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Chapter 1

Introduction



1. Introduction |

The past one and a half decades have witnessed a growing interest in
contract theories of various kinds. One strand of the literature has focused
on the workings of the labor market, and has discussed whether contractual
equilibria wiil exhibit the commonly claimed inefficiencies associated with
real-world adjustments in employment. The representative examples are found
_in the implicit labor contract theory originated from Baily (1974) and
Azariadis (1975) and in the efficiency wage theory pioneered by Shapiro and
Stigiitz (1984). - These theories are based on the ideas that labor is
generally not traded in an auction labor market between anonymous trades, and
that the employment relationship is relatively long-term. 1In these views,
wade stickiness and inefficient unemployment prevail as an outcome of risk-
sharing arrangements between firms and workers or moral hazard problems of
workers. In spite of these developments, a lot of problems remain to be
solved with the contract theory from both a theoretical and an empirical point
of view. The purpose of this‘thgsis is to discuss these remaining problems
ex£ensively.

The Azariadis—Baily implicit contract theory relies on the assumption
that a worker does not have any ex-post opportunities outside the firm of his
ex-ante contract. If this assumption does not hold, the worker may quit the
firm when he enjoys higher expected utiltiy by Jjoining another job outside the
firm. Chapter 2 aims to account fbr the possibility of interfirm labor
mobility. Specifically, we extend an implicit labor contract model with
bargaining which allows for the ex-post interfirm mobility of workers within a
multi-sector economy. The main concern of this chapter is with investigation
of the qualitative properties of the model such as stability. The results may

be summarized by the following: The implicit contracts system has its



organizational stability in the sense that the stationary equilibrium is

globally stable. This conclusion suggests that the employment system of

. implicit labor contracts is maintained as a stable one within the general
equilibrium framework.

In the standard efficiency wage model developed by Shapiro and Stiglitz
(1984), firms try to eliminate the workers' interest to shirk on their jobs by
paying a wage in excess of market-clearing and by terminating their contract
relations if firms detect their worekrs in shirking. Since firms select their
employmgnt levels in response to the wage above market clearing, the
efficiency wage model predicts underemployment with involumtary layoff. One
of the criticisms to the efficiency wage model is that the efficiency wage
model does not tell us why firms and workers negotiate the contract
arrangements with the threat of contract termination. To solve this problen,
Chapter 3 explores two multi-period contract models with endogenous monitoring
in which firms can use layoff policies as an incentive device in combination
‘with deferred payment schemes. One is a model in which firms threaten
"shirking workers with contract termination. The other is a model where wage
and layoff policies are allowed to depend on whether or not workers are caught
shirking in the previous periods. The results obtained in both of these
models show (i) that the thrégt of contract termination is an optimal
instrument to overcome the worker moral hazard problem even if threat policies
are endogenously determined, and (ii) that the workers’ incentive to shirk can
vield strict involuntary layoff and inefficiently high unemployment
(underemployment) if workrs are strictly risk averse. The results also
exhibit that involuntary retention may arise only if wage policies are not
allowed to depend on whether or not workers are caught shirking in the

previous periods. Furthermore, if the layoff in this model is interpreted as



the transfer of workers among firms or within firms, the result of involuntary
layoff can provide a rationale for the transfer system of workers in Japanese
large firms.

Apart from the worker’s side issues of the contract theory, there remain
several problems to justify the critical assumptions on the firm’s behavior in
the contract theory. One of‘the crucial assumtions is that the firm is
committed to an agreed upon contract until the beginning of the next
contracting period. If this assumption is violated, the firm may default the
ex-ante contracxt on an unfavourable state in which the wage rate exceeds the
marginal product of labor. Chapter 4 examines a role of reputation in an
implicit labor contract model where firms camnot commit themselves to their
contract arrangements. In contrast to the recent literature on reputation in
the industrial organization, we show that an optimal contract under symmetric
information enforces efficient behavior on firms irrespective of the presence
of reputational problems. On the other hand, even though firms are risk
neutral, we prove that an optimal contract under asymmetric information can
involve underemployment and involuntary unemployment in the presence of
reputational problems. We also shed light the guestion why laid off workers
cannot receive full amount of severance pay.

Recently, several researchers have paid attention to the inefficiency
which arises from dynamic labor contracts under asymmetric information (see
Laffont and Tirole [1988] and Hart and Tirole [1988]). Chapter 5 discusses
the distortion of employement within a two-period, asymmetric information
contracting model in which an exogenous demand shock is serially correlated
and is known only to firms. The obtained results show that serial

correlations of the state of nature can cause not only underemployment but

also overemployment even when overemployment never occurs in the context of a



static, asymmetric information contracting model.

Although integration of imperfect product-market competition and labor
contracts may be called by reality, very few researchers consider such
interactions simultaneously. Nevertheless, it is clear that product market
strategies such as entry, exit or predation could affect labor contract
issues. In Chapter 6, an incumbent firm uses its contracting arrangements
‘with its union workers to signal its cost type and to deter the entry of a
potential entrant who does not know the incumbent’s cost type. The analysis
shows that, whether an equilibrium is separating or pooling, the signaling
process causes the same kind of distortions in employment and prices, and no
distortions in wages and severance pays. The distortions in employment and
prices are summarized as follows: if an optimal employment level of the low-
cost incumbent in the absence of the threat of entry is large enough, the
signaling causes overemployment and a downward distortion in price; otherwise,
the signaling may result in underemployment and an upward distortion in price.

In the last two chapters, we turn our attention to the empirical and the
macroeconomic implications of the contracting approach. Much effort has not
been made to test the contract model even though a few attempts have been made
in the efficiency model (see Krueger and Summers [1988]}). Chapter 7 estimates
an implicit contract model with data in the Japanese labor market using the
approach developed in Osano and Tsutsui [1985][1986] in the bank loan market.
The empirical results suggest that implicit contract relations in real terms
are not rejected in the Japanese labor market. This finding gives evidence
(i) that a certain degree of observed wage rigidity reflects the outcome of
efficient risk-sharing arrangemepts between firms and worekrs; and (ii) that
real disturbances have more impa;t on output and employment levels than

nominal disturbances.
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Chapter 8 tests a real business cycle model with effcient long-term
contracts (the efficient long-term contract model) against a standard real
business cycle model (the intertemporal substitution model). In the former
model, employment and real wages are determined by bilateral dynamic
bargaining between firms and worekrs. In the latter model, employment and
real wages are determined instead by the dynamic optimization of households
within the competitive market framework. Our theoretical argument shows that
the intertemporal subsitution model is nested within the efficient long-term
contract model-if labor input adjustments are made by means of work sharing
alone. We then estimate each model using aggregate Japanese data. Our
results show that the data are consistent with the efficient long-term
contract model, but are inconsistent with the intertemporal subsitution model.
This finding provides some support in favor of real business cycle models with

efficient long-term contracts.
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2.The Structural Stability of an Implicit Labor Contract System in the Multi—Sector

Economy |
2-1. Introduction |

| A great deal of attention has been paid to the implicit labor contract theory
explored by Azariadis (1975) and Baily (1974). It is assumed, in the theory, (i) that the
firm maximizes its expected profits subject to the constraint that workers are guaranteed
to attain an expected utility level being at least equal to the one offered outside the firm,
and (ii) that workers have no ex—post employment opportunity elsewhere in the economy
after being contract with the firm. The implicit labor contract theory characterized with
these assumptions has reached reniarkable conclusions that follow: First, in the absence of
the state contingent commodity market, the risk neutral firm and its risk averse workers
have mutual incentives to enter into an implicit labor contract which makes both better off
to the competitive auction labor contract. Second, the wage stickiness prevails as an
outcome of the implicit labor contract regardless of uncertainty. Third, full employment is
not always realized by the implicit labor contract in which each worker has utility of
léisure or a right to receive unemployment insurance benefits.

