate in a world witk flexible prices and
wages may be quite different from those which make sense when
prices and wages are fixed.

2.2.3 Theories of Nonmarket-Clearing Wages

B-G’s model begs the question of why wages are rigid, even in the
short run. As noted above, this is sometimes viewed as the Achilles’
heel of disequilibrium models, because it seems to imply the absence
of optimizing behavior. The purpose of this section is to give some
examples of the theorizing that has been done to rationalize the
existence of fixed wages.

a. Efficiency Wages. Our exposition of this model closely

follows Yellen (1984), but we change her notation to match ours.

Suppose that all workers are identical, and the amount of output
produced by a worker depends on his ¢ffort, e, which in turn depends
upon his real wage, W/P. We denote this functional dependence by
e(W/P). The number of “‘efficiency’’ units employed by the firm is the
number of workers hired, LP, times the effort per worker, or
e(W/P)LP. If labor is the only input, then firm ouiput, Q, is given by
Q = Fle(W/P)L”). where £[-]is the production function. The firm has
to choose optimal values of W/P and LP; call them (W/P)' ang LP",
respectively. The first order condition for profit maximization with
respect to W/P implies that (W/P)* should be set such that the elasticity
of effort with respect to the real wage is unity.2 For a given (W/P)*, the
number of workers hired is set 5o that the value of the marginal product
of a worker is equal to his wage: e(W/P)'F'[e(W/P)'LP'] = (W/P)",
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that is to say, the numbe. of efficicacy units embodied in a worker
times .he marginal product of each eificiency unit equals the worker’s
real wage.

Now, it is possible that (W/P)' may exceed labor’s reservation
wage. Unemployed workers would therefore be w.iling to work for 2
lower wage, but firms wil! not find it profitable to hire th2m Why not?
Because any reduction in the wage rate would lower the productivity
of those already employed.

The model also iias something to say about the existence of a rigic
real wage, i.e., why shocks that change the marginal product of labor
tend tc alter employment but not (W/P)". To see this, simply note that
shifts in the marginal product of labor will not change the co' dition
that determines the real wage, i.e., that the clasticity of effort with
respect to the wage must equal one. See Yellen (1984) and footuote Z
for further detaiis and references.

b. Dual Labor Markets. Salop (1979) develops a mode] in
which individual workers and firms face some uncertainty, although
there is no uncertainty in the aggregate. Workers are uncertair about
the nonpecuniary aspects of various jobs; they learn about these
characteristics only by experience, and may quit if they think they can
do better elsewhere. The firm can replace workers who quit, but mus.
pay ‘‘training costs’’ in connection with the new workers.

Let E be the employment of the firm, N the new hires, q the quit
rate, w the wage, and z a measure of general labor market conditions
(c.g., the average wage in the economy taking into account the ease
getting a job). Quits are assumed to depend on the wage relative 19
general labor market tightness,

q = q(w/z)

with ' < 0 and q" > 0. In a stationary state, it must be true that the
size of the firm does not change; hence N must equal q(w/z)E—new
hires equal the actual number of quits.

The firm’s problem is to select employment E, new hires N and the
wage W, so as to maximize profits, taking into account the fact that
more new hires entail higher training costs. As expected, the solution
of this optimization problem yiclds expressions for E, N, and W in
terms of the only variable in the system that is exogenous to the firm,

D
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z: E = E(2), with E' < 0; w/z = W(z), with W' < 0; and N = N(z)
with an unsigned derivative.

If we now assume that n firms operate in the economy, we can write
down economy-wide equilibrium conditions that determine the equi-
librium values of z and n. The key result is that this equilibrium may
well be characterized by involuntary unemployment over and above
the frictional level of unemployment.

The intuitive basis for this finding is that new and old workers are
paid the same wage in the model. Thus, if there are n firms, there are
in general n wages that can perform market clearing. However, each
firm has two ‘‘markets’’ that need to be cleared; an internal market
which determines employment and quits, and an external one which
determines new hires. As Salop points out, “‘Since there are only n
prices attempting to clear 2n markets, it is not surprising that quantity
rationing must serve as the clearing device in some markets, leading to
thie possibility of unemploy:nent at the equilibrium.”’ (p. 121)

c. Implicit Contracts. Textbook models of the labor market
view it as a spot market—each period the wage clears the market,
thereby equating the marginal revenue product of labor with the wage.
A number of writers (see Azariadis 1975 or Baily 1974) have argued
that it is more appropriate to view the wage setting process as being
governed by long-term contracts between employee and employer.

The “contracts’’ are not written down and legally binding; rather, they

are implicit agreements that are maintained because both sides have
incentives to continue the relationship.

Why do such implicit contracts arise? Workers are faced with
uncertain streams of income, and it is very difficult for them to shed
this risk by purchasing private insurance. One possible way for the
workers to reduce risk is to pass some of it to firms through long-term
contracts which reduce the sensitivity of wages to demand {uctua-
tions. Thus, when times are (unexpectedly) good, workers will receive
a real wage that is less than their marginal revenue product. Con-
versely, when times are (unexpectedly) bad, the real wage exceeds the
marginal product. The difference between the marginal revenue
product and the wage when times are good can be thought of as an
insurance premium which finances the higher than marginal revenue
product wage when times are bad. As long as the firm is less risk

N
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averse than its workers, it pays for the firm to enter into such
arrangements—it will be able to pay workers less on average because
the workers value the insurance being provided by the firm. Again,
then, there is nothing necessarily irrational about rigid wages.
Summary. Recent theoretical developments have gone a long way
toward explaining the stickiness of real wages. As Azariadis and
Stiglitz (1983) and Lindbeck and Snower (1985) note, there are still
many problems with these models. In particular, in implicit contract
models it is difficult to explain convincingly just why sticky wages are
associated with unemployment. (This is because in some of these
models a low sticky wage is the price paid by workers for greater
employment security.) However, enough theoretical work on the
consistency of sticky wages and rational behavior has been done so that
nonmarket-clearing models should not be dismissed out of hand.

NOTEE

'We are, of course, ignoring the ‘‘search unemployment’” discussed in

sc%lion 2.1 above. w
Real profits, o, can be written 7w = F{e(W/P)LP) - 7 LP. The firm’s

first order conditions for profit maximization are

T _ praD D = :
5(W_/P) F'e'L L 0 (l)
an ) w ..
= Fe —~__ =
3P e P 0. (i1)

Equation (i) implies

Fe' = 13 (iii)
Equation ¢ implies
3 =Fe i)

Multiplying both sides of (iv) by e'/e yields -\PX%, = F'¢’, which equals 1 by

!
equation (iii). But -\;% is the required elasticity, so the result is proven.

wd




Formulating a Disequilibrium Model

3.1 Introductory Remarks

In this section we specify an estimable disequilibrium model of the
labor matket. Before discussing each equation of the model, it is
important to answer two general questions.

i. Why study just the labor market? The theoretical discussion in
chapter 2 indicated that the interaction between various markets can
have important consequences for the efficacy of macroecconomic
policy. Does it not follow that a general disequilibrium model should
be esvima ed? The problem with that strategy is a practical one. As will
be seen below, the technology of estimating disequilibrium models is
sufficiently difficult that, given currently available computational
methods, estimating a general disequilibrium mode! is extremely
difficult. This is particularly true if the individual markets are to be
modeled in some detail. A start has to be made somewhere; we believe
that careful analysis of onc market in disequilibrium is a good
beginning.

Given that technological considerations impel a partial disequili-
brium analysis, why choose the labor market, rather than the goods or
money markets? We think that from the point of view of achieving
results that may be useful from a policy point of view, the lubor market
is most important. To see why, note that many economists agree that
if some kind of shock moves the cconomy away from a full
employment equilibrium, there are self-correcting mechanisms that
will eventually restore the system to full employment. The crucial
question for designing policy is, how lang do we have to wait? If the
labor market responds quickly to shocks in the sense that excess supply
quickly brings down wages, then one does not nced to wait very long.
Activist macrocconomic policies are not required. Conversely, if
wages tend to be very rigid, then such policies may be useful. We think

17
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that a key issue dividing ‘*Keynesians’’ and *‘neoclassicists”’ is how
well the labor markei works.

More than 40 years ago, Modigliani (1944) noted that economists’
understanding of the labor market appeared to be the weak link in
comprehending macroeconomic phenomena.! It is still true today,
which is why the labor market seems a natural focus for our attention.

ii. Must the model have ‘‘choice-theoretic foundations”? As a
methodolngical stance, it is now widely agreed that equations in
econometric models should have *‘choice-theoretic foundations.’’ This
means that the behavioral refations should be based on optimizing
behavior by various agents. It is hard to disagree with this prescription
for rigor in modeling, and to the extent possible, we have tried to
follow it. Nevertheless, there are at least two reasons why it is not
sensible to make a fetish out of choice-theoretic foundations. These
points, incidentally, apply equally w.l to equilibrium and disequili-
brium models.

First, virtually all that theory tells us about is the decisions of
individual units, cither firms or people. If we seek to explain mirket
phenemena, the decision rules of these individuals must be aggregated.
However, even if a rigorously derived equation explains the behavior
of an individual, it is only in very special (and unlikely) cases that the
same functional form will correctly describe aggregate behavior.
Unfortunately, equations for aggregate behavior carefully derived by
adding up those for individuals are usually econometrically intractable.
The usual solution is to assume that individuals in the aggregate act
“as if*’ they were 2 single optimizing in~  iuval. Thus, for example,
the aggregate demand curve for lab~ "+ derived as if there
were one firm with a particular  :ducion function. This is a
convenient fiction, which helps to u,ect some discipline into the
modeling process by narrowing the set of explanatory variables, aiding
in the choice of functional form, etc. Still, it iz a fiction, and the fact
that the estimates of the parameters of an ‘‘aggregate individual”’
equation nidy not be consistent with constraints imposed by individuzl
maximization is not necessarily damning.

Second, sometimes there are simply no choice-theoretic foundations
upon which to build. For example, it is commonly assumed that for a
market out of equilibrium the rate of price change is propusional to the

0
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discrepancy between quantity supplied and quantity demanded (See
e.g., Samuelson 197M). This is a convenient formulation, but why
should it be true? One ruight argue as follows. Assume that there exist
demand and supply functzons D{p,), S(p,) depending on current price.
If the economic system behaved as if it incurred certain costs whenever
prices change (adjustment costs) and whenever demand failed to equal
supply (disequilibrium costs), one might think of the system as
minimizing a cost function C = @;(p,—pi=1)> + 0(D(py) — S(py)>.
Differentiating this with respect to p, and setting equal to zero yields an
equation of the form p, — pi—1 = Y(D(py) — S(py) if demand and
supply are both linear. This appears to justify the assumption that price
change is proportional to excess demand, but one cannot avoid asking
why we should think of the economic system acting so as to minimize
the cost C. Investigators are thus forced to use such ad hoc specifica-
tions because there is currently no satisfactory theory of adjustment
costs, and how they influence the rate of price change.

3.2 The Disequilibrium Model?

Our model consists of six equations, one each for the marginal
productivity of labor, the supply of labor, the observed quantity of
labor, nominal wages, the price level, and the vacancy-unemployment
rate relationship. The deterministic version of each equation is
discussed in turn. We defer until section 3.3 the matter of stochastic
specification.

Marginal Productivity of Labor. A necessary condition for profit
maximization requires that the marginal product of labor equal the real
wage:

(WeP) = fi(L,Ky.t) 3.2.1)
where fy, is the partial derivative of the production funciion,
Q( = f(L(,K(,t), (3-22)

and where Q, is output, L, is man-hours of labor,* K, is the flow of
services of capital, and t is a time trend representing the state of
technical progress in period t. Solving (3.2.1) for K,, substituting this
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into (3.2.2), assuming that the resulting equation can be solved for L,,
and calling the quantity of labor demanded D,, yields

D, = D((W/P),Qy.t). (3.2.3)

Although (3.2.3) is a proper structural relationship, it is not a reduced
form equation and hence not in the usual form for the demand equation
because of the appearance of the endogenous variable Q, on the right
hand side. It also appears desirable to assume that the notional and
actual output variables coincide and may thus both be symbolized by
Q..

Equation (3.2.3) assumes that the demand for labor adjusts instan-
taneously to change in output; we can allow for the possibility of lags
in the process by positing

D, = D((W¢P),Q:,Qc-1,1).

For purposes of estimation, a log-linear appreximation (except for t)
is employed:*

+ a3€nQ(_| + oyt (324)

Formulation (3.2.4) (or a minor variant) is a common starting point for
both equilibrium and disequilibrium studies of labor markets (see, for
example, Lucas and Rapping 1970, Rosen and Quandt 1978, Romer
1981, Smyth (undated), Hajivassiliou 1983 and Bernanke 1984.)
Nevertheless, ideally one would want to study a multimarket model in
which output was treated econometrically as an endogenous variable.
This task is beyond the scope of the current study, and for tractability
it will be assumed that output is exogenous.

Supply of Labor. The total number of man-hours supplied in year
t depends upon the real net wage, (Wy/P,), and the potential labor
force, H,, which is essentially a scale variable to capture the effect of
population growth. Again assuming a log-linear specification:

S, = Bo + Bi€n(Wo/P) + BofnH, (3.2.5)

where S, denotes notional supply. The basic theory of labor supply
suggests that nonlabor income belongs in equation (3.2.5). However,
Romer (1981) pointed out that unearned income is endogenous in a life
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cycle model of labor supply determination, and shows that more
sensible results can be obtained when it is omitted.

Equation (3.2.5) ignores the impact that unions might have upon the
supply of labor. Specificzlly, it has been argued that some unions have
“*forced employers to agree to hire only union workers, thereby giving
the union virtually complete control of the supply of labor. Then, by
following restrictive membership practices—long apprenticeships,
exorbitant initiation fees, the limitation or flat prohibition of new
members—the union causes an artificial restriction in the labor
supply’’ (McConnell 1966, p. 562). To explore whether or not such a
unionization effect is present, we augment (3.2.5) with a variable
UNION,, the proportion of the labor force that is unionized:

€nS; = Bo + Bifn(Wn/Py) + B2fnH,
+ B3UNION,. (3.2.6)

Note that equation (3.2.6) ignores the possible roles of intertemporal
labor supply substitution and expectations concerning future labor
market conditions. From a logical point of view, there is nothing to
prevent a careful examination of expectational issues in the context of
a disequilibrium model; indeed, this has been attempted by Eaton and
Quandt (19°3) and Hall, et al. (1985). Nevertheless, since most of the
““action” in explaining unemployment in equilibrium models comes
from expectations, we felt that a sharper comparison of the two
approaches would be possible if expectational issues were not stressed
in the disequilibrium model. We note in passing, however, that for at
least some simple expectational models the main implication is that the
lagged wage as well as its current value appear in the supply equation.
When we augmented equation (3.2.6) with the lagged real net wage,
we found that it did not have much of an impact on the other parameter
values.

Observed Quantity of Labor. In an equilibrium model, the ob-
served quantity of labor is determined by the intersection of the supply
and demand curves. In a disequilibrium mcdel, this is not the case. In
conformity with most of the work in disequilibriuin theory, we assume
that the quantity observed is the minimum of the quantities supplied
and demanded at the current wage:
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¢nL, = min (€nS,, €nD)). 3.2.7)

Equation (3.2.7) is perhaps the most distinctive component of the
disequilibrium model. The fact that in any given year the observed
quahtity of labor is on either the supply or demand curve—but a priori
we don’t know which one—accounts for most of the statistical
problems associated with disequilibrium models.

In this context, it is useful to recall from chapter 2 that some writers
have characterized a model as ‘‘disequilibrium’’ merely if prices
and/or quantities fail to achieve their long-run values in any given
period. As Chow (1977) shows, such models can be estimated by
garden variety simultaneous equations methods. In our opinion,
however, the failure of markets to clear, which is central to the
theoretical disequilibrium models discussed in section 2.2, is the
essential aspect of the disequilibrium phenomenon, and must be dealt
with head on.

Clearly, equation (3.2.7) does not describe completely what is
presumably a very complicated rationing story. It has been pointed out
(Muellbauer 1977, and Hajivassiliou 1983) that a formulation such as
(3.2.7) may represent some misspecification in situations in which the
aggregate labor market is, in effect, the sum of many individual
submarkets. If some of these exhibit excess demand while others, at
the same time, have excess supply, the observed transacted quantity
can be shown to be strictly less than either aggregate demand or
aggregate supply. The appropriate econometric estimating method
depends very much on how one assumes the aggregation of submarkets
is accomplished. Quandt (1986) has shown that for at least one broad
class of aggregation procedures, the theoretically misspecified proce-
dure based on the simple “‘min condition’” still gives acceptable
results. In any event, the “‘min condition’” helps keep the problem
tractable, and we are assuming that the misspecification involved in
(3.2.7) is not too serious in practice.

Nominal Wage Adjustment.  Thus far, our model says little about
how the history of wage and price movements affects the current
nominal wage. Standard models of ‘sluggish’” behavior imply that the
current value of a particular variable will depend on its past values;
hence, we expect W, to depend on its past values. Similarly, lagged
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prices are included because of the expectation that workers’ nominal
wage requests will depend on the extent of recent price changes.
Ceteris paribus, higher prices will result in high nominal wages.
(Indeed, in much of the union sector, indexing is formally built into
wage contracts.) As usual, theory does not give much guidance with
respect to the pattern of lags; the specification reported below was
superior to several alternatives in the sense of leading to the best fit to
the data.

