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I. Introduction

The impact of wage setting rules on stability of the economy remains in
the forefront of recent discussions of macroeconomic policymaking. As an
example, Fischer [1977] points out that activist monetary policy can affect
the behavior of real output in a rational expectations wodel with long-term
contracts. This appreach, however, is subject to the criticism that the wage
determination structure is completely exogenous to the model. Therefore,
several authors recently have attempted to extend the Fischer contract model
by allowing agents to endogenize the contract pattern. In other words, they
take into account the fact that basic features of the wage contract might
adjust when economic conditions change. In fact this is the basic message of
Lucas's criticism of procedures for econometric policy evaluations (see Lucas

[1976]).

Now, among those features of the wage contracts which recent studies have
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attempted to endogenize are contract length, the extent of indexation, and
the degree of staggering. In Gray [1978], for example, contract length and
indexing parameter are assumed to be set by agents' optimizing behavior.
Aside from the early literature on the “pattern bargaining“.(Ross [1948], Rees
and Hamilton [1963], and McGuire and Rapping [1968]), however, the only
literature that endogenizes tﬁe pattern of negotiation is Fethke and Policano
[1982], {1984). Adopting a game theoretic framewﬁrk in which each sector
selects the contract length and the timing of its negotlation date so as to
minimize the expected rescurce cost of contracting, they investigate the
determinants and aggregate implications of alternative negotiation patterns in
a two sector model with relative and aggregate disturbances. In their
formulation, however, the role of monetary policy is of limited importance
inspite of the faect that monetary policy is effective because of nominal wage
inertia.

For simplicity, contract length is assumed to be fixed and indexing
provisions are ignored in this paper. Instead, our attention is concentrated
on the determinants of the timing of bargaining and the macroeconomic
consequences of the resulting uneven year-to-year distributions of wage
settlements. We shall analyze these questions in a game theoretic framework
where bargaining units choose the timing of bargaining and the government
chooses the money supply rules.

According to Taylor [1983], in the major union settlements involving 1000
or more workers (approximately 10 million workers, or about one~half of all
unionized workers were involved in these major union contracts) 85.7 % of
workers are under three year countracts and 11.7 % are under two-year contracts

in 1980. He also observes the three-year cycle in which, for example, 1979



and 1980 were years of heavy collective bargaining, while 1981 was relatively
light. If it were not for the shifting caused either by delays in reaching a
settlement or by deviations from the exact ome-, two-, and three-year
durations, this distribution would be more stable over a long term of years
(see Taylor [1983]). Of course, in order to construct an aggregate model of
labor economy, we also have to take into account wage determination in the
small union or the non-union sector. However, since the vast majority of
three~year contracts are accounted for by this group of workers, the uneven
distribution 6f wage settlements in the majbr union sector is the most
important determinant of the overall distributionm.

Then the question to be raised is whether under such an uneven
distribution of wage settlements as observed in the United States, the labor
economy is in equilibrium in the sense that bargaining units have no incentive
to change the timing of bargaining. In other words, the question is why
neither the synchfonized pattern of bargaining nor an even distribution of
wage settlements emerge in this situation. Our model shows why the
equilibrium distribution of wage settlemen;s is uneven but not always
completely synchronized. That is to say, we offer an explanation why such a
cycle as observed by Taylor [1983] continues on a regular hasis.

It is also natural to ask whether such an uneven distribution of wage
settlements as observed in the United States is desirable, compared with a
completely synchronized or even distribution. OQur analysis shows that the
equilibria with an uneven distribution of wage settlements are not optimum
from the point of view of economle stability. In fact, when such equilibria
emerge, the authority prefers staggered regime and the public prefers

synchronized regime. Generally speaking, the optimum negotiation pattern



depends on the authority's preference between output stability and price
stability and in most cases Nash equilibria of this labor contract economy are
not optimum from the point of view of economic stébility.

In order to gain a perspective of the following analysis, it is useful to
investigate the advantage of the majority bargaining group. This is because
we can examine the behavior of the distribution of wage settlements by
investigating such an advantage. For example, if such an advantage exists,
the majority bargaining group grows further, and hence the synchronization of
wage settlements 1s expected to emerge.

1f the effects of demand and supply shocks on the price level and output
are limited to the effects on the innovations in these variables, bhoth
majority and minority bargaining groups cannot predict these innovations, and
bear the burden of adjusting agpgregate supply evenly. More concretely, if
these shocks cause the demand and supply schedules to shift outward, hours of
work rise evenly in both bargaining groups and if these shocks shift them
inward, firms lay off workers in both bargaining groups.

When demand and supply.shocks vield persistence in these variables, the
bargaining units in the second year of contracts cannot act on the same
informatlon as those in the first year of contracts have. In fact the latter,
when setting wage rates, took into account disturbances that had occured since
the signing of the contracts of the former. Consequently, the bargaining
units in the first period of the contract cause no quantity adjustments to
these disturbances and the bargaining units locked into previously negotiated
contracts bear the entire burden of adjusting aggregate supply. 1In the
absence of activist monetary policy, this burden is expected to be the heavier

the smaller is the size of the bargaining group. We shall show that this



conjecture is correct in Section IV,

We next consider the role of the monetary authority. It tries to
minimize the variances of output and price, or to make these random variables
white noise series. 1If it were possible to eliminate the persistence
asgsociated with these variables simultaneously, the burden of the bargaining
ﬁnits locked into previously negotiated contracts would disappear and the
public would become indifferent to the timing of bargaining. Unfortunately,
however, this is impossible because the number of instruments available is
limited. Accordingly, the authority faces a policy tradeoff between output
stability and price stability and whether the minority bargaining group bears
the heavier burden of adjustments depends on the nature of monetary policy.
For example, 1f the authority minimizes its loss function by making the price
variations in odd periods smaller than those in even periods, the bargaining
group negotiating wage increments during even periods bears the heavier
burden. This may be the case, even if the majority bargaining group is
involved in wage negotiations during even periods.

Thus, the advantage of the majority bargaining group, and hence the
decision of a bargaining unit om its timing of bargaining crucially depends on
the nature of monetary policy. The nature of monetary policy in turn depends
on the distribution of wage settlements chosen by the public as well as the
authority's preference hetween output stability and price stability. 1In this
chapter, we shall analyze such a game theoretic situation.

In the next section, we present a modified Fischer model which explicitly
incorporates the distribution of wage settlements. We set forth the framework
of the model and specify the relevant wage setting rules. Then Section III

describes the best responses for the players (the monetary authority and the



public)s Section III also examines which distribution of wage settlements is
most desirable from the point of view of the monetary authority, or economic
stability.

In Section IV, we shall show that the nature of the equilibrium
distribution differs according to the authority's preference between cutput
stability and price stability. 1In particular, if the weight is given to
output stability, it will be seen that such an uneven but not always
completely synchronized pattern of bargaining as observed in the United States
emerges. In thls case, however, the resulting Nash equilibria are stable but
not optimum from the viewpoint of the authority. The authority prefers an
even distribution of wage settlements, which is unfortunately unstable and
cannot be maintained unless it takes into account the risk-aversion of the
public.