However, a lot of problems remain to be solved with the standard implicit labor
contract theory from a theoretical point of view. First, the theory has no explicit
explanation for how the worker’s reservation utility level is determined. Negishi (1979)
assumes that it turns out to be the utility level maintained in the competitive auction
contract. This implicitly takes a position that all the quasi rents are passed to the firm.
Thiﬁ is equiva.lenf to assuming that workers are indifferent to choose which of implicit
labor contracts and competitive auction contracts. It may be instructive to provide a story
of internal bargaining between the firm and its workers with regard to the determination of
the reservation utility level. |

The second problem arises from tpe assumption that every worker cannot move to

another firm once he makes a contract with one firm.! If we live in the economy consisting
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of a variety of ﬁnhs, such a restrictive assumption may lead to a situation in which there
remain differentials in reservation utility levels among different firms. This being the case,
it is natural for workers to have motivation to move to another firm that offers a higher
reservation utility level.

In view of the present stage of the study, this chapter aims to provide an implicit
labor contract model with a multi—sector economy. The model allows for the bargaining
between the manager and workers within each ﬁrm,2 and then considers the interfirm
mobility of workers who move one firm to another when they can enjoy a higher expected
utility level by doing so. The major concern is to illucidate the implications of the
bargaining gamé within each firm and to examine the structural stability of workers’
movements in the implicit contract model.

This chapter is organized as follows. The next section is devoted to specifying a
bargaining model in the temporary equilibrium in which the number of workers associated
with a firm is given constant. The bargaining game employed here is the two—person
cooperative game due to Nash. Section 2-3 introduces a dynamic mobility model in which
the labor pool associated with a firm expands or contracts according as the firm offers
wotkers an expected utility level over or below the average expected utility one of a
society. In this model, worker’s movement continues until the contractual equilibrium, in
which workers can enjoy the same expected utility level irrespective of firms, is established.
Our final interest is in showing the stability of the contractual equilibrium. Finally section

24 briefly gives concluding remarks.

2—-2. The Description of the Temporary Equilibrium
A. The optimal contract for the fixed, worker’s utility level.

Let us congider an m—goods economy in which the i—th output, Yi’ is produced in
the sector i. To simplify the notation, we will focus on a representative firm in each sector,

so that the firm of the sector i is called *the firm i’. The prbduction function of the firm i is
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represented as

Yi= Fi(Ni)’ (1)
where N, stands for labor input employed in the firm i. F, is assumed to be twice
continuously differentiable, strictly increasihg and strictly concave in N..

To avoid too much complication, the small country assumption will be employed
throughout this chapter, so output prices are fixed exogenously. The output prices,
however, fluctuate according to the state of nature. Let the price of the commodity i
denote P;(s) in state 8. The state of nature is assumed to have a known stationary
probability distribution {o(s); E§=la(s) =1, o(s) > 0, s = 1,...,5} in any period.

Workers are assumed to be homogeneous and to be each endowed with one unit of
labor power, which is supplied inelastically. This means that workers have no utility of

leisure. The utility function of each worker is then written as

u = U(cyynCy), (2)
where cj is his consumption of the commodity j. The consumption program of the worker
is now formalized as follows:

Max U(c,(s),...,c,(5)) (3)

f106) s (61}
sub. to 2’3‘=1 Pj(s)cj(s) < I(s),
¢;(8),-.,c,(8) 2 0.

Here c.(s) is his consumption of the commodity j at state s and I(s) is his income at state s.

Let us assume that U(c,,...,c,; ) is strictly increasing in ¢ (j = 1,...,m). The indirect
utlhty function V(P(s), I(s)) derived from (3) can then be shown to be real—valued
continuous on the set {P(s), I(8)| P(s) > 0, I(s) > 0} and strictly increasing in I(s) for fixed
P(8) > 0, where P(s) = (Pl(s),...,Pm(s)).3 It will also be assumed that V(P(s), I(s)) is
strictly concave and twice continuously differentiable in I(s) for fixed P(s). The concavity
assumption ensures that workers have st;ictly risk averse preferences with respect to I(s).

Let L, be the number of the labor pool of the firm i. The tuple [w;(1),..,w;(5),...,w;(8);

2-3



n(1),... 1;(8),...,14(S)] wiﬂ then represent the labor contract of the firm i with L, to the
effet that the firm i will employ ni(s) workers at wage w;(s) when state s occurs. To put it
in another way, ni(s) workers will be employed in the firm i at state s while [Li~ni(s)]

- workers will be laid off. In average, ni(s)/ L, is the probability of being employed in the
firm i at state 8 and (1-n,(s)/L,) is that of being laid off. The expected utility level of

workers belonging to the labor pool of the firm i is thus expressed as

g m(s) n.(s)
Es:llTv(P(s)’ Wi(s)) +(1 “"L‘i‘“')v(P(s): b)]o(s),

where b is the level of unemployment insurance benefits. On the other hand, the expected
proﬁts of the firm i are written as
I = 55_) [F0)Fy(n,(6)) — wi(6)n()]o(s)

For the time being, let us take a situation in which the labor pool of each firm is
fixed. The firm i then plans to maximize its expected profits with respect to
[wi(l),...,wi(s),...,wi(s); 1,(1),...,8;(8),...,n;(S)] subject to the constraint that it is able to
secure labor force only from its own labor pool and it promises an expected utility level at
least equal to v;- More formally, the optimal choice can be obtained by solving the

following problem:

MaxTl; = Max35_, [P;(s)Fy(n,(s)) — wi(s)n,(s)]o(s), (4)
fry (1), w(s))
(1), 0y(S))
sub. to L, > n,(s), (5)
( 8) n,(s)
1[T-V(P(8), W (S)) +(1- —I;-)V(P(S), b)lo(s) < v;. (6)

The necessary and sufficient conditions for the maximal solution to the problem are

given by the Kuhn—Tucker condition.4 That is,

P(S)F’(n(S)) —w(s) - »,1(8)+ [V(P(S),W(S))—V(P(S), b)l=0, ()
' s =1,..,5,
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i)

~n,(s) + e e Vo(P(s), wi(s)) =0, s=1,.,5, (8)

pi(BL; —ni(8)] =0, p,(s)20, s5=1,.}5, (9)

RO n,(s)
gyt H V() (o) + (L= VR, Blels) ) =0, 1520, (1)

where 4z.,(s) and J49 are the nonnegative multipliers corresponding to inequalities (5) and
(6); and V,(P, w,) = 9V(P, w;)/ 0w, > 0.