We also included in the nominal wage equation the official unem-
ployment rate, U,, and the change in the unionization rate, AUNION,.
The presence of the official unemployment rate reflects the possibility
that when the labor market is slack (high U,), then nominal wages will
be lower, ceteris paribus, and vice versa. The change in unionization
variable allows for the possibility that unions can exogenously raise the
nominal wage above the level that otherwise would have obtained. The
change in the unionization rate rather than its level reflects the
assumption that an increase in unionization induces a once-and-for-all
increase in the nominal wage; all of the union’s ‘‘monopoly power’’ is
exprited immediately.

We can summarize the preceding discussion of the determinants of
the nominal wage with the following equation:

W, = vyo + vifaW_y + v,U,
+ y3(€nP—E€nP ;)

+ Y4(€nPi——¢€nP;_,)
+ vs€nW,—»
+ YsAUNION,. (3.2.8)

One final issue concerns the use of U, as a measure of slackness in
the labor market. It is well known that unemployment as measured in
the official statistical series does not correspond well to the theoretical
notion of unemployment as the inability to find work at the going
wage. (See the discussion of the vacancy-unemployment relationship
below.) Why not, then, include excess demand, (énD, — €nS,), rather
than U,? The choice of U, reflects the fact that workers and employers

e
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do not know (¢nD, — ¢€nS,); they have to rely on their perceptions of
the labor market situation, and these are well measured by U,. Indeed,
when we estimated the model including (énD, — €nS,) instead of U,,
implausible parameter estimates resulted.

Price Adjustment.  The price level of this period depends upon the
lagged price level and the recent history of nominal wage changes:

+ 84(€nPF‘—€nPF(_|) + 85[, (329)

where PF, is a price index for energy in period t. The lagged price term
reflects sluggishness in the price adjustment process. Lagged nominal
wages are included because producers take fsctor costs into account
when setting their prices. (Such behavior is consistent with, for
example, simple mark-up models of pricing behavior.) The presence of
the energy price variable is responsive to the suggestion of Gordon
(1982) and others that macroeconomic price equations be augmented
with variables to account for ‘*price shocks’* which exogenously affect
prices. (Note that because we do not attempt to model disequilibrium
in the goods market, excess demand does not appear in (3.2.9).)

Vacancy-Unemployment Relationship. Let V, be the vacancy rate
defined as the ratio of vacancies to the total labor force n year t, and
U, be the official unemployment rate, both measured as fractions.
Ignore for the moment that U, does not measure correctly the
discrepancy between the amount of labor supplied and the amount
workers desire to supply at the prevailing wage. Then by definition,
D, = Li(1+V) and S; = L(1+U,), which imply

o

1+ V,

S 1T+0,°

Taking logarithms,

¢nD, — énS, = (1 +V,) — én(1+U)).
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If V, and U, are fairly small, then a Taylor Series approximation gives
us

¢nD, - €nS, = V, — U,. (3.2.10)

Unfortunately, U.S. annual data for the vacancy rate do not exist for
our sample period. Pencavel (1974) suggests that the vacancy rate is a
stable function of the unemployment rate which can be approximated
by the hyperbolic relationship®

V, = MU, (3.2.11)

where \ is a parameter. Substituting into (3.2.10) leads to

¢nD, — €nS, = U, (3.2.12)

L
U,

Equation (3.2.12) gives the relationship between the official unem-
ployment rate and the excess demand for labor. It does not hold as an
identity for three reasons. First, equation (3.2.10) holds as an approx-
imation. Second, equation (3.2.11) holds only as an approximation as
well. Third, it is likely that U, measures the ‘‘true’’ unemployment rate
with error. As Lucas and Rapping (1970, p. 272) note:

The government generates an unemployment series based on
the number of people who answer yes to the question: Are
you actually seeking work? There is strong temptation to
assume that respondents to this survey take the question to
mean, Are you seeking work at the current wage rate?, but
it is important to recognize that this assumption is simply a
hypothesis, the truth of which is far from obvious.

Indeed, one possible way to interpret equation (3.2.12) is not as a
“‘vacancies equation,”” but simply as a way to summarize the relation-
ship between the excess demand for labor and the official unemploy-
ment rate.

3.3 Econometric Issues

In this section we give a brief introduction to the problems of
estimation in the context of both equilibrium and disequilibrium
models. Estimation in equilibrium models is well understood and our
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treatment here can be brief; however, we cannot omit it altogether
because both the similarities {such as they are) and the more important
differences between the two cases are instructive. In order to highlight
these and to avoid getting bogged down in the details of our actual
models, we concentrate on some general formulations that do not have
concrete economic content,

The Equilibrium Model. Consider a single market for a hypothet-
ical good. The market demand for this good in period t, Dy, is derived
by aggregating individual consumers’ demand curves. The individual
demand curves, in turn, are the outcome whéii consumers maximize
their utility functions subject to a budget constraint. Under a variety of
circumstances, it is reasonable to approximate market demand linearly
as

D, = aypy + Bixy + uy (3.3.1)

where p, is the price, a; is an (unknown) coefficient, [3',x|t is shorthand
for BuXie + Braxiz + . .. + BuXu and expresses the effect on
demand of certain other variables that are external (exogenous or
predetermined) to the key variables of interest, and uy, is an error term,
intrinsically unobservable but nevertheiess there, that expresses errors
of specification and measurement. Similarly, producers’ supply is
derived by maximizing their profit (or whatever other objective is
appropriate in the institutional setting considered) subject to the
production function which constrains the manner in which inputs can
be transformed into outputs. After aggregation we can write

S, = Capy + BoXa + Uy (3.3.2)

wliere xz, denotes the exogenous and predetermined v-riables appro-
priate to the determination of supply. As usual, Bjx;, and B,xz both
include a constant term.

The key feature of the equilibrium model is that the observer’s
measurements on the key items, price and quantity traded, always
correspond to equilibrium values. Under these circumstances D, =S
and we can assign the common label Y,. Equations (3.3.1) and 3.3.2)
then become

Y( = (!lp, + B;Xn + lln. (3.3.3)

"""‘“ E - _"34‘7“’ “““
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Y, = asp; + BoXay + Uy (3.3.4)

The problem of estimation then is this: given data on Y,, p; and on the
additional variables x,,, X2, how do we obtain reasonable guesses for
the unknown coefficients a;, By, a2, B2?

All the estimation problems share the characteristic that a model
must be specified and more or less extensive assumptions must be
made about it. In the present case this includes the specification of the
mathematical form of the equations (3.3.3) and (3.3.4); it inicludes the
assumption that variables xy,, X;, are predetermined, i.e., that their
statistical properties or behavior depend neither on Y, and p, nor on the
coefficients ay, By, a, B2; and finally it includes some assumption
about the statistical behavior of the error terms uy,, uy, (e.g., that the
population of error terms has zero mean, perhaps constant variance,
perhaps that the values of uy,, u,, do not depend on previously obtained
values for some other time period, and so on). Any one of these
assumptions could, of course, be in error and there are systematic
procedures (specification tests) with which the validity of the assump-
tions can be investigated. But apart from that, two features need to be
noted: (1) Any method of estimation that is appropriate to a model will
preduce “‘good’’ estimates, i.e., estimates that have desirable statis-
tical properties such as unbiasedness (in rare instances) or consistency
and efficiency, only to the extent that reality corresponds to the
assumptions of the model. (2) If reality does correspond to the model’s
assumption, we are literally acting as if ‘“‘nature’’ generated observa-
tions on the jointly dependent variables Y, and p, according to the
foltowing ‘‘algorithm.’’ First, nature, knowing the values of all the
coefficients and all the x’s, computes Bix;, and B5x. Next, nature
draws randomly two error terms uy,, Uy, from the appropriate statistical
distribution. Denoting for simplicity Bix, + uy, by c; and B5x + uy
by c,, nature then solves the pair of simultaneous linear equations:

Y, —aipe = ¢
Y, — azpr = €2

for Y, and p,, and then allows us to see the solution values.
As is well known, there are numerous ways to estimate such a model
(see Chow 1983, chapter 5). Although it may seem tempting to apply
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ordinary least squares, equation by equation, that is an undesirable
method since it produces inconsistent estimates. However, two-stage
and three-stage least squares and several other methods are appropriate.

Here we briefly review only one particular method, full information
maximum likelihood We do so partly because it has extremely desirable
properties and partly because in disequilibrium models it is frequently
the only practicable method; thus the comparison is of some interest.

We start out by assuming that the error terms uy,, us, are jointly
normally distributed. For the sake of conceptual and notational
simplicity we consider a ‘‘bare bones’’ case: (i) the statistical distri-
bution of uy,, uy is identical for all values of t; (ii) the expected values
of uy, uy are zero. Now define the joint density function of uy, and us,
f(ui,uz), as the function which shows the probability that any
particular combination of uy, and uy, will occur.® Given assumptions (i)
and (ii), it can be shown that

f(u u ) - l X -_ —-——l
16242t € p
277(0’%0’—)2 (¢ ?2 ) 172 2(0 ?0’22 0’%2)

[O’%U%x + 0’%“%: - 20’12“1:“2:” (3.3.5)

where (rf, c% are the variances of uy,, 1, and o5 is the covariance
between them. Using the definition of ujy, and uy from equations
(3.3.3) and (3.3.4), we can obtain from equation (3.3.5) the joint
density of Y,,p, (which are also random variables). This density is

|°‘| - °‘2| 1

exXpi— ————5———
2m(ojo3 — 01" [ 2003 — of)

h(Y,p) =

[G%(Yt_alpt_B;xlt)z + G%(Yz_asz_Béxm)z

- 2012(Y1‘“1Px_[3;xlx)(Yx‘asz—B.'zxzx)”- (3.3.6)
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The term la; — ol is the Jacobian of the transformation from the u’s
to (Y,,po); for a rationale for its presence, see appendix 3.1 In the
simplified case in which u;, and u,, are uncorrelated, (i.e.. o2 = 0)
(3.3.6) becomes

h(Y,p) =

2
20,0, 2 o

oy — oy [ 1|:(Yt‘°‘|Px_B;xn)2
exp{— =

o}

+ (Y,—oup,— B:IZXZ()Z]}.

The product of the densities over all time periods (i.e. observations)
for which data are available is the likelihood function. Maximum
likelihood estimates are obtained by maximizing this function (or
rather its logarithm) with respect to the unknown parameters o, By,
o2, B2, 02, 03 and o7 (if present); i.e., declaring that set of parameter
values to be our estimates for which the value of

L = —T log2w — %log(cfo%—cfz) + T logloy — oy
T

1 2 _ _n! 2
- sty & Y meapBix

+ O'?(Y:“azpt_ﬁi th)
- 20’12(Yx_°‘|Px_B;xn)(Yx_asz_B’zxzx)] (3.3.7

(where T is the total number of observations), is larger than for any
other sct of parameter values. Parameter estimates obtained in this
fashion have the desirable statistical properties of consistency, effi-
ciency and asymptotic normality.

Finding the maximum likelikood estimates is not nearly as routine a

[ )
<)




30 The Conflict Between Equilibrium and Discquilibrium Theorics

computational exercise as, say, computing least squares estimates,
since it involves numerical optimization of the function (3.3.7). We
comment on this briefly at the end of this section.

The Disequilibrium Model. In the equilibrium model it was taken
for granted that all variables, exogenous or endogenous, predetermined
or jointly determined, are always observable. This is not the case for
the disequilibrium model. This difference is the key to characterizing
the econometric distinction between the two approaches and is the
source of the difficulties inherent in the disequilibrium model.

In the equilibrium model we assumed that prices are flexible and so
adjust as to clear the market. It was this assumption that allowed us to
set D, = §; = Y,; the “‘price’” we paid for this was that the good’s
price could not be just any number. In fact, it has to be that unique
number that solves (3.3.3) and (3.3.4). In contrast, in the simplest
discquilibrium model, we assume that the price does not adjust at all:
it is completely rigid. (This assumption is made only for expositional
simplicity. In our concrete labor market models the wage is sticky but
not completely rigid.) Then D, need not equal S, and we are dealing
with (3.3.1) and (3.3.2) supplemented by a relation that describes what
we observe for quantity, namely

Y; = min(Dy, S). (3.3.8)

This is radically different from the equilibrium approach. In equilib-
rium we observe Y, which we know equals both D, and S,. Here we
observe Y, and we know that it cither equals D, or S,, but we do not
know which, since D, and S, are not observed as such.

Models with some unobservability have become fairly well known.
Simple models with some unobservability are the probit and tobit
models. (Sec Chow 1983, chapter 8.) It is interesting to review the
statistical issues surrounding probit and tobit models because they
share some important traits with disequilibrium models. In the probit
model, we posit that a continuous random variable y; is determined
from a conventional linear equation,

Y: = let + Uy,

but that y, itself is not observed by the investigator. Instead, she
observes a variable y, which is related to y; by the relations
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ye=lify; >0

y. = 0 if otherwise.

In the tobit model the mapping between y; and y, is somewhat
different:

yo=y ify; >0
y. = 0 otherwise.

Since maximum likelihood estimation has desirable statistical proper-
ties, and since the likelihood function is the product over the obser-
vations of the densities, it is useful to derive the densities in these
. models. Consider the probit case. The observable y, has only two states,
0 and 1, and so we seek the siscrete probability distribution of y,.
By the clementary rules of manipulating probabilities,

Prfy, = 1} = Pr{y, = lly; > O}Pr{y, > 0}

+ Pr{y, = lly; = 0} Pr{y, = 0}
and (3.3.9)

Prly, = 0} = Pr{y, = Oly, > 0}Pr{y, > 0}
+ Pr{y, = Oly; = 0} Pr{y; = 0}

where Pr{AIB} denotes the probability of event A conditional on event
B. But, by definition,

Pr{y, = lly, > 0} == |
Pr{y,
Pr{y, = Oly; >0} = 0

ly, =0} =

Pr{y, = Oly; =< 0}

—
.

Thus
1} = Prfy, > 0}
0} = Pr{y; =< 0}.

P r{}'t
P r{}'t

If u, is rormally distributed with mean 0 and variance 1.0,”
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Pr{y;* > 0] = PI{B'X‘ +u > 0] = P!{ut > = .p'xt}

LA | 2
=1- [ e = 0 @)
-~ V27 F=

where () denotes the integral of the stangard normal density from
minus infinity to the indicated argument. As noted above, the
likelihood function is the product of the densities and can be written as:

L = Hl D('x,) yI—Io (1 — O@'x,)). (3.3.10)
W= =

In the simple disequilibriur =odel under consideration, life is a bit
more complicated but the reasoning is similar. The observable random
variable is Y, and in analogy with (3.3.9) we can take advantage of
basic probability theory to write (Maddala and Nelson 1974, «nd
Quandt 7982):

h(Y) = f(YID, < S)Pr{D, < S;}
+ {(YID, = S) PD, = S}.  (3.3.11)

The question is, how do we obtain the conditional density (f(Y,ID, <
S,)? From (3.2.1) and (3.3.2) we can casily obtain the density g(D,,S,)
on the assumption (as before) that uy,, u,, are normally distributed with
zero means. The conditional density g(D,,S, | D, < S)) is, by the
clementary probability rules, g(D,,S)/Pr{D, < S}. When the evem
D, < S, occurs, D, = Y,, su we can write this as g(Y,, S,)/Pr{D, < S,}.
The density of Y, is made up of the densities of all those pairs of D,
(=Y, and §, values for which S, > D,; hence to get all the density of
Y, irrespective of S,, we must ‘‘add up”’ these individual density
values. Since we e dealing with contin ‘ous random variables, we
must integrate, and thus

(YD, < 8) = [ g(¥,,S$)dS/PrD, < 5

(YD, = 8) = | " 8(D,,Y)dD/PAD, Z ).

T B S




Formulating a Disequilibrium Model 33

It follows that

h(Y) = [ g(¥, $)dS, + [ gD, YodD.. (33.12)

Working out the algebra for (3.3.12) gives

exp l_ (Y!_alp!_B;xl!)-]

207

MY = o

x 11 -® (Yt_aZPI_BIZXZI
0,

+ exp | — (Y!—azp!—B'zle)z
27 o, 20%
x| 1_® ((Yt_alpt_lem):l‘ (3.3.13)
0y

The resulting likelihood function, obtained by multiplying together
terms such as (3.3.13) is quite different from and generally more
complicated than in the case of the equilibrium modei.® First of all,
the density, and hence the likelihood, contains ®( ), the integral of the
normal density, which tself can be computed only as a numerical
approximation (although very fast and accurate algorithms exist).
More seriously, the resulting likelihood function has a curious
property not shared by the equilibrium likelihood; namely, that it can
become unbounded in parameter space. What this means is that in the
space of potential parameters values there exist some isolated points at
which the likelihood function becomes arbitrarily large; yet these
points do not normally correspond to reasonable values of the
parameters. (For a proof of this see Quandt 1982.) An efficient
computational algorithm that is intended to find the maximum of the

2N

foot
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likelihood function might (and in practice sometimes does) hit upon
such points. Although this condition is almost always diagnosed
(since it is invariably accompanied by one or the other residual
variances becoming zero), and so the investigator is not usually
misled into believing that the point arrived at is a reasonable estimate,
the condition may sometimes effectively impede the computation of
reasonable estimates.