In Section V we restrict our attention to Fischer's money supply rule,
which is derived under the assumption that the authority is concerned solely
with output stability. It will be seen that for the case of synchronized
negotiations the temporary supply curve reduces to the Lucas supply function
and that monetary policy becomes ineffective during the periods in which no
wage bargaining occurs. The most interesting result in Section V is, however,
that this neutrality is not the consequence of an exogenously given
distribution of wage settlements, but endogenously reconstructed by the risk-
averse public by changing the timing of bargaining. Suppose that the monetary
authority attains the minimum output variations for a given distribution of
wage settlements by taking Fischer type monetary policy. Does this policy
cause some systematic changes in this distribution? Our analysis in Section V

will show that these practices induce further concentration of wage



settlements if the publie i1s risk averse. Then this change in structure
necessitates further changes in policy, and, at least from the theoretical
point of view; this iterative procedure leads to an extremely concentrated
bargaining pattern, which is unfortunately accompanied by unstable price
varlations. In other words, even 1f the monetary authority takes advantage of
the inertia of nominal wages associated with long—term contracts, the public
partially reconstructs neutrality of money by changing the timing of
bargaining. In short, the analysis of Secfion V is a "Lucas's critique” to
Fischer model.

For simplicity, this paper will proceed as if all labor contracts run for
two periods. As far as the (Fischer's) completely accommodative monetary
policy is concerned, the extension of our model to the general case in which
contracts run for n periods is straightforward as well as to the case in
which some workers are under one-period contracts. On the other hand, as will
be pointed out in Section VI, it is difficult to analyze an economy in which
the length of contracts differs from one contract to another. The reasoning
of this chapter i1s still valid in such a model, but the conclusion becomes

less obvious.

IT. The Model and Its Solution

The framework of our model follows. Nominal wage is set before full
information on the economic variables relevant to production decisions is
received. Uncertainty is incorporated by assuming that the economy is subject
to both demand shocks and supply shocks, which cause employment {(ocutput)

fluctuations as well as real wage fluctuations. Following Gray [1976],



Fischer [1977], and Blanchard [1979], we assume that wage bargaining
determines only the wage rates, while the firm determines employment by
maximizing profits expoét for any given wage.

Given the wage setting rules, the goals of workers and the firm are
diametrically opposed when they negotiate wage rates. However, under the
assumptions of uncertainty and wage rigidities, cooperation becomes
pogsible. This is because workers and firms can minimize the variances of
employment and wages by choosing several features of wage contracts. They may
form a coalition and seek efficient or Pareto optimal wage setting rules
before they begin wage negotiations. Thus the players of this game can be
thought of as companies or industries, depending on whether contracts are
negotiated on a company basis or an industry basis. For simplicity we call
the collection of bargaining units the public because still another player,
the monetary authority, appears in the sequel. WNote that the model of Barro
and Gordon [1983] is essentially of the same game theoretic structure.

It is assumed that the contract drawn up at'the end of period t
specifies nominal wages for periods t+l and t+2. In other words, agents
agree to nominal wages one period in advance of the trading period. 1In this
paper, all labor contracts are assumed to run for two vears, while the
extension of our model to other cases will be considered in Section VI,

Let ,..4W., 1=1, 2 be the logarithm of the wage to be paid in period
t as specified in contracts drawn up at t-i, and t-iPy be the expectation
of the log of the price level P, to prevail at t, the expectation being
held as of the end of time t-i. Now, suppose that contracts are set to

maintain constancy of the real wage. Then we have:

(D t-1%e = t-1Pe> 1= 1, 2.



Fach variable in the model should be interpreted as a deviation from a

deterministic trend. Therefore we assume that o =0 in

r=i¥e= a + 1-1Pes i=l, 2, to obtain (1).

Suppose that the capltal stock is fixed, so that output can be written as
a function of labor input. Assume also that the stochastic productivity
factor that generates real disturbances enters into the production function

additively. That is to say,

(2) Qt = E(Nt) + xt

where N, is the labor input, and x, is the supply shock. Note that the
additive supply shock is not unrealistic because all variahles are assumed to
be detrvended in the following. Then differentiation shows that labor demand
depends solely on the real wage rate and is independent of the supply shock.

That is to say, denoting the demand for labor by NtD, we have:
(3> 2og £'(N D)=W-P .
t t t

If the supply of labor is assumed to be a function of the real wage, the
market—-clearing real wage is also Independent of the supply shock. Then the
contracted wége specified in (1) turns out to be equivalent to the expected
level of this market-clearing wage through an appropriate normalization of
labor units. In contrast, iflthe stochastic productivity factor enters into
the production function multiplicatively, the demand for labor is written as a
function of the ratio of the real wage rate to the productivity factor, and

hence the expected market-clearing wage depends on the supply shock (see Gray



[1976], and [1978]).

0f course, in actuval labor contracts, the nominal wage is not always set
at the expected market-clearing level. Since it takes time and costs to set
it at such efficient levels, actual wage rules tend to be simpler. The wage
setting behavior specified in (1) can be thought of as an approximation of
such simple rules as observed in actual labor contracts, regardless of whether
or not the stochastic productivity factor enters into the production funection
additively.

The aggregate supply of the commodity at date t 1is assumed:
(4) Qe = ke(Pp mem Wed + ke (Pp = oW, ) + xy,

where Q, 1is the level of output (not its logarithm), Xy 1is a random term,
and k; 1is the proportion of bargaining units whose wage increments are
negotiated at time t-l. For the moment we assume that k, 1s exogenously
given. We shall examine situations where k, adjusts according to economic
conditions in Sections IV and V. Since all contracts are assumed to run for

two years, we set:

ke = k if t 1is odd,
ky = 1-k if t is even.
The specification of the demand side of the model is:

(5) Qt = Mt - Pt “Yto

where M. 1s the log of the money stock at t and ¥¢ 1s a random term.
The price at date t 1s determined to equate supply and demand in the market.

As for the monetary rule, again following Fischer [1977], let us presume

10



that the authority's policy is set on the basis of disturbances which have
occured up to and including time t-i. Of course, the policy rule in even

periods may be different from that in odd periods, so that it is specified as

[=.-] -]
= + =
M, a(L) X, b(L) Y. Zi=laixt-i+ zi=lbiyt-i for odd t,

(6)

. ' =5 % . bl
M, =a (L)xt+ b (L)yt Ei=laixt—i+ zi=1biyt—i for even t.

The public is assumed to know the parameters of (6).
The random terms X, and ¥y are each governed by a first-order

autoregressive process

xt=r1 Xt_l+St |r1|<l
(7
Ve = T2 Ye-1 t g [r2| < 1,

where s, and m are mutually and serially uncorrelated stochastic terms

2 and v 2

g m respectively. It

with expectation zero and finite variances v
should be noted that the same first—order Markov process is assumed for both
odd t and even t. To close the model formed by equations (1), (4) - (7),
we posit that expectations about the logarithm of the price level are
rational.

We first solve this system for odd periods. The solution for Qs P¢
%)

and the asymptotic variances of Q (vlz), and P (vz are given by

(1-k)as+ r, 1-k 1
(B Q= ryx ot e Seat 7R (T TY) ety (e my)
, o taaxrp? et (102~ )
) vpy=lge 7t st 51 Y
(2 - I-r; (2 - k)



x4y,

M
_ t l-k[ - _ - k ( __t-t
(10) Pt* 2k + 2=k t-th t-2%¢ t—2Yt) 2(2-K) t—lxt+t—lyt) 2
s, +m a,-r b,-r
_ t 't 1 71 1 72 v ® )
= 7t 5 Sea1t TR oot Lo 1o9TiSemit L gop 84Ty
£, =-1 + a g.=~-r +--15— b
i 1 2k “1° 1 2 2=k 1
- k k
By= ryfy 3w 2y By ToBy Yo by 122
a b
2 .1 1 1 2 2, 2 1
(11) V2 [ + ( +z i= 2 ] VS + { Ik ) +Z 2gi V s

where for completeness the proof is stated in Appendix A. We attached the

subscript "i" in order to identify the variances that appear in the following.

