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ON DISEQUILIBRTUM ECONOMIC DYNAMICS
PART IV

THE THEORY OF LONG-RUN PHILLIPS CURVE*

by

Katsuhito Iwai

1, Introduction

It is the purpose of the present paper to demonstrate that the
economy with dowmvard rigidity of money wagé will ggggi lose 1its Xeynesian
features no matter how long it is run. Rather paradoxically, however,
Keynes himself seems to have entertained an opposite view In "The General
Theory of Employment, Interest and Money," when he wrote-- |

Our criticism of the accepted [neo-]classical
theory of economics has consisted not so much

in finding logical flaws in its analysis as in
pointing out that its tacit assumptions are
seldom or never satisfied, with the result that
it cannot solve the economic problems of the
actual world. But if our central controls suceed -
in establishing an aggregate volume of output
corresponding to full employment 2s nearly as is
practicable, the [neo-]classical theory comes
into its own again from this point onwards.

This remark has become the foundation of the 'neoclassical synthesis' and
we need little textual evideunce to assert that many contemporary economists

more or less share the same view.2 Even Axel Leijonhufvud who has recently

*This is Part IV of a series of papers on disequilibrium economic dynamics.
This paper 1s, however, self-contained, Research described in this paper
wag supported by grants from the National Science Foundation and the Ford
Foundation.

1Keynes [11]}, p. 378.

2See, for example, Samuelson [L18] for the textbook account of the neoclas-
sical synthesis,



giveh us a forceful argument that the Keynesian notion of underemployment
equilibrium should be interpreted as a state of 'peraistent disequilibrium”
is not exempt from th18.3

Keynes meant by the [neo-}classical theory a set of doctrines ac-
cording to which all the '"real" variables, such as employment of resources,
production and consumption of commodities and their relative prices, are
determined by equilibrium between supply and demand and all the "nominai"
variables are left to be determined by the quantity theory of money.

The neoclassical description of the economy can therefore be characterized
by the following two interdependent proposltions--(i) that there is no
such thing as "involuntaryﬁ unemployment gnd (i{i) that money is neutral

in the sense that all the '"real' variables are determined independently
of the nominil quantity of money.

Recent controversy over the theoretical interpretation of the "Phillips
curve'--the empirical finding of a negative relation between the rate of
change 1n money wage and the rate of unemployment--has directly centered
around the validity of these neoclassical propositions in the long-rum.

The proponents of the so-called '"natural rate theory of unemployment," led
by Milton Friedmza and Edmund Phelps, deny the existence of the Phillips
curve relation in the long-run.4 They argue that there is only one rate

of unemployment which is consistent with an equilibrium in which
anticipations about the rate of inflation.are noﬁ disappointed by the actual

rate of inflation. This equilibrium rate of unemployment 1s called the

3Leijonhufvud [12].

4Friedman [3] and Phelps [16]. See also Lucas [13, 14] and Sargent [19]
for the recent development of the natural rate theory of unemployment,



"natural rate of unemployment' and its level is considered to be imvariant
under changes in the time-pattern of inflation rate. 1In the short-runm,

there is always a "trade-off" between unemploymeﬁt and unanticipated in-

‘flation. But, in the long-run if a given rate of inflation comes to be
correctly anticipated, the rate éf unemployment will return to the constant
natural rate; hence; there is no permanent trade-off between unemployment
and inflation. The Phillips curve, thus argue the natural rate fheorists,
is vertiéal in the long-run at the level equal to the constant natural

rate. In spite of its fheoretical sophistication, the natural rate tﬁeory
of unemployment has only elaborated the two neoclassical propositions stated
previously. It has left the neoclassical picture of the economy essentially
intact. 1In fact, Milton Friedman characterized the natural rate of un-
employment ac¢ ''the level that would bé ground out by the Walrasian sys-

tem of general equilibrium equations, provided there 1s imbedded in them
the actu#l structural characteristics of the labor and commodity markets,
including market imperfections, stochastic variability in demands and
supplies, the cost of gathering information about job vacancies and labor
avallabilities, the cost of mobility, and so on.' "

In the prevent paper, we shall show that even if the central authority
succeeded in establishing a level of aggregate demand in balance with that
aggregate supply and even if no anticipations were ever disappointed by
actual market outcomes the achieved state of the economy--a long-run equi-
"1librium--would have nothing in common with the picture painted by the -
neoclassical equilibrium theéry. First, we shall establish that in the

economy with wage rigidity the "involuntary" unemployment would persist

5Friedman [3], p. 8.



above the constant natural rate level even in the long-run equilibrium.
There is no state of the economy where there ekists no involuntary unem-
ployment. Second, we shall demonstrate that in the economy with downward
rigidity of money wage the long-run equilibrium rate of inmvoluntary un-
employment is negatively correlated with the steady-state rate of wage
inflation. Or, to put this proposition differently, we shall prove that
money is not neutral even in the long-run, nor does the long-run Phillips
curve become vertical. The economy we happen to live in can never approaéh :
the beautiful and optimum neoclassical world "even in the economist's

never never land of the long run.”

2. The Structure of the Labor Market

Leé us consider a closed economy whose total labor market consists
of m business firms as employers and a much larger number of workers
as potential employees. We shall distinguish firms by indexes i-u 1, 2, ..., m .
To simplify the analysis we assume that all workers are homogeneous and |
that they can be regarded as a completely variable factor in production.6
However, firms as employers are assumed to be differentiated from each |
other to the ey:s of workers; either because their geographical locations
are different; or because they offer different working conditions and non-
pecuniary returns to workers; or simply because they can exploit the im-
perfect information of workers about the distribution of wage offers among
them, This means that we can regard the whole labor market aé being composed
‘of numerous interdependent labor markets, each controlled by a single firm.
We assume that the only means available tb each firm in the ghort-run in

regulating the supply of labor-services to itself is the level of its own

This assumptién can be somewhat relaxed. See Hall [4}.



money wage relative to the other firms' money wages, Furthermore, we also
assume that the number of firms m 1is very large, go that each firm de-
termines its own money wage level without taking account of possible re-
percussions on the future labor supply schedules through other firms'
responses.

In short we picture the labor market of our Ke&nesian economy as

a world of numerous monopsonists competing with each other for a given

aperegate level of labor supply.

Let us start our analysis by reviewing the micro~dynamic theory
of an individual firm, developed in Part XI1 of this series of papers.7
The reader familiar with Part III may skip the next section and directly

proceed to section 4.

3. A Keynesian Model of Momey Wage Adjustment

Consider the entrepreneur of the ith firm who must decide the |

level of money wage at the beginning of period, say, t . Denote by
the logarithmic level of money wage that would uniquely maximize

the ith firm's short-run expected profit'in period t , were there

*
Vit

not any money ware adjustment costs. We shall call wit the logarithmic

level of the "optimal" money wage, for short. (Warning: in the following

we shall measure all the variables by logarithmic scale!) This "optimal"

money wage 1s determined by such factors as the entrepreneur's expectations
of the current as well as future states of product and labor markets,
the fixed productive factors endowed in his firm, the technology available

to him, and so on., But its detailed specification does not concern us in

7 eat [10}.



the present section.8

Let Ve denote the logarithmic level of money wage actually quoted
by the entrepreneur of the ith firm in period t ., 1If there were no
costs involved in the money wage adjustwent activity, his optimal money
wage adjustment policy would be simply to equate Yie with wzt in every
period. However, the introduction of money wage adjustment costs would
prevent the entrepreneur from indulging in a quiet life.

Rather than attempting to deduce thg fully optimal money wage ad-
justment policy, however, we agsumed in Part III of this series that the

entrepreneur chooses the best policy out of a restricted class of adjust-

ment rules which can be specified as follows:

= * -
Vie T Viee1 0 TReR Aoy SVt Ros TV ee1 S My
(L _
w, =wr, t when w* + -w CAns OF Wo 4N, ~W >.
1t = Vit © Mo 1t 201 TV 1SR OF Yiet Aoy TV ea12My 0
> _
where _k01 ( z 0), xli (>0 ) and KZi (< 0 ) are constant parametexs

whose values must be chosen by the entrepreneur.9 Defining

| .