Numerical Optimization. Both equilibrium and disequilibrium
likelihood maximization require the use of compute algorithms for
numerical optimization. The reason is that the function to be maxi-
mized is sufficiently nonlinear, so that as a practical matter the point
of maximum value cannot be easily obtained by setting the first partial
derivatives equal to zero and solving.

A “‘simple’’ algorithm would be to evaluate the likelihood function
for all possible combinations of parameter values and choose the
combination that leads to the highest value. Such a procedure is not
feasible. There are infinitely many parameter combinations that might
be considered. Even if one succeeded in restricting one’s attention to
a finite number, such a procedure would be terribly inefficient—
billions of computations would have to be made, outstripping the
capacities of even modern computers. Instead, algorithms have been
developed which search for an optimum in a more systematic fashion.

Nearly all such algorithms operate by starting at some point in the
parameter space, choosing a direction in which the function is
improving, taking a (smali) step in that direction and then repeating the
procedure until some criterion indicates that further function improve-
ments cannot be obtained.

The starting point has to be supplied by the econometrician and
immediately suggests that ‘‘good guesses,’’ i.e. starting values that
hapoen to be near the ultimate maxinium, are very useful. A good
direction is obviously one in which the function is increasing
relatively most rapidly. In a local sense, i.e., for small cisplacements,
the direction of fastest increase is given by the gradient of the
function, i.e., by the vector that contains as its elements the first

partlal derivatives of the function. Thus, if the functionis f = — 2 —
262, which attains its maximum at 6, = 8, = 0, the gradient is the
vector (— 26,, — 40,); hence, if the initial guess was 6, = 0, = —1,

42
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Figure 3.1

0.

04

we should take a step that moves two units to the east and four units
north.

However, for more complicated functions, this is not an obviously
efficient procedure. Consider the function whose contours are depicted
in figure 3.1. The maximum is at A. If we happened to start at B, the
gradient points approximately in the direction shown by the arrow
emanating from B, and obviously carries us roughly .» the right
direction. But if we happened to start at C, the gradient appears to
carry us in the ‘‘wrong’’ direction, at least for a little while. For this
reason, more complicated algorithms are often employed; we now
briefly outline one of these.

Imagine that the function to be maximized is F(8) with 6 being an
m-parameter vector. Denote by 6% the value of 6 at the k™ iteration of
the algorithm. Expanding F(6¥) in Taylor Series about 6¥~!, we could
write to an approximation

&3

e
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F(O) = FO""") + G(e*~')'(0*~6*"") + L(ok—o+-1y
H(ek—l)(ek_ek—l)

where G(6%~!) is the gradient, i.e., the vector of first partial deriva-
tives and H(6%"!) is the Hessian, i.e., the matrix of second partial
derivatives. To obtain, for given 6¥~!, the value of % that maximizes
the improvement in the function F(8%) — F(6%~"), differentiate with
respect to 6 and set the resulting expression equal to zero, yielding

G(6*~1) + H(O%~1)(8*—6%~1) = 0
or
ok = k=1 — H-'(8k"H)G(8*Y). (3.3.14)

Iterating according to (3.3.14) is known as Newton’s Method; a fast
and accurate procedure that requires that the function be concave
therwise (3.3.14) generates a sequence of 6% going in the ‘‘wrong”’
direction). Newton’s method and its variants (e.g., GRADX; see
Goldfeld, Quandt, Trotter 1966) are powerful; however, they are
expensive to compute because they require computation of second
derivatives, (*.e., the H matrix of equation (3.3.14)). Other algorithms
such as the Davidon-Fletcher-Powell (DFP) method or the Powell
Conjugate Gradient method are somewhat less rcliable but they are
also less expensive. In general, there is no method that is best in every
situation, and in practice it is useful to have numerous optiraize.ion
algorithms available.’

Appendix 3.1

The Role of the Jacobian of the Transformation
This appendix explains intuitively why the Jacobian of the transfor-
mation appears in density functions like equation (3.3.6). The rationale
for the Jacobian can be most easily illustrated for the univariate case.
Consider a random variable x, with density function f(x), plotted in the
first quadrant of figure A3.1. Assume that x is related to y via some
specified function x = g(y), plotted in the fourth quadrant of the

44
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Figure A3.1

h(y)

a(y)

figute. We propose to derivc the density of the random variable y.
(Note thatif x = 3y + 4 and x is random, then y is random). We know
that the resulting density h(y) must have the following property.
Supj'ose that the.e is 2 certain probability, say P, that x is between the
values a and b. Then the probability (calculated from h(y)) that y is
betwean g"!(a) and g"'(b) must also be P. That means that the shaded
area in the first quadrant, which is approximately f(x)dx (dx is a small
width along the x-axis) must equal the shaded area in the third
quadrant, h(y)dy. But if we substitute g(y) for x and note that by
definition dx = g jdy, we have

f(x)dx = f(g(yDg'(y)dy = h(y)dy
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and hence h(y) = f(g(y))g'(y), where g'(y) is the Jacobian of the
transformation. Geometrically, if g(y) is steep, a relatively narrow
x-interval translates to a relatively wide y-interval; hence to keep
shaded areas the same, the height of h(y) must be smali. This is just
what is accomplished by g'(y), since when g(y) is steep, dx/dy = g'(y)
is small.

Appendix 3.2

Derivations of the Disequilibrium Likelihood Function

We derive the disequilibrium model’s likelihood function for two
v1ses: (1) errors are uncorrelated over time; and (2) errors in the wage
aud price equations are serially correi. :d.

1. The Basic Model. For the sake of simplifying the notation, D,
St, Wi, p, will denote in this appendix the natural logarithm of demand,
supply, nominal wage and price, respectively. U, denotes the measured
unemployment rate and zy,, Za, Z31, Zar, Zs; are linear functions of
predetermined variables and coefficients. The disequilibr;jum model
can then be written as

D, = oyw, — ayp, + z;, + uy, (A3.1)
Se = Biw = Bipy + 25, + uy (A3.2)
L; = min (D,, Sy (A3.3)
we = YU + v3p: + z3 + ug, (A3.4)
P = Oow + Z4 + ug (A3.5)
D= S = MU = U, + 25 + ug (A3.6)

where
Zy = oo + oy eth + a3€th..| + ot
Zn = Bo + Bi1 €n(1-6,) + B,€nH, + B; UNIOM,

Zy = Yo t YiWi—1 — V3P—1 F Ya(Pi-1—Pr-2) + YsWi=2
+ 96 AUNION,
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Zy = Og + 1P~y — (B2 83)Wy — S3Wp—p +
84(&1 PFt—fnPFt..l) + 85(
ZSt = 0.

Assuming that uy,, . . . ,us, are jointly normal with mean vector zero
and diagonal covariance matrix, the joint probability density function
of (Dy, St, Wi, P, U is

A

fD,S,, WP, Up =
e (277)5/20'10'20'30'40'5

exp

5 2

_ ll-(Dt—a|W,+0L|pt—Zh)2 + (S,—B 1w, +Bip—2)°
2[ o o5

+ (wt_'YzUt_'Y3pt_23t)2 ¥ (pt_82wt_z4t)2

o2 o2

(A3.7)

o

. (Dt—St—A,/Ut+Ut—25t)2”,

where A, is the Jacobian of the transformation and equals
(MU 1D(1=082y3) — ary202 + aryz2 + Bry2d2 — Bry2. The required
density is

h(L,,w,,p,Up) = fL f(Dnant’vat)th

+ fL f(L,,S., W,y UDdS,. (A3.8)

D-fine further
6 = L — MU, + Uy

&'
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Zn = oW — oqp, + Zy
zg = L + MU, — U,

Zoy = BiWy — Bipe t+ 22

2 2
$2 = 0%
2 2
o, + 0%
2 2
93 = 105
2 2
o] + 0%
2 2 2,2 2,2
A = T5% T 02Z B = 5% T 03Z5
t T T 3 2 L S
0'5 +- 0'2 0'5 + 0'2
2 2 2,2 2.2
C = O5Zy, + GIZSt FE = 0'Z7t + 0'128t
t = 5 5 t -
2 2 2 2
o5 + o} o5 + oy

Performing the integrations indicated in (A3.7) yields

h(L;, w,p, Uy = G1(GxG3 + G4Gsy) (A3.9)

where
G, = lAtl exp (_l F (Wt_'YzUt—'Y3pt—Z3()2

2mo40, i 2 o3

+ (pt_azwt—zm)z-

LA
_ 2

G, = — Lo [ @z

2m)"e, 2l o

1 1 L, —A
Gy, = : — —B-AD) |1 - p[+_
Y enc )" exp{ 24 )H ( b )J
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(L( - Z‘)t)z
o3

Gy = ———CX] = -
(2m) o, 2

1 [ 1 2 L—C,
Gs, = ~— E-C)[1-0
Y emee)” expl 243 )H ( b, )]

P(w) = 1 ey,
V2

The loglikelihood then is
L = (E log h(Ltrwtran()' (A3.10)

2. Autocorrelated Error Terms. We assume that u;3 and ug
follow first order Markov processes Uz, = pily—1 * €3, Mg =
Paug—1 + €4. Hence, denoting by u, and ¢, the vectors of errors (i =
3,4), we can wriie

Riui = € i= 3,4

where

[ a-e)'? 0 0]
P 1 0
R, =
_ 0 0 -p L

Jransforming from the €’s to the u’s alters only Gy,. In analogy with
single equation models, the first term is unchanged except for the
introduction of (1—p?)"? into the Jacobian and of (1—pf) into the
matching term of the exponent. In the other terms each squared
residual in the exponent is replaced by the square of that residual minus
its lagged value which nas been multiplied by the matching p;.
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NOTES

'After a 43-page discussion of macroeconomic theory, Modigliani (1944)
observes that the nature of the long-run equilibrium ‘‘is not unique since it
depends on assumptions concerning the form of the supply-of-labor sched-
ule’’ (p. 88).

2This model is similar in spirit to the one in Quandt and Rosen (1986), but
differs in several important respects.

*An implicit assumption behind our labor model is that the variable of
interest is total hours employed. Thus, workers and hours per worker enter
multiplicatively. Feldstein (1967) and Bernanke (1984) have argued that this
assumption may be unrealistic. Perhaps, for example, increasing the number
of hours by 1 percent does not have the same impact on output as increasing
the number of workers by 1 percent. However, the complications involved in
dealing with this possibility vould take us too far afield from our central
focus. .

“If the underlying production function is assumed to have a constant
elasticity of substitution (CES), the coefficients in (3.2.4) can be used to solve
the following set of interdependent equations for the CES parameters: oy =
=0, (a2 + a3) = {oh + 1 - g)/h, and ag = =& (I — o)th, where ¢ is the
elasticity of substitution, h measures returns to scale, and A is the rate of
Hicks-neutral technc’>gical change. Although this is an interesting interpre-
dation, the usefulness of (3.2.4) does not rest upon the CES specification. (Sce
remark (ii) in s=ction 3.1.)

>We experimented with the more general formulation Ao/(U, — A;) + As,
and found that it did not significantly increase the explanatory pewer of the
model.

More precisely, the probability that a given pair will beiong to any region
of the (uy,u2) plane can be found by integrating f(-) over that region.

"In the probit model the variance is not separately identifiable and it is
customarv *, ~ormalize it to unity.

8Although we o not linger over the individual steps ¢f the derivation, the
likelihood function for the principal di. quilibrium nodel of this study is
given in appendix 3.2.

For a review of algorithms see Quandt (1983). The present study
employed various algorithms in the GQOPT package obtainable from R. E.
Quandt.
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Estimating the Diseguilibrium Model

4.1 Restatement of the Model

In this chapter we discuss the data, 0. . the estimation procedu ¢,
and present our results. For purposes of reference we restate the model:

+ a3€n Q(—l + oyt + uy, (411)
€nS, = Ro + Bifn (Wo/P) + Bafn H,

+ B3UNION( + Uy (412)
£nL, = min(¢nS,, £nD,) 4.1.3)

W, = Yo + i€nW—; + v2Uq
+ vy3 (énP, — €nP,._,)
+ ¥4 0Py — €nP,_y) + vs€aW,_,
+ y6AUNION, + uj, 4.1.9

€nP( = 80 + 8|€nP(_| + 82(€nW( - €nW(_|)
+ 83(€nw‘_| - enw‘_z)
+ 34(€nPE, — €nPF_ + 85t + uy 4.1.5)

¢nD, — én S, = i = U, + ug, (4.1.6)
t

All the equations (cxcept (4.1.3)) differ from their counterparts above
by the addition of the error terms uy, . . . ,us, whose joint distribution
is specified below. Appending an error term to the ‘‘min condition”’ is
possible in theory, but it leads to a substantial increase in computa-
tional costs.

It is routine to establish that the system (minus equation {4.1.3))

43
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satisfies the necessary and sufficient conditions for identifiability in a
nonlinear system. (See Fisher 1966.)

4.2 Data

We describe here briefly the definitions of the variables. The
sources and methods of construction are detailed in appendix 4.1, and
the numbe:s presented in the appendix at the end of the book.

The data are annul observations on the U.S. economy for the years
1929 through 1983. L, is total private hours worked per year expressed
in billions. The nominal gross hourly wage measured in dollars, W,, is
formed by dividing total civilian compensation by L,. Q, is gross
national product measured in billions of 1972 dollars. P, is the
consumer price index, scaled so that the value in 1967 is 106.00. H,,
the potential labor force measured in billions, is constructed by taking
the number of people between the ages of 16 and 65, and multiplying
by the average number of hours worked per person. The implicit
assumption here is that in any given year, those absent from the labor
force can potentially contribute an annual number of hours equal to the
average of those in the labor force.

The marginal net wage Wy, is the product of the gross wage W, and
afactor (1-6,), where 9, is the average marginal federal income tax rate.
Ui is the official unemployment rate as a fraction of the labor force. PF,
is the implicit rate deflator for fuel oil and coal. Finally, the unionization
rate, UNION;, is union membership as a proportion of the labor force.

4.3 Stochastic Specificction and Estimation Procedure

We assume that the error terms uy (i=1, . . . ,5) are distributed
normally with mean zero and diagonal covariance matrix with cle-
ments ciz (i=1,...,5) on the main diagonal. We further assume that
E(u;ui;) ~ Ofori=1,...,5and all t not equal to 7, except that the
error terms in the nominal wage and price equations are serially
correlated according to first order Markov processes with oefficients
pr and pa, respectively. Typically, serial correlation is ignored in
disequilibrium models because its prescice in equations involving
latent variables tends to render the likelihood function intractable. (For
special exceptions, sce Laffort and Monfort 1979, and Quandt 1982.)

2

o
L&)

€




Estimating the Discquilibrium Model 45

For our case, serial correlation is introduced in the two equations not
involving latent variables, which makes the likelihood complicated but
not intractable.

The general estimation strategy is as described in sectton 3.4. A
detailed derivation of the likelihood function is in appendix 3.2. The
likelihaod functions were maximized numerically, using a variety of
optimization algorithms, also as described in section 3.4.

4.4 Parameter Estimates

The maximum likelihood estimates of the system (4.1.1)~(4.1.6) are
presented in column 1 of table 4.1 The numbers in parentheses to the
right of the coefficients are their associated t-values, i.c., the coeffi-
cients divided by their asymptotic standard errors.

Consider first the demand equation. The value of o, implies that the
demand elasticity with respect to the real wage is —0.69, an estimate
within the range reported by Hamermesh (1984) in his survey of labor
demand equations. Similarly, the long run ouiput elasticity (found by
adding o, and o) is about 0.80, a quite reascnable figure. The
cocfficient on t, a3, is about 0.0036, suggesting a very mild positive
trend in the demand for labor. All coefficients except the one on lagged
output are statistically significant at conventional levels.

The supply parameters also appear to be in line with a priori
notions. The elasticity of labor supply with respect to the after-tax
wage, By, is about 0.14. Analyses of time series data have consistently
found labor supply elasticities that are small in absolute value. The
elasticity of labor supply with respect to the potential number of hours,
B2, s 0.67, which is lower than one would expect. Note, however, that
adding twice its standard error to 3, puts it near 0.90. The coeflicient
on the unionization variable, B3, is negative, lending support to the
hypothesis that unions can reduce the supply of labor. However, the
associated t-statistic is only —1.365; we shall have more to say about
this snortly.