The attractive aspect of the solution of this system 1s the relative ease

with which the solution for evem t c¢an be obtained by substituting k

with 1-k in the solution for odd t. That is to say, by substituting k

with 1-k in (8) - (11), we have:

2 kaj +r) K ]
' = s 1 K . - -
(8') Q= ry"x ot T Syt TR (P t) Mt 3 (smm)
g (kapt "1)2 r14 2. 1 kz(bl' rz)z 2
SR ki R AL Sy el I
(1 + &) 11, (1 + k) n
M x_ty
' -t k. - - _l;iﬁL{ _t -t
(107") Po= oo + 1t ema™e e ®e Tem2¥e) TR -1t T e-17e) T T
s +m al- r hl-1r
R T 1~ T2 , o
= T+ T Sett T "l - 2fisey?) 1o08]meoy
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i T bt T g i 28 T i Py 2
| | -
2 1. AT T 2o 20 02, 1, P10 T2 20w 2, 2
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We now consider the strategies and payoff functions of the players. In
the context of our two-period contract model, the strategies of bargaining
units .are the choice between odd periods and even periods. Other features of
wage setting rules are assumed to be glven or regarded as the rules of this
game. As noted earlier, Fethke and Policano {1982}, [1984] analyze the same
game, but within a different framework. In their wmodel the size of each
sector is fixed, but the timing of bargaining, which is a continuous variable,
is endogenously determined.

The worker 1s assumed to be risk averse and to maximize his expected
utility, which is a function of his real wage in the first period and the
second period of the contract. His real wage in turn depends on the aggregate
price level and his timing of bargaining. Now suppose that the employer has a
neutral attitude toward risk. Then the decision of a bargaining unit as a
whole can be thought of as reflecting the preference of the worker. Thus, the
problem for a typlecal bargaining unit is the choice between two vectors of
random variables, each of which consists of the real wages in the first period
and the second period of the contract.

More speclfically, we assume that the loss function of the worker (Lb) is
defined as the sum of the real wage varlances in the first perlod and the

second period of the contract:

13



- 2 - 2
(12) Lp= BlpopWe= Pe)™F BCejWeyg~ Peap)”,

In other words, the worker is assumed to prefer the vector of random variables
that gives smaller sum of real wage variances.

By contrast, Gray [1978] and Blanchard [1979] assume that this function
includes deviations of actual employment (output) from its desired 1eve1.- If
workers are risk averse, théy prefer the contracts which guarantee smaller
variations of the real wage and employment. We choose the former, but of
course, these variances are closely related. In particular, suppose that the
stochastic productivity factor which generates real disturbances enters into
the production function additively as in (2). Then since Pr=¢—1¥¢t % and
Pet17e-1¥e+1t Xp4+1 2are the output in the first period and the second period
of the contract, respectively, and since Xy and Xepy) 4are the levels of
output which correspond to equilibrium in the labor market (see equations (1)
- (3N, E(Pt-t-lwt)z and E(Pt+1_t—lwt+1)2 are equivalent to the output
variations from their desired level, Thus, our ;riterion turns ‘out to be
equivalent to those of Gray [1978], Blanchard [1979], and Fethke and Policano
[1984]. To put the point differently, from equation (3), it is seen that
there exists one-to—one correspondence between these variances, and hence we
need not distinguish them in this case.

The other player of this game, the monetary authority, determines the.
money supply rule (not money supply itself) in order to minimize the fixed
loss function which includes both output and price variations. The most

familiar such function is the quadratic loss function:

(13) La = th2+ (l—h)Ptz;

14



where O < h < l. Since all variables are detreunded, equation (3) in effect
measures the deviation of Q. and P, from their trends. The parameter h
represents the preference of the monetary authority and is assumed to be fixed
when optimum money supply rules are derived from (3). The derived monetary
policy, however, can be easily characterized by this parameter. Generally
speaking, the derived money supply rules accommodate supply shocks when h is
close to one and counteract supply shocks when h 1s close to zero.

Therefore we call the derived optimum rules as (i) the (Fischer's) completely
accommodative policy if h 1is one; (ii) the relatively accommodative policy
if h is close to but not equal to one; (1ii) the relatively restrictive
policy if h is close to but not equal to zero; (iv) the completely
restrictive policy if h = O. Note, however, that the strategy space for the
monetary authority does not consist of the policy rules associated with all
possible values of h, but that it consists of the rules assoclated with a
particular value of h prefered by the authority.

As stated earlier, the level of real output that corresponds to
equilibrium in the labor market amounts to x, f.e., the supply shock. Then
from the normative point of view, the deviation of {Q, should be measured
from this level instead of its long-rum mean, zero. This is to say that we

have another criterion:

(1) h(Qy~ %)%+ (1-m)p 2,

Note that within a different context, Barro [1976] proposes the loss function
which consists of the expected squared gap between actual and full information
output. However, it turns out that minimizing the deviation from the market-

clearing level of output amounts to minimizing the price variation, and that
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to incorporate the first term in the loss function (14) yields no additional
insight. (See Section III for more detaills.)

Then it is mnatural to ask the reason for which the term thZ is
incorporated in the loss function in addition to the term (lﬂh)Ptz. If h =
0 in (13), the optimum monetary policy derived from this criterion stabilizes
the price variation perfectly, but since it destabllizes real output and does
not accommodate supply shocks at all, it does not seem to reflect the behavior
of the monetary authority in the real world. Therefore from the positive
point of view, we shall examine the more general loss function (13) in the
sequel.

For simplicity, we redefine the payoff to the authority (L,) as the sum
of the expected values of (3) in odd periods and in even periods. Then

utilizing (9), (i1), (9'), and (1!'), it can be rewritten as

(1) L=y, %+ v D)+ A, v D),

where La depends on the distribution of wage settlements, k, as well as the
parameters of (6).

Now in our framework the public sector objectives differ from private
sector objectives. If the monetary authority tried to minimize the public's
real wage variations, its loss function would reduce to the one which includes
only the variance of prices (h = 0). However, the public may exibit
preference for accommodative monetary policies (for example in an election),
even if they try to minimize ;he variation of their own real wage once such
monetary policy is implemented. Thus, it is possible to assign these two

sectors different objective functions and at the same time to assume that the

authority's loss function reflects the public's preferences.
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For convenience, the money supply rules chosen by the authority is
restricted to such feedback policy rules as given by (6). When the optimum
money supply rule is determined, the monetary authority is assumed to expect
.that its policy does not change the distribution of wage settlements.
However, the expectations equal the realization only in equilibrium. 1In the
general case, changes in policy induce changes in the distribution of wage
settlements. Then, unless this relationship between economic policy and
economic structure is taken into consideration, the optimum policy does not
exist within the class of feedback policy rules. As an example, in the
following we show that the authority cannot maintain the most desirable state
of the economy unless it takes the risk-aversion of the public into account.