In what follows, unemployment insurance benefits are assumed to be set equal to
zero. Given that V(P, I) has been assumed to be concave with respect to I 0, this implies
that the optimal labor contract of each firm is of the full employment type.5 It can also be
shown tﬁat inequalify (6) is satisfied with equality because l59 > 0 from (8). The
conditions (7)—(10) are thus simplified as follows:

n(s) = L, §=1,..,S, (11)
—L; + o Vo(P(s), wi(8)) =0, s=1,..8, (12)
5 _i V(B(s), wi(s)o(s) = v, (13)

Since Vo, (P, w;) = 62V(P, w;)/ aw? < 0, there exists from (12) an inverse function W of
Vo(P, w;) with respect to w, such that

wi(s) = WPG), Lifmg),  s=1,..8, (14)
where '

Wg(P(s)» Llll"iz) = dW(P(s), Li/ﬂiz)/a(l'i/ﬂ'iz)

' -1
= [Vgo(P(s), L/mol = <. (15)
The optimal employment contract of the firm i is now characterized by (11), (13)
and (14). Substituting (14) into (13), we obtain

Ty _1 V(P(s), W(P(s), L/ 0))o(s) — v; = 0. (16)
The expected profits of the firm i, IL,, are expressed by inserting (11) and (14) into (4) as
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I, - EE___.I[Pi(s)Fi(Li) - W(P(s), Li/l‘ig)Li]U(s) = 0. (17)

B. The distributive bargaining between the firm and its workers

Let us begin with the derivation of the bargain—possibility frontier depicting a
trade—off relation between the worker’s expeced utility level and the firm’s expected profits
in each firm. Since W is a function of p,,, (16)}and (17) can be viewed as a simultaneous
equations system of 4, and II; relative to v; and L.. Combining (16) and (17), we formally
write the optimum value of II, by

Hi = ¢i(vi; Li)' (18)

Given L;, the ¢, function in (18) corresponds to the bargain—possibility frontier of the firm
which is the efficient combination of the workér’s expected utility level and the firm’'s
expected profits of the firm i.

This argument indicates that the properties of the bargain—possibility frontier can
be investigated through (16) and (17). Totally differentiating (16) and (17) with respect to

Ko IIi and Vi, We have

53 [Vo(s)W (s)——Li——]a(s) 0- —dpn - -1~
8=1'"2 2 2 i2
(I‘i2
= dvi’ (19)
L. o
-—2§=1(w2(s)(-,,7;—)21a(s) 1 dn | fo

where Vo(8) = V,(P(s), w;(8)) and Wo(s) = W,(P(s), L;/p5)- Applying Cramer’s rule to

(19) yields
dg.
dv;2-= - 5 ‘ 1 Li >0, (20)
28=1[V2(5)W2(s) 2]0(5)
(l‘i 2)
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S Li 2
dIIi 25=1[W2(3)(m) lo(s)
dv, =~ L. <. (21)
i S i
Es=1[V2 ( s)W2(s)( )2]0(3)
. Pig
The signs of (20) and (21) follow from V2 > 0 and W2 < 0. Equation (21) implies that the

bargain possibility frontier of the firm i, I, = ¢i(vi; Li)’ is a strictly decreasing function of

Via

We will next show that the bargain—possibility frontier of the firm i is a strictly

concave function of v;. Note from (12) that

2
Ly (L;)
Vo(8)Wy(8)—— = W,(s) 7 (22)
| Pig) (hiq)
Substituting (22) into (21) generates
dII,
dv, = "Hy (23)
Differentiating (23) with respect to v;, we know
2
d”1I, dp,
1 12
—H5 = ’ (24)
dv, 2 a;:l_

i
which turns out to be negative from (20).

The foregoing arguments lead us to state that there exists a bargain—possibility
frontier of the firm i between the worker’s expected utility level (vi) and the firm’s
expected profits (Hi), which is convex in the payoff space. This is depicted by the ¢, curve
in Fig. 1. |

We are now ready to discuss the distributive bargaining problem between the
manager and workers within the firm i. This is equivalent to determining the combination
of v and IIi on the bargain—possibility frontier of the firm i. To this end, we will employ

the simple bargaining model due to Nash.

In applying the Nash bargaining solution to our model, we are required to specify
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disagreement payoffs which could be achieved in the absence of bargaining agreements.
These are commonly attained by the alternative labor contract which would be concluded
if no bargain were struck. Since the labor pool of each sector is fixed in the present stage of
our analysis, the most natural alternative labor contract is realized as the ex—post auction
one arranged in each sector with the fixed labor pool. Such a contract is of the full
employment type with the property such that workers are paid the ex—post marginal
ptoductivity of labor in each sei;tor. This is because workers have no utility of leisure and
receive no unemployment insurance benefits. The disagreement payoffs of the firm and its

workers are thus characterized as follows:

L =35_ [P(s)Fy(L,) — Pi(s)F(L)L,Jo(s), (25)

v, = E5_, V(P(s), Py(s)F(L.))o(s). (26)
From the assumptions on the production and utility functions, it is found that I, > 0and
;i > EV(P(s), 0). It can also be recognized that the ex—post auction labor contract (ny(s)
= Ly, w;(8) = P,(8)Fj(L,)) does not satisfy the necessary and sufficient conditions for the
maximal solution to (4) unless V(P, Wi) has a quite peculiar form.% This suggests that
there is no harm in confining our analysis to the case in which there exists an implicit labor
contract strictly Pareto—superior to the ex—post auction one when the labor pool of each
sector is fixed. In other words, we can suppose that the point (;ri, fli) denoted as W in Fig.
1 i8 located inside the bargain—possibility frontier set and not on the bargain—possibility
frontier.

Now, it ié well known that Nash’s fixed threat solution maximizes the Nash product
(vi—;i)(lli-fli) subject to the bargain—pbésibility frontier of the firm i, II; = ¢,(v;; L) (See
Harsanyi (1977)). Since the bargain—possibility set of the firm i has been shown to be
convex, the bargaining problem in the firm i is guaranteed to have a unique solution as
represented by the point N in Fig. 1. The formal solution is obtained by substituting (18)

intb the Nash product and maximizing it with respect to V- The necessary and sufficient
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condition to this problem is7

. ~ d; .
I =10 + (v = vy)ge, = O (27)
Given dd)i/dvi = —Jt;,, from (23), rearranging (27) yields
Mo — = 0. (28)
Vi — vi

It is easily found from adding (28)’to (16) and (17) that g, II, and v; are simultaneously
determined relative to the labor pool L..

Some remarks are in order. First, equation (28) implies that the slope of the
straight line connecting the point W(;i, ﬁi) and N(v:, H:) in Fig. 1 is equal to the
absolute value of the tangent of ¢i at the point N. Second, the second term of the
right—hand side of (28) is interpreted as a measure indicating relative bargaining power
between the firm and its workers (See Aoki (1980) and Miyazaki (1984)). It follows finally
from the property of the Nash solution that

v, > v =55 _; V(P(s), P(s)Fi(L,))o(s), (29)

~ s ,
0> = Es___l[Pi(s)Fi(Li) - Pi(s)Fi(Li)Li] o(s). (30)
The temporary equilibriim has now been fully described by the bargaining outcome
equations between the manager and workers in each firm ((16), (17), (25), (26) and (28))

relative to a given labor pool allocation.

2-3. The Interfirm Mobility of Workers and Its Stability
We are now in a position to consider the interfirm mobility of workers. To begin
with the analysis, note that all workers belong to the labor pool of some firm when workers .

have no utility of leisure and receive no unemployment insurance benefits. This implies
m —
where T, denotes total labor supply in this economy. T is assumed to be constant in any
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period.
Let us assume that the labor movement arises gradually and that L, increases
(decreases) if v; is higher (lower) than the average expected utility level of workers in the

whole economy.8 These assumptions lead to the following expression:

. 1 .
L=a [vi -—ﬁ—z‘}‘=l vj], i=1,..,m-1, (32)

where ais a positive para.meter representing the extent of labor mobility and the dot is the
time derivative. Note that v; (i =1,...,m) in (32) are determined in the temporary

equilibrium, for given L;. Combining (31) and (32) yields

s m——l
I'm"'—'zl—l
=—a(v I]I.l Em V) (33)

which shows that we need not specify the movement of the labor pool of the firm m.