(2) e T oL = Vi T Ve ?
_u ok

(3) St = Vic " Yit-1°

we can tranforms (1) into the followlng rule:

8See Iwai [7,8) or section 5, for the determination of the "optimal' money
wage in a highly parametrized model of the firm.

9Under the conditions that a money wage adjustment incurs only a fixed

trangactions cost and that the future motion of wit can be characterized

by the Bernouilli trial random walk model it is likely that the form of
money wage adjustwent rule given by (1) is the "optimal” one, See Vial
[23] for the proof of this proposition in the case of continuous-time
cash management problem,



when A., < X

®1e T *q,e-17 Sie 21 < %4, ¢-1

TS My

(2)
Xje = 0 when X, PR Shop OF Xy T B 2Ny -

Then, the parameter Kli 1s the "ceiling threshold," the parameter K21

the '"floor threshold," and the eliminated parameter xni is the "return-
ing point,* of the specified money wage adjustment rule., It should be
also noted that Xie T Aoy 0 defined by (2), can be regarded as éhe

ith entrepreneur's "subjective or ex ante measure of disequilibrium" in
his own labor market. If we further assume that the entrepreneur believes
that the sequence of the rates of change of the "optimal" money wage,
{git‘ ;, are mutually independent fandom variabies drawn from a common

subjective probability-distribution:lo

5) Yo = iy, < 01,
whoge mean is equal to:
©) =] eafe,

then the sequence of the random variables [xit} , given by (4), consti-
tutes (subjectively to him) a "random walk model with two return barriers

and ;\ L H

it

at xli 24 *

) h

Suppose that at the beginning of period say, zero, the it entre-
preneur predicts the future position of the random variable x on the

basis of the information availlable to him at that time, represented by

104e denote by i?r{z} ¢he 10 entrepreneur's subjective probability

of an event z .



X0 He can summarize this prediction by the subjective "transition

probability":
ia ia _
7 ﬂt(x|xio) = Pr{xit < xlxio} ;

where iﬁr {zt|ie} denotes the ith entrepreneur's subjective expecta-
tion of z, conditional upon his information iB . As time goes on,
he can expect that the level of money wage will be adjusted over and over

again and that the motion of the random variable x will approach a

it
"stochastic steady-state." 1In the Mathematical Appendix of Part III,]‘]'
we were able to prove
Proposition 1 (Steady-State Theorem). I1f (i) both A‘li and 7\.21 are
ia
! ] R
finite, or (ii) My is f;nite,_ Moy ® and 0< pg< e, or (i1) 7\21

is finite, A,, =+ and -=< i{l< 0, then as t - = the sequence of

11
the random variables {xit} converges to a steady-state random variable

X, in the sense that iﬁt (x]xio) converges to a steady-state distribu-
tion i"TEI'(x) , independently of the initial condition Xgq that is,

we have .

®) Lim Mi (xlx,g) = e = e, < x) .

{00

This steady-state distribut;ion is determined by t1‘1e two thresheold para-
meters )\11 and )\21 and by the subjective probability distribution

iﬁ(%) . We can interpret ii‘l'(x) either as the description of the sto~
chastic motion of the random variable x in the 'stochastic steady-state®

it

or asg the "long-run avera'ge“description of the motion of x

it starting from

an arbitrary initial condition.

1lIwa.i {10], Theorem 1.



It 1s clear that the movement of the rate of change of the actual

money wage, W

1 =Yy ” wi,t-l , 1s inherently discrete. There is an

upward jump by the rate equal to wtt + Mgy " ieel T ¥4 eel + €. when
xi,t—l + git > Ali in périod t , and a downward jump by the rate equall
to -(xi,t-l + git) when xi,t-l + git S'l2i in period t ; otherwise
the adjustment of the level of money wage is postponed in the future.
Hdwever, the analysis of its short-run as well as long-run average behaviors
would shed a useful light on our understanding of the nature of the entre-
preneur's money wage adjustment activity. It is in fact easy to calculate

the subjective expected rate of money wage change in perioed t , predicted

on the basis of the initial condition X0 :12
12 1 .
) g |xgq) = "8y gt B lxg P B 2N 07 Xy L F B 2045 By
S
= 1a i~ 1.¢1fi .
=8 - ,fb {zed"Fz-y) - y¥a™h  O0]x,4)
»

where 1é(ztlia) denotes the ith entrepreneur's subjective expectation

of 2, conditional upon his information 19 + Under certain reasonable
specifications of iﬁ(g) , the expected rate of money wage change can be
shown to be an increasing'function of the initial condition X0 (dr

the ex ante measure of labor market disequilibrium in period zero X0 " Mot de
Thus, we can regard (9) as the ith entrepreneur's 'perceived law of supply
and demand" in period t basged upon his information available in period

zéro. However, in the long-run, this perceived law of supply and demand

will evaporatet: That 1is, as time goes on, the influence of the injtfal

121wai {10], eq. (10).
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condition will gradually fade away; and in the limit the expected rate
of change in the actual wmoney wage will become equal to iﬁ , the con-
stant expected rate of change in the "optimal" money wage.13 We thus

have

Proposition 2., Under one of the conditions stated in Proposition 1, we

have

ia
W,

(10) o) = 1in T |x

) =
¢ i0

independently of the initial condition X0 *

The entrepreneur of the ith firm must choose the optimal values

of the thre . parameters, AOi y AN and A He is faced with a trade-

11 21 °
off between the opportunity cost assoclated with the disequilibrium Iin his

labor market and the direct cost associated with the money wage adjustment

activity itgelf, We assumed in Part III that when there is no money wage

ad justment cost the ith firm's short-run expected profit in period ¢t
iﬁ * ~ . ~

can be specified as p@wit-wit)-exp(vit) ; where exp(vit) represents

the "trend level™ of the ith firm's expected profit which is beyond

. the control of the entrepreneur's short-term money wage adjustment bolicy,
Lo % _ _1a - n _ -

and p(w1t wit) = p(xit lOi) is the '"trend-free expected profit func

tion" which depends only upon his ex ante measure of labor market diseﬁui-

1ibrium.14 Now, since e

it is defined as the logarithmic level of money

L3 wai [10], eq. (12).

14If we substitute eq. (34) of section 5 into eq. (48) of Iwai [8], we

can obtain a short-run expected profit function of this form. But a variety
of models can generate the same expected profit function.
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wage that would uniquely maximize the short-run expected profit were there
not money wage adjustment costs, i';5'(0) =0 and iB"(O) <0, Iif i5(-)
is twice-differentiable. Then, the "trend-free opportunity cost'associated
with the ex ante labor market disequilibrium (or the "trend-free disequi-
librium cost, " for short) can be unambiguously defined as the difference
between the maximum attainable value of the trend-free short-run expected
profit iB(O) and the actual trend-free short-run expected profit

iﬁ(w"'i‘t--wit) = iﬁ(xit -%Bi) . We can approximate this quadratically as

t

i~ ia ih" 0 . 2

(11) p(O) T p(xit -7"01) < - 2 (xit - 7\01) .

Against this disequilibrium cost, tﬁe entrepreneur must weigh the direct
cost of money wage adjustment. We assumed in Part III that if he raises
the level of money wage in period t he incurs a lump-sum adjustment
cost, cli'exP(Git) ; and if he cuts it in period t he incurs a dif-
ferent lump-sum cost, c21°exp(31t) « The trend-free cost parameters,
c,; and e, , are all assumed to be invariant over time.

The "total loss" for the firm in peridd t 1is nothing but the
sum of the disequ?librium cost and thé lump-sum adjustment cost. We sup-~
posed in Part III-thatrthe entrepfeneur chooses the values of AOi 3 kli
and KZi so as to minimize the "long~run average of the trend-free total
loss per unit period."15 He has a very long planning horizon and is con-
cerned only with the trend-free loss in the determination of the optimal
money wage adjustment policy.