Now the problem can be modelled formally in a game theoretic framework.
(i) The strategy space for the authority (T,) is the set of feedback rules
which are of the form (6). From the subsequent discussion, it becomes clear
that in effect this space can be identified with rZ,
(11i) The strategy space for a typleal bargaining unit (Tb) congists of odd
period and even period, and hence can be identified with {0, 1} (zero for
even period and one for odd period).

(iii) The payoff to the authority is
La= La(k, ta), t T

where as before, % 1is the proportion of bargaining units whose wage
inerements are negotiated during even periods.

(iv) The payoff to a typical bargaining unit is

L= Lb(k, to t

b tae Ta’ t.e T, .

b) b~ b

17



{(v) A pair (ta*, k*) 1is a Nash equilibrium for this game if

(1) e e T, and 0<K* <1,
a a - -
F * * V
(2) La(k » T ) £ La(k . ta) t, ¢ Ta’ and
*® ) * b3
(3) Lb(k*, £, 0 =Lk, e 5, 1), if 0<k <1
* * * * 1 if k*-o
Lb(k s by 0) £ Lb(k >t ), =
* * * * &
LG, e, DL, e, 0, 1 k=1,

where condition (3) states that a typical bargaining unit is indifferent
between its two strategies, and hence has no incentive to change the timing of
bargaining. It should be noted that our attention is confined to the special
classes of strategy spaces and payoff functions. The payoff functions are
quadratic, and the strategy space for the monetary authority is assumed to be

in a feedback class.

II1. The Best Responses for the Players

Given the distribution of wage settlements, we first examine the best
response for the monetary authority. The authority's problem is to minimize
the expected value of the loss function (13) subject to comstraints (8), (10),
(8'), and (10'). Until we examine the stability of the equilibria of this
game in Section IV, the authority is assumed to choose strategies, without
taking into account the effect of its own strategies on the optimal choice of
the public.

We begin with the feedback to demand shocks. From (9), (9'), (l1), and

18



(11'), it is seen that we have to set:

2(1-k) 2 a2

= = T mrer—— |

(16) b= bj= 1), by=—=5—=r,,  by= g% Ty
by= bi= 0, for i > 3.

First, b= bj= ry reduces the coefficients of sz associated with
m._; to zero in v12, v22, V32, and v&z (see (9), (9"), (11), and (11')).
Note that variances of output and price have the same term, (bl— ;2)2.
Second, for the values of b; and b] obtained above, by and bj should
be chosen in order to reduce g, and g3 to zero. Finally, setting the
remaining parameters to zero reduces g; and g{ to zero for 1 > 3. It
should be noted that v12 and V32 do not include g; and g; for 1 >
2. Note also that (16) does not depend on h, which implies that the
authority should counteract demand shocks in the same way regardless of its
preference between output stability and price stability.

To derive the optimum value of a; and 2], consider the coefficient
of vs2 associated with s,_;. Aside from the constant terms, this

coefficient is equivalent with:

L]
ka1+ rl

1 +k

(l—k)a1+ T
2 -k

2
1, 2

2 87Ty 5 87T
371+ (l'h)[(—E:——) + (—Txi—) 1,

(17)  hlf .

+ (

which follows from (9), (9'), (11), (11'), and (15). By differentiation, we

obtain the first order conditions:

hla) (1-k)+ rj1(1-k) + (1=h)(a;~r;) = 0

h(ajk + ry)k + (1-h)(ajk + ry) = 0.

19



Solving for a; and aj, we have:

1 -2h + hk. ¢« _ 1 -h -hk
(18) a)= =5 I, a] =———5 1.
1- 2kh+ hk 1- ht+hk
Now, we want to minimize the coefficlent of vsz associated with

St-2+ Then for the values of a; and af obtained in (18), a, and aj
are chosen to satisfy:

(19)  £,;= =r] +5Slayr) +ay) = 05 £5= or] + fajr) + ) = 0.
Finally, setting ay= aj = 0, we have f;= f] =0 for i > 3, which eliminate
the variations of supply shocks associated with Sp_i» for i > 3.

In summary, for given value of h we must choose a;. and af as shown
in (18). Then a, and aj are chosen to satisfy (19), and the other
parameters have to be set to zero. In other words, the optimum monetary
policy for given h and k can be characterized only by the values of a)
and aj. We utilize this property in Section IV.

As far as aj, aj, by, and b| are concerned, the monetary authority
counteracts a demand shock Ve in the same way in odd and even periods, while
it has to accommodate supply shocks differently (see Figures 1 and 2). This
is because only the slope of the supply curve varies from periecd to period.
(It should be noted that the quantity equation has the demand shock ~Y¢» and
not yt.)

The money supply rules for some special cases will now be considered.

(i) (Fischer's) Completely Accommodative Policy: h =1

The authority is assumed to take into account only output stability.
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This case will be examined more closely in Section V.
(ii) Completely Restrictive Policy: h =0
In this case the monetary policy is designed to achieve the minimum price

variations. Substituting h = 0 into (18), we have:

Qo 22k 2 . 2% 2
Ty» 2 k. C1° R

(20) a,= a

Utilizing (16), from (l10) and (10'), it is seen that

__1
Pt- 5 (St+ mt)-

That is to say, the resulting‘price behaviors are the same in odd and even
periods, and equal to irreducible noise.
Consider the criterion (14) proposed in Section TI. From (8) and (8') we

have

2 1k, 1k, _ 1
(21 Q= x = rix o+ aplaym rds  Fomdbm rm -5 (8t )
for odd t
1y - = 2 k — k to _ _!-_
1Y) Q= = = ryx o+ ey rpds g ga(bym rdn - 5 (st )

for even t.

It 1s clear that the money supply rule (20) gives the minimum of E(0.- xt)2
as well as EPtz. Thus, although this criterion is appropriate for normative
analysis, it 1s hardly a description of the criterion of the authority in the
real world since it yields only the completely restrictive money supply rule.

Of course, there exist some important policy rules which do not always

minimize the wvalue of (15). For example,
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(i1i) Neutral Policy: aj= ay= 0 for all 1 > 1

In this case monetary policy has no role in response to supply shocks.
This policy rule belongs to the class only when ry= 0. 1In general, this does
not occur, and we can therefore find another policy rule which can attain
smaller output and/or price variations within the class. As stated in Section
I, the miﬁority bargaining group is expected to bear the heavier burden of
adjusting aggregate supply in the absence of activist monetary policy, or
equivalently under neutral policy. We examine this conjecture graphically in
Section 1IV.

(iv) Naive Accommodative Policy: ay= aj= -2ry, ay= ai= 0, for i > 2.

As in (i), the authority takes into consideration only output variations,
but it does not utilize information about the distribution of wage
settlements. If k = %- this policy belongs to the class of feedback rules
derived from the minimization of (15), but in general, it does not.

Next, by examining the behavior of (15) as a function of Kk, we-evaluate
the effects of the pattern of negotlation on aggregate stability.

Substituting (16) and (18) into (9), (9'), (11), and (11'), and substituting
the results into (15), we have:

L,lk, t, (k)]

(22) 4

2r
12 + h(l-h)rlz{ 1 5t 1 2}]“’s2+ 'é"’mg
1- 1] 1-2kh +hk>  1-h +hk

=[%.+

where ta(k) is the authority's best response given the value of k. For

%—( h <1, (22) attains its global minimum at k = %, while for 0 < h jlé; it

attains 1its global maximum at k = %ﬁ For 4 < h¢« %— a local minimum is

7
attained at k =-%5 but the global minimum is attained at k = 0, and 1, i.e.,
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under a synchronized pattern of bargaining. Therefore from the authority's
point of view, an even distribution of wage settlements is most desirable if
it prefers the (completely or relatively) accommodative monetary policy
corresponding to h close to or equal to zero, and the synchronized pattern
of bargaining is most desirable if it prefers the relatively restrictive
monetary policy corresponding to h close to zero.