The arguments mentioned above reveal that the dynamic process of L, (i = 1,...,m)
is completely described by (31) and (32). Corresponding to this path of L., a sequence of
the temporary equilibria is settled. The problem to be solved is now whether such a
- sequence of the temporary equilibria asymptotically converges into the unique contractual
equilibrium in which there does not exist any differences of expected utility levels among
workers: |

1 wm _ .
ViT T j=1 vi= 0, i=l..,m-1. ; (34)
The stationary values of Bigr ¥y Iy vy, I, and L, (i = 1,...,m) are fully determined from

these equations. Note that, if the contractual equilibrium is attained, then (32)—(34) imply

1 om
Vm—'—ﬁ—gj IVJ—O (35)
Before examining the stability of the contractual equilibrium, it is required to prove the
uniqueness of the temporary equilibrium and then to investigate the effect of L, on v, in the
temporary equilibrium. To this end, we fotally differentiate the system (16), (17) and (28)

with (25) and (26). Then we obtain



L. 1T T
_E§=1[V2(8)W2(s)(;j7]a(s) 0 -1 ||dp,
1
S ) |
Xy 1 [Wo(8)(—)"o(s) 1 0 i,
Big |
| 1,11,
1 S S {I‘ 5 | | dv, |
i (vivy) l
- ]
[ g : )
‘Es=1[V2(“)W2(S)§i;]0(S)
S . Li .
Tp=1(Py(6)F] - Wz(s)-— — w;(s)]o(s) L,
Fig
(1P (S)F’I’L,IU(S)} + (1 L) _ [V, (s)Py()F ¥ o(s))
| by = vy)”

(36)
where \}2(8) = V,(P(s), P,(8)F}). Since the matrix of the left—hand side in (36) can be
~ verified to be a P—mai;rix,9 (”i2’ Vis IIi) have a unique value for given L;. Therefore, the
qniqueness of the temporary equilibrium is established.

We next turn to clarifying the effect of L; on Vi Applying the Cramer’s rule to (36)
yields

d L —w.(s)]o
L = = TS VO lo(e) P4 FOF] Ol
(B9) ) Vi T vn
o O POFIL ofe)] + (-T)E_ Voe)P@Fyo(s)]
(vi - vy 2 L
i= 1,...,m, (37)

where



: L' I, H 1[W (s)( ) ]‘7(5) )
3] = — {z§=1[v2(a)w2(s,( )ija(s), +1> 010

(v-—v) vl—vl

(38)
Note from (25) and (28) that

BP0} - wiello(s)

=0. (39)
L.
) Vi -—Vi ‘ 1
Thus rearrangement of (37) with (39) leads to
o A AOLAD —gle)
| aLf =— ﬁT —gi {(v=v,) B _ Py(8)FL.o(s)]

ti =)

+ () ES_ VP )Fo)} <0, i=1,..m  (40)

Equation (40) indicates that a rise in the labor pool of the firm i decreases the expected

utility level of workers belonging to the firm .12

Now, we proceed to exploﬁng the global stability of the contractual equilibrium.

Let us introduce the following distance function

_em 1 1 m
D =571 5%~ ¥ v (41)
where a has been defined in (32) and (vjpeov ) are determmed in the temporary
equilibrium relative to (Ll',...;,Lm). In view of (34) and (35), the function D is always

positive unless the contractual equilibrium is attained. Differentiating (41) with respect to

time generates
- i=1% m ' j=1"] HL: i~ m IEIEJ
m 1 wm dv; ig
= E _1[(v EJ"IV) HL; L
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dv, .
gl 1 3;}"‘1"”?=1(vi =) (42)

Since E?=1(vi - —l—-)}l.;;l v j) = 0, (42) reduces to

m
yn 1 m dv; i
D = —a—' ___1[(V —X, _1V ) HL; Ll] (43)
Substituting (32) and (33) into (43), we have
dv
; 1 m
D= Erin=1 (Vi —X. j=1 J) a]';" (44)

Thus it follows from (34), (35), (40) and (44) that D always turns out to be negative unless
the contractual equilibrium is realized. These arguments reveal that D is a Lyapunov
function. Our dynamic process i8 therefore quasi—stable.

Our final problem for verifying the global stability is to show the uniqueness of the

contractual equilibrium. Consider the following equation system

1 1 ’
Vi —TZI? =1 VJ =0, j=1,.,m-1, (34 )

where (vl,...,vm) are determined in the temporary equilibrium relative to (Ll""’Lm)'
Given that L. = L - 2?;% L, the Jacobian matrix of the left—hand side in (34’) with

respect to L, (i = 1,..., m—1) is described as follows:

(1__1_)(1 1+_1__de __l_.dv2+.1_dvm..._l.dvm"1+_1. dv
dL; " m H]Sm m dL, " m dL, mdL | P
__l_dv1+-1_dvm (l_l)dv2+}_dvm“._L.dv 1,1 dv
mdL "m dL m’dL, " m'dL, mdL " mdlL
B . . .
_ldv1+_l_.dvm'__1__dv2+_l_.dvm .(1_ldvm—1+_1__ dv
mdl, "m'dl "m dL, " m'dL, m'dl T mdL | (45)




13 so that the solution

The Jacobian Matrix (45) can be proved to be an N—P matrix,
(Ll""I‘m) to equations system (31) and (34") is uniquely determined. Since the temporary
equilibrium has been shown tb be uniquely determined relative to (Ll""’ Lm), this result
guarantees the uniqﬁeness of the contractual equilibrium. Combining the quasi—stability
and the uniqueness of the contractual equilibrium, we can state that the contractual

equilibrium is globally stable.

2-4. Concluding Remarks

An attempt has been made to extend an implicit contract model with bargaining
which allows for the ex—post interfirm mobility of workers in the multi—sector economy.
Our main concern is with invéstigation of whether the final outcome of implicit contracts
with workers’ movement can realize the contractual equilibrium in which there does not
remain any differences of workers® expected utility levels irrespective of firms.

- The structure of the model has been characterized as follows.

(1) In each temporary equilibrium, it is supposed that the distributive bargaining on the
organizational rent accruing from the resulting implicit labor contracts is specified with the
given avaiiable labor pool a8 a two—person cooperative game due to Nash.
(2) After these contracts have been realized in each temporary equilibrium, workers can
gradually move into the labor pool of another firm when they can enjoy a h1 gher expected
utility level by doing so. |
(3) As a result of the expansion or contraction of the labor pool associated with a firm,
another temporary equilibrium will be established relative to a new array of labor
allocation. |
~ (4) A sequence of temporary equilibria will continue until workers can enjoy the same
expected utility level regardless of ﬁrms.\ The contractual equilibrium will be attained by
the final outcome of such a sequence.

Our main result may be summarized by the following: The implicit labor contracts
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system in the multi—sector economy has its organizational stability in the sense that the
contractual equilibrium is globally stable. This conclusion suggests that the employment
ﬂystem of implicit labor contracts is maintained as a stable one within the general
equilibrium framework.

A few remarks for further research are appropriate. First, the present chapter has
limited the analysis to a small country economy, so that the endogenous price
determination has not been explored. The relaxation of the assumption may yield fairly
diiferent conclusions as to the variability of the implicit labor contracts system. Second,
our analysis has not directly studied the effects of unemployment insurance benefits. It
seems to be interesting to examine how a change in unemployment insurance benefits

affects the layoff behavior and the agent’s welfare level in the contractual economy.