Minimizing the long-run average trend-free loss with respect to

15See eq. (17) of Iwai [10] for the explicit formula.
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N we established

0i°’

Proposition 3. The optimal value of A denoted by i;i {s equal

01 *

to the long-run average of the random variable x

it ? i,e., we have

A, 1A
(12) Aoy = EX)

It then follows from the definition of LI given by (2) that if the

entrepreneur has chosen the value of X\ optimally the expected value

0i
. * _ _ Ak
of his ex ante measure of labor market disequilibrium, Vie "V E Xypg Mg 2

will vanish in the long~run. Thus, we can restate the above proposition as:

Proposition 3', As t = ®, we have

i.\

ia ~
(13) EGy “ Yy lxye) = €k~ Mg lxye) 20,

independently of the initial condition Xig *

Note that the valldity of this proposition hinges upon the quadratic ap-
proximation of the disequilibrium cost function (11).

The optimal values of M1 Mt and Ny s respectively denoted
by igi ’ iqi and i;i , are, in general, functions of the basic sub-
jective parameters of the model such as -iﬁ"(O) s €45 Cpy and iﬁ(l‘;) .
However, in order to shed more light on the ﬁature of the optimal wmoney
wage adjustment policy we must turn to a speclal case which allows us to
_ calculate ﬁgi ’ iii and i;i explicitly,

In the Mathematicgl Appendix of Part 111 we were able to calculate
the steady-state probability distribution iﬁﬁz) explicitly in the specilal
cage where the entrepreneur's subjective probability distribution of the

rate of change of the "optimal" money wage if(g) s 1is the simple Ber-



13
nouilli trial distribution given by
(11*) j?r{git = si}zqi }] iPI'[git = _si}_: 1- qi H

where 8 >0 ig a step size and 0 < 44 <1 1is the probability of a

positive jump.l6 (In this case, the expected value iﬁ of the rate of

change of the "optimal' money wage is equal to (Zqif 1)-si and its

variance iﬁar(gt) is equal to si - iﬁ.z .} When we further assumed

that the money wage is "absolutely rigid downwards" in the sense that

Coy =+ , we could compute the optimal parameter values, igi y i?i

and i;i explicitly.17

Proposition 3' maintains that if the entrepreneur of the ith

firm chooses the value of the return parameter hOi optimally he can

- NE

predict tha. the ex ante measure of labor market disequilibrium, oi ?

it

will be averapged out to zero in the long-run. However, this by no means

implies that the subjectilve disequilibrium in his labor market willidis-
appear in the long-run., On the contrary, after.a sufficientlf long time

his money wage adiustment activity is expected to approﬁch only a 'stochastic
steady-state" inwhich his ex ante measure of labor market disequilibrium
fluctuates stochiastically between the state of positive disequilibrium

gnd the state of negative disequilibrium. As long as the lump-sum money

wage adjustment costs are not negligible, its "variance' will never shrink

to zero. In Part’' III under the special assumptions stated in the above
paragraph we were able to give an explicit characterization of the variance
of the subjective measure of the ith firm's labor market disequilibrium

in the stochastic steady-state.

1GSee eq. (29) of Iwai [10].

1 .
"See eq. (35) and eq. (36) of Iwai [10].
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Proposition 4. If (1) 1§(§) is the Bernouilli trial distribution, given
by (14), and if (i1) the money wage level is absclutely rigid downwards
in the sense that c,, =+, the steady-state variance of the ex ante

measure of labor market disequilibrium can be expressed as

ia _ b - i~
(15) Var(ﬁi Ani) VarQﬁi)
2 2 3 1.
= rA -:- - ) when Bs H
iu? 12c1i
o, NV 2 arlpnco)
= AB-I/BC—“—-——i 1L --%si-i-%— —é- when —-—-—-—-—-iuc Siﬁgs ;
=m0 i 14
the steady-state variance becomes infinite when .iﬁ <0.

It should be emphasized here that the steady-state variance is a decreas-
ing function of the expected rate of change in the "optimal' money wage

iﬁ at least for a relevant range of the values of the latter.

&, Stochastic Macro-Equilibrium

Let us now embark upon a macroeconomic exploration of our Keynesian
economy.

In order to highlight the essential feature of our theory, let us
assume in the following that all the firms in our Keynesian economy are

symmetric in the sense that they are identically 'structured' from the

- behavioral standpoint. Therefore, we shall erase the index i from all

the subjective parameters in theilr behavioral equations and write them

I3 -~

Simply as cl ,‘ c2 ,- p(.) ’ I::(o) 3 p‘ 3 ’\g > }:t s x; and 50 on.

However, this does not mean that all the firms actually behave identically.
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Ou the contrary, their actual behaviors are quite heterogeneous both cross-
sectionally and intertemporally. Workers' relative preferences for a
particular firm's working condition as well as buyers' relative preference
for a particular firm's product are randomly changing over time; introduc~
tions of new production processes, new marketing techniques and new re-
cruiting meth&ds are never uniform among firms; and accumulations of both
tangible and non-tangible capitals which are based upon different long-
term expectations are following different patterns from firm to firm.

As a result, each of the entrepreneurs are gathering quite different mar-
ket experiences and forming quite different expectations even about such
variables as aggregate demand, aggregate labor supply, aggregate price
and aggregate money wage that may affect all the firms' product demand

and labor s ipply schedules uniformly., Since the "optimal' money wage

*

Vie depends upon the entrepreneur's expectations about these relevant

random variables, the motions of the actual money wage w which is

it ?
occasionally adjusted by the entrepreneur in order to keep up with the
motions of wi't ; will fellow a non-uniformstochastic path froem firm to

firm. Let us make this 1dea more formal,

We have i1easured the extent of subjective or ex ante disequilibrium

th 1 e R
in the {1 firm's labor market by X0 KO EWl TV, in period ¢t .
Starting from a given initial condition Xig - ig o X4 the ith

entrepreneur adjusts the level of money wage or .equivalently the level

of the random variable Xy according to the following adjustment rule:

t 2
X, =x +E,. if Nr<x +E, < NF
it i,t-1 - °it 2 i,e-1 " °it 1’
(16)

= ~ %4 A,“-
Xpe =0 1felther x, | ¥ 8p SRy oF Xy gt 5e2M
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We shall now assume that the actual sequence of the rates of change of the
"optimal’ money wage {Eit} is drawn from an objective probability dis-
tribution F(E) which is uniform across firms and independenf over time,

1
that 1is, we put

(17) F(E) = Pr{git <€}, forall t and i,

whose (objective) mean p is given by
(18) b= [Eear(8) .

In other words, we shall assume that the objective sequence of the "optimal"
money wages of each firm will follow the multiplicative random walk path
with the common average growth rate y .19 It then follows that the sequence
of the actual values of the random variables Exit} constitutes an ob-
jective random walk model with two return barriers at i; and i; ,
generated by the objective probability distribution F(£) . Obviously,
this objective random walk mpdel is mathematically equivalent to the sub;
jective random walk model that was extensively investigated in the Mathe-
matical Appendix of Part III of this series and briefly reviewed in Section
3 of the presenc article,

Crucial for our subsequent analysis is an observation that the ex

-,

" ante measure of labor market disequilibrium in period t , it '*% ’

18We denote by Pr{z} the cbjective probability of an event 2z . By

"objective' probability we mean the probability that 1s consistent with
all the information provided by the model as a whole, including the para-
meter values of the model itself. This does not necessarily imply that
we believe in the "frequency" interpretation of probability.

19Therefore, we lmplicitly assume that the underlying "objective' stochas-
tic structure itself 1s of the random walk type.
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contains all the necessary information for our (objective) prediction of
the movements of the 1P fira's ex ante labor market disequilibrium from
the tth period on, {Xi,tf‘£3} for all t' >t , as long as the same
money wage adjustment rule is kept in the entire future. In other words,
the individual labor market in thiseconomy possesses a '"Markov" informa-
tion structure, It then follows from the assumption of symmetricity among
firms that if two firms happen to have the same ex ante measure of labor
market disequilibrium in period t , our prediction of the future move-
ments of these two firms' ex ante disequilibrium are identical on the
basis of any information available at the begiluning of peried t . In
period t , therefore, we can treat them simply identical (except for
the scales of their money wage levels). In consequence, it is more con~
venient for our analysis to distinguish firms by the ex ante disequilibrium,
xt-ig y or simply by the position of the random variable, L in
each period, rather than differentiating them by the fixed index 1 .
Note that the new level x attached to a particular firm will vary from
period to period, as the entrepreneur will gather new information and
revise his expectations over time.