We next consider the typlcal bargaining unit's best response given
monetary policy and the distribution of wage settlements, k. To compute the
value of Ly, let us examine the behavior of price. We begin by calculating
the mean—-square error of one-step and two-step forecasts. Under the general

money supply rule, i.e., (6), we have from (10) and (10'):

1
- E S + .
(23) Po= 1B 5 (s,* m.), for all t
Therefore, the mean-square error of one-step forecast consists solely of
irreducible noise, and is the same for all t. U©Uf course, this is an

implication of rationality. On the other hand, we have:

| 1~ T2 S M
(26)  Pemi 0Pt = 7 Seq1t TR M-1T T2 if £ fIs odd,
aj= ry b= 1, st om
T -— = A ————
(247) P=-of T Se-1T T ™1 5 if t 1is even.

Thus, the mean—-square error of two—-step forecast is:

- b,-r
2 21 12 1, 2 17%2.2, 1, 2
(25) E(Pt“t_th) —[(—'-i-:l-(—-) + -Z}-]VS'P [(-—2?') + I]Vm if 4 is Odd,
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a r bl
) 1 17722 1. 2
— t) [({(——— 1+k ) + ] + [(—=—— 17 Y+ ZJVm if t dis even.

(25') E(P -
By changing the sign, we recall from (1) that these forecast errors are
equivalent to the logarithms of the real wage which employvees receive at

time t on a contract made at the end of time t-i. This is to say that

Now, the payoff to the public is the sum of the real wage variations in the
first period and the second period of the contract, and hence the sum of one-

step and two—step forecast errors:

al' 3! b= T 2
T A R R L R (e pryas e

for those who negotiate wage change during odd periods, and

b= Ty 9. 2

217 T1.2 2]
i+ & Vn

2
1+ k )

1
vy + [

] 5

(27 Lk, £, 0) = [ 5+ ( ¥ (
for those who negotiate wage change during even periods. Since the variance
of the log of the real wage received in the first year of the contract, or
equivalently the mean—square error of one—-step forecast (23), is the same for
all t, risk—-averse private agents prefer the wage contract which leads to the
smaller variance of the log of the real wage in the second year of the
contract. WNow, suppose that the authority chooses the optimum monetary policy
characterized in Section III. Then it follows that by = bi = r9, regardless
of the authority's preference parameter, h, and the distribution of wage

settlements, k. Comparing (27) and (27'), we conclude that the value of
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Ly 1is larger for the wage contracts negotlated during odd periods than for

those megotiated during even periods, if and only if

(28)

Thus the typical bargaining unit's best response is to negotiate wage change
during even periods if condition (28) 1s satisfied, and to do so during odd
periods if (28) is not satisfied. Note that only 2a; and a appear in

condition (28). Thus, our attention can be confined to these two parameters

in the sequel.

IV. The Equilibrium Distribution of Wage Settlements

As indicated in Section IIT, the optimum money supply rule which
minimizes the loss function (15) can be characterized by two coefficients
a; and aj. Therefore, for a given value of k, changing h from 0 to I,
we can draw the locus of the optimum money supply rules of the authority on
the a;, aj plane. Note, however, that we are changing h, rather than Xk,
so that this locus does not represent the authority's best response
correspondence: [0, 1] » Ta' For h =1, (18) reduces to

1

r
1 and a = - T

S =

i.e., the (Fischer's) completely accommodative monetary policy. On the other
hand, for h = 0 (18) reduces to a;= aj=r|, 1.e., the completely
restrictive monetary policy. If rj > 0, increases in parameter h move (al,

a]) downward and to the left along the curve connecting these two points (see
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Figure 3 for k >.%1 and Figure 4 for k <-%J. In the same way, we can
analyze the case in which r; < 0. (The behavior of this locus will be
examined more precisely in Appendix B).

Next, consider the best responses of the public. As shown in Section
ITI, it is advantageous for a typical bargaining unit to negotiate wage change
during even periods,.if and only if condition (28) is satisfied. We can
indicate the regions for which condition (28) is or is not satisfied in the
same aj, aj plane because only a; and a are relevant in this
condition. In Figures 3 and 4, these regions are indicated by the shaded

areas, where the boundaries consist of two straight lines:

v o 1tk

(29) al = Z—-E (al— rl) + I‘l
(30) a; = - éft (@) = r)) + 1.

They meet at (rj, ry), the point which represents the completely restrictive
policy, and hence the locus of optimum monetary policies passes through the
intersection of these straight lines.

When the poliecy chosen by the authority can be characterized by the
points on these boundaries, the public is indifferent between its two
strategies, and hence there occurs no change in the distribution of wage
settlements. On the other hand, when the authority chooses a monetary policy
characterized by a point which lies inside (outside) the shaded areas, the
best response for the public is to negotiate wage change during even (odd)
periocds.

Now, we seek Wash equilibrium solutions of this game. In equilibrium the
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following two conditions should be satisfied (see Section II):
(i} Given the money supply rule chosen by the authority, the public has no
incentive to change its timing of bargaining.
(1i) Taking the distribution of wage settlements as given, the monetary
authority minimizes the loss function.

These two conditions are satisfied if the point of the locus (18) is
located on the boundaries (29), and (30). TFor a given value of h, the

boundary (29) intersects the locus (18) when k satisfies the following

equation:
1-h+hk 1-2kh+hk

The solution to (3!) consists of

(32) h =0,
(33) k=1,  and
2
_ 1
(34) h = e
1+k-k
If h=0 (i.e., when the authority prefers the completely restrictive

monetary policy), the resulting price behaviors are the same in odd and even
periods, and equal to irreducible noise. Then the variance of the real wage
becomes independent of the distribution of wage settlements, and hence there
exists no incentive for the public to change its timing of bargaining.

If k =-%5 from (18) it follows that a; = aj for all h. Then the
variances of the reél wage are the same In odd and even periods. In this

case, in fact, the locus of optimum monetary policies hecomes a straight line,
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and coincides
Equation

1 (see Figure

by the authority, %,

(34), Assume

% and h, which 1s denoted by ta('l?.).

with (29).

(34) represents a convex curve in the %, h - plane for é%:;}l <

5). Suppose that the distribution of wage settlements observed

and its preference parameter, h, satlsfy equation

also that the authority chooses the optimum mbnetary policy for

Substituting (18) into (27) and

(27'), the payoff to the public can be rewritten as

(35 1Lk,

for those who

(36) 1, [k,
for those who
these payoffs

between their

the timing of

e (®), 17 = B+ {—(14%%2)r n 2K32y) 201 2
a 2 1 P s 2 m

negotiate wage changes during odd periods, and

1 2
7\'

14k

1+k

e @), 0] = [y + {-(#E-FS e h 2237 o 2

negotiate wage changes during even periods. It is clear that
take the same value. Thus the bargaining units are indifferent

two strategies, and hence there exists no incentive to change

bargaining.

In summary, Nash equilibria of this labor contract ecomomy are

characterized
(1)
(1) k =1

2

(iii) all k

So far, we have examined this game in strategic form.

two values of k satisfying (34), and k = %.

by the following values of k (see Figure 5):

for%< h< 1,

for 0<h_<__fj*_,
in [0, 1] for h = 0.