‘Appendix

This appencix provides the proof that the Jacobian matrix (45) is

an N-P matrix,
Jacobian matrix (45):

odv

(1 l) 1 4 l_dvm ) l-dvz . l_dvm
A tlldl.«l m dL m dL m dL
m 2 m
) l‘dv1‘+ l_dvm - l-)dvz . l;dvm
m dL1 m dL m’dL m dL
A = ,
1244 . e , .
_}_dvl_'_l_dvmv -ldv2+!—dvm
m dL1 m dL m dIL m dL
- m 2 m
The value of Ai;) i is computated as follows:
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Consider the following i-th order principal wminor of the
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Continuing the computation procedure, we obtain
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g’ Afz’ =0t | (A2)

Applying the similar procedure to the other i-th order principal minors
of the Jacobian‘matrix'(AS),’we can show that (A2) can be obtained for
all i. Therefore, it is found that the Jacobian matrix (45) is an N-P

matrix,
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Notes

1. Several recent researches, however, have attempted to relax this assumption.
Removing the immobility assumption of workers directly, Akerlof and Miyazaki (1980)
show that implicit labor contracts may not be viable since the firm has a strong incentive
to reduce the size of its initial labor pool. On the other hand, Harris and Holmstrom
(1982) and Holmstrom (1981)(1983) succeed in establishing that an implicit contract
emerges al equilibrium even without mobility costs when a multi—period contractual
framework is considered. For other related studies, see Burdett and Mortensen (1980),
Cothren (1983) and Frank (1983),' which ingeniously integrate the implicit contract and the
Job search theory. Also see Polemarchakis (1979).

2. For the application of the bargaining model to the firm theory, see Aoki (1980)(1982),
'McDonald and Solow (1981), Miyazaki (1984) and Osborne (1984).

3. It can also be proved that V(P, Wi) is strictly increasing in P for fixed w; 2 0. See
Diewert (1974).

4. The proof for the sufficiency is shown in Kagawa and .Kuga (1985).

5. See the proof for Proposition 1(i) in Polemarchakis (1979).

6. The ex—post auction labor contract could be a maximal solution to the program (4) for
some Li if Vi = ;i‘ However, this occurs only in the case of a limited class of indirect
utility functions, so that the possibility is rare. We are therefore permitted to assume to
exclude such a peculiar class of indirect utility functions in the following analysis.

7. We focus on an interior solution case.

8. Since the firm cannot prevent its workers from leaving its labor pool, equation (32) can
be justified if v; < —I——Em v.. On the other hand, the firm can deter new workers from

m " j=1"j .
yo

entering its labor pool. Thus, if v > . v,, it is required to examine whether the

i=1"j
firm i has an incentive to increase its labor pool. Note 12 will show that we obtain an

affirmative answer to this problem.
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0. Note that Vy(s) > 0, Wy(s) < 0, v, — v; > 0 from (29) and II; ~ fli > 0 from (30). For
a P—matrix, see Nikaido (1968).

10. See note 9.

11. See note 9 and FY < 0.

12. 1t also follows from solving (36) that the effect of L, on II, is written as

L
i, _1[V2(8)W2(s) ]a(s) 1. __nl g
=y dl- " _;i | ==~ By [Wol0) 5 ele)
oot W (8)( )la(s) _
o vi) [(v;=v,)%; 1 [P;(8)FiL;] o(s)
+ (IES_ (Vo (0)Py(s)Flo(s)])- (1)

A careful inspection reveals that the right—hand side of (N1) turns out to be positive. The
firm, therefore, has a positive incentive to increase its own labor pool. See note 8.
13. The proof can be shown in Appendix. For an N—P matrix, see Nikaido.

dvk dv1 dv2 dv.

1

14. Note that Hk I(HE—) a-L—l-aL—i s a]:i-
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Chapter 3

Contract Termination, Endogenous Monitoring, and Involuntary Unemployment



3. Contract Termination, Endogenous Monitoring, and Involuntary Unemployment
3-1. Ihtroduction
In most firms, the management needs an effective device for inducing
workers not to ghirk because labor contracts cannot specify all the aspects of
the worker’s performance although workers have some discretion about their
performance. Recently; the analyses of Shapiro and Stiglitz [1984], Yellen
[1984], and others called the "efficiency wage theory" have explored the
implications of the worker moral hazard problem (see the introduction of
~ Akerlof and Yellen [1986] and Stiglitz [1987] for the related literature). In
these studies, firms try to:eliminate the workers’ interest to shirk on their
Jjobs by paying a wage in excess of market-clearing and by terminating their
contract relations‘if firms detect their workers in shirking. Since firms
select their employment levels in response to the wage sbove market-clearing,
the efficiency wage model predicts underemployment with involuntary layoff. 1
However, there remain several criticisms that the efficiency wage model
artificially restricts the set of possible contracts to be signed between
firms and workers.,
One of the most serious criticisms is concerned with the assumption that
" contracts of the efficincy wage model must be of the termination type, in
which workers receive an agreed wage ss long as their performance in the past
has been satisfactory'but get dismissed if it has not. Since these
termination contracts are not legaily enforceable on either firms or werkers,
one may suspect that contract termination is an optimal incentive scheme to
overcome the worker moral hazard problem if firms have several incentive
devices to prévent workers from sﬁirking.
The recent labor contract literature, therefore, has tried to develop

this problem in various_circumstances. Kahn and Huberman [1988] have




considered two classes of contracts: "up-or-out" employment contracts and
"full" employment contracts. "Up-or-out" employment contracts imply that
firms set a wage higher than opportunity cost to induce their workers to
invest in firm-specific human capital, and fire a worker if he does not make
the grade. "Full" employment contracts mean that workers are fully employed,
but have no incentive to invest in firm specific human capital. Comparing
"up-or-out" employment contracts with "full" employment contracts, Kahn and
Huberman have provided a rationale for "up-or-out" employment contracts.
MacLeod and Malcomson [1989] have modeled self-enforcing implicit contracts as
perfect equilibrium strategies in a repeated game between a firm and a worker.
Although the worker's performance level is assumed not to be verified in
court, MacLeod and Malcomson allow contract arrangements such as wages,
severance pays and firing decisions to depend on the worker’s performance
level. 1In this setting, they have shown that any acheivable stationary
allocation can be implemented by a contract without severance pays or
bondings, particularly by a termination contract. The economic rationale for
their result is that severance pays or bonds increase the loss to the worker
from dismisal, but induce the firm to default on the implicit contract.
Okuno-Fujiwara [1989] has coﬁstructed an implicit long-term contract model
using the concept of "norm equilibrium”. The norm equilibrium concept is
baéed on the view that a social norm works as an enforcement mechanism because
society punishes a deviator from the prevailing social norm and rewards
members who follow it. Okuno-Fujiwara has verified that a termination
contract is an equilibrium contract in the social norm equilibrium if the
corporate norm is that all w0rker3 evaluate the fellow workers' effort

correctly and feport them honestly.

The first purpose of this chapter is to show that any optimal contract



arrangements can be implemented by a termination contract in a context
different from those three papers. In particular, we discuss this work
without relying on the framewo;k restricted by repeated games or social norms
because we must make do with a simple contract form in the gamé theoretical
situation. To acheive our aim, this chapter constructs a multi-period
contract model with endogenous monitoring in which both the firm's wage and
employment policies‘are allowed to depend on the worker's performance level in
the previous periods. Since the probability of catching a worker shirking is
endogenously determined, we must analyze interactions between the choice of a
threat to shirking workers and ﬁhe choice of monitoring technology.