Denote by. Ht(xlxo) the objective transition probability distribu-

tion of the position of the variable index x_ in period t from the

t

20
‘initial position x,. in period zero; that is, we put

0

(19) I, (x[xg) = Prix, < x[xy} .

It should be borne in mind that by the assumption of symmetricity Ut(x|xo) ,

is uniform for all firms.

204e denote by Pr{z|8} the objective probability of z conditional

upon € .,
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Let us, then, suppose that all the firms inm the economy happen
to start from the same initial index Xg in period zero. (This agsump-~
tion is adopted solely for the simplicity of exposition; we could dis-
pense with it entirely.) From period zero, each of the entrepreneurs
adjusts the level of money wage according to the same adjustment rule
(16) but based upon different market experiences unfolding over time..
Since ﬂt(xlxo) represents the probability that the position of the
variable index %, of an individual firm is not higher than x in period
t , the (objective) expected number of firms whose positions of Xy
are not higher than x must be equal to mont(xixo) ’ where m i1s the
number of tﬁe firms in the economy., Furthermore, if ﬁ is sufficiently
large, the '"law of large number' implies that we can regard Ut(xlxo} as

approximating the actual proportion of firms whose x 's are not higher

t

than x in period t ; that i3, we have

{20) ﬁt(x[xo) = {The actual proportion of firms whose xt's' are
not higher than x|All firms started from x, ET

period zero} .

Accordingly, ﬁt(xlxo) can be interpreted as the 'tross-sectional distri-

bution" of the variable indexes among firms in period ¢t . Sipce xt-iz

is the ex ante measure of labor market disequilibrium of an Individual

firm, ﬁt(x]xo) completely characterized how ex ante labor market dis<

equilibrium are dispersed among firms in period t . We can hardly over=

‘emphasize the importance of this macroeconomic interpreta;ion of Ut(x[xo) .
After a sufficignfly long time, according to Proposition 1 (or Steady-

State Theorem in Part III of this series), the motion of the variable index
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X, will gettle down toa "steady-state random index" X in the sense that
nt (xlxo) will converge toa "steady-state distribution"” li(x) , independently

of the initial index x

0 that is, as t - &, we have

(22) m, (x[xg) = Ix) = Prix < x} .

From the microeconomic viewpoint, this objective steady-state distribution
can be interpreted as the representation of the motion of the steady-state
random index X in the "stochastic steady-state' of an individual firm.

Ry the Mean Ergodic Theorem,21 it can be also interpr eted as the "long-run
average ''representationof the intertemporal movements of the variaﬁle
index. X, of an individual firm which starts from an arbitrary initial
index X5 5 Or to put it in a different way, we can regard Li(x) ag
representing the average proportion of periods during which the positions
of x, are not higher than x within a very lbng period of time.

On the ot:he:j Jhand, from the "ma.croeconomic" viewpoint, this objec~
tive steady-state distribution is nothing but the cross-sectional repre-
sentation of a "stochastic macro-equilibrium" of the labor markets as a whole
--an equilibrium which 1s maintained by offsetting motions of a large
number of firms perpetually thrown out of equilibrium by incessant stochastic

disturbances of labor supplies, product demanés, capital stocks, technical

22
knowledge, etc. As long as the basic parameters ( ;s S5

1See, for example, Billingsely [1] for the precise discussion on the
mean ergodic theorem.

22It is Tobin [21] who first introduced the notion of stochastic macro-

equilibrium into macroeconomics. Similar equilibrium notions also appear
in Champernowne {2] as an equilibrium distribution of income sizes and
in Simon and Bonini [20] as an equilibrium size distribution of firms.
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8(%) , f(-) and {i ) remain the same, the stochastic macro-equilibrium
once attained would exhibit no tendency to change. However, it is by no
means a state of "tranquility." In fact, the labor market of an individual
firm never shows any tendency towards equilibrium; its ex ante measure

of labor market disequilibrium is fluctuating stochastically between the
state of positive and negative disequilibria. As a matter of fact, the

prediction of the position of the wvariable index x in period t+T

ttT
of the firm whose variable index in pefiod t is x; is still given

by the transition probability distribution HT(x|xt) even in this sto-
chastic macro-equilibrium; and the steady-state distribution Hi(x) has
little to do with the short-run movement of an individual firm's variable
index x_ . That the labor markets as a whole are in a stochastic macro-
equilibrium ~eans only that the diverse movements of labor market dis-
equilibria among firms deliéately balance with each other and keep repro-

ducing the same cross-spectional distribution from perlod to period.

The state of stochastic macro-equilibrium is a macroscopic equilibrium

of microscopic disequilibria, Its characteristic feature lies in the

contrast between the regular and homogeneous aggregative behavior and the
volatile and hete—ogeneous individual behaviors. "The myth of macroeconomics,"
according to James Tobin, Yis that relations among aggregates are enlarged
analogues of relations among corresponding variables for individual house-
holds, firms, industries, markets. The myth is a harmless and useful simpli-
fication in many contexts, but sometimes it misses the essense of the phe-
nomenon."23 Indeed, the myth has been the root of the persistent failure

to explain the persistence of involuntary unemployment in the conventional

economic theories.
23

Tobin [21], p. 9.
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5., A Further Specification of the Model of the Firm

More light can be thrown on the nature of stochastic‘macro-equi-
1ibrium of labor markets if a further specification of their struéture
is provided. In what follows we shall present the model of labor markets
adopted in Part I of this series,za'but we could obtain qualitatively the
same results under various alternative specificationﬁ.

Let us assume that the firm whose variable index equals x in

period t is faced with the constant elasticity labor supply schedule:
g8 _ . ' )
(22) n SV + th 3

where n;t ig the logarithmic level of the labor supply to this firm
in period t; >0 is the conétant labor supply elasticity, which

is by the assumptioﬁ of symmetricity uniform across firms; ﬁxt- summarizes
all the factors which are beyond the control of the firm but which affect
the ambdnt of labor supply to this firm in period t . To simplify our
exposition, we shall suppose in the following that the entrepreneur of the
firm has a correct estimate of the value of ¢ . On the other hand, since

the entrepreneur can have only incomplete information about factors f{other

when he decides the level of money wage
25

8
than Vot ) which affect n .

at the beginning of period t ,” he must regard th as a random variable

A~

and attach a subjective probability distribution to it. Denote by :th

the subjective expectation of the random variable th by the entrepreneur

- of the firm with the variable index x conditicnal upon his information

2£Iwai [81.

5See Section 2 of Iwai [8] for the more extensive discussion of this point,
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xet available at the beginning of period t ; that is, we put

(23) B =86 %0 .

We then assume that he believes that his own expectation error of th ,

K

given by th v tht » 18 a time-independent random variable drawn from

a common (subjective) probability distribution x$(-) H thét ié, we assgume
(24) xﬁr@xt -:i:‘\xt < z|x9t'} = §(z) ‘,
independently of t . (To be consistent with our symmetricity assumption
we have also assumed that é(z) is uniform across all firms.j

The specification of the demand for labor is more complicated, for
it dependé, among others, upon the productivity of the firm's fixed pro-
ductive factors and upon fhe entrepreneur's subjective expectation as tq
the state of product demand in the future period when he is able to sell
the output from the production process he starts in period t . In Part
I of this serles we represented the former by the index kkt and the
latter by iax,t+T = xéﬁ%x,t+7|xet) ; where a&,t+¢ is the random vari-
able summarizing all the‘factors, other than its own product price, that
affect the amount of demand for his product in period ¢t+7 ; and finally
T (20 ) denotes the gestation period of a unit production process.
. Then, it was shown that under certain assumptions the labor demand of the

firm x , whose logarithmic level 1s denoted by nd can be expréssed

xt ’
by the following log-linear equation:

d 1 X .
(25) Bt © ﬂ(1—7)+-7{°0*-(n-l)kxt+'€1x,t+7"wat} }



23

where % is a constant, T ( > 1 ) is the constant price-elasticity

of product demand and 7 ( > @ )} 1s the constant output-elasticity of
6 _

labor input.2

It is clear. that the actual labor employment, whose logarithmic

level is denoted by n

t ! is determined by the 'short-side" of the cur-

rent labor market; that 1s, we have

8 d .
(26) LI min_[nxt, nxt] ._

We can then approximate the "rate’ of excess labor supply and the “rate' of

involuntary unemployment respectively by .