We now take the

series of moves Into account and investigate the stability of the

equilibria.

If bargaining units change the timing of bargaining frequently,
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and if the economy is initially not in the equilibria, there will be
instantaneous convergence to the new equilibria, and the synchronized pattern
of bargaining will appear immediately. However, in the real world the public
changes 1its strategy, the tilming of bargaining, infrequently, so that the move
is assigned to the authority before the all private agents make their decision
and a synchronized pattern of bargaining emerges. Faced with the new
distribution which is slightly different from that observed initially, the
authority chooses the new optimum money supply rule. Depending on the
authority's preference parameter, h, the new policy rule might he located
inside (outside) the shaded areas. This causes further changes in the
distribution, unless it reaches the boundary, the straight line (29).

As shown in Appendix B, when the authority prefers the (relatively or
completely) accommodative monetary policy, the locus of optimum money supply
rules lies inside the shaded area if k > %5 and outside this area if k <
é‘ In other words, when (k, h) is located above the convex curve in Figure 5,
it is advantageous for risk—averse public to negotiate wage changes during
even (odd) periods if k >-%-(k <-%-), increasing (decreasing) k further.
Since the authority adjusts its strategy according to the changes in the
distribution, we substitute (18) into (27) and (27') to obtain the payoff to
the public. That is to say, denoting the authority's best response given the
distribution of wage settlements, k, by ¢t_(k), we have:

(37) Lk, £ (k), 1] = [,12_+{ h(1-k) 232] Vsz+_1_vm2

1-2hk+ hk 2

for those who negotiate wage changes during odd periods, and
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' -l hk 2 2.1 2
(37%) Lb[k, ta(k), 0] = [5+ {—-———--2—} lv A

1-h+ hk

for those who negotiate wage changes during even periods. In Figure 6 the
behaviors of (37) and (37') are illustrated for h = .9, They meet at three
points assoclated with Nash equilibria, where the public is indifferent
between its two strategies. Now In areas T and III, it is advantageous to
negotiate wage changes during even periods because (37') is smaller than (37},
increasing k. In areas II and IV, on the other hand, a risk—averse puhlic
chooses to negotliate wage change during odd periods, and hence k will be
decreased. In other words, (k, h) moves along the horizontal line in the
direction of the arrows inm Figure 5. Now, it is clear that equilibria 1

and 3 are stable, but that equilibrium 2 1is unstable.

On the other hand, when the authority prefers the relatively restrictive
monetary policy, the locus of the optimum money supply rule lies outside the
shaded area if k >-%1 and inside this area if k <-%- (see Appendix B).
Proceeding in complete analogy with our earlier analysis, it is seen that k
will be further decreased (increased) if k > %—( k < %—). In other words,

when (k, h) 1s located below the line h = é?

in Figure 5, it is not
édvantageous for risk—averse public to settle their wages during the periods
when the large proportion of agents are involved in wage negotiations.
Therefore, k will be increased and (k, h) tends to the line k =.%,

In summary, for %—( h < 1 there exist three Nash equilibria. TIf (k, h)
starts at a point at which g > %—( k <-%-), it tends to the equilibrium whose
k-coordinate is also greater (smaller) than %? The arguments above show that

these limits are stable Nash equilibria. On the other hand, the Nash

equilibria associated with k = %— are clearly unstable. As shown in Section
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IIT, these unstable equilibria are most desirable from the authority's point
of view, and the stable equilibria associated with uneven but not completely
synchronized pattern of bargaining are less desirable than these unstable
equilibria.

For 0 < h < %— (h, k) always lies below (34) in Figure 5, and hence k =
%1 staggered negotiation, provides the unique and stable Nash equilibrium.
If %—( h <-§3 such an equilibrium is the most desirable from the authority’'s
viewpoint. For %-( h < %3 the loss function attains a local minimum under
this equilibrium distribution of wage settlements, but the global minimum is
attained under a synchronized pattern of bargaining. For 0 < h £ é— the loss
function attains the global maximum instead of the minimum at these
equilibria. In conclusion, although these equilibria are stable under the
relatively restrictive monetary policy, they are desirable from the viewpoint
of the authority only for -32-< h < %.

Finaliy, for h =1, i.e., under the (Fischer's) completely accommodative

policy, there exist three Nash equilibria associated with k = 0, %ﬁ and

!. Clearly the equilibrium associated with %— is unstable and once it 1is
disturbed, a completely synchronized pattern of bargaining emerges. We return
to this case in Section V.

Figures 3 and 4 also show that synchronization occurs under neutral
policy {represented by the origin of the aj, ai plane)}, and naive
accommodative policy (designated as "x" in the figures) because (al, ai)
chosen hy these policies also lie in the regions which guarantee
synchronization.

So far the authority has been assumed to ignore the fact that 1its

decision influences the strategy chosen by the publics If the authority as
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the dominant-player of this game takes into account the effect of its decision
on the strategies of the public, it can maintain the desirable equilibrium
even if this equilibrium is unstable. Unfortunately, the game is dynamic in
nature and to model this dynamic game as a dominant-player game, we have to
specify more explicitly how the public reacts to the authority's choices: that
is, we have to know the proportion of the bargaining unit which changes the
timing of bargaining per unit of time. However, it is rather easy to
characterize the strategy of the dominant player, the monetary authority. For
example, consider the case in which the authority prefers the relatively

accommodative monetary policy, and hence the equilibrium associated with k

= %— is desirable. Choose feedback rules to satisfy:
a-—-r al-r
1 11 2171 1 21
(38) -k | < I TTv & | as k23

by, bi, by, by, ..., are as in (16).

Then from (27) and (27'), it becomes disadvantageous to negotiate wages during
the veriod when a large proportion of workers are involved in wage
negotiations. Therefore this policy alters the distribution of wage
settlements, and the economy can be guided toward the equilibrium associated
with k =-%~ The monetary authority can attain the minimum of the loss
function in ‘the long run, at the cost of a temporal increase of its value. In
other words, if the monetary authority chooses the money supply rule, taking
into account the risk—aversioh of the public, at least from the purely
theoretical point of view, it can maintain the most desirable state of the

economy.

By the same argument it can be shown that by taking the risk—aversion of
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the public into consideration, the authority minimizes the loss function,
i.e., it can maintain the unstable equilibrium with the synchronized pattern

of bargaining when it prefers the relatively restrictive money supply rules.

V. A Lucas's Critique to Fischer Contract Model

Although'(Fischer's) completely accommodative monetary policy is the
policy rule derived from the minimization of (17) under the assumption of h =
1, and hence a special case analyzed in the previous section, there are
several reasons for studying this case separately. Firstly, this is the only
case for which monetarv policy loses its effectiveness under a certain
environment. Secondly, the model is capable of simple interpretatian.
Finally, this is the case considered in Fischer [1977], and our analysis
provides a Lucas's critique to his model.