The model of this chapter has a certain amount in the recent work of
Mookherjee [1986]. Mookherjee.[1986, section 3] 5&5 developed a two-period
contract model in which firms can use their employment policies as an
incentive device in combination with their wage policies.? 1In his model,
shirking workers have some probabilities of being employed and receive the
Vsame wages and severance payments as no—shlrklng workers. The main point
argued in his paper is that the worker moral hazard hypothesis does not
necessarily yield involuntary layoff if firms can use both their wage and
their employment policies as incentive devices. He shows that incentives can
be‘better provided through involuntary retention in a wide variety of
circumstances: the effort incentives may be provided by the threat of
involuntary retention rather than.involuntary layoff in later periods.?

The Mookher jee model, however, leaves open several questions about the
threat to shirking workers. One limitation is that firms cannot freely choose
a threat to shirking workers sincé shirking workers receive the same wages and
severance payments as no-shirking workers. Thus, it is highly interesting to

explore whether the result of involuntary retention would be still valid if



firms were able to choose their threat to shirking workers without restricting
their wage policies. The second purpose of this chapter is to consider
whether the workers’ shirking problem provides a satisfactory explanation for
'involuntary layoff and underemployment if firms can freely choose their threat
to shirking workers.

Most Japanese large firms have a common practice that, even though they
vhave a lifetime employment system, they transfer a number of their senior
workers to Jobs in their affiliated firms or jobs in their own where these
senior workers do not contribute to any production (mado-giwa zoku); and those
transferred workers must ususally make do with lower wages than no-transferred
workers., If the layoff of senior workers in our model is viewed as the
transfer of senior workers mentioned above, the possibility of the involuntary
layoff of senior workers implies that the worker moral hazard hypothesis
provides a rationale for such a transfer system. Hence, the guestion of
.whether the involuntary layoff of senior workers occurs in our model is
equivalent to the question of whether the transfer of senior workers among
firms or within f}rms is a useful incentive device to overcome the worker
moral hazard problem in Japanese large firms.

This chapter is organized as follows. Section 3-2A describes a multi-
veriod, worker moral hazard model in which the firm uses employment policies
as an incentive device in combination with deferred payment schemes and
threatens shirking workers with'coﬁtraot termination. Section 3-2B extends
the model of section 3-2A to a more comprehensive model where both the firm’s
wage and employment policies are allowed to depend on the worker’s performance
level in the pfevious periodé. Sébtion 3-3 characterizes the stationary
optimal contract arrangements of these two models. Section 3-4 contains

conclusions and some directions for future research.



3-2. The Model
A. Lifetime Labor Contracts with the Threat of Contract Termination

Let us assume that a firm employs both junior and senior workers. The
production function of the firm is written by F(Nt1, Ni2), where Ny, stands
for the units of effective labor of junior workers in period t and N:: the
units of effective labor of senior workers in period t. The production
function F(+ , . ) is increasing and strictly concave in its arguments. It is
assumed that output is zero if any of the two arguments of the production
function is zero.

Workers are assumed to live three periods and to work for the first two
periods. In the first period,.they Join a firm as junior workers; and in the
second, they becéme senior workers if they decide to stay with the firm. The
utility function of workers is additively separable over time, so that their
lifetime utility is the sum of their utility discounted in each period. The
utility in each period is repfesented by U{w-e), where w is an income received
-and e is the level of effort on the jobs measured by effective labor units.
The utility function U(w-e) is an increasing and concave function of w-e.
Since capital markets are not available to workers, all current income is
consumed .

Workers choose whether'to work or shirk in each period. Workers who
shirk provide zero units of effective labor to the firm; on the other hand,
,workersvwho work provide a fixed pbsitive level of effective labor units, et
> 0.

The firm has imperfect ability to monitor shirking, and must incur
monitoring costs per employed junior worker, Ci1(qt1), and monitoring costs per
employed senior worker, Cz(Qtz)- Here, qi1 (qQtz2) is the probability that

shirking junior (senior) workers are caught in period t. These monitoring



cost functions are defined on the range [0, 1], and are assumed to be C;(0) =
0, Ci’(aes) > 0 and Ci”(qes) > 0 (i =1, 2).

The key point of our analysis is how the firm treats a worker who is
caught shirking. In this subsection, we assume that, if a worker is caught
shirking, he will be forced to leave the firm and be paid neither severance
payments nor pensions.4 We also assume that workers will be unable to return
to the firm once the firm detects their shirking and fires them. 5

The firm offers a lifetime labor contract {wei, Wes1,2, Ste1,2, Wirz,s,
Bt+2,3y Lity lessy Qery, gees,2} to workers born in period t (see Fig. 1). In
thé first period of the contract, the firm recruits L. workers born in period
~t, and employs all of them as junior workers with a wage wi1.6 If a junior
worker shirks and gets caught shirking with probability qe1, he is fired and

is paid neither severance pays nor pensions throughout the subsequent periods;
‘otherwise, Junior workers are promoted to senior workers in the next period
unless they leave the firm. In the éecond period of the contract, the firm
employs lisiL: senior workers with a wage wis1,2, and lays of f (1 - lier)Le
senior workers with a severance pay st+1,2.7 If an employed senior worker
shirks and gets caught shirking with probability qi+1,2, he cannot obtain any
pensions in the next period; otherwise, employed senior workeré receive a
pension Wt+2,3 in the next period. If senior workers are laid off, they
receive a pension st+2,3 in the next period.

In the subsequent analysis, ﬁe will assume that the firm is unable to
hire any senior workers who did not belong to part of its junior labor force
in the previous period. Thus, li+1 will be restricted in the range [0, 1].
This restriction is justified erm the assumption that junior workers acquire
firm-specific seniopity skills.® We will alsd assume away partial promotions

to simplify the analysis. However, as will be discussed in the next section,



relaxation qf this assumption does not affect any essential results obtained
Ain this chapter.

The firm has a reputation for honesty and does not cheat on its potential
contractual promises. On the other hand, workers do not precommit to staying
with the firm in any point of time. Thus, the firm must design lifetime labor
contracts so as to prevent the undesirable turnover of workers in addition to
the undesirable shirking of workers. This implies that lifetime labor
contracts offered by the firm must satisfy several constraints.

One is concerned with "no-shirking conditions". If a junior (senior)
worker shirks in period t, all junior (senior) workers shirk in period t
" because of the homogeneity of junior (senior) workers. Then junior (senior)
workers do not contribute to any production of the output of the firm in
period t even though they receive their wages from the firm. Thus, if the
firm desires to prevent a junior (senior) worker from shirking in period t,
the firm must offer a lifetime labor contract which satisfies the "no-shirking
condition" that induces all junior (senior) workers not to shirk in period t.

We first characterize the no-shirking condition for senior workers to be
satisfied in the lifetime labor contrasct offered to workers born in period t.
A senior worker employed by the firm in this contract faces two choices in
period t+1:_shirking or working. If he chooses to shirk and does not get
caught shirking, his discounted utility stream is given by U(wi+r,2) +
(lfr)"U(Wt+z.s4-b), where r denotés the discount rate and b represents the
outside income accruing from his retirement.? In contrast, if he gets caught
shirking, his discounted utility stream is U(wis+1,2) + (14r)-1U(b) because he
cannot receivé'any pensions wx+z.§ from the firm in period t+2. He can only
obtain the outside income b which accrues from his retirement. Finally, if he

chooges not to shirk, he always enjoys the discounted utility stream



U(wesr,2-e*) + (14r)-1U(Wes2,3tb). Given these discounted utility streams,

senior workers never shirk in period t+1 if and only if

UlWear,2-e*) + (14r)=W(wee2,3tb) 2 (1-geea,2)[U(Wess,2)

+ (14r) - W(Wesz2,94b)] + ques,2[U(Wes1,2) + (14r)-W(b)],

where qt+i,2 is their probability of being caught. This constraint is

rewritten by

U(Weeg,2~e*) + (14r)-1qee1,2U(weez,a¢b) 2 U(wesr,2) + (141)-1geer,2U(b).
(1)
We next discuss -the no-shirking condition for junior workers to be
satisfied in the lifetime labor contract offered td workers born in period t.
If a junior worker chooses not to shirk, his discounted expected utility

stream in period t is

U(wer-e*) + (14r) -1l ee1[U(Weer, 2-e%) + (14r) -1U(wi+2,3+b)]

+ (14r)-21(1-1e+1)[U(Be+1,2+8) + (14r)-1U(St42,3tb)]. (2)

Here, the first term in (2) indicates utility gains in the current period.