_ .8 _ d
(27) hxt = I'I.xt . nxt >
(28) Uy = maxr[hxt, o] .

We can also express the subjective expectations of hxt and u

respec-
xt pe

tively as follows

R 3 X _ XA, 8 (X _ . d
(29) Py = &M 178 = TE( 178 - n
CMreled-y). 1 .o X5 il
- 1](1-;)4-7 Vxt 1}(1-7)+7[GO+ M 1)kxt+ tax, t+T {na 7")-‘-7'.}1:61“:1
(30) M = e, %0 = *Elmaxlhy,, 01176, )

XA by X
= “Efmax[ih  + (hxt'}ttﬁxt)’ 0376, }

= xé{m[:ﬁxt+ (ﬁxt ) :éxt)’ 0] ngx}

[}
= [ - 2.d%¥(z) + TR

R Kt {1- a(—:ﬁxt)} .
-:hxt

26See eq. (35) of Iwal [8].
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It 1s easy to show that tﬁxt is an increasing and convex function of
.. . It is also bounded below by zero.
t xt

One of the major results in Part I of this series is that, i1f there

is no money wage adjustment cost, the '"optimal"” money wage that would

maximize the short-run expected profit from the unit production process
starting from period t can be characterized by the extremely simple

condition that ihxt be equal to a constant n* ; that is,

-~ “*
C2 :hxt = *

The-constant f* 1is called the firm's "normal rate of excess labor
supply"; itsvalue is determined solely by ¢, 17, 7 and S(-) .27
Substituting (30) into (31), we can alternatively express the optimal
condition as the equality between iaxt and another constant & which

is called the firm's "normal rate of involuntary unemployment"; that

is, we have

-]

[, 2ab@) + B*(1- 3(-h*)Y .
~h

(=3
i
n

(32)

Again, the value-of ﬁ* 1ls determined solely by ¢, N, 7 and a(-) .

The explicit formula of the "optimal" money wage can be obtained by sub-

gtituting (29) into (31) and solving it with respect to Vg * We have
oo 1 r - XA . _ X2 ok
(33) Ver = Trratearyioot ML+ 8 = (G, - B9

The "optimal' money wage in period t is therefore determined by the

27See eq. (50) of Iwai [8] for the equation determining h*
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index-of productivity of fixed factor, by the entrépreneur's subjective
expectétibn about the state of product demand in the future period and
by his subjective expectation about the state 6f labor supply in the current
period. That it is governed by the entrepreneur's expectations is of
the utmost impoftance for our disequilibrium economic dynamics.

If the entrepreneur incurs éertain adjustment costs whenever he
changes the level of money wage, it no longer pays for him to adjust w

xt

in every periocd., w tends to diverge from w*  1in most of the periods,

xt Xt

Their difference, w., -

. -
L vhich 1s by definition equal to xt-AU s

have been interpreted as the ex ante measure of labor market disequilibrium
in period t . Now, since the '"optimal' money wage is characterized as
the level of money wage that would equaté X with ﬁ* , Wwe can imme-

t xt
diately derive the following relation from equation (29):-

ili

: . ST SR € b 2 sy AP ol
(34) Xe "M S Ve " Ve ﬂ+7e+ﬂe(1-7)\§hxt ")
In wordé, the ex ante measure of disequilibrium in the xB firm's labor
market is negatively propontionai to the rate of deviation of the entre-
preneur's subjective expected rate of excess labor supply from its normal
rate. Here, we have obtained a perfect justification for our interpre-

tation of xt-ig as the ex ante measure of labor market disequilibrium.

6. Long-Run Macro-Equilibrium

In order to focus upon long-run macro-economic problems, in par-
ticular, upon the problem of whether involuntary unemployment can persist
even in the long-run, the present article will consider only the state of

the economy in which all the entrepreneurs' expectations are simultaneously
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Mgelf-fulfilling" (or "rational" inthe sense of J. Muth).28 We say that
the entrepreneur of a firmhas "self-fulfilling expectations ™ if his sub-
jective probability distributions of all the random variables relevant
to his decisions happen to coincide with their objective probability dis-

tributions conditional upon the same information set avallable to him,

The entrepreneur with self-fulfilling expectations has nothing to learn
from his cbservations in markets and feels no need to revise his "economic
theory" or his Meconometric model" or his '"view of the working of the
economy, " on the basis of which his subjective expectations are formed.
Everything relevant to his decisions is on average foreseen by him and
nothing in his observations will on average disappoint him. This notion
of self-fulfilling expectations is a generalization of the classical notion
" of perfect ‘oresight into the world of uncertainty.

Note that for the microdyﬁamic model of an individuai firm presented
in Section 3 and Section 5 we can specify the conditions for self-fulfilling

expectations by the entrepreneur of the firm x as follows.

(33) :éxt = xé(ﬁxtlxet.) = E(thixet) >
x* _ x* b4 — b4 ]
(36_) tax, X E:'(O":ec,l:+’l'| et:) - E(ax,t%-'r‘ at:) ?
_ xXa XA x
(37) 8(z) = Prip  -1B.. Szl78,)

prip, - 68,170 < 278, = 8()

where @(x) is assumed to be time-independent and uniform across-all

firms; and finally,

> e

28See Muth [15]. Our definition of self-fulfilling expectations is in
accordance with that of Lucas [13].
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(38) F(E) = F(¥) ,
where F(£) 1is defined by (5) and F(E) by (17).

If the entrepreneur of the firm x happens to have self-fulfilling
o

expectations, then the normal rate of excess labor supply , the

normal rate of involuntary unemployment «* and the trend-free expected

profit function B(o) all become determined by the objective elasticity

values 1, ¢ and ¥ and by the objective probability distributions

of expectation errors #(+) . We shall denote the *"objective' values of

h* and & by h* and u* and the "objective" functional form of

3(-) by p(*) . .We'shall then call h* and u* the "natural rate"of

- excess labor supply and the "natural rate'of involuntary unemployment.

By the same token, the threshold parameters, ig s i? and f5, of

the optimal money wage adjustment rule become determined by the objective

parameters juch as ¢y ,..cz_, p(¢) and F(+) . We shall denote their

"objective" values by 13 , ht and k; + TFinally, the cross-sectional

distribution Ht(x|xo) and its steady-state distribution Iyx) which

have been determined by the two thresholds if and i; are now deter-

mined by the their objective values hq and hs . We shall denote their

"objective" functional forms by .ﬂg(xlxo) and If(x) , respectively.
The main proposition established in Part II of this series 1s, ho

ever, that all the entrepreneurs can have self-fulfilling expectatiors

simultaneously only if what we call the modern "Say's condition' happens

to'hold; by Say's condition we mean a statistical balance between the ag-

gregate product demand and the aggregate product supply.29 _If say's condition

is disturbed, we showed in Part II, a majority of entrepreneur's expecta-

tions are bound to be falsified by their own interdependent but uncoordinated

29See Iwai [9]. The definition of the 'modern Say's condition' is given
by eq. (35) in it.
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price and wage adjustment activities, Since this fundamental proposition
was deduced independently of the assumption about tﬁe costly nature of
money wage adjustment activity, it holds true even in our dynamic
economy with money wage adjustment costs. Therefore, when we stated in
the second paragraph of this section in a seemingly innocuous manner that
we would consider only the state of the economy in which all the entre-
preneurs' expectations are simultaneously self-fulfilling, we had implicitly
presupposed the fulfillment of the Say's condition! It goes without saying
that in the 'monetary economy" in which some markets for futures goods
are missing and hence certain.durable assets, including money, function
as stores of value, the Say's condition is in constant danger of being
upset by unforeseen shocks from both inside and outside of the economy.
Hence the so-c#lled Séy's law that supply creates its own demand loees
its general validity in the monetarf economy. Therefore, in order to
justify our implicit presupposition about Say's condition we must assume
that the government'consciously "leans against-tﬁe wind" and successfully
keeps the balance between the aggregate demand and supply through compen~-
sationary fiscal, monetary and other p&licy instruments.30