If k#0, !, i.e., unless wage determination i1s completely

synchronized, by substituting h = 1 into (18) and utilizing (16) we have:

L '
% 1~ "1

(39) a and a

1
Other parameters can be chosen arbitrarily because (9) and (9') include none
of them. Fischer [1977] chooses a9 = by = a3 = by = +4ese = 0, but these

values are not always most desirable when we alsc take price variations into

consideration. In fact another choice, i.e., (16) and the solution to (17),

Tl 2%k +kZ 2

(40) a,= = — b.=r b=_2_(-_l..t.l-c..)..r2

2 8T X(ixy  T1°* 2 K 27
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a3=b3=34=b4=......=0

407 1. rl — | B—
(407) a;’= - —, b, = r al =

1l
o'
L=
I
11
Fa
]
(=2
Lo
|
.
[ ]
*
»
L]
|
o

1
23
give smaller price variations, while output variations remain the same.

Now, from equation (8) and (8'), it is clear that both solutions yield:

Q = r12"t—2 +%(St" m ).

Thus the variances of output reduce to

[
b2
—
—
b
<
+
& -
<

(41) v, = v, = +

& 1- r

As was pointed out in Fischer [1977], the disturbances S¢_;] and m._; can
be wholly offset by monetary policy. On the other hand, the Xe_g

disturbance was known when the older labor contract was drawn up and cannot be
offset by monetary pelicy because it is taken into account in wage setting.

It should be noted that this minimum output variance does not QEpend on Kk,
while the variance of P, depends on k. 1In fact under the optimum monetary

policy characterized by (40) and (40'), (10) and (10') can be rewritten as

r
I _ 1
(42) L el (st + mt) for odd t,
! 1
1 o — — —
(42") Pt = %1 7 3 (st + mt) for even t.

Again it should be noted that the behavior of the price depends on k only

through the coefficients of supply shocks. Now, the variances of price is:
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for odd t,

v for even t.

Note that under the money supply rule obtained by Fischer {1977], (43), and

{43") become:

4

r r
2 . 2-k\2 "1 1.2, 1 2.1 2
"2'“1-;:)1 st Gt l vyt vy,
-
r4 bl
2 . 1+k.2 1 1.2 1 2 1 2
el ) Tt Pl vyt vy
l—r1

which are larger than (43) and (43").

Finally, if k = 0 or 1, it is clear from (8) and (8') that the monetary
policy becomes ineffective hecause of the Irrelevance of the money supply rule
for the behavior of output. At the same time, as k goes to 1, money
becomes neutral so that.the varlance of price goes to infinity during odd
periods.

In summary, as long as the monetary authority desires to choose the money
supply tule in order to minimize the variance over time of Q., and as long
as k # 0, 1, the "bunching"” in bargaining pattern does not cause any
difficulty. On the other hand, price variances (43) and (43') involve the
parameter k, so that the "total variance” of P,, defined as v22+ vaz, is
also a function of %. Now, it is clear that this function is symmetric

around %5 convex on (0, 1), and that the limits when k approaches 0 and

1 are o, In fact it is straightforward to show that the second derivative
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of "total wvariance" is positive. Therefore, this function assumes its minimum
at %w This implies that a unif;rm distribution of wage settlements is the
most desirable from the point of view of price stahbility. |

It is clear that in equation (4) the second term, which can be rewritten
as  (1-k){(P.- t—2P), represents the effects of nominal wage iﬁertia. Now
. suppose that the proportion of workers involved in wage negotiations during
even periods approaches unity (i.e., k goes to unity). Then in odd periods
the second term disappears and equation (4) reduces to the Lucas supply
function, and hence the monetary policy is wholly anticipated by the public.
Since any predictable change in the rate of monetary growth has 100 percent of
its effect on the behavior of price even in the short run, the variance of
price level v22+ v42 will be increased, even 1if these variances in even
periods are decreased. In other words, as is clear from equation (8), the
behavior of real output becomes invariant to monetary poiicy in odd periods,
as k approaches unity. To put the point in a more general way, if the
distribution of wage settlements shows an extreme "bunching” in particular
periods, neutrality of money appears in the adjacent periods, and the policy
ineffectiveness proposition developed by Sargent and Wallace [1975] becomes
applicable at least to these periods. On the other hand, when all workers are
involved in wage negotiations, monetary policy is effective. Note, however,
that in the general n-period contract model, neutrality appears only in one
period and monetary policy is effective during the remaining n-1 periods.

So far the distribution of wage settlements has been regarded as
completely exogenous to the system. We now show that %k might vary

systematically with changes in the stochastic processes facing agents. This

is the basic message of Lucas's [1976] criticism of procedures for econometric
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policy evaluation.

Suppose that the authority chooses naive accommodative policy and that
the value of k chosen by the publiec is %w Then the economy is in Nash
equilibrium (we may call it "Fischer equilibrium”) because the authority
minimizes the loss function under the current distribution of wage settlements
and the public has no incentive to change its timing of bargaining.

However, once this equilibrium is disturbed, that is, %k becomes
different from %? an incentive for the synchronized pattern of bargaining

emerges. In fact 1f the authority chooses naive accommodative policy (denoted

by tao)’ the two-step forecast error can be rewritten as

r
2. 1.2, 1 2.1 2
(45) E(Pt-t—ZPt) = [(EZED + Z—] v o n if t 1is odd,
ir
, _ 2 1,2, 1 2.1 2
(457} E(Pt t-ZPt) = [(T;ED + ] vt T v, if t 1is even.

Clearly, (45) % {(45'), according to k %-%, so that utilizing the fact that
the variance of the real wage received in the first year of the contract is

the same for all t, we have:

0

> 0
(46) LGk, £, 1)

< Lb(k, t 0), as k

AV

This result implies that the variation of the log of the real wage is smaller
for the majority bargaining group. If we assume that the workers are risk
averse, the smaller variance of real wage in the second year of the contract
is the advantage for them. Therefore, there exists an incentive for a

synchronized pattern of bargaining to emerge.
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Of course, the authority may change its strategy as the value of k
changes. However, even if the authority chooses the strategy corresponding to
the new value of k, the best response for the bargaining units to the new
monetary policy is still to synchronize the timing of bargaining. 1In fact

using (40) and (40'), (25) and (25') can be rewritten as

2
2 . 01 1, 2.1 2
(47) E(P -, _,P,) '[“""—2+Z'] vt vy if t 1is odd,
(1-k)
.2
2 1 1 2.1 2
1 p— = — t— — -
(47" E(Pt t—ZPt) { 2 g 1 vy v if t 1is even

Therefore (47) % (47'), according to k % %3 so that we have:

> > 1
L[k, t_(k), 0] as k7 o

48) L Tk, £ (k), 1] 7Ly

where t, (k) denotes the policy rules (40) and (40'), f.e., the authority's
best response given k. Thus, again there exists an 1lncentive for a
synchronized pattern of bargaining.to emerge.

This result can be also illustrated by utilizing Figures 1 and 2. For
example, when k > %ﬁ the slope of the aggregate supply curve for odd perieds
1s steeper than that for even periods. 1In other words, Figure 1! corresponds
to even periods and Figure 2 corresponds to odd periods. Now, suppose that
the supply shock moves the aggregate supply curve in the direction of the
arrows. In order to maintain the same level of output, the monetary authority
has to accommodate the supply shock and ing¢rease the supply of money.
Comparing Figures 1 and 2, it is clear that this pollcy causes larger price

variation in odd periods than in even periods. However, this volatile
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movement of price can be wholly anticipated and incorporated in the nominal
wage of those who are involved in wage negotiations in even periods. Of
course, they cannot wholly take into account the movement of price in even
periods, but it is relatively stable. On the other hand, the nominal wage of
those who are involved in wage negotiations in odd periods is insulated from
the relatively stable movement of price during even periods, but not from the
volatile one during odd perieds. This leads to the conclusion that it is
advantageous for private agents to negotiate their wages during even periods,
or the periods when a large proportion of workers are involved in wage
negotiations.