The second term in (2) represents discounted expected utility gains from the
next period onward if the firm employs the worker in the next period. ‘The
final term in (2) expresses.discounted expected utility gains from the next
period onward if the firm lays of£~the worker in the next period. Note that
"a" is the income obtained from jbb opportunities outside of the firm. On the

other hand, if a junior worker chooses to shirk, his discounted expected

utility stream is written by

U(wey) + (1+r);1(1—qg1) {lesalU(Wesg,2-e*) + (14r)-2U(Wisz,3+b)]

+ (1-1esa) [U(Bee1,248) + (14r)-2U(S14e2,3+b) ]} + (14r)-1q¢1[U(a)

3-8



+ (1+r)-1U(b)]. (3)

Here, the first term in (3) gives utility gains in the current period. The
second term in (3) indicates discounted expected utility gains from the next
period onward if the worker is not caught shirking. Note that the worker
never shirks in the second period of his lifetime because of the no-shirking

- condition for senior workers, (1). The final term in (3) represents
discounted expected utility gains from the next period onward if the worker is
- caught shirking. Note that the worker who shirks cannot return to the firm
throughout the subsequent periods. Comparing (2) with (3), we can derive the

following no-shirking condition for junior workers in period t:

U(weg-eX) + (14r)-1ges {Le+1[U(wes1,2-€%) + (147) -tWU(Wes2,3tb)]
+ (1-1441)[U(Bts1,24a) + (14r)-2U(St4+2,3tb)]} 2 U(wer)

+ (l4r)-2qe1fU(a) + (14r)-1U(b)]. (4)

Other constraints to be satisfied by feasible lifetime labor contracts
are the no-quit constraints for senior and retired workers. These constraints
imply that, no matter if workers are employed or laid off in each point of
time, the firm must offer at least the same level of discounted expected
utility as that available from the outside opportunities of workers.19 More
apecifically, the no-quit constraints to be satisfied by the lifetime labor
contract offeréd to workers born in period t are given according to the age
and the employment status of w0rkers as follows: the no-quit constraint for
senior workers employed (laid off) in period t+1, and the no-quit constraint
for retired wprkers who are emplgyed (laid off) as senior workers in period

t+l. In fact, the no-quit constraints for workers retired in period t+2

always hold because of the nonnegativity conditions of pensions (Wee2,2 2 O
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and St+2,3 2 0).11 The no-quit constraint for senior workers laid off in
period t+1 is also automatically valid owing to the nonnegativity conditions
of severance pays and pensions (st+1,2 & 0 and Si+2,3 2 0).12 Thus, in the
subsequent analysis, we will omit these three no-quit constraints in each
period. However, we mﬁst specify the no-quit constraint for senior workers

employed in each period. The constraint in period t+l is
U(Wie,z-e*) + (141)-1U(weez,9tb) 2 U(a) + (1+r)-1U(b). (5)

Note that employed senipr workers never cheat in (5) as long as the no-
shirking condition for senior workers is valid in each period.

Begides the‘no—quit constraints, the lifetime labor contract offered to
workers born in period t must also give each junior worker an expected utility
level at least as large as the exogenous reservation level V (= U(a)

+ (14r)-w(a) + (14r)-2U(b)) so that junior workers are willing to sign the

contract with the firm. This reservation utility constraint in period t is

U(wes—e¥) + (1+r)-i {lesa{U(Wes1,2-e%) + (1+r)-1U(wesz2,24b)]

+ (1‘1t+1)[U(St41,2+8)'+ (14r)-U(sts+2,9tb) 1} 2 V. (6)

Notice that junior workers never cheat in (6) as long as the no-shirking
conditions, both for junior workers and for senior workers, hold in each
period.

Finally, we must allow for tﬁe feasibility constraints of employment and
monitoring probabilities. First, since the size of the senior workforce in
. period t+l can be no larger than the junior workforce in period t, we require

the following condition: , :

12 L2 0. (7)
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Second, the probabilities that shirking workers are caught in period t are

restricted to the following interval:
12 qug o, . (8)
12 gz 2 0. (9)

The firm now chooses an optimal sequence of lifetime labor contracts by
maximizing the sum of the discounted values of profits subject to constraints
(1) and (4)-(9):. The sum of the discounted values of the firm’s profits is
represented by

0

£ =3 (l4r)i-t[F(etLi, e*LiL¢-1) - Werlie = Wwe2lilhieey = se2(1-1¢)Le-2
t=1

- Weale-alit-2 = 8¢a(l-lt-g1)Le-2 - Ca(qe1)lie - Cal{ge2)lelit-1]. (10)
Here, the firm is assumed to have infinite horizons, and the price of output
is assumed to be equal to 1. Note that the units of effective labor of junior

(senior) workers in period t are e*L: (e*liLi-i).

B. Lifetime Labor Contracts with the Threat of Differences between the
Employment Probabilities of Shirking and No-Shirking Workers

In this subsection, we will extend the multi-period contract model of the
previous subsection to a more "generalized" one in which both wage and
employment policies are allowed to depend on whether or not workers are caught
shirking in the previoué periods.: This extension helps us discuss which
contract arrangements are optimal if the firm can freely choose a threat to
shirking workers.

We now modify the model of the previous subsection by imposing the
- following assumptions. First, it is assumed that not only workers who do not

shirk or do not get caught shirking but also workers who get caught shirking
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can choose whether to stay with the firm or leave the firm.!? In the previous
subsection, this assumption is unnecessary because shirking workers must
always leave the firm under the threat of contract termination once they are
caught shirking. It is also assumed that, even if the firm catches a number
of workers shirking, the firm can choose whether to induce them to leave the
firm by adjusting its wage and employment policies. This assumption implies
that the no-quit constraints for workers caught shirking need not be satisfied
although some of these constraints are valid.14

Second, the probability of being employed for senior workers is allowed
to depend on whether or not they are caught shirking in the previous period.
Let 1. denote fhe probability of being employed in period t for senior workers
who do not shirk or do not get caught shirking in the previous period.1!5 We
also introduce n: which denotes the prébability of being employed in period t
for senior workers who are caught shirking in the previous period (see Fig.
2).

vFinally, we asgsume that wages, severance payments and pensions, both for
senior workers and for rgtired workers, are contingent on whether or not they
are caught shirkihg in the previous periods (see Fig. 2). Then, senior
workers receive w2 and S:2 as a wage and a severnce pay in period t if they
do not shirk or do not get caught shirking in the previous period; otherwise,
wﬁrkers obtain x12 and yi2 as a wage and a severance pay in period t.
Similarly, retired workers have six choices in period t; retired workers
receive wis if they do not éhirk or do not get caught shirking in the first
period, and they do not shirk or do not get caught shirking while employed in
the second period; sis if they dqhnot shirk or do not get caught shirking in
the first period, and they get laid off in the second period; pts if they do

not shirk or do not get caught shirking in the first period, but they get
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caught shirking in the second period; zis if they get caught shirking in the

first period, bu£ they do not shirk or do not get caught shirking while

employed in the second period; yi3s if they get caught shirking in the first
period, and they get. laid off in the second period; x¢3 if they get caught

| shirking in both of the previous two periods.