The economy is then said to be in'a state of long-run equilibrium"
if (ia Say's condition is maintained by the conscious stabilization policy
of the governmenﬁ and (ii) all entrepreneurs' expectations are simultaneously
self-fulfilling. Note that the second condition is contingent upon the
first condition. 1If, in addition to thie above two conditions, the labor-

markets as a whole satisfy the condition for stochastic macro-equilibrium,

ouf course, one can imagine an economy in which automatic stabilizing
forces are so strong that the economy can be hardly away from long-run
equilibrium, See Iwai [9] for a discussion on the stability of long-run
equilibrium, See also Tobin [22]. '
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we say that the economy is in a "state of long-run macro-equilibrium.” The
present paper will investigate only the nature of the long-run macro-
equilibrium of our Keynesian economy. The analysis of its behaviors out-

side of the long-run macro~equilibrium will be left for other opportunities,

7. Aggregate. Structure of Long-Run Macro-Equilibrium

We are now in a position of analyzing the "aggrega.t.e“ structure
of the long-run macro-equilibrium of our Keynesian economy. Recall that
the steady-state distributiop ’I},O(x)' can be interpreted from the micro-
‘scopic viewpoint as the long-run average representation of the motions
of the variable index X, of an individual firm and from the macroscopic
viewpoint as the cross-sectional distribution of variable Indexes xt's
among firm: in a stochastic macro-equilibrium. This implies that we can

easily approximate the ecbnom‘ -wide geometrical averages of relevant vari-

ables by employing Eo(x) as follows

* * .
M 0 . M % .0
(39) e : *th-dN =), w»-t: = Iﬁth.dg (x)
' A
# *
M M
NS [ on dfe) , w0 E [ ol cae
~ A xt ~ - - % XE T~
2
- NE
g - 1 5 1'[0 . - 1 no
I,\Lt = j.-knxt.d.-u &) » Eﬂt = I-J,-hxt:.d (x) ,
2 My
* ' *
~ )\.1 0 ol ~ )\1 ~ IP
U & § MetdB ), B S f*’éhgt'd,, ()
N )
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where W for instance, denotes the economy-wide average of L in
the state of long~run macro~equilibridm.

Now we can apply all the propositions concerning the individual
firm's long~run average behaviors in its own labor market, established
in Part III of this series and summarized in Section 3 of the present
paper, to the analysis of the relationships among the above aggregate
variables, simply by substituting the cross-sectional averages for the
long-run averages,

First of all, Proposition 2 in Section 3 maintains that the (sub-
jective) long-run average rate of change in the actual money wage of an
individual firm is equal to the (subjective) expected rate of change in
the "optimal' money wage. Within the macroeconomic context this propo-
sition can e translated as follows:l in the long-run macro-equilibrium
the (objective) rate of change in the aggregate money wage,

Aﬂt = Ht‘*ﬂt-l , 1is approximately equal to ;he uniform (objecttve) ex~
pected rate of change in the 'optimal' money wage, upn . By the law of
large numbers, the latter is in turn approximately equal to the (objective)
rate of change in the aggregate "optimal" money wage, B =Wt -y

Thus, we have

4oy oM

Second, our Propositiom 3 states that the long-run average deviation.
of the individual firm's actual money wages from the 'optimal' money wages
tends to be zero. Again within the macroeconomic context, this proposi-
tion means that in the_loﬁg-run macro-equilibrium the aggregate money

wage is approximately equal to the aggregate "optimal' money wage:
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1

(61) W

%
htEat'

This equation, alpng with equation (40), says that the level of the ag-
gregate money wage that would prevail in the economy where no money wage
ad justment costs exist has now rehabilitated its position as the actual
aggregate money wage in the state of long-run macro-equilibrium of the
economy with money wage rigidity. |
Third, by the conditions of self-fulfilling expectations, in par-
ticular (35) and (36), we can easily show that in the state of long-run
equilibrium the individual entrepreneur's subjective expected rate of
excess labor supply given by (29) coincides with its objective expected

value conditional upon the same information available to him. Therefore,

we have
b4 L]
“2) £lh 1760 = (b
Since by (34) the deviation of A from the natural rate of excess

t xt

labor supply h*  is proportional to hg-xt y We have

3 g(hx;]“et) T h*_ mﬁ!%gil;g;?') P05

Agpregating the above relation in terms of the steady-state distribution

E?(x) and applying Proposition 3 to it again, we obtain:

*
' X 0 *
@] et ey -t
2

Therefore, if we take the objective expectation of the left-hand-side

of (43), we finally obtain the following important result:
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A Ay
.~ oo 0 1 0
(45) k(ﬂt) = h[Ekﬁhxt.dil(x)1 t{j *F(h t ex)'dE (x)?
2
= h*

where we have used the well-known fact that the expectation of a condi-
tional expectation is the expectation. Thus, we have indeed shown that

the agerepate rate of excess labor supply is on the average equal to the

natural rate of excess labor supply which is a constant determined solely

by the real characteristics of the economy and independent of its mone-

tary characteristics.

Does this mean. that the "natural rate theory of unemployment, " or
more generally the "neutrality of money' in the neoclassical equilibrium
théory, has reincarnated in the economy with money wage rigidity as a
characteristic nature of the state of leong-run macro-equilibrium? The
answer to this question still remains negative, even if we put aside our
criticism of the short-run aspects of the natural rate theory of unemploy-
ment (as well as those of the neoclassical equilibrium theory) presented
in Part 1Y of the serieg. That the aggregate rate of excess labor supply
equals the natural rate of excess labor supply means only that the aggre-
gate rate of involuntary unemployment in excess of its natural rate equals
the aggregate rate of unfilled vacancies in excess of its natural rate.

If moﬁey wage adjustment is costly, it by no means implies that the ag-
gregate rate 6f involuntary unemployment coincides with the natural rate

of involuntary unemployment.
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8. The Downward-Sloping Long-Run Phillips Curve

Then, what determines the aggregate rate of involuntary unemploy-
ment in the state of stochastic macro-equilibriﬁm? In order to give a
satisfactory answer to this question, let us recall equation (30) which
expresses the individual firam's subjective expected rate of imvoluntary
unemployment as an increasing and convex function of its subjective ex-
pected rate of excess labor supply. We can easily establish an analogous
relationship between the objective expected rate of involuntary unemploy-
ment and the objective expécted rate of excess labor supply, both condi-

tional upon the information set available to the individual entrepreneur.

Thus, we have

(46) v (u l"et) = [ z.d%(z)+ E(h

*g y-(1-8{-£(r_ |¥8 )V
xt ! t xt! t
-g(hxt|xet)

|

A Taylor expansion of the right~hand-side around ;(hxtlxet) = h* leads to

(47) gu  |78,) ¥ j‘_h*z-dé(z) + h*{1 - &(-h*)}

. - X *
+ {1- @(-h*)}-{t(hx 9,) -h'}

¢!

58 (%) {etn R0 -1V,

which by (32) and (43) we éan rewrite as:

@ g [Fe) ¥ w4 MO G a0 - x)

S Mrelna-nty

2
2
2 M7y +7 E] TR )

Aggregating the above relation in terms of the steady-state distribution
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ﬂo(x) and applying Proposition 3 once again, we have
~t

)\‘k
1 2
X yq0¢xy = o* + L[AelN2 2N Tor iy var®isy
(48) X}\;E(UXJ 8,040 (x) T u* + 3 Ry _' 3 (-h*) Var (x) ;

where Varo(z) is the objective steady-state variance of the variable
index X, 1f we take the objective expectation of the left-hand-side
and noting that the expectation of a conditional expectation is the ex-

pectation, we finally obtain the following'fundamental aggregative rela-
1

tion in the state of long-run macro-equilibrium:

N NE
. 0 1 x 0
(49) £,y ¥ &{ R )1 = e{jx*scuxtl 8.) -4l ()
2 2

e

I . ¥
ot % “‘“%E?ﬂﬁi”j a (“h*)°Var0(£) :

This relation claims that the expected aggregate rate of involuntary

unemployment in a state of long-run macro-equilibrium g(gt) exceeds the

*

natural rate of involuntary unemployment u” by the amount approximately

proportional'to the steady-state variance of the variable index X .