In the nominal wage adjustment equation, as expected the coeffi-
cients on Jagsed wages (v, and vs), and current and lagged prices (3
and v,), are positive. The coefficient of Uy, v,, is negative, indicating

o BT oy
Y
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TABLE 4.1 Parameter Estimates in the Disequilibrium Model (t-values
in parentheses)

(1 (2

®  —3.056 (—8.679) ~3.056 (—8.487)
o« —0.6852  (—20.18) —-0.6852  (-19.77)
o2 0.7396 (15.76) 0.7396 (12.77)
a3 0.003587 (2.929) 0.003587 (2.816)
oy 0.05781 (1.848) 0.05781 (1.124)
Bo 1.995 (2.822) 1.994 (2.036)
By 0.1429 (3.873) 0.1429 (2.817)
Bz 0.6697 (6.640) 0.6697 (4.895)
Bs  —0.2918 (—1.365) ~0.2861 (—0.9568)
Yo 0.2335 (3.917) 0.2313 (3.605)
i 0.3915 (2.883) 0.3883 (2.440)
Y2 —1732 (—5.197) -1.715 (—4.692)
Y3 0.3801 (2.042) 0.3805 (1.667)
¥a 0.5976 (3.024) 0.6065 (2.707)
s 0.5493 @.114) 0.5534 (3.574)
Yo  —0.002625 (—0.2386) —_ —
S  —0.07249  (=2.491) -0.07249  (-2.234)
R 0.9575 (22.31) 0.9574 (22.31)
52 0.2509 (3.200) 0.2513 (2.820)
83 0.1721 (2.853) 0.1719 {2.583)
ds 0.1712 (3.92 0.1713 (3.921)
ds 0.1905 (4.881) 0.1904 (4.532)
A 0.001340 (7.130) 0.001340 (7.050)
p1 0.2548 (1.813) 0.2537 (1.441)

y 0.8850 (10.34) 0.8828 (10.05)
o7 3.46x10™ (4.963) 3.46x 1074 (4.961)

5 2.58x1073 (5.101) 2.58x 1073 (5.084)
o3 1.32x107? (3.661) 1.31x1073 (3.372)
o7 3.87x10™* (4.298) 3.87x10™4 (4.121)
o 9.03x1077 (3.499) 9.03x10™7 (3.499)
logL  500.32 500.31

that a higher official unemployment rate is associated with lower
nominal wages and conversely.

The negative value of v, suggests that increases in unionization lead
to smaller nominal wages, but the t-statistic is only about —0.24.
Taken together with the weak statistic.4 significance of B; in the supply
equation, this result suggests that the overall impact of unionization on
wages and prices is rather weak. Perhaps, however, either of the

2
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unionization variables would be more significant if the other were
omitted. In column 2 of table 4.1, we show the outcome when the
model is estimated with -ys set cqual to zero. Note that: (i) a4 and its
standard error are essentially unchanged; and (ii) the other parameter
estimates change only minimally.!

Turning now to the price adjustment equation, we note that lagged
price has a coefficient of about 0.96. The values of &, and 83 are
positive and statistically signific int, suggesting that lagged change. in
nominal wages have a positive effect on this period’s prices. The
coefficient on the percentage change in energy prices, 94, is also
positive and statistically siguificant, suggesting that even after lagged
wages and prices are taken into accoun., energy prices exert an
independent effect on the price level. The coefficient on the time trend,
s, is positive and significant.

Finally, we consider the vacancies-unemployment relationship. The
only parameter t.» be estimated here is , whose value is about 0.0013.
The positive value is expected: When unemployment increases, the
vacancy rate decreases. We discuss below whether the magnitude of
the estimated A is sensible.

In summary, the estimates of tabie 4.1 have at least a surface
plausibility. To determine whether or not they are really reasonable
requires some evidence on their implications. Such evidence ic
provided in subsequent sections of this chapter. In the meantime, we
have to make a decision on what to do about the unionization variables.
Standard statistical criteria suggest that they could be excluded from
the model without significantly reducing its explanatory power.
Nevertheless, given the important academic and policy controversies
that swirl around the role of unions, a case can be made for retaining
the union variables, ard finding out whether they are economically
significant in the sense of having a substantial quantitative impact upon
the economy. We have chosen the latter strategy; all subsequent results
in this chapter are based on the coefficients in column 1 of table 4.1.2

4.5 Discussion of the Resuits
In this section we examine some of the implications of the parameter

estimates reported in table 4.1. Such an examination aids in determin-

[
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ing whether the disequilibrium medel provides a useful framework for
analyzing the time series data on the U.S. labor market. It also
provides a basis for predicting the effects of certain policy variables
upon wages, prices, and unemployment.

Dynamics and Stability. A question of some interest is whether
prices and wages in the model are locally stable. That is, when there
is a small perturbation to the system, do the variables eventually settle
down to stable new values, or do the variables grow arbitrarily large or
small?

To begin, since equation (4.1.6) is nonlinear in U,, we expand in
Taylor series about an arbitrary value Uy, yielding

A
¢nD, — €nS, = (- U_(z, - DU + C
where C, has different values for different periods but can be treated as
a constant in any one period. Solving for U,, substituting for D, and S,
from the demand and supply equations, and then substituting the
resulting expression in equations (4.1.4) and (4.1.5), respectively,
yielde

[(;=B)€nW, — (ct,—B,)¢nP,
Y2

W, = vy, + vaW,_, — >
1+ MU2

+ v;(€nP, — €nP,_ ) + v,(¢nP,_, — €nP,_,)
+ ys€nW,_, + v¢ AUNION, (4.4.1)

Il

£nP, 0 + 8;fnP,_; + 3,(énW, — €aW,_))

+ 83(enwt_l - enwt_z)

Stability requires that the roots of the characteristic polynomial for the
system (4.4.1), (4.4.2) lie within the unit circle. As we show in
appendix 4.2, this condition is satisfied for plausible values of Uj.
Goodness of Fit. How well does the disequilibrium model
“explain’” the time series data? To explore this question, we computed
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Table 4.2 R>s for the Disequilibrium Model

¢nL, nP, {nW, U;
0.945 0 .998 0.998 0.909

for each period the model’s prediction for quantity for labor (€nL,),
price level (€nP;), nominal wage (énW,), and official unemployment
rate (U,).> For each variable, we regressed the actual on the predicted
value each period, and then computed the R2. The results are recorded
in table 4.2. For all variables, the R?s are high. Of course, this
observation does not prove that the model is ‘‘right.”” After all, the
current values of €nW, and ¢nP, depend on their lagged values, and
given the high amount of autocorrelation in the data, any macro-
economic model with lagged dependeri variables is likely to perform
well by this criterion. On the other hand, €nL, and U, are not func.tions
of their past values, yet the fit is still pret’: good.* In short, without
making too much of it, we find it comforting that the R?s are
reasonably high.

Excess Demand for Labor and Unemployment Predictions. One of
the main reasons for estimating a disequilibrium model of the labor
market is to produce estimates of excess demand. The strength of
excess demand can be measured in several ways:

(i) (€nD, — €nS,). Each period the model generates estimates of
the notional demand and supply for labor. Their difference, the
percentage excess demand for lavor, provides a measure of unemploy-
ment that, in theory, is superior to the official measure. For every year
we computed the model’s reduced form prediction of excess deman.. *.
follows: substitute the appropriate values of the exogenous and lagged
enaogenous variables into equations (4.1.1) — (4.1.6); solve the entire
system for the jointly dependent variables; and use the result to
calculate €nD, — €nS,.°

(ii) Simulated Average (¢nD, — €nS,). Procedure (i) amounts to
substituting exogenous and predetermined variables into the various
equations. However, in nonlinear systems, the predictions so obtained
may be misleading. Therefore, we performed some stochastic simula-
tions. (See Portes, Quandt, Winter and Yeo, 1987.) The simulation
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strategy was to solve for the jointly determined variables after we
added to each structural equation a normal deviate with the same
variance as was estimated for that equation. We repeated this proce-
dure 100 times for each time period, and then calculated for each
period the average excess demand over the 100 replications.

(iii) Pr(D, > S, | L). Measures (i) and (ii) are essentially point
estimates of excess demand. Another issue is whether there was excess
demand at all. We therefore compute for each year the probability of
excess demand (conditional on the amount of labor).%

(iv) Simulated Fraction of Times that D, > S,. Taking advantage
of the procedure outlined in (ii) above, we simulated the model 100
times each period, and found the fraction of times that demand
exceeded supply.

In table 4.3 we display the four measures for each year. As
expected, the values of all the indicators in 1932-1940 indicate very
substantial excess supplies. More generally, all series tell a very
similar story qualitatively. Estimated excess demand, (€nD, — €nS),
is negative in all years except 1943—-45, 1948, 1952-53, and 1979-
80. (Note, however, that for 1979-80 the figures are essentially zero.)
In cases wherc the simulated average excess demand figures differ in
sign from (€nD, — €nS)); i.e., in 1946, 1951, 1954, 1956, 1979, and
1980; it is always a very small negative number versus a very small
positive number—both measures are really saying that excess demand
is about zero. The probabilities of excess demand by the two measures
show fairly substantial agreement with the patterns of excess demand
and fair agreement with one another. On the whole, the two excess
demand measures and the simulated fraction of times that D, > S,
agree better with one another than any of these agrees with
Pr{D,> S, IL;}. A probable reason for this diccrepancy is that the latter
measure i conditional on the observed L, whereas the former three are
not. This is also the reason why Pr{D, > S, | L,} exhibits more ones and
zeros than the simulated fraction of times that D, > S,. Since
Pr{D, > S, | L;} uses more information in a sense, it provides a sharper
discrimination between periods of excess demand and supply, whereas
somewhat more ‘‘fuzziness’’ is observable in the figures on the
simulated fraction of times that D, > §,.

The last column of table 4.3 shows the official unemployment rate

o8
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Table 4.3 Excess Demand Forecasts

Simulated
Simulated fraction
Average of times  Official
€nD‘ - €nS( €nD‘ - €nS, Pr(D,>S,IL,) that Dg>S( Ug
1932 -0.220 -0.192 0.0 c.0 0.236
1933 -0.240 -0.239 0.0 0.0 0.249
1934 —-0.185 -0.214 0.0 0.0 0.217
1935 -0.218 -0.282 0.0 0.0 0.201
1936 -0.176 -0.219 0.0 0.0 0.169
1937 —-0.153 -0.177 0.0 0.0 0.143
1938 -0.168 -0.182 0.0 0.0 0.190
1939 --0.163 -0.186 0.0 0.0 0.172
1940 -0.137 -0.152 0.0 0.0 0.146
1941 -0.071 —-0.082 0.0 0.01 0.099
1942 —0.001 —-0.006 0.0 0.40 0.047
1943 0.151 0.171 0.0 1.00 0.019
1y44 0.195 0.231 1.00 1.00 0.012
1945 0.167 0.240 1.00 1.00 0.019
1946 —-0.027 0.034 1.00 0.70 0.039
1947 -0.054 -0.011 0.0 0.2¢ 0.039
1948 0.005 0.058 0.0 0.89 0.038
1949 —-0.038 -0.012 0.0 0.30 0.059
1950 -0.045 -0.030 0.0 0.18 0.053
1951 —-0.002 0.027 0.0 0.68 0.033
1952 0.019 0.062 1.00 0.88 0.030
1953 0.035 0.089 1.00 0.96 0.029
1954 -0.010 0.022 1.00 0.68 0.055
1955 -0.017 —0.006 0.0 0.41 0.044
1956 -0.020 0.019 0.0 0.64 0.041
1957 -0.028 -0.021 0.0 0.25 0.043
1958 —-0.059 —-0.042 0.0 0.12 0.068
1959 —-0.051 —0.040 0.0 0.12 0.055
1960 —-0.054 -0.041 0.0 0.11 0.055
1961 —-0.061 —0.051 0.0 0.09 0.067
1962 —0.056 —0.045 0.0 0.10 0.055
1963 -0.055 —0.046 0.0 0.08 0.057
1964 —-0.056 —0.046 0.0 0.06 0.052
1965 -0.047 —-0.041 0.0 0.10 0.045
1966 -0.029 -0.015 0.0 0.30 0.038
1967 -0.025 -0.015 0.0 0.27 0.038
1968 —-0.024 -0.007 0.0 0.42 0.036
1969 —-0.032 -0.028 0.96 0.17 0.035
1970 —0.045 —0.033 1.0 0.15 0.049
1971 -.054 —0.049 0.0 0.06 0.059
59
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Table 4.3 Excess Demand Forecasts, (continued)
Simu.ated

| Simulated fraction

Average of times  Qfficial

i an. - L’nS. an. - fnSg Pl'(Dg>S‘|Lg) that Dg>Sg U(
1972 -0.057 —0.056 0.0 0.03 0.056
1973 -0.042 -0.047 0.0 0.05 0.049
1974 -0.030 -0.041 0.0 0.12 0.056
1975 -0.009 —0.011 .0 0.37 0.085
1976 -0.050 —0.06: 0.0 0.03 0.077
1977 -0.037 —0.053 0.0 0.07 0.071
1978 -0.027 -0.042 0.0 0.14 0.061
1979 0.005 —0.003 0.0 0.44 0.058
1980 0.001 —0.005 0.0 0.41 0.071
1981 -0.005 -0.019 0.0 0.29 0.076
1982 -0.034 -0.051 0.0 0.03 0.097
1983 -0.067 -0.099 0.0 0.0 0.096

for each year. There may be a tendency to judge the excess demand
figures in the first two columns by how close they correspond to the U,
series in the last column. Although we do expect some similarities in
the movements of excess demand and official unemployment, it must
be recalled that they are probably measuring quite distinct things. (See
the discussion of the vacancies equation in section 3.2 above.) It seems
to us that the excess demand figures correspond more closely to the
standar } theoretical notions of ‘‘unemployment’ than do the official
unemployment rate numbers.

““Phillips Curve’”.  What does our model imply about the short run
trade-off between official uncmployment and wage inflation? Of
course, these two variables are jointly determined, so it does not make
sense simply to plug in the value of one and fiad the implied value of
the other. Instead, we consider how both would move under alternative
aggregate demand policies. Specifically, the exogenous values of the
model except output (Q,) are set equal to their 1982 value;. We then
substitute a number of hypothetical values for Q;¢g; into the system,
some higher than the actudl value in 1982, and some lower. For every
value of Qjog2, the model is solved to find the ussociated values of
Uios2 and (€n Wgg, — €nW9g1). This procedure aliows us to examine
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how wage inflation and unemployment jointly vary under alternative
aggregate demand conditions.

The results represent an almost linear relationship characterized by
the equation (€n W95, — €n Wgg,) = (.187 — 1.84 Ujqg;. To attain
a nominal wage growth of only 3.5 percent would require an official
uncmployment rate of 8.3 percent. Alternatively, if the official
unemployment rate were 3.5 percent, one would expect nominal wage
growth of 12.3 percent. The (approximate) equations for the Phillips
curve for other recent years are very similar.

Four points should be made regarding our Phillips Curve experi-
ments:

(i) They say nothing about whether monetary or fiscal policy is
more effective in bringing about changes in unemployment and
inflation. This is because in our model the level of output drives
changes in unemployment and inflation, and output is exogenous.
Presumably, a discussion of the relative efficacy of monetary and fiscal
policies requires a model in which output is endogenous and influ-
enced by government macroeconomic policy. Having said this, we
hasten to add that it is still quite interesting from a policy point of view
to see how unempioyment and inflation will react to changes in output,
however the latter is determined.

{ii) The conceptual experiment behind these calculations concerns
the short run trade-off between the unemployment rate and the
percentage increase in nominal wages. It is now widely agreed that in
the long run, the rate of unemploym:ent is independent of the inflation
rate. Although we considered imposing this constraint on the model,
we ultimately decided that a better strategy would be to let the data
determine the coefficients, and to refrain from giving these estimates
a long run interpretation.

(ifi) Our ¢ ‘*imate of —1.84 for the slope coefficient of the Phillips
Curve is rather greater in absolute value than typical econometric
estimates, which center around —0.4. These ‘‘standard’’ results are
obtained by estimaiing time series regressions. As such, they may be
influenced by structural changes in the economy over time. In contrast,
our Phillips Curve estimate is turmed on the basis of hypothetical
changes in aggregate demand within a given year.

(iv) Since we estimate our Phillips Curve by simulating the response

61




54 The Conflict Between Equilibrium and Disequilibrium Theories

to changes in Q,, a by-product of our calculations is an estimate of the
relationship between percentage changes in the real level of output and
the rate of unemployment. That is, we can estimate the parameter £ in
the equation { AU, = A¢nQ,. According to ‘‘Okun’s Law,” * =
—2.5. Given the nonlinear structure of our model, the value of
depends on where U; and Q, are evaluated. For low values of U,
(arvund 0.02), we find { = —9.29; for medium values of U, (around
0.05), { = --3.70; and for high values of U, (around 0.11), { =
—2.57. Interestingly, then, for high unemployment rates, our estimate
matches Okun’s. Note also that according to these estimates of ¢, a
given percentage increase in aggregate demand has a greater impact on
U, at high levels of unemployment than at low levels. This is consistent
with a kind of ‘‘diminishing returns’’ to eliminating unemployment.