Therefore, regardless of whether the authority chooses the naive
accommodative policy or the optimum monetary policy corresponding to h = 1,
Fischer equilibrium is unstable and once it is disturbed, the economy goes to
the other two equilibria, which are unfortunately accompahied by large price
variations. This 1s our Lucas's ecritique to Fischer contract model.

In these arguments we neglect costs associated with changing the timing
of bargaining. In the real world, where such éosts exist, the "Fischer
equilibrium” may be stable to some extent because the choice of timing depends
on a trade—off between such costs and costs assoclated with volatile movement
of the real wage. Moreover, even if synchronization occurs, the existence of

such costs makes it a gradual process.

I. Concluding Remarks

As long as we assume the (Fischer's) completely accommodative monetary

policy, even if all labor contracts are assumed to run for three periods
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instead of two periods, the same conclusion as in this paper can be

obtained: it is advantageous to negotiate wage changes during the periods in
which a large proportion of workers are involved in wage negotiations: 1In
adjacent periods neutrality of money appears. Now, consider the case in which
two-period contracts and three-period contracts coexist. Suppose that the
largest number of wage settlements occur at t = 6n,16n+6, 6n+12, ++e.» Then,
it is again advantageous.to negotiate wages during these periods. This time,
however, there remain considerable numbers of wage settlements in such periods
as 6nt+2, 6n+3, 6n+8, 6n+9, 6n+l10, ..... Therefore, even if our model is
still applicable to this situation, its implications will he weakened. On the
other hand, computing Nash equilibria under other values of h is a more
difficult task in the model with three-period contracts than in the model with
two—period contracts. An analysis along these lines remains to be done.

A major purpose of this paper has been to demonstrate the existence of
equilibrium with such an uneven but not always completely synchronized pattern
of bargaining as is observed in the United States. This chapter models a game
played by the government and the publiec in whic% Nash equilibria have such
properties. Therefore, interpreting one period as eighteen months, our model
can explain the three-year cycle of bargaining observed by Taylor [1983].

A second major purpose of this paper has been to evaluate the
macroeconomic consequences of various distributions of wage settlements. Our
model suggests a somewhat complicated relationship between the behavior of the
authority's loss function and its preference parameter h. When the authority
prefers the relatively accommodative monetary policy, even distributions are
unstable but optimum, while stable Nash equilibrium distributions are not

optimum.

40



Although (Fischer's) completely accommodative monetary policy is only a
special case of the policy rules considered in this paper, an interesting
result was obtained within his framework. Even if the authority takes
advantage of nominal wage inertia and tries to stabilize aggergate output, the
public partially reconstructs the neutrality of money by changing its timing
of bargaining.

Of course, the nature of the equilibrium distribution of wage settlements
varies according to the wage setting institutions. We shall analyze the labor
contract economies with different wage setting institutions, such as multi-

period indexed contracts and annual wage rounds in the subsequent works.
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Appendix A: The Solution of the Model

In this appendix we solve the model for odd periods. Eliminating Qp

between (4) and (5), we obtain the market-clearing condition:

k 1-k Xt
2

(A1) P, = t-1"t 5 =25t 2"

Now taking expectations as of the end of period t-1, and noting that

E__o(

£=2 ) = e=oF s we have:

e-1F¢
(A2Z) t-2Pt = g-2Mp T p-2Xe 7 e-2Vee

Again taking expectations as of the end of period t-1, and using (A2), we

get:

1 - - - _
(43) t—lPt =" [t—lMt+(1 k)(t—th t-zxt t-zyt) (t-lxt+t—lyt)]°

Substituting (A2) and (A3) into (Al), the result for price is

(M8) Pty ltke g Yo e x + - e
E 2k 29k e-20t 2%t =27t 202-k) t-1%t =17 ¢ 2"

Defining

we have another useful form:
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—_= + % +5 %
e=17 Tk Me-1L j=0fiSe-1TL 10BiMeme
which follows since £=1%t = T1Xe-1s  t-1Y¢™ To¥e-ls ¢=2%¢ = r]_zxt—z, and

c—2¥e = T9°¥e_p; and since My~ . oM,= ajs,_j+ bym_;. Combining with (5),

the result for output is:

Q= M~ Pm v

(A6)
2 (1-%)a,+ r
1t T 1-k 1
=Ty X ot T Syt abT Ty m Ty (5o mp).

Then the asymptotic variance of Q@ and P for odd t can be calculated as

4 2

2 2
2 1 {(l—k)a1+ rl} 3 9 (1-k) (bl— r2) 5
(47) vy =g 7t v I 7
(2 - k) 1- 1, (2-k)
2 1 2112 e 20 2. 1. P19 a2 2
@8) vy =l + (gL pfy) e It (T L T vy

Finally, we give the exact forms of f; and gy for 2 {1 <4, for

convenience of reference:

2, 2,k
o= =1 "+ oolar+ a,), 8y Ty F a{b Tyt by)
N U 2 - .3k 2
f3— r, + ——(2_k a,r, + a2r1+ a3), g4= °T, + ..—---2__k(blr2 +b2r2+b3)
4 x 3 2 4, 3 2
£i= —r t goplagryt agryt agryta,),  gm rot omp(byrot byry +baro b, ).
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Appendix B: The Locus of the Optimum Feedback Rule

Given k, equation (18) determines a curve in the aj;, af plane. We
call this curve the locus of the optimum feedback rules in the sequel. The

slope of this curve is given by

daj daj/dh oy g-oknt hk2)?

dal - dal/dh - (1-k)Y(2-k) (1-h+ hk2)2

(B1) > 0, for 0 <h, k<1,
Since the slope of the straight line (30) is negative, it intersects this
curve only at (r;, ry). We now examine the intersection of the straight line

(29) and this curve. First we have

1 k{1+k)

B F | he=0" TTH0(ZR)

e B C N T
da; |h=1" Tk %'

Further,
d?a da! 2,3

(B4) Ly L d( "1y _ _ 2(1-2kht k) k(1+k)(1-2k)
da12 < da;/db dh “da (1-h+ hk2)3(1_1()2(2_1{)2rl

so that if 0 < h < 1, we obtain:

(B5) >

Al
AN

0, according to k ,

which shows that this locus is convex (concave) for k > %.(k <-%9. From

(B2) and (B3), it {is seen that

b4



a ¥
[+\]

1

1 > 1tk 21

(BB) E;I =0 2 E:E, according to k Z 5
da!

1 < l+k 21

(87) EET hel 5 7% according to k % 7.

As an example, utilizing Figure 3, we now examine the case in which ry >0

and k > %~ From (B6), it is clear that the slope of the locus (18} at (rl,
rl) is steeper than that of (29). On the other hand, from (B7), the slope of

the straight line (29) is steeper than that of (18) at r "

1
(- - % —E)'

Taking account into the convexity of the locus (18), we see that (18) and (29)
meet at a single point, which corresponds to a value of k satisfying 0 < h
< 1. For counvenience, this value of h 1is designated as h*. Thus, only
for n* < h {1 does the locus of the optimal monetary policy lie in the
regions for which condition (28) is satisfied. In other words, this locus
lies in these regions only for the value of h assoclated with relatively

accommodative monetary policy.
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