Since the variance of Xy s which is also equal to the variance of

*
xt-ho , summarizes the extent of dispersion of ex ante measures of labor

market disequilibrium among firms, we can state our result as follows:

The more dispersed ex ante labor market disequilibria across firms the

larger the gap between the aggregate rate of involuntary unemployment

and its natural rate in the state of long-run macro-equilibrium. In the

economy in which money wage adjustment is a costly economic activity,

perpetual inter-firm flux of labor supply, product demand, capital accumu-
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lation and technological change will never let the dispersion of ex ante
labor market disequilibria shrink to zero. As a result, even though the
aggregate rate of excess labor supply ﬁere appréximately brought into
equality with its natural rate in long-run macro-equilibrium, the aggre-
gate rate of involuntary unemployment would never be reduced to its natural
rate level. |

We are then left with an obvious question: what are the deferminants
of the steady-state variance Varo(fp 7 It is clear from our discussions
in Part IXI of this series, briefly outlined in Section 3, that Varo(z)
in long-run macro-equilibrium is determined by all sorts of basic structural
parameters in our economy: the (objective) elasticities of labor supply
and product demand, the output elasticity of labor input in production,
the (objective) probability distributions of the entrepreneur’s expecta-
tion errors, the (objective) probability distribution of the rate of change
in the "optimal" money wage and the cost structure of money wage adjust;
ment activity. The most important determinant is, of course, the (cbjec~
tive) average rate of change in the "optimal” money wage u , which was
demonstrated in (40) approximately equal to the rate of change in the
aggregate money wage B4, . Thus, we can immediately conclude that the

~

gap between the aggregate rate of involuntary unemployment and its natural

rate in the state of long-run macro-equilibrium is correlated with the

rate of change in the aggregate mohey wage.,

Money in our economy is therefore no longer 'meutral" even in the
state of long-run macro-equilibrium! It is clear that this long-~run non-
neutrality of money is_soiely due to the existence of lump-sum adjuastwent
cogte of "money" wage. If this were regarded as a manifestation of a kind

of '"money 1illusion" involved in wage adjustment activities in labor markets,
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then it would be this illusion which 1s raison d'ftre for the "monetary

economy"” in which economic transactions are carried out primarily through
the intermediary of certain monetary assets.’

In reality, this ‘money illusion" is asymmetric between upﬁard
adjustment and downward adjustment. Workers, comscious about their "rela-
tive" wages both within a firm and across firms, are likely to oppose
any cut in the level of money wage. Momey wage is more rigid downwards
than upwards. In our Keynesian model of money wage adjustment this down-
ward rigidity of money wage may be specified by the condition that the

lump~sum adjustment cost of a money wage cut ¢ 1s higher than that of

2
a money wage increase ¢y » Now, this assumption of dowmward rigidity of money
wage would bear a crucial implication for the long-run relationship be-
tween the aggregate rate of involuntary unemployment and the rate of change
in the aggregate money wage.

In our Proposition 4 of Section 3, we gave an explicit expression
of the steady-state variance Var(g) for the special Keynesian model in
which (i) money wage is absolutel} rigid downwards and (11i) the "optimal"
money wage is fluctuating according to the Bernouilli trial multiplicative
ranéom walk model., 1If we substitute equation (15) into our aggregate
relation (49) and substitute objective for subjective parameters, we can
deduce the following approximate relationship between the aggregate rate
of invoiuntary unemployment and the rate of change in the aggregate money

wage 1n the state of long-run macro-equilibrium of this special Keynesian

economy :
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where Q'Agt . The diagram below depicts three possible cases of this

relationship., They demonstrate that if money wage is (absolutely) rigid

downwards the aggregate rate of involuntary unemployment in the state of

long-run macro-equilibrium is "nepgatively" correlated with the rate of

change in the apgregate money wage at least for the relevant range of the

possible values of the latter. They ére nothing but the "long-run Phillips
curve''which minatains that there exists a trade~off between involuntary
unemployment and wage inflation--'"a cruel dilemma"--even in the long-run
macro-equilibrium.

A state of long-run macro-equilibrium is maintained by offsetting
motions of firms constantly thrown into disequilibrium by ﬁerpetual inter-
firm random disturbances. The firm whose expected rate of excess labor
supply exceeds the natural rate has a "drive" to eliminate its own ex ante
disequilibrium by lowering its money wage (relative to the other firms);
and the firm whose expected rate of excess labor supply falls short of the
natural rate has an opposite 'drive." However, tﬁe existence of money
wage adjuétment cbst; prevents the firm from satisfying its drive ‘and attain-
ing its equilibrium position. In particular, under the assumption of ab-
solute downward rigidity of money wage, the firm whose expected rate of
excess labor supply is_abéve the natural rate cannot adjust its money wage

immediately and will be forced to stay in a frustrating state until some



DIAGRAM:

i, 5,
A . |
o b —
1/2 ";0: 1/4
[ o]
1
0 £(U,)

1/2

1/2 1/2 “9c,
(i1) <"(0)> <pll(0)> (111) <u(0)) >8>0

Three Possible Shapes of Long-Run Phillips Curve '

8¢



39

favorable events pull down ita expected rate of excess labor supply below
the natural rate. Clearly, the larger the number of such frustrated firms
the higher the aggregate rate of imvoluntary unemployment. Then, if we
compare two long-run macro-equilibrium states, one with a high and the _
other with a low growth rate of aggregate money wage, the firm which is
trapped in a frustrating situation has the higher probability of satisfy-
ing its drive in the near future in the former than in the latter. For
in the long-run macro-equilibrium with a high money wage inflation rate

the frustrated firm can extricate itself from disequilibrium simply by

waiting.fér'the othef firms to raise thelr money wages relative to
its own. (0f course, in order to make this comparison meaningful,
we must also éﬁké into account the poséible compensating change of thé
firm's money wage adjustmént rule itself; but the relation (50) assures
us that this compensating adjustment is.not large enough to offset the

initial effect.)31 In other words, we can say that the money wage inflation

has a lubrication effect on the adjustment of individual money wage adjust-

ments. It is this lubrication effect that generates the downward slope of
3

the long-run Phillips curve in our special economy.

it is a safe bet to conjecture that we can also deduce the downward

More concretely, by the compensating adjustment we mean the firm's at~
tempt of widening the gap between the floor and ceiling thresholds as a
probable response to an increased inflation rate. As was pointed out by’
Charles Wilsen, it is of some interest to decompose the effect of an in-~
crease in inflation rate on the long-run macro-equilibrium unemployment
rate into positive and negative effects and compare their relative magni-
tudes in the more systematic way.

32Rees {17] has made a similar point.
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sloping long-run Phillips curve (at least ﬁithin certain relevant range
of the rates of inflation)under the more general setting that only assumes
relative downward rigidity of money wage.

Before leaving this gection we must make an obvious but nonetheless
important remark. It i8 that our long-run Phillips curve is constructed
by tracing out all the equilibrium pairs of the aggregate rate of involun-
tary unemployment and the rate of change in the aggregate money wage.