““Natural Rate of Unemployment.”’  Closely related to the Phillips
Curve is the ‘‘natural rate of unemployment’’—the official rate of
unemployment that is compatible with constant growth of prices and
nominal wages. We impose a constant rate of inflation by requiring
(€nP, — €nP_;) = (nW, — €nW,_,) = G 1n equations (4.1.4) and
(4.1.5), where G is a constant.” Appendix 4.3 proves that the official
rate of unemnloyment compatible with these conditions, UV, is the
positive = ~t of the equation AU? + BU, — N\ = 0, where

A=1 - (o) — Ll)’Yz;
1=y = s
(0 — By (W - F) + 7y T2y
P = [0 + G(8,+85—8,) + d,(¢nPF,~ .aPF,_,) + d:t)/(1-5,);
W = [0 + G(¥3+¥a=71=2¥9)V(1 =¥, —7s). (4.4.3)

oe]
]

In some macroeconomic models, Uy is required to be independent
of the value of G. That requirement is not imposed here, so we
computed Uf’ for two values of G, 0.0 and 0.05. We evaluated (4.4.3)
for each year in the sample period and found that when G = 0.0, the
average value of U is 13.0 percent, and when G = 0.05, its average
value is 5.6 percent. The annual values of UN conditional on G = 0.05
are reported in the first column of table 4.4. The values of UN in the

&
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Table 4.4 Natural Unemployment Rates and Vacancy Rates

Natural Unemployment Rate

Year (G = 0.05) Vacancy Rate
1932 0.0372 0.00591
1933 0.0627 0.00547
1934 0.0958 0.00687
1935 0.0611 0.00599
1936 0.0721 0.00729
1937 0.0692 0.00832
1938 0.0625 0.00761
1939 0.0573 0.00783
1940 0.0719 0.00914
1941 0.0719 0.0155
1942 0.0764 0.0360
1943 0.0626 0.160
1944 0.0485 0.202
1945 0.0381 0.175
1946 0.0669 0.0254
1947 0.0944 0.0184
1948 0.103 0.0392
1949 0.0465 0.0222
1950 0.0532 0.0205
1951 0.0537 0.0357
1952 0.0427 0.0472
1953 0.0467 0.0578
1954 0.0373 0.0321
1955 0.0391 0.0289
1956 0.0467 0.0279
1957 0.0525 0.0223
1958 0.0289 0.0176
1959 0.0379 0.0192
1960 0.0247 0.0184
1961 0.0463 0.0171
1962 0.0301 0.0181
1963 0.0364 0.0183
1964 0.0194 0.0181
1965 0.0342 0.0201
1966 0.7344 0.0247
1967 0.0348 0.0261
1968 0.0337 0.0266
1969 0.0299 0.0238
1970 0.0356 0.0205
1971 0.0440 0.0184
1972 0.0225 0.0180
1973 0.0714 0.0212
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Table 4.4 Natural Unemployment Rates and Vacancy Rates (continued)

Natural Unemployment Rate

Year (G = 0.05) Vacancy Rate
1974 0.198 0.0246
1975 0.0459 0.0325
1074 0.0449 0.0194
1L v 0.0635 0.0226
1978 0.0350 0.0254
1979 0.130 0.0394
1980 0.141 0.0372
1981 0.0906 0.0344
1982 0.143 0.0234
1983 0.00417 0.0162

table exhibit substantial year-to-year variability (from a high of 19.8
percent in 1974 to 0.42 percent in 1983). There appears to be some
tendency for declining values of U} from the Great D=pression through
1974. After 1974, the values fluctuate somewhat erratically.

A related question is what level of official unemployment would be
associated with “‘true’” zero excess demand in the labor market—
(D¢ = S;) = 0. To compute this figure, we simply note from equation
(4.1.6) that when D, = §;, MU, - U, = 0, and find the U, that satisfies
this relationship. According to this calculation, when official unem-
ployment is about 3.7 percent, the labor market is ar .ally in
equilibrium.

Vacancy Rates. Recall equation (3.2.11), the relationship between
the unobserved vacancy rate (V,), the observed official unemployment
rate (U,), and the parameter A : V, = NU,. Another indicator of the
plausibility of our model is whether the magnitudes of the implied
values of the vacancy rate are reasonable. To investigate this issue,
note from equation (4.1.6) that vacancies are equal to excess demand
plus the official unemployment rate. We can therefore substitute our
estimates of D, S, and U, into (4.1.6) to calculate V,.2 Given the
simple inverse relationship posited between U, and V,, we know that
V, will be relatively low during the depression, high during Werld War
II, etc. What is reassuring abo: ¢ the results in the second column of
Table 4.4 is that the absolut magnitudes seem quite reasonable,
something that is not guararied by the mere fact that A > 0.

G4
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Table 4.5 Impact of Changing the Unionization Rate

Unionization rate enD—¢nS U AfnW AénP
0.268 -0.018 0.046 0.057 0.047
0.218 -0.026 0.052 0.046 0.045
0.168 -0.033 0.057 0.036 0.042
0.118 -0.042 0.063 0.025 0.039
0.068 -0.049 0.069 0.014 0.036

Specifically, from 1932 to 1940, the estimated vacancy rate is less than
1 zercent, during 1943-45 it rises as high as 20 percent, and varies
between 1.6 and 5.8 percent thereafter.

Impact of Unionization. As noted earlier, the unionization vari-
ables in our model are not significant according to standard statistical
criteria. Nevertheless, given the importance that unionization has in
debates over public policy, we thought that it would be useful to
investigate the quantitative significance of the unionization variables.
To do so, we performed iwo sets of simulations:

(i) We computed for 1982 the model’s predictions for excess
demand (€nD—¢€28), official unemployment (U), nominal wage infla-
tion (A€nW) and price level growth (A€nP) under several hypothetical
values of the unionization rate.’ (The actual rate in 1982 was 16.8
percent.) The results are summarized in table 4.5. The main message
conveyed by the table is that unionizction simply does not have much
of a quantitative impact on key macryeconomic variables. For exam-
ple, a massive change in the unioni::ation rate, from about 12 to 22
percent, would have just slightly more than a 1 percentage point effect
on the official employment rate. Curiously, to the extent there is an
effect of increasing unionization, it is to reduce both excess supply and
the official unemployment rate. To understand this counter-intuitive
result, recall that in the notional labor supply equation (4.1.2), when
UNION, increases, the supply curve shifts inward, tending to reduce
the gap between quantity demanded and quantity supplied at any given
wage, i.e., decreasing the excess supply of labor. (This effect is
reinforced by the negative coefficient on the change in unionism in
equation (4.1.4), but that coefficient is very small.) Again, however,
we must stress that this phenomenon is quantitatively small.
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Table 4.6  Phillips Curves With Alternative Unionization Rates

Unionization rate Intercent Slope
0.268 0.158 —-1.85
0.212 0.187 —1.85
0.168 0.187 -1.84
0.118 0.186 —-1.83
0.068 0.185 ~1.82

(if) Using the method described above, we computed Phillips
Curves for 1982 under several hypothetical values of the unionization
rate. The idea herc is to see how unions affect the trade-off between
unemployment and inflation—does unionization confront policy-
makers with a less attractive ‘‘menu’’ of options than would otherwise
be the case. The intercept and slope of the Phillips Curve for each
unionization rate are presented in table 4.6. They suggest that changing
rates of unionization have only imperceptible effects on the short-run
inflation-unemployment trade-off.

Impact of Income Taxes.  Another important issue in current policy
debates is the impact of taxes—how do they affect labor supply,
unemployment, wages, etc. In our model, the federal personal income
tax rate directly influences the supply of labor, equation (4.1.2),
because labor supalied depends upon the net wage. T assess the
immediate impact of changing tax policy, we computed for a vanety of
tax rates the model’s prcdlcuons for excess demand (€nD,— €nS(),
official unemployment (U) and the rates of wage inflation (A¢nW)
and price inflation (A¢nP). Before considering the results of this
experiment, it is important to note again that these calculations are
done conditional on the actual jevel of output. Thus, they have nothing
to say about whether tax policy is a successful way of influencing the
labor market via aggregate demand.

With this caveat in mind, consider the results reported in table 4.7.
The various values of the average marginal tax rate, 0, are in the first
column. (The actual value in 1982 was 0.204.) Reading down the
column headed €nD—#¢nS, we sce that excess supply falls as *he tax
rate, .eases. Intuitively, this makes sense, because an increase in the
tax rate in effect shifts the supply curve in, reducing the discrepancy
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between quantity demanded and quantity supplied, ceteris paribus.
Erom the column headed U, we sce that official unemployment rates
also fall as the tax rate increases.

The tax-induced inward shift of the supply curve also increase. the
tefore tax wage, as indicated by the column headed A¢aW,. And from
the last column, increases in the wage generate increases in prices.
Note that the changes in prices induced by tax changes turn out to be
relatively small compared to the other changes in the table.

4.6 Summary

We have estimated the disequilibrium model consisting of equations
(4.1.1) through (4.1.6) using annual data on the U.S. economy for the
years 1929 through 1983. For the most part, the parameters scem quite
reasonable. The variables in the supply and demand cquations have
coefficients that are in line with a priori notions and that are consistent
with many earlier studies. While it is more difficult to say whether the
coefficients in the other equations are reasonable, the following
observations speak in their behalf: (i) the excess demand predictions
2enerated oy the system as a whole are coavincing (strong negative
excess demand in the depression, positive excess demand during
World War II, and generally negative or slightly positive excess
demand thereafter); and (ii) the system exhibits local stability, in the
sense that when there is a small disturbance, the endogenous variables
settle down to stable new values.

The parameter estimates have a number of implica.ions. Three o7 the
most striking are:

(i) There is a substantial short run trade-off between the unem-
ployment .ate and the rate of wage inflation. Changes in aggregate
demand policy that would increase the proportion of the labor force
that is unemployed by 1 percentage poiit would, in the short run,
reduce the rate of wage growth by 1.84 percentage points.

(i) Changes in unionization exert little discernible impact on the
magnitude of wages, prices, unemployment, etc.

(iii) Conditional on the level of aggregate demand, changes in the
income tax rate simila:ly have little short-run effect on key macro-
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Table 4.7 Impact of Changing the Marginal Income T..r Rate

0 ¢nD-¢n$ 4] AénW AfnP
0.143 -0.039 0.061 0.028 0.040
0.170 -0.037 0.060 0.032 0.041
0.204 -0.034 0.057 0.036 0.042
0.238 -0.031 0.055 0.C41 0.043
0.271 -0.027 0.052 0.045 0.044

economic variables. This is largely a consequence of the small
cocfficient on the net wage in the labor supply cquation.

Of course, as emphasized in chapters 1 and 2, our models are far from
the point where they should be used as the basis for formulating eco-
nomic policy. Nevertheless, the results are plausible, interesting, and
demonstrate the potential of disequilibrium models as analytical tools.

Appendix 4.1

Data

This appendix de<cribes the  urces and methods of construction of
the variables in the model. Throughout, we abbreviate “‘National
Income and Product Accounts of the United States’ as N.1.P.A.

H,, the potential labor force in billions of hours, is the number of
civilians betwec.1 the ages of 16 and 65 multiplied by the average
number of hours worked per person. The number of civilians in this
age group is calculated by taking the total population be.ween 16 and
65 and subtracting membership in the armed forces (Economic Repor:
of the President 1984, pp. 253, 254).

Ly, total civilian hours worked per yecr expressed in billions, is totz.
hours minus hours worked in the .ailitary. For 1948-79, the following
procedure is used. To find hours worked in the military, compute the
ratio of the number of military workers to the total number of
government workers (N.I.P.A. 1929~1976, pp. 267-69 and N.I.P.A.
19761979, p. 55) and multiply by the number of hours worked by
government employees (N.I.P.A. 1929-1976, p. 271 and N.l.P.A.
19761979, p. 56). This gives hours worked in the military, which is
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then subtracted from total hours (N.I.P.A. 1929-1J76, p. 271 and
N.L.P.A. 1976-1979, p. 55).

For 1929-47, comparable data do not exist. Using a slightly
different method, we constructed in Rosen and Quandt ( 978) a series
on civilian hours extending back to 1929. To splice the two series
together, for the period 1948 to 1973 we estimated a regression of the
logarithm of civilian hours as calculated above on a time trend and on
the logarithm of the Rosen-Quandt measure. The R? was 0.992. We
then substituted values for the Rosen-Quandt measure from 1929-
1947 into the regression equation, and used the fitted values. For
1980-83, a similar splicing procedure was used. Here we regressed
the N.I.P.A. scries on data from a comparable series from the
Economic Report of the President 1984.

PF,, price deflator for fuel and coal, is from various editions of the
N.LLP.A.

P,, the consumer price index, is from Historicual Statistics of the
United States, pp. 210-11 for years prior to 1970; and from Economic
Report of the Presiden: 1984, p. 279, for years after 1970. Pygs; =
100.0.

Q,, gross national product in 1972 prices, is from the Economic
Report of the President 1982, p. 234, for 1941 through 1979 and from
U.S. Department of Commerce, Survey of Current Business, July
1983, p. 69, for 1980 through 1983.

r, nominal interest rate,'® is the yield on Moody’s corporate Aaa
bonds. For years up to 1970 the source is Historical Statistics of the
United States, p. 1003, for subsequent years it is Economic Report of
the President 1984, Table B-67.

UNION,, union membership as a proportion of the total labor force,
is from Handbook of Labor Statistics, Deceiaber 1980, p. 412 and
Gifford (1982).

U,, unemployment as a percentage of the civilian labor force, is from
Historical Statistics of the United States, p. 135 for 1929~47, and from
Economic Report of the President 1982, p. 271 for 1948-1981, and
Economic Report of the President 1984, p. 259 for 1982-83.

W,, gross hourly nominal wage measured in dollars, is the ratio of
total civilian compensation to civilian hours worked. Total civilian
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compensation is total compensation of employees (N.1.P.A., 1929—
1976, pp. 238-42 and N.I.P.A. 19761979, p. 52) minus compensa-
tion of military employees (Historical Statistics of the United States,
D. 235; N.1.P.A. 1929-1976, pp. 240-42; and N.I.P.A. 1976-1979,
P. 52). The computation of civilian hours worked is described above.
Comparable data do not exist for 1980-83, but there is a CITIBASE
series on average hcurly compensation for employees in the nonfarm
business sector. We spliced our series with the CITIBASE series by
means of an ordinary least squares regression of the logarithm of our
wage series on the logarithm of the CITIBASE series and a time trend.
The regression was estimated over the period 1947-79.

0., the average marginal tax rate, is taken from Barro and Sahasakul
(1983, p. 20) fur years up to and including 1980. For 1981-83, we
splice together Barro and Sahasakul’s figures with those of Clotfelter
(1984).

Appendix 4.2

Dynamics in the Disequilibrium Model
Let E be the forward operator such that Ex, = X(+1. Denote the
characteristic matrix for system (4.4.1), (4.4.2) by M. Then the
elements of M are defined as follows:

M, = (1+y,(0;—By)) B2 + [_ vy - Ao, ]E s

1 + MU 1+ NUZ
Y2(0 =B\ 2 Y2B3
Mp=|-v—-"——E + | 22+ 4, - y,|E + v
. ( ’ 1+MU3) [1+Mug > ¢
le = = 82E2 + (82_83)E + 83
M,, = E* - };E.

The characteristic polynomial is found by taking the determinant of the
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matrix M. The polynomial’s roots depend on the assumed value Up
about which e -expansion is taken. They were computed for Uy =
0.01, 0.02, . . ., 0.14. For all of these cases there are three positive
roots, one negative root and two complex roots. The maximal modulus
decreases monotonically from 0.8340 for Uy = 0.01 to 0.4785 for
U, = 0.14. The system is thus locally stable for all plausible
unemployment rates.

Appendix 4.3

Computation uf the Natural Rate of Unemployment
We define the natural rate of unemployment to be that rate that is
compatible with a constant rate of price and wage inflation. Let this
rate be G; then by definition

W — Wi = G
P~ p-1 =G (A4.3.1)
for all t, where wages and prices are measured in natural logarithms.

It follows from (A4.3.1) that the wage and price adjustment equations
@.1.4), (4.1.5), can be written as

W = Yo + 1i(w,—G) + U, + v3G + 4G
+ v5(w,—2G) + YsAUNION,

Pt = 8() + 81({);"0) + 82G + 830

(A43.2)

where we suppress the error *rms and thus consider a certainty-
equivalent solution.
Solving the two equations in (A4.3.2) yields

_ Yo+ GOy +va=¥172%s) v,U, + YcAUNION,
1 =9 =7 I =y — s

t

(A4.3.3)
(S = Pu

1—81

FY -
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The demand and supply functions (4.1.1), (4.1.2) can be written in
abbreviated form as

D( = oW — APy + AT
(A4.3.4)
Se = Biwe — Bup, + Zy
where we again suppress the error terms and where Z11,Z3, are functions
of coefficients and predetermined variables. For simplicity, define the
first term in the first equation of (A4.3.3) as Ww; ie., W = [y +
G(y3+va—v1—2y5)V/(1 =y, —7s). Combiring (A4.3.4) with the va-
cancy equation (4.1.6} yields

A
(0 =B w, — (¢, — B p, + Ly~ 2y = U - U, (A4.3.5)
t
Substituting (A4.3.3) into (A4.3.5) and multiplying through by U,
gives the quadratic equation

AUZ + BU,— A =0 (A4.3.6)

where

A=1+ (@-—B1)v,
1=v1—s

B, = (=B )(W-p) + Zy T Zy.

Clace A and \ are positive, there can be only one positive root, which
is the patural rate of un.mployment.

NOTES

lMoreover, the coefficients do not change very much when unionization
variables are excluded entirely from the model. See Quandt and Rosen
(1986). )

“However, the outcomes do not change substantively when the column 2
parameler values are used instead.

3This was done by substituting the appropriate values of the exogenous and

predetermined variablcs into (4.1.1) - (4.1.6), and solving for the endogenous
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variables. The value 5{ L. was the minimum of the S, and D, so generated. To
solve for U, we: (i) solve for D, S,, W,, P, in terms of U; (ii) substitute the
results for D, and S, in the unemployment-vacancies relation, and then (iii)
solve the resulting quadratic for U,.

“For L, and U, simple second order regre. sions lead to about the same R2s
as those reported in table 4.2. When L, is regressed on first and second order
lags R? = 0.965, which is higher than its counterpart in table 4.2; for U, the
corresponding figure is 0.905, which is lower.

SAn alternative procedure is to compute E(€nD, — €nSi1€nL,). This is likely
to be more efficient than using simply (énD, — €nS) (Goldfeld and Quandt
1981), but is somewhat complicated to compute in the present model and will
not be pursued here.

®Pr{D, > S,IL} is computed as the ratio G, Gsi/(Gz G3, + Ga Gs,), where
the G,’s are defined in appendix 3.2. One can also compute the unconditional
probability that D, exceeds S,. This can be obtained from the reduced form as
follows. Let D, = Hy + vy, S; = Hy + va, where Hy,, Hy depend only on
parameters and coefficients and vy,, v, are reduced form errors. Then the
required probability is Pr{Hy, — Hy > v, — v,,} which can be computed once
estimated parameter values are substituted. However, in some applications the
probabilities have been found to be very close to the conditional probabilities.
(See Burkett 1981.)

"Under this assumption, it follows from equation (4.1.4) that U, will
generally depend on both the level of the wage and “he rate of inflatiox.
However, if y1 + ys = 1, then U deperds only on G, much more plausible
result. Note from table 4.1 that the sum does appear to be quite close to unity.

8When we substitute actual rather than estimated values of the official
unemployment ra:-,, qualitatively similar results emerge.

SThroughout, we use €nX to denote the prediction of the natural logarithm
of X rather than the logarithm of the prediction of X.

1%The interest rate appears in the equilibrium model of chapter 5.

G




The Equilibrium Mode!

In this chapter, we specify and estimate an equilib-tum model of the
labor market, and discuss its implications.

5.1 Tke Basic Structure

The equilibrium analysis is based on Lucas and Rapping’s (L-R)
vork. However, their model is modified in order to facilitate compar-
isons with the disequi¥"ivm results of chapter 4. We now discuss the
labor demand, labor supply, unemployment and price equations in
turn.

Labor Demand. Like our equation (4.1.1). the L-R labor demand
equation is a marginal productivity conditic .. that emerges from the
firm’s cost minimication problem. The only serious difference is that
L-R include the lagged quantity of labor on the right kand side:

(l4€an...| + oz5€nLt..| + Uye. (511)

Lagged labor is present to allow for the pcssibility of sluggish
adjustment to output changes. The time trend is intended to capture
technological change.

Labor Supply. A central feature of the equilibrium model is
inter-temporal labor supply substitution. Workers’ labor supply in
period t is hased not only on the current real net wage, (W,/Py), but
also on the expectation of the future net wage formed in period t,
(W/P)". (In general, we will denote expected values by an asterisk *.)
L-R do not correct wages in the supply equation for the presence of
taxes; in contrast, we assume that the net wage is relevant for labor
supply decisions. The higher the expected future wage, ceteris
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68 The Conflict Between Equilibrium and Disequilibrium Theories

paribus, the less workers should choose to supply in the current period.
Hence, if the hypothesis of intertempcral labor supply substitutiol. .s
correct, (W,/P), should have a negative c~efficient.

Similarly, with intertemporal substitution, the real interest rate
should have an impact on current labor supply decisions. The higher
the real interest rate, the greater the future value of money earned in
the present, and hence the greater inducement to work in the present.
The real interest rate is defined as the nominal interest rate r,, minus the
expected rate of inflation (€n P; — €n P)), where P; is the expectation
of the future price level formed in period t. In short, intertemporal
labor supply substitution implies that tke variable [r, — (€n P} —€n P)]
will have a positive coefficient in the labor supply equation.

We can summarize this discussion by writing!

€nS, = Bo + B1€n(Wn/P) — B2fn(W,/P),
+ Bslr, —(€nP;—¢nPy)]
+ B4fnH, + uy, (5.1.2)

where H, is the same scale variable used in the disequilibrium model.?
As in (4.1.2), we augment (5.1.2) with a variable representing the
proportion of the workforce that is unionized. Also, we introduce some
simple dynamics by entering the lagged net wage, (Wy—1/Pi—y).
Hence, we have

€nS, = Bo + B1En(Wo/P) — B26n(W,/P);
+ Bslr, — (€nP;—¢€nP)] + BafnH,
+ BSUNIONl + BGen(Wn(_]/Pl_])

+ uy. (5 13)

Observed Quantity of Labor. In the equilibrium model, the ob-
served quantity of labor, L, is always at the intersection of supply and
demand. Therefore

L. =D, =3S. (5.1.4)

Unemployment Rate. In the L-R model, unemployment occurs
when the current vage rate is less than the perceived ‘‘normal’’ wage

P
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The Equilibrium Model 69

rate. The underlying notion is that the labor force, as measured b .
governmen*’s Curren: Population Survey, consists of those whi: are
employed plus those who are unemployed but would accept worx at
their normal wage. Hence, all unemploymient is voluntary.

Define L, as the labor supply at the normal net real wage and the
normal price level. L-R argue tMat it is natural to define the net real
wage in period t as being normal if its value is exactly what was
predicted last period. Algebraically, (W,,/P,) is the normal net wage if
it equals (W,/P); _. Similarly, a normal price level is defined by
P, = P;_,. Substituting these definitions into (5.1.3) (and re-alling
that S; = L)), yields

e, = Bo + Br€n(Wy/P)i-; — Bofn(Wy/P);
+ Bslr, — (€nP;—€nP,_|)] + B4fnH,

+ Uy (5.1.5)
Next subtract (5.1.3) from (5.1.5):
énl, — énL, = B,{fn (Wy/P);_, — €n(W,/P)}
+ Bs(énP;_;—€nPy)

+ B(,{en(Wn/P)r_z - €n(Wm_|/P(_.|)}
(5.1.6)

Now observe that énL, — €nL, is approximately the percentage
difference between normal employment and actual employm.at. Thus,
it is the rate of unemployment due to intertemporal labor supply
substitu.ion.

L-R continue their deiivation of the unemployment equation by
arguing that the unemployment rate is not exactly equal to
(énL,—€nL,) because of sources of unemployment other than
intertemporal substitution, e.g., frictional unemployment. L-R posit
that the official unemployment rate, U,, and (¢n L.,—¢n L) are related

+ BsUNION, + Bsfn(W,/P),_,

\

|

|

i

T

linearly: }
i

U, = go + gi(€nl, — ¢nLy). (5.1.7)

e
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Substituting (5.1.6) into (5.1.7) an appending an error term gives us
Ui = go + @iBi{én(Wo/P)_; — €n(W,/P)}
+ Bagi(€nP;_,—€nP) + g,Befén(W,/P);_,
— n(Wp—1/Pi= 1)} + us,. (5.1.8)

Equation (5.1.8) differs from the unemployment equation estimated
by L-R only by the resence of the variable multiplying g, B¢, which is
present because lagged wages are included in o-.: supply equation but
not in L-R’s. In order to allow for the possibility that increases in the
unionization rate® may affect unemployment, we augment equation
(5.1.8) with the variable AUNION, = UNION, — UNiON,_,.

U =g+ ngl{en(Wn/P):-l = &n(W./P)}
+ B3g.(€nP,‘_,— ¢nP) + g.B(,{en(W,,/P):‘_z
— n(Wq/P- 1)} + g,AUNION, + us.  (5.1.9)

Note that in a steady state, all variables are at their normal values,
and AUNION is zero. Hence, in a steady state U, is simply cqual to g,
which is purely frictional unemploym:-nt and can be interpreted as the
model’s natural rate of unemployment. In other words, the long run
Phillips Curve is vertical at an unemployment rate of g,.

Prices. In the Lucas-Rapping model, the price level is exogenous.
Given that the disequilibrium model of chapter 4 has a price equation,
it seemed to us that simply taking P, as predetermined would handicap
the equilibrium model in any comparisons. We therefore include a
price equation similar to (4.1.5):

+ 34(6nPF, — €nPF,_)) + uy, (5.1.19)

where, as before, PF, refers to fuel prices. We estimated a version of
(5.1.10) including a time trend (as in equation (4.1.5)), b:t its addition
virtually had no effect on the loghkelihood value.
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5.2 Modeling Expectations

At this point it is useful to summarize the basic ecuilibrium model:

D, = oy + a1 n(WyP) + o010 + ast

+ 04fnQ—; + asfnl,.—; + uy (5.2.1)
€S, = Bo + B1fn(Wo/P) — Babn(Wo/P); + Balr,
— {€nP;— €nP)] + B4fnH, + BsUNION,

+ Bebn(Woe /Py) + Un (5.2.2)

L. =S, =D, (5.2.3)

U, = go + 21B{n(W,/P)—; — €n(W,/P)}
+ Bsgi(€nP_;—€nPy) + g2iBe{fn(Wy/P),_,
— en(Wy—1/Pi—)} + gAUNION, + u3,  (5.2.4)
€nP, = dy + 8,6nP—, + &(€nW, — aW,_))
+ 5;(6nW,—;—fnW,_,)
+ 34(€nPF,—€¢nPF,_)) + uy,. (5.2.5)

Glancing at equations (5.2.1) through (5.2.5), it is clear that
anticipated values of variables play a key role. What kind of process
gencrates expectations? Economists have not reached a consensus un
this important question. Given this continuing controversy, it would be
a mistake to prejudge the matter. Therefore, we estimate the equilib-
rium model under two different expectational assumptions that have
appeared in the literature: adaptive expectations (e.g., L-R 1970) and
rational expectations (e.g., Altonji 1982). Both mechanisms and their
application to the equilibrium model are now discussed in turn.

Adaptive Expectations. Adaptive expectations means that expec-
tations are revised on the basis of the most recent forccast error.
Suppose that last year an individual predicted that her wage would
increase by 6 percent this year, but this year’s cctual increase was 8
percent. If expectations are formed adaptively, her prediction for the

P
£0




-

72 The Conflict Between Equilibrium and Disequilibrium Theories

next period will be revised upward by some fraction, {, of the 2
percent error. Algebraically, under adaptive expectations real wage
expectations formed in period t, (W,/P);, are governed by

(5.2.6)

(W, /P)¥ - (W,./P) Wb
CUPE, (WP, |

Following L-R, we assume tiat the same adjustment coefficient, ¢,
appears n the price expectations equation:

1 P, |
L= [—‘—Jq’ (5.2.7)

PLL P

Substituting equations (5.2.6) and (5.2.7) into the labor supply
equation (5.2.7), and using the Koyck transformation equation (Mad-
dala 1977, p. 360) yields

€nL, = YBo + (By—BA)n(W/P) — H,(1=b)en(W,, /P, _,)
+ B3(1-Y)nP—€nP,_,) + Bsr, = B (1—Y)r,_,
+B4inH, — B,(1-4) €nH,_,
+ BsUNION, — B5(1—¢)UNION,_,
+ Befn(Wp—t/Pi) = Bs(1—1)en(Wp—o/Pi3)
+ (1= Ly + (uy = (1=d)ug—y). (5.2.8)

Similar substitutions into the tnemployment equation (5.2.4) lead to
U, = digo — 8,B1[€n(Wy/P) — €n(Wy /P, _y)]

~ 8,B3(énP, — €nP,_,) + g,AUNION,

= (1-{)g,AUNION, . ~ g,Bs[/n(Wp,—/P,,)

= n(Wy—o/Pi2)] + (1=0)U,_; + (3 ~ (1=¥)ue-y). (5.2.9)
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In sum, the equilibrium system with adaptive expectations consists
of equations (5.2.1), (5.2.8), (5.2.9) and (5.2.5).

Rational Expectations. According to the theory of rational expec-
tations, individuals’ expectations abcut the future are unbiased fore-
casts based on all the information available in the present. In the
context of our problem, the most elegant method for implementing this
theory is to specify models for all the exogenous variables in the
system; solve for expected prices and real net wages as functions of
these variables; substitute the reievant expressions for P} and (W,/P);
into the model; and estimate the entire Systein using maximum
likelihood methods.

In the vast majority of cases investigators have rejected this
approach because it is virtually intractable. Instead, a compromise
method is employed. Define as X, the variable whose expectation we
wish to include in our model. The compromise procedure involves
estimating an auxiliary forecasting model by regressing X, on a number
of predetermined variables, and defining X; as the forecast generated
by that moucl. Implementation of this procedure requires that scveral
questions be addressed:

(i) What va: ables should be used in the auxiliary forecasting
model? Altonji (1982) includes lagged values of X, and lagged values
of other exogenous variables as well. A major problem with this
approach is that it requires that forecasting equations for each
exogenous variable be constructed. An alternative approach is to
estimate » univariate a» .regression, i.e., the equation for X, includes
only lagged values of X. The informational and computational burden
of this approach is much lighter. In our case, preliminary experiments
indicated that for both €n(W,/P) and €nP,, second order autoregres-
sions generally produced very high R%. We therefore concluded that
& . ang more variables would not contribute much to the explanatory
power of the forecasting equations, and settle¢ on second order
autoregressions.

(i) What sample period should be used to estimate the auxiliary
models? One common practice is to estimate the equation for X, using
exactly the same sample as tha. used to estimate the model as a whole.
(See, c.g. Pagan 1984.) Thus, if the basic model is estimated using
data for 1529 to 1983, then the forecasting model is estimated over the
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same period. This approach has two striking implicutions: (a) people in
1929 base their forecasts for 1930 on a model estnated with data
which come in part from thz period 1931~1983; ana (b) the processes
that generate people’s expectations in 1929 and 1983 are identical.

An alternative approach with less unpalatable implications is to
employ a “‘rolling regression” method. Here a separate auxiliary
equation for X; is estimated each period, using only data available in
year t. Thus, the structure generating expectations is allowed to change
cach year, and onc never has to assume that people based their
expectations on data that were unavailable to them. After some
preliminary experimentation, we implemented a -olling regression
precedure using 27 years worth of data. That is, the second order
autoregressions used to generate forecasts in 1929 were estimaied
using data from 1902 to 1928; the forecast equations for 1930 were
estimated using data from 1903 to 1929; etc.

(iii) How far into the future must forecasts be made? X, is defined
as the expectation of ‘‘future” X;, but this begs the question of how
many years into the future are relevant. If more than one yeer is
relevant, what weights should be applied to the various years in order
to form X;? Altonji (1982. p. 819) reports that for prices and real
wages, sibstantive outcomes are essentially unchanged when different
reasonable assumotions are employed. We therefore choose one of the
simplest procedures, to form X, as %4(X, 4 + X,42), where X4 is
the i period ahead forecust gencrated by the auxiliary equation
estimated for period t.

In summary, our implementation of rational expectations involves
the following procedure: To form €n(W,/P); and €nP; estimate

n(W/P;) = ag + apfn(Wy,—1/P,_y)
+ ayfn Wy—o/Pr_z) + u,, (5.2.10)
and
én(P;) = bo + bpfr?,—; + byfnP,_, + U, {5.2.11)

forT = [(t=27), (t = 26), ..., (t — 1)], where t,, and up, are
random errors. Thit notation indicates that: (i) the paramete. values
depend on the year t in which the piediction is beirg made; and (ii)

&1
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year t’s parameters arc estimated us .g data going backwards from
year (t — 1) to year (t—27). Denote by () the estimated values of the
parameters in (5.2.10) and (5.2.11). Now define E€n(W/P), +; as the
i period ahead forecast generatea by the &'s of (5.2.10}, and E€nP,;
as the i period ahead forecast generated by the b’s of equation (5.2.11).
Then

En(Wy/P); = V2 [ECn(Wy/P)sy + E€n(Wy/P).4s] (5.2.12)
and
tnP, = Y5 [E€nP.4.; + E€nP...). (5.2.13)

Av. “conometric Caveat. Once the series for €n(W,/P); and enP;
are computed, there is a tendency to think of them as *‘data’ just like
the other right hand side variables. Pagan (1984) and otaers have
demonstrated that this is an ecrror: because the expectations are
generated by an auxiliary regression, they are subject to error, and this
fact shiould be taken into account in estimation.

When the auxiliary equations are estimated using the same sample as
the structural equations, it can be shown, in many cases, that failure to
take into account the fact that the expectational variables are measured
with error leads to their standard errors being biased downward—the
expectational variables appear more “‘significant’” than they really are.
For such situations, formulas for obtaining correct errors have been
obtained. (Sec Pagan 1984.) However, the statistical theory required to
make such corrections in a *‘rolling regression™* framework has not yet
developed; the complexity of the problem may very well mean that a
practical solution will be hard to find.

Where does this leave us? We think that the sensible approach is to
continue to estimate models with expectation-' variables where theory
indicates that it is appropriate to do so. However, the standard errors
on the expectational variables must be regarded with sg. *. ¢ caution.
Actually, this problem is less novel than it may first appe..z. After all,
it is well known that a host of problems—errors in variables, omitted
variables, incorrect assumptions on the error structure, etc.—may lead
to biased standard errors. Applied econometricians should always
present their results with some humility.

&
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76 The Conflict Between Equilibrium and Discquilibrium Theories
5.3 Parameter Estimates

In this section, we first discuss the results when the equilibrium
model is estimated under the assumption of adaptive expectations, and
then turn to the rational expectations version. In every case, all
elements of the variance-covariance matrix of the error terms are
estimated, because preliminary analysis indicated that the hypothesis
that the off-diagonal terms are zero was rejected by the data.

The equilibrium models are estimated using the same data as the
disequilibrium model; see appendix 4.1 for a description.

Adaptive Expectations. The adaptive expectations equilibrium
model consists of equations (5.2.1), (5.2.8), (5.2.9) and (5.2.5). To
begin, however, we estimated the system without the price equation
(5.2.5), in order to make the results more directly comparable to L-R,
who took price to be exogenous.