Each point along the curve corrésponds to one imagined long-run macro-
equilibrium with a given rate of wage inflation, and the curve itself tells
us nothing about the transient path from one long-run macro-equilibfium

to another, nor does it tell us whether such a transition is stable or

even possible. It is beyond the scope of the present paper to investigate
the behavior of the economy when it is thrown out of a given long-run ;
macro-equilibriﬁm. We can only polnt out here that, if the cause of dis-
equilibrium lies in the inflation gap--the excess of aggrepgate demand over
#ggregate supply, the economy will undergo a cumulative inflation process
similar to the one we examined in Part II of this series., 1If, on tﬁe

other hand, the cause turns ocut to be the deflation gap--the deficiency of
aggregate demand relative to aggregate Supply,.the downward rigidity of
mone& wage will hinder the deployment of cumulative deflation process.
Instead, in this situation, involuntary unemployment will spread over the
whole economy and may stubbornly persist untill .the central authority gucceeds
in raising the level of aggregate demand to the level of aggregate supply
or some automatic stabilizing forces consclidates their power to restore

the balance between aggregate demand and supply.33 Since the aim of this

3

This situation may be identified as the so-called "unemployment equi-
librium” & la Keynes, though it may not be an equilibrium in the genuine
sense of the word.,
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paper 18 to show that the dynamic economy with downward money wage rigldity
will never lose its Keynesian features even in the long-run, it would be

no surprise that it should exhibit much'stronger.Keynesian features in

the short-run, We shall, however, leave the detailed analysis of the

economy out of long-run macro-equilibrium to other occasions.

5, A Brief Note on Wage Indexation

In recent years, workers become conscious not only about the move-~
ment of their money wages but also about the movement of their real wages.
Labor unions sometimes go on strike to secure the purchasing power of their
money wages against rising prices of their consumption baskets. Recent
proposalé for the indexation of money wages can be interpreted as an attempt
to institutionalize this general upsurge of the consciousness of the move-
ment of real wages. Hence,it seems of Boﬁe interest to give a brief con-
sideration to the implication of wage indexation.

Under the complete indexation scheme, the money wage adjustment

rule (1) should be replaced by

= - d sl - -
Wt = wt-l + (PIt PIt-l) if A.2<wt+)\o (wt-1+ PIt Plt__l)<)\.1 ’
(51)
= ¥
wt wt + kﬂ otherwise

where AU 1 2

in period t agreed by both employees and employers as the appropriate

0, A >0, A, <0 and PIt is the log of the price index

AV

denominator of real wage rate. It is then obvious that this rule is formally

equivalent to the original rule (1) once we define Ve =W, oS PIt and
v: = w: - PIt : Wwhere Ve is the log of the real wage in perlod t and

v: is the log of the "optimal' real wage in period t . Therefore, all
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the propositions deduced in this article can be applied to this case oniy
with appropriate reinterpretation of variables. In particular, our long-
run Phillips curve (50) in the previous section must be now interpreted
as the negative correlation between the aggregate rate of involuntary
unemployment and the rate of change in the aggregate real wage in long~
run macro-equilibrium. In general, we can expect that the long-run equi-
librium'grqwth rate of aggregate real wage is governgd by the growth rate
of aggregate "labor productivity."34 It then follows that the aggregate
fate of inveluntary unemployment in the completely indexed economy 1is
chiefly determined by the labor productivity growth rate; independently
of the movement of nominal variables except for their indirect influences
on the labor productivity. The complete indexation would therefore eli-
minate the "long-run noh~neutrality of woney" simply by removing a form
of "money illusion® implicit in the rigidity of 'money' wages. However,
we must emphasize that whether the complete elimination of lomg-run non-
neutrality of money is desirable or not is an entirely different matter.
For, under the complete indexation scheme, the long-run macro-equilibrium
rate of invoiuntary unemployment becomes at the mercy of changes in labor
productivity that are beyond the effective control of either monétary or
fiscal authority. Moreover, from the short-run point of view the economy
with complete indexation appears to be more vulnmerable to disturbances
which force the realignment of.real wage structure than the economy without;
although the former appears to be more robust to disturbances caused by
changes in aggregate demand.than the latter. In any case, the economy

without any wage indexation and the economy with the complete wage indexation

34
We must, of course, assume that income distribution remains more or less

stable in the long-run.
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are two poles of a spectrum of various economies. Actual economles seem
to be located somewhere in the middle of this spectrum. Furthermore,

a transition from the non-!: -exation scheme to the indexation scheme and
vice versa is often carrie it on the basis of economic claculétions
which must take account of :-ansactions costs associated with the transi-
tion itself, It is therefore reasonable to expect that the extent of in-
dexatlon be incomplete as long as the rate of price inflation is moderate.
We can then conclude that in the 'relevant' range of the inflation rate
the long~-run aggregate rate of involuntary unemployment in excess of its
constant natural rate is governed both by the rate of money wage inflation
and by the rate of labor productivity growth, and their relative importance

is in turn determined by the extent of wage indexation in the economy.

10, A Conclusion

Equilibrium is all but an indispensable notion in economic analysis.
According to the neoclassical economics, ‘the static economy in which wants,
resources and technologies are unchanging is said to be in a state of static
equilibrium "if every persbn is acting in such a way as to reach his most
preferred position, subject to the opportunities open to him."35 In the
case of dynamic economy in which wants, resources and technologies are
changing over time, expectations about the future play the central role

in the notion of equilibrium. Such a dynamic economy is said to be in

equilibrium at a point of time or simply in temporary equilibrium if every

individual is reaching the most preferred position, subject to the con-

straints by which they are bound, and with respect to the expectations

35
Hicks [5], p. 58. See also Hicks [6].



that they have at the point of time; and it is sald to be in equilibrium

over time if (1) it is in equilibrium in every point of time and (ii) the
expectations on which it is based, in each single period, is consistent
with one another and with what actually happens.36 Common to all these
neoclassical equilibrium notions is the idea that in order for the economy
as a whole to be in equilibrium all individuals must be in their own equi-
l1ibrium positions simultaneously. In consequence, the whole edifice of
the neoclassical equilibrium would collapse whenever any one of the indi~
viduals in it were displaced from her own ‘equilibrium' point,

In the present paper, however, we have demonstrated that even 1if
the central authﬁrity succeeds in keeping balance between aggregate demand
and aggregate supply and even if all the entrepremeurs in the econo@y
happen to have expectationg which are consistent with what actually happens,
the dynamic economy under éhé condition of money wage rigidity has no

tendency to approach any neoclassical equilibrium. It can only achieve,

at best, a state of gtochastic macro-equilibrium--an equilibrium of the
economy a5 a whole which is maintained by offsetting motions of a large
number of firms perpetually.thrcwn out of their equilibrium positions by
incessant stochastic disturbances. The stochastic macro-equilibrium is,
in other words, a macroscopic equilibrium of microscopic disequilibria.
It differs fundamentally from the neoclassical notion of equilibrium which
can be simply chgracterized as a collection of mutually compatible micro-
scoplc equilibria,

Involuntary unemployment 1s, of course, a disequilibrium phenomenon

in labor markets. Conaeﬁuently, it should not exist in any neoclassical

POpicks (5, 61.
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equilibrium. However, 1f the dynamic economy with money wage rigildity
will never approach any neoclassical equilibrium position, as we have
seen, the phenomenon of involuntary unemployment will never disappear
no matter how long the economy is run. The explanation of persiétent
involuntary unemployment as a long-~run phenomenon becomes possible only
when we have freed ourselves from the rigid equilibrium notion of neo-~
classical economics. In fact, its careless import has been the source
of much confugion in the conventional macroeconomics.

One of the fundamﬂﬁtal attributes of neoclassical equilibrium is
its money-neutrality property. The so-called natural rate theory of un-
emp Loyment, whicﬁ claims that there 1s no permanent trade-off between
inflation and unemployment, is a sophisticated restatement of this neo-
classical property. However, 1f the neoclassical equilibrium is not even
an asymptotic state of the dynamic economy, then the natural rate theory
of unemployment loses its ground. In fact, we have shown in this paper
that the average rate of involuntary unemployment fn excess of its natural
rate in long-run-cum-macro-equilibrium is higher, the more dispersed labor
market disequilibria across firms; and we have also proved that the labor
market disequilibria in turn become more dispersed, the lower the average
growth rate of money wage, under the condition of downward rigidity of
money wage. If we combine these two propositions, we can derive a nega-
tive relation between the average rate of involuntary unemployment and
the steady-state rate of money wage inflation even in a state of long-rqn

macro-equilibrium, This is nothing but the downward-sloping long-run

Phillips curve whose thebretical foundat ion macroeconomics has been looking

for,
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