When we executed the numerical maximizing procedures described
in chapter 3, the algorithm ,ailed to converge. Moreover, some of the
parameters appeared to be heading for absurd values. Generally, such
behavior is a consequence of a very flat likelihood function. There
simply is not enough information in the data to estimate all the
parameters. This problem cannot be ‘‘solved,”” but one way to deal
with it is to specify some parameters a priori, thus relieviag part of the
burden on the data. Rather than totally abandon the equilibrium model,
we decided to follow this tack. Specifically, we chose to condition
estimation on some value 0~ g,. What is a reasonable value for this
parame*er? Recall from equation (5.1.7) that g, shows the relationship
betweer. measured unemployment and unemployment due to intertem-
poral substitution. It seemed reasonable to assume that the two types of
employment would mcve on a one-to-one basis; thus we set g = 1.0.
However, as noted below, we did some experiments with some other
vaiues as well.

The results are reported in the first column of table 5.1. The demand
coefficients ar. of reason.ble signs and magnitudes, more or less
comparable to their counterparts in the disequilibrium model. The
supply equation estimates are at least somew hat encouraging for the
intertemporal substitution hypothesis: (a) positive values of B; and B,
indicate that current hours of work increase with the current wage and

O
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TABLE 5.1 The Adaptive Expectations Model*

) )
R -0.975 (2.615) —0.6G90 (—3.368)
@, -0.773 (2.682) -0.1371 (—2.996)
@ 0.437 (8.006) 0.4089 (14.21)
o 0.00383 (2.775) 0.001315  (1.961)
oy -0.173 (—2.081) —-0.2587 (—5.834)
as 0.606 (3.442) 0.808! (10.35)
Bo -3.892 {~=2.632) 4 596 (8.626)
B, 1.005 (4.769) 1.232 (3.890)
B, 2.862 (10.37) 1.486 (4.563)
8, -0.00232  (—0.808) -0.001055 (—0.6094)
B4 0.0754 (1.456) —-0.006552 (—0.2029)
Bs -0.0561 (—3.434) -0.05360  (—0.5719)
B —-0.0361 (—0.428) 0.03114 (0.1728)
2 —1.863 (—3.716) —-0.8720 (—2.870)
gl l .0 m— l .0 —
g, 0.117 (1.363) 0.1085 (1.557)
3o — — —-0.08058  (—3.384)
3, — —_ 1.019 (184.4)
5, — —_ 1.015 (1.001)
3, — —_ 0.2552 4.054)
4 — — 0.1642 v+513)
¥ -0.0119 (=15.01) -0.03267  (—6.476)
&L 497.5 652.9

*Numbers in parentheses are t-statistizs.

decrease with the expected future wage; and (b) the long run elasticity
of labor supply with respect to the net wage, B, — B, + Bs, is —1.89,
a figure which is considerably lower than most findings in the
literature, but not outl_.dish. However, contrary to the intertemporal
substitution hypothesis, the coefficient on the real interest rate, B3, is
negative, although it is stastically insignificant. It is also disturbing
that the coefficient on the scale - _iable, By, is only 0.07.

But the real problem in column 1 is the estimate of s, which
measu-es the extent to which the miost recent forecastizg error is used
to modify current expectations. It is negative, and exceeds its standard
error by a factor of 15. This makes no sense at all and implies that the
adaptive expectaticns model is simply no. a useful way to characterize
the data.

84
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The results in column 2 of table 5.1 show that the situation is not
improved when we allow for endogenous price determination. A
comparison of the ‘oglikelihoods in columns 1 and 2 indicates that the
price equation contributes significantly to the explanatory power of the
equilibrium model. But the value of s is still negative and statistically
significant. This result also obtained wher the results were corrected
for autocorrelation, a~d when several reasonable alternative values of
g1 were imposed. We are forced to reject the adaptive expectations
model.

Rational Expectations. The rational expectations equilibrium
model consists of equations (5.2.1) through (5.2.5) with (W,/P); and
P: defined by equations (5.2.12) and (5.2.13), respectively. Our first
attempt to estimate the parameters met the same fate as the adaptive
e..&ctations model—there was insufficient information in the data to
identify all the parameters. We again estimated conditionai on
g1 = 1.0.

The results are presemed in column 1 of table 5.2. The demand side
results are sensible except for the negative coefficient on lagged labor
(as), but it is statistically insignificant. The supply side results look
quite promising for the intertemporal substitution hypothesis: B, B,
and B3 each have the expected positive signs; the long run labor supply
elasticity, B1 — B2 + Pe is 0.089, cesult which is consis’ znt with much
earlier work; and the coefficient on the scale variable, B4, is 0.290, a
figure which seems low but not absurd. The natural rate of unemploy-
ment, measured by g5, is 0.0745, which seems quite reasonable. The
coefficient g, whiun multiplies the change in the unionization rate .n
the unemployment ecguation, is positive but insignificant; this is not
very different from the corresponding result in the disequilibrium
model. Finally, as expected, the values of 8, through 3, are positive.
A potentially disturbing result is that the coefficient on lagged price in
the price equation, &, exceeds one. This raises doubts about the
stability of the model. Of course, to analyze the stability of a system
requires that all the coefficients be studied jointly; we *2turs to this
issue later.

In contrast to the adaptive expectations results, we were sufficicntly
encouraged by the figures in column 1 that we decided to attempt some
refinements. To begin, we re-estimated the system under the assuinp-
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TABLE 5.2 The Rational Expectations Model*

)] 2 ©))

op —1.928 (-3.280)  0.3406  (0.3020) —1.200 (-2.300)
a, =0.758 (—8251) —0.8307 (=5.79¢) —2.611 (—3.367)
a, 0561 (6565  0.1421  (1.108)  0.912  (2.955)
a; 00121 (4.848)  0.02983 (6.276)  0.0437 (5 °17)
a, 0100  (1.429)  0.1181  (1.421, 0.518  (3.045)
a5 —0.159 (—1.222) —02507 (—1.871) —0.769  (3.658)
B,  3.631  (5.620) 39203 (11.29) 4240  (11.65)
B, 0122  (1.942)  0.01995 (0.9204)  0.0490 (1.483)
B, 00803 (1.129) —0.01823 (—0.5666) —.0283 (—1.011)
B; 00231 (4577)  0.01585 (3.648)  0.0157 (3.862)
B: 0290 (2.584)  0.2339  (4.666)  0.239  (4.978)
Bs —0.232 (—1.081) —0.2847 (—1.085) —0.181 (—0.684)
Be 00474 (1.235)  0.03405 (1.839)  0.101  (3.333)
g 00745 10.06)  0.0544  (2.441)  0.0356 (1.080)
g, 1.0 — 1.0 — 0.4 —

g, 0553 (1.809)  0.4770 (0.4962) —0.0898 (—0.832)

8 —0.0512 (—1.347) —0.96340 (—0.8305) 0.0252  (0.340)
3 1.013  (117.0) 1.023 (54.11) 1.036  (42.25)

3, 0.0556  (0.528) —0.3970 (—1.413) —5.842 (2.043)
53 0.187 (2.281) 0.1694 (1.312) 2.501 (2.230)
34 0.235 (4.846) 0.2820 (3.331) 1.549 (2.515)

0 — — 0.8780  (18.33) 0.971  (33.01)
P2 — — 0.9225 (20.82) 0.866  (19.68)
04 — — 0.9225 (27.98) 0.960  (40.22)
0s — — 0.2388  (1.563)  —0.0738 (—0.762)
el 522.0 —  612.78 — 6176 —

*Numbers in parentheses are t-statistics.

tion that the errors are autccorrelated. Sperifically, define py, p2, p3
and ps as the first order autocorrelation coefficients in the demand,
supply, unemployment and price equations, respectively. The esti-
mated p’s along with other coefficients are presented in column 2 of
table 5.2.

Comparing the loglikelihood values for the models *n columns 1 and
2, it is clear that the data reject the model with no autocorrelation since
under the null hypothesis of no autocorrelation, —2 times the loglike-
lihood ratic has asymptotically x* distribution with 4 degrees of
freedom. A further interesting result is that the column 2 results are
much less favorable to the intertemporal substitution hypothesis: B is
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80 The Conflict Between Equilibrium and Disequilibrium Theories

still positive but is estimated imprecisely; and B, is now negative,
albeit with a t-statistic of only —0.5666. (Remember, however, the
earlier caveat about the interpretation of the standard errors.)

Recall that the estimates in table 5.2 are conditioned upon g = 1.0.
Perhaps the results would be more favorable to the equilibrium
hypothesis under alternative valucs. We experimented with g. = 0.8,
0.6 ard 0.4. In all cases, the results are qualitatively similar to those
with g; = 1.0. For purposes of illustation, we record the values 1.
g1 = 0.4 in column 3 of table 5.2.

How do our findings on the equilibrium model square with earlier
studies? Altonji (1982) also tested a rational expectations formulation
of the L-R model and concluded: ‘“The results do not support the
intertemporal substitution model. For most specifications, the current
real wage, the expected future wage, and the expected real rate of
interest are either insignificantly related to unemployment and labour
supply or have the wrong sign’’ (p. 784). Our results are broadly
similar. 3, has the “‘right’” sign but is statistically insignificant; B2 has
the “‘wrong’’ insignificant sign; only B; has a *‘right’’ and significant
sign. However, these results can be obtained only after g is forced to
have the “‘right’” sign and magnitude. Bused on the estimated
parameters, then, the equilibrium model does not eem to be a good
way of characterizing the data. We now turn to some other ways for
evaluating the model.

5.4 Other Resuits for the Rational Expectations Model

Stability. The analysis of stability for the equilibrium model is
somewhat less complicated than it was in e case of the disequilibrium
model. We show in appendix 5.1 fhat stability requires that all roots of
the following cubic equation in x have mcdulus less than one

[(e1=B1) — d2(cy—B1 +Ba)Ix> + [—d1(e;—Py) — Ps
= (1= By +B3)(03—82) -- B)x?* + [Bsdi—Pe(d3—d2)
+ 93(ep = By + Ba)lx + [Beds)} = O.

&
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Table 5.3 Rs for the Equilibrium Model

én Lt {n Pg én W; Ug
0.9576 0.9977 0.9989 0.8628

Solving this equation with the parameters from column 2 in table 5.2,
we find one real and ¢. 2 pair of complex conjugate roots given by x =
0.04988 £ 0.04795i and x = 1.0192. The complex roots produce
highly damped behavior, but the rea! root exceeds unity and hence the
system is not stable.

Our belief is ihat instability in a model should not necessarily be
regarded as a fatal flaw. After all, some observers have sugg sted that
the U.S. economyy is prone to ‘‘inflationary spirals’> when it is
subjected to shocks, aad instability may jus. “e a manifestation of tl.is
phenonenon. Nevertheless, the finding is disturbing and creates some
doubts about the usefulness of the mcdel.

Goodness of Fit.  For every year we computed the predicted value
of each of the model’s endogenous vzriable. When the predicted values
are regressed on the actual values, the R%s are as reported on table 5.3.
Comparing these to the R2s for the disequilibrium model (table 4.2),
we see that there is not much difference. Both models do extremely
well at tracking vsages and prices, due at least in part to the ~ igh degree
of ser:al correlation in these series. The R2s for €nL and U are not quite
as § d as those in the disequilibrium model, but neither model is
clearly superior along this dimension.

Phillips Curve. We follow e same strategy for finuing the short
run Phillips Curve for the equilibrium model as v ¢ did for the
disequilibrium model: compute the values of (€n Wggo—€n W o))
and Uyge~ associated with various values of real output {Q,¢g2), and fit
a straight line to the figures so generated.®* The result is
(€n Viog2—fn Wigg) = 3.774 — 49.99 U gg,. Recall that the
disequilibrium model yielded he result (€n Wigg,—€n Wigg) = 0.
1866 — 1.841 U,qg,. Hence, the equilibrium model has a much stecper
Phillips Curve—it is almost vertical at an unemployment rate of 7.5
percent. In this context, one should recall from the discussion
surrounding equation (5.1.9) that the L-R model constrains the long
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Table 5.4 Phillips Curves With Alternative Unionization Rates

Unionization rate Intercept Slope

0.268 3.782 —50.11
0.218 3.782 —50.10
0.168 3.774 —49.99
0.118 3.773 —49.98
0.068 3.771 —49.95

run Phillips Curve to be perfectly vertical. Apparently, given our
parameter values, this tendericy is manifested in the short run as we'l.

Recall that in the disequilibrium model, we took advantage of the
fact that the Phillips Curve is derived by perturbing Q, to estimate the
relationship between the percentage chrange in output and the change in
the unemployment rate. We repeated the same exercise for the
equilibrium model, and discovered that changes in output have
virtually no impact on U,. In light of the result in the previous
paragraph, this should come as no surprise. The equilibrium labor
market quickly adjusts to perturbations to assure that U, stays near its
natural rate.

Unionization and the Phillips Curve. The parameters in column 2
of table 5.2 suggesied that the un onization rate does not have a very
important impact on the model’s endogenous variables—fs and g; are
both small relative to their standard errors. Simulations of the model
under alternative unionization rates confirm this observation. For
example, a massive change in the proportion of the Jabor force
unionized—from 0..58 to 0.068—affects the measured unemploy-
ment rate only in the third significant figure. As in chapter 4, we also
computed Phillips Curves under alternative assumptions on the union-
ization rate. The results are recorded in tatle 5.4. They suggest that the
unionization rate does not hae much impact on the trade-off between
unemploymesnt and the rate of r minal wage growth.

Marginal Tax Rates. Table 5.5 shows how certain key variables
are aftected by changes in the marginal tax rate. The responses are all
very small. This is no surprise given that the coefficient on the net
wage in the labor supply equation (f,) is only 0.01995. (See column
2, table 5.2). Thus, for example, when the tax rate goes up, the supply

0g
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Table 5.5 Impact of Changing the Marginal Tax Rate

Marginal tax rate L 0 %AW %AP
0.143 5.231 0.0736 0.0372 0.0509
0.170 5.231 0.0737 n.0374 0.0509
0.204 5.231 0.0739 0.0375 0.0508
0.238 5.231 0.0741 0.0377 0.0507
0.271 5.230 0.0743 0.0379 0.0507

curve shifts up to the lef leading to less labor transacted and higher
nominal wages. But because the supply curve is nearly vertical, the
quantitative significance of the change is very small. Why does
unemployment go up with increases in the marginal tax rate, even as
labor supply is going down? This is a consequence of the specification
of the unemployment function, equation (5.2.4). As the current net
wage falls, workers choose unemployment because they expect their
future net wage to ve higher, cereris paribus. Again, however, because
Bi is small (and g, is set equal to 1.0), the quantitative significance of
this effect is low.

5.5. Evaluating the Equilibrium Models

The adaptive expectations versicn of the equilibrium model does not
appear to be consistent with the data in the sense that it generates
absurd estimdtes of the adaptive adjustment parameter. The rational
expectations model does better in the sense that at least the coefficients
with the ‘‘wrong sign’’ are measured imprecisely. Recall, however,
that the only way to obtain these estimates was to constrain one of the
model’s coef‘icients to have a ‘‘reasonable’’ value. Otherwise, no
estimates could be obtained at all. Moreover, the fact that the model is
dynamically unstable is disturbing. On the positive side, the equilib-
rium model produces a good fit to the data in the sense of high R’
between the actual and predicred values of the endogenous variables.
But as we expiained in chapter 4, this is tc be expected in any
macroeconomic model with variables which trend over time. We
conclude tha the equilibrium model has important deficiencies. In the

o
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next chapter we turn to a more carei.w comparison of the equilibrium
and disequilibrium models.

Appendix 5.1

Dynamics in the Equilibrium Model
In this appendir we derive conditions for stability for the model
(5.2.1)-(5.2.5). We be :in by rewriting the deterministic version of the
system using slightly d:fferent notation:

énL, = o €aW, — o,P, + Z, (AS.1.D
el = B,6nW, — (B, —B3)¢nP, + BelnW,—,

= BebnP—y + Zy, (A5.1.2)

U = — giBi1aW, — g,B6%nW,—; + g, “nP,_,

+ (21B1—g1B3)€nP, + Z, (AS5.1.3)
¢oP, = §,€nP_; + 3,6nW, + (53—982)¢nW,_,

= 03¢nW—2+ Zy (A5.1.4)

where

Zh = Qg + azenQ( + ozt + a4€nQ(._, + asenL‘_l
Zy = Bo + Bi€n(1-6) — B8n(W,/P); + Bs(r,—én P))
+ BatnH, + BsUNION, + Bsfn(1—6,_,)

Z_;, = 80— g,B,é’n(l—Ot) + B3g|€nP:_| + g,BG(,’n(W,,/P*)(_l
= 21Bsfn(1-0,—1) + £, AUNION,
Z4( = 80 + 84(€nPFt - €nPF(_|).

Viewing equations (A5.1.1) through (A5.1.4) as a system of
difference equations, the key tt.ing to note is the recursive structure:
wages and prices feed into the equation that determines unemploy-
ment, but the reverse is not true. Hence, in investigating the system’s

N
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stabilicy, we need be concerned only with (A5.1.1), (AS.1.2), and

single eqnation

the following elements:

Mz,

D= B683.

endogenous. See Romer (1981).

(A5.1.4). Moreover, we can collapse (AS.1.1) and (A5.1.2) into the

o €nW, — o énP, + Z, = B,¢nW, — (B,—B3)¢nP,

+ B6€nW(_| - B6enP(_1

+ ZZ(

Mzz = Ez - 8|E

where E is the forward operator.
Taking the determinant of M leads to a third degree characteristic
equation: Ax> + Bx* ~ Cx + D = 0, where

A = {o,—B1) — dx(a;—B1+B3)
= — 3(c;—B1) — Bs = (01— B1+Bs)(03—82) — 326
C = Bedi — B6(03—82) + d3(cci—PB1+B3)

NOTES

M, = (a;—B1)E? — BE
Mz = = {a,—B1+B3)E? + B¢E
- 8252 - (83—'82)5 + 83

(AS5.1.5;

The characteristic matrix M of the system (AS5.1.5) and (AS.1.4) has

Substituting from column 2 of table 5.2 into the expressio.:s for A,
B, C, and D and solving the cubic equation leads to three roots:
0.04988 = 0.04795i and 1.0192. The presence of a real root greater
than one implies that the model is unstable.

"In some versions of their mode!, L-R in:lude a wealth variable, but find
that it has the ‘‘wrong™” sign. Presumably, this is because that variable is
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’L R normalize labor supply by a population variable that is corrected for
changes in age and education. Implicitly, this constrains the coefficient on the
scale vziable tc be one. In contrast, equation (5.1.2) allows the data to
determine the coefficient on the scale variable.

*We also experimented with specifications including the lew.* of unioniza-
tion rather ‘an its first difference, and no substantive changes occurred.

“As Lucas and Rapping poiat out, under the adaptive expectations
hypothesis, the unemployment equation itself has a Phillips Curve interpre-
tation.




6

Comparing the Models

We have estimated both disequilibrium and equilibrium models of
the U.S. labor market over the period 1929-1983. The natural
question to ask at this point is, ‘“Which one is better?’’ We first discuss
statistical methods for comparing the models, and then consider some
nonstatistical criteria.

6.1 Statistical Issues

From a statistical point of view, comparing the equilibrium and
disequilibrium model is far from straightforward. Generally, standard
statistical techniques can be used to compare two models only when
one of them is nested within the other, i.e., when one model imposes
certain restrictions on the parameters of the other. Our models do not
satisfy this requirement.

To getasenseof  -.oblems involved, it is helpful to consider the
following simple *  _ric’’ disequilibrium model:

YD = P, + ooxy + € (6.:.1a)
Y? = BiP + Boxy + € (6.1.1b)
Y, = min (YP,Y?) (6.1.1c)
—P—1 = Y(YP-YP) + €, (6.1.1d)

where Y, is quantity demanded in period t; P, is price; X, and x;, are
exogenous variables; and the €’s are random errors. Compare model
(6.1.1) to the corresponding equilibrium model:

YD = a{P, + ajxy + pu (6.1.2a)

Y? = BiP + BiXa + pa (6.1.2b)

Y; = Y? (6.1.2¢)
87
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The primes on the parameters of (6.1.2) indicate that the estimates of
the equilibrium model are not expected to be iaentical to those of the
disequilibrium model.

Model (6.1.1) is not, strictly speaking, nested in (6.1.1) because one
cannot derive (6.1.2) simply by putting certain constraints on the
parameters of (6.1.1). However, an approximate test can be designed
by examining the value of 1/y from (6.1.1d). If 1/y differs signifi-
cantly from zero, the equilibrium raodel would tend to be rejected (see
Quandt 1978). Intuitively, under the equilibrium hypothesis, gaps
between quantity demanded and quantity supplied are translated into
“‘very large’” e changes; this corresponds to a “‘large’ valt o1y
an.  “re a ‘“‘small”’ value of 1/4.

However, a glance at the disequilibrium and equilibrium models of
chapters 4 and 5, respectively, indicates that ven this approximate
kind of test is not available to us. Of course, we could have constrained
ourselves to the class of equilibrium models that was (approximately)
nested in the disequilibrium model. But a ““good’" equilibr; 1m model
might have featvres that cannot conveniently be included in a disequi-
tibrima model,  exclude such features would unfairly handicap the
equilibrium mode: in any comparisons with the disequilibrium model.

The choice, in general, is between having fairly standard statistical
methods for choosing between models, but needing to constrain one of
the models to be not the bes* representative of the class, or having two
models that are, in suw scrse, best in their categories, but having to
do with less perfect statistical methods in the comparison. We opted
for the latter procedure. For example, in the disequilibrium model it is
computationally very hard to estimate off-diagonal terms of the
variance-covariance matrix, so these were set cqual o zero. Similarly,
for computational reasons only two equations were allowed to have
autocorrelated errors. But in the equilibrium model it is fairly routine
both to estimate the off-diagonal terms and o allow all errors to be
autocorrelated, und we did so. Presumably, this gave an ‘“‘advantage””’
to the equilibrium model. On the other hand, in the equilibrium model,
a separate equation for nominal wages would be redundant because the
supply, demand, and price equations together determine the nominal
wage. In the disequilibrium model, this is not the case, so we included
a nominal wage equation. Here the ‘‘advantage’ is for the disequili-
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brium model. Mac may also note that expectations are modeled
explicitly in the equilibrium me el—to the extent that this is impor-
tant, the apparent advantage is again with the equilibrium model
(although a skeptic might say that if we seriously misspecified the
manner in which expectations are formed, we may actually have hurt
the char~es of the equilibrium model).

The benefit we hope to derive from this research strategy is that no
onc can complain that the comparison between the two models is
rigged—we have attempted to give cach one its best chance. But the
cost is nontrivial, because we cannot take advantage of routine
statistical methods for comparing them. We now discuss a heuristic
method of comparing the predictions of the two niodels.

The Hoel Test. Pesaran . Deaton (1978) have argued that in
comparing tw:, tionnested models (hypotheses), their absolute *“fit’’ to
the data is irrelevant; what matters is the performance of each model
when the other is taken to be the null hypothesis. When we compare
hvpotheses A and B, we are really interested in the question how well
A performs relative to the data when B is assumed to be true (and, of
course, conversely). Such a comparison is meaningful and cempatible
with both models *‘fitting’’ relatively poorly or exceedingly well.
Thus, a model that fits very well in absolute terms could be knocked
out of the saddle by the appearance of another model if the former
does not perform well in the ligh* ~f t~- assumy “on that the latter is
true.

A r.asonable heuristic *~ in the spirit of the Pesaran-Deaton
suggestiun is provided by a p» cedure introduced by Hoel (1947) for
comparing the forecasting abilities of two models. In this procedure,
the predictive ability of each model is examined not .11 isolation, but
relative to the predictions of the other model.

More specifically, Hoel considers a single variable y for which
predictions f, f), are available from twe hypotheses or models labeled
0 and | respectively.! Hoel’s west is equiva. 5t to estimating the
regression

Yo — fo = « + Blfo—fi) + u.

If o is nonsignificant and B is significantly positive, this is taken to be
evidence in favor of Hy against -1}, since it suggests that when the
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predictions of hypothesis 0 exceed those of hypothesis 1, reality
excecds the predictions of hypothesis 0. In short, the hypothesis 0
predictions are statistically closer to reality thau tne alternative.

In the present case we have four variables: L,, W,, P,, U,, which for
symmietry of notation we denote as yy,, Yar, Y3, Ya. We denote the
predictions of those variables from the equilibrium and disequilibrium
models by the superscripts e and d, respectively. Thus when equilib-
rium is the null hypothesis, we have

Vi —Ye = By tw i=1,...,4(6.1.3)
and when disequilibrium is the null, we have
Ya = Ya = o F BOSYD tw i=1,... ,4.66.1.49)

Equation systems (6.1.3) and (6.1.4} each represent a seemingly
unrelated regression model (Zellner 1962). Denote the ith regression in
(6.1.3) in abbreviated form as Y; = X;®; + u;, where X; is the T X
2 matrix containing a column of 1's and the column of observations on
¥§ — Y&, and where &' = (o; By). We can then stack tae equations of
(6.1.3) as

Y, (X, 0 0 o0 ®,
Y, 0 X, 0 0 D,
+ U
Y, 0
0

or
Y =Xd + U.

Generalized least squares estimates are provided by & =
X' Q7X)7IX'Q7'Y, where Q is estimated from the sample vari-
ances and covariances of the OLS residuals of equation (6.1.3).
Obviously, a similar GLS estimation can be performed when the roles
of e and d are interchanged.

The resulting coefficients and t-values are displayed in table 6.1.
Although the estimated a’s are all insignificantly different from zero,
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Table 6.1 Results of GLS Estimation of the Hoel Test*

Null Hypothesis is

Disequilibrium Equilibrium
ay —0.000 (—0.15) -0.000 (—0.01)
81 -0.275 (—2.90) -0.722 (—7.73)
o 0.002 0.48) 0.002 (0.48)
B2 -0.323 (—3.93) —0.687 (—8.49)
a3 —0.000 (-0.11) -0.000 (—0.13)
B3 -0.378 (—4.05) —0.602 (—6.62)
o 0.001 0.42) 0.001 0.43)
B4 —0.497 (—4.32) —=0.500 (—4.36)

*t.values are in parentheses.

the estimated B’s are all negative. Thus, neither hypothesis allows the
other one to be rejected. We conclude that there is no appreciable
difference in the forecasting abilities of the two models.

6.2 Other Criteria

Ability to forecast is not the only basis for comparing models. Other
criteria must be brought to bear:

) Plausibility of the underlying theory. ~As we noted in chapters
1 and 2, there are strong ideological overtones to the equilibrium vs.
disequilibrium debate. Theoretical arguments that seem quite compel-
ling to members of one camp have little appeal to members of another.
However, the notion that an event like the Great Depression can be
explained by intertemporal labor supply substitution seems incredible.
In this context it is useful to recall that the disequilibrium model
produces sensible estimates of excess demand each year (see table
4.3); implicitiy, the equilibrium model sets excess demand equal to
zero each year.

(ii) Plausibility of the parameter estimates. It is rare for every
parameter in a multi-equation econometric model to be *‘right’” in the
sense of having the expected magnitude and being estimated precisely.
As the discussions in chapters 4 and 5 indicated, neither the disequi-
librium nor the equilibrium model is an exception. Both models have
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some anomalous results. However, the main problem with the dis-
equilibrium modei—a scale parameter in the supply equation that
seems implausibly low—pales in comparison to the problems in the
equilibrium model: (a) the scale parameter in the supply equation is
even lower than its counterpart in the disequilibrium model. (b) In the
supply equation, the coefficient on the expected future wage has a
negative sign. This rejects a key aspect of the theory underlying the
model. (c) The parameter estimates taken together imply that the
system is dynamically unstable.

6.3 Conclusion

Where does this leave us? The comparison of nonnested economet-
ric models s not a straightforward matter; judging the relative merits
of such models is partly a matter of tastes—some would even say of
aesthetics. Hence, unambiguous answers cannot be obtained. Taking
all factors into consideration, however, it seems to us that the
disequilibrium model does a better job of characterizing the U.S. labor
market than its equilibrium counterpart.

Having said this, we hasten to add that the disequilibrium model is
relatively simple, and could be improved in a number of ways. For
example, output in the model is predetermined; it would clearly be
desirable to make it endogenous. (The same comment, of course,
applies to the equilibrium model.) In addition, it would be useful to
estimate a multimarket version of this model. This would allow
exploration of the possibility that market clearing goes on at different
rates in the union and nonunicn sectors. The disequilibrium research
agenda is rich and varied.

NOTES

"The heuristic aspects of the test as applied here derive from the fact that
Hoel assumes fo,,f}, to be given to the investigutor exogenously or to represent
out-of-sample forecasts. If those conditions hold, the Hoel test is an exact
result following from the Neyman-Pzarson theory of best tests.

o0
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APPENDIX

Data
This appendix contains the data. The notation is the same as used in
the text, and the definitions are listed in appendix 4.1.

Year énL. ¢nH W P mQ € UNION U ¢&nPF

1929 4,785 119.710 —0.857 3.938 5.731 0.10 0.0 0.032 3.742
1930 4.736 114.000 —0.896 3.912 5.627 0.10 0.068 0.087 3.723
1931 4.676 107.290 —1.001 3.820 5.547 0.10 0.065 0.159 3.664
1932 4.589 98.440 —1.163 3.711 5.386 0.20 0.060 0.236 3.561
1933 4.586 98.090 —1.210 3.658 5.367 0.20 0.052 0.249 3.523
1934 4.577 97.260 —1.051 3.691 5.454 0.30 0.059 0.217 3.584
1935 4.620 101.470 —1.008 3.716 5.548 0.40 0.067 0.201 3.561
1936 4.677 107.470 —0.925 3.726 5.677 0.50 0.074 0.169 3.578
1937 4.726 112.830 —0.865 3.761 5.729 0.60 0.i29 0.143 3.592
1938 4.662 105.899 —0.865 3.742 5.677 0.40 0.146 0.190 3.586
1539 4.703 110.320 —0.839 3.728 5.759 0.40 0.158 0.172 3.572
1940 4.739 114290 —0.797 3.738 5.841 0.80 0.155 0.146 3.603
1941 4.805 122.180 —0.664 3.786 5.992 3.80 0.177 0.099 3.648
1942 4.864 129.510 —0.494 3.888 6.135 10.70 0.172 0.047 3.721
1943 4.893 133.310 —0.334 3.947 6.276 18.40 0.205 0.019 3.780
1944 4.888 132.700 —0.271 3.965 6.344 19.40 0.214 0.0i2 3.811
1945 4.850 127.730 —0.232 3.987 6.329 19.40 0.219 0.019 3.816
1946 4.859 128.950 —0.157 4.069 6.170 14.50 0.236 0.039 3.86Y
1947 4.880 131.610 —0.051 4.203 6.153 15.30 0.239 0.039 3.989
1948 4.809 122.640 0.114 4.278 6.194 12.10 0.231 0.038 4.138
1949 4.772 118.110 0.144 4.268 6.199 11.90 0.227 0.059 4.143
1950 4.803 121.870 0.204 4.278 6.282 13.10 0.223 0.053 4.171
1951 4.845 127.140 0.302 4.354 6.362 16.40 0.245 0.033 4.211
1952 4.853 128.100 0.367 4.376 6.398 18.10 0.242 0.030 4.225
1953 4.863 129.440 0.429 4.383 6.436 18.30 0.255 0.029 4.254
1954 4.827 124.870 0.461 ".388 6.423 1590 0.254 0.055 4.257
1955 4.855 128.440 0.513 4.385 6.488 16.40 0.247 0.044 4.268
1956 4.872 130.640 0.580 4.399 6.510 16.70 0.252 0.041 4.301
1957 4.863 129.410 0.643 4.434 6.528 16.90 0.249 0.043 4.352
1958 4.832 125.400 0.681 4.461 6.523 16.70 0.242 0.068 4.339
1959 4.860 129.010 0.735 4.469 6.582 17.20 0.241 0.055 4.353
1960 4.869 130.190 0.781 4.485 6.603 17.20 0.236 0.055 4.333
1961 4.862 129.300 0.817 4.495 6.629 17.40 0.223 0.067 4.373
1962 4.883 132.060 0.865 4.506 6.685 17.70 0.226 0.055 4.374
1963 4.895 133.580 0.908 4.519 6.724 17.90 0.222 0.057 4.394
1964 4.911 135.830 0.961 4.532 6.776 15.60 0.222 0.052 4.371
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Year ¢énL. ¢nH nW P éQ G UNION U ¢@nPF

1965 4.943 140.240 1.006 4.549 6.834 14.80 0.224 0.045 4.392
1966 4.977 144.970 1.072 4.577 6.892 15.390 0.227 0.038 4.419
1967 4.985 146.240 1.132 4.605 6.919 15.70 0.227 0.038 4.450
1968 5.004 149.010 1.211 4.646 6.964 17.30 0.230 0.036 4.481
1969 5.029 152.810 1.285 4.699 6.992 18.10 0.226 0.035 4.503
1970 5.015 150.730 1.366 4.756 6.990 16.80 0.226 0.049 4.540
1971 5.016 150.770 1.431 4.798 7.023 16.40 0.221 0.059 4.600
1972 5.044 155.090 1.500 4.831 7.078 16.40 0.218 0.056 4.605
1973 5.082 161.150 1.575 4.891 7.135 17.00 0.218 0.049 4.743
1974 5.084 161.410 1.666 4.995 7.129 17.60 0.218 0.056 5.206
1975 5.055 156.799 1.756 5.083 7.118 17.80 0.207 0.085 5.286
1976 5.081 160.990 1.838 5.139 7.170 18.50 0.203 0.077 5.357
1977 5.116 166.650 1.911 5.201 7.224 18.70 0.198 0.071 5.479
1978 5.159 174.010 1.990 5.275 7.270 20.80 0.197 0.061 5.531
1979 5.190 179.520 2.077 5.382 7.302 19.00 0.186 0.058 5.831
1980 5.207 182.590 2.151 5.509 7.296 20.00 0.179 0.071 6.154
1981 5.216 1£4.220 2.239 5.607 7.321 19.90 0.176 0.076 6.349
1982 5.182 178 100 2.325 5.667 7.300 20.40 0.168 0.097 6.338
1983 5.199 181.160 2.349 5.698 7.336 18.90 0.159 0.096 6.275
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