. An optimal lifetime labor contract offered by the firm to workers born in

period € [wWisi, 141, Ste), 501y Xtsd,341) Yeed, 3+, Prez,3, Zts2,3, Ly, Ly,

ni+s, deek,k2} (1=20,1,2; j=1,2; k=0, 1; t=1,..., ©) can now be

derived from the following "generalized" maximization problem:

(o0
w =3 (l4r)r-t{F(e*Ly, e*Llelit-1) — werlie — Wwealelie-1 - se2(1-1¢)Le-y
t=1

- Wislt-abeez = Sea(l-11-1)Le-2 -~ Ci(aw1)le - Calara)lilie-a],

(11)
sub., to
U(Wisa,2-e%) + (14r)-1qees,2U(Wre2,3tb) 2 U(wiss,2)
+ (1+r)‘1QQ+1,zU(pt+z,3+b), t = 1,.-0, Co , (12)
U(xter,2-e%) + (14r)-tqe+1,2U(21e2,34b) 2 U{xt+1,2)
+ (1+l’.‘)'1CIt+1,2U(Xg4z,a+b), t = 1,-0ly Q (13)

U(weg~e®) + (14r)-2ges { 1eealU(wesr,2-€*) + (14r) " 1U(Wee2,31b)]
+ (1-1t42)[U(B14+1,2+8) + (1+f)-lU(s..z,3+b)]} 2 U(wer)
+ (14r)-1qey » Max (nt+1[U(Xt;1,z—e’) + (14r)-WU(zre2,2tb) ]
+ (1-nva1) [U(yaea,248) + (141) - W(Tes2,3tb)], U(a) + (14r)-1U(b)},
t=1,.4.y o, (14)
Ulwess,2~e?) + (14r)-W(wes2,atb) 2 Ula) + (1+r)-1U(b),
| t=1,...y 0, (15)

U(wrs-e*) + (14r) -t { 1eaa[U(Wes1,2-e*) + (14r)-1U(Wra2,3tb)]
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i + (1-1les1)[U(8te1,24a) + (14r)-WU(See2,24b)]} 2 V,

t=1,..., o, (16)
12 lws1 2 0, t=1,.v4y o, (17)
12 neer 2 0,“ t=1,..., o, (18)
1 2 atsi,ie1 2 0, i=o0,1;t=1,..., o, (19)
Wiei,ie1 2 0, | i=z0,1,2; t=1,..., o, (20)
Stri e & 0y i=1,2;t=1,..., 0, (21)

Xtet,0420 2 0y yeer,0010 2 0, peez,3 2 0, Zee2,3 2 0,
| i=1,2 t=1,..., . (22)

The objective function, (11), represents the sum of the discounted values
of the firm's profits. We need not consider any possibility of workers'’
cheating in (11), since the no-shirking conditions, both for junior workers
and for senior workers, rule out the possibility of their cheating.

Unlike the maximization problem presented in the previous subsection, we
must specify three no-shirking conditions in each period. Constraint (12)
((13)) describes the no-shirking conditions for senior workers who do not
shirk or do not get caught shirking (get caught shirking) in the previous
period. When formalizing (12) and (13), we can neglect in the retirement
period the quit behavior of workers caught shirking because they never quit in
the retirement period under the ﬁonnegativity conditions of their pensions.
~ Constraint (14) implies the no-shirking conditions for junior workers. Given
the no-shirking conditions for s§nior workers, (12) and (13), we can rule out
any possibility of the cheating 6f senior workers in (14). However, if the

firm catches a number of junior workers shirking, the firm may induce them to
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leave the firm by adjusting its wage and employment policies. Thus, we must
consider their quit behavior in the second period of their lifetime. The
right-hand side of {14) reflects this consideration.

Besides the no-éhirking conditions, feasible lifetime labor contracts
must be constrained'by the no-quit constraints for no-shirking employed senior
workers, (15). As has been discusgsed in the previous subsection, the
nonnegativity conditions of severance pays and pensions allow us to omit the
no-quit constraints for retired workers who do not shirk in the previous
periods, and the no-quit constraints for laid off senior workers who do not
shirk in the first period. Thus, we have only to specify the no-quit
constraints for no-shirking employed senior workers, (15).16

Other constraints to be satisfied by feasible lifetime labor contracts
are the reservation utility constraints, (16), which ensure that the firm
gives each contracting-worker an expected utility level at least as large as
- the exogenous reservation level V (= U(a) + (14r)-1U(a) + (1+r)-2U(b)).
Finally, constraints (17)-(19) are the feagibility constraints of employment
and monitoring probabilities whereas constraints (20)-(22) are the nonnegative
constraints on wages, severance payments and pensions.

Setting pes2,3 = 0, yas3,3+41 =0 (j =1, 2), and nyss,2 = 0 for all t,17?
we can view the class of lifetime labor contracts presented in the previous
sﬁbsection as a special case of the class of lifetime labor contracts
introduced in this subsection. This finding implies that a solution to
"generalized” maximization problem (11) is not dominated by any solution to
maximizaion problem (10). Furthermore, since the probability of catching a
worker shirking is endogenously determined, the choice of a threat depends on
~ the choice of monitoring technology. We must, therefore, solve maximization

problems (10) and (11) explicitly to develop the relations between the
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solutions to these two maximization problems.

3-3. Analysis

We now characterize optimal sequences of lifetime labor contracts to the
two maximization problems specified in the previous section. We begin with
deriving the first-prder conditions for an optimal sequence of lifetime labor
contracts to maximization problem (10) subject to constraints (1) and (4)-(9)
for all t, and given an initial lifetime labor contract {wei, Wiz, S12, W23,
823, Lo, 11, qo1, q12}. To simplify the analysis, we will restrict our
attention to the ﬁositive employment level of senior workers, thereby ignoring
the nonnegative constraint in (7), 13 2 0. We also omit the nonnegative
constraints in (8) and (9), qt1 2 0 and qt+1,2 2 0, because qi1 = 0 (Qeer,2
= 0) violates no-shirking condition (1) ((4)).18

Now, let us construct the Lagrangean

o)
L =7 + Z(14r)1-tQ ¢+ [U(wiz-e*) + (14r)-1qiz2U(wesr, 3tb) - U(wia)
t=1
o
~ (14r)-1qe2U(b)] + 3 (l4r)t-tp ¢+ {U(Wr1-e*) + qriAesg - U(wey)
t=z1

. o0
~ (l4r)-1qe1[U(a) + (1+r)-1U(b)1} + 2 (l4r)2-tg . [U(wia-e?)
. t=1

+ (1+r) -1U(wes1,3tb) - U(a) - (14r)-1U(b)]

) ©
+ D AL4r)L-tE oo [U(wir—e*) + Agag -~ V] + Z (141)1-tg oo (1-14)
t=1 . t=1
o 2
+ 2 2 (M4r)t-tp ¢y (1-ges). (23)
t=1 =}

where A ¢, us, g, £, as, aqd £ty (i = 1, 2) are the Lagrangean

multipliers associated with (1) and (4)-(9) in period t; and

Avey = (14r) -1 { Less[U(wear, 2~e*) + (14r)-1U(wes2,2tb)]
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+ (1-1e42)[U(Bra1,24a) + (14r)-1U(st+2,3+b) ]}, (24)
Then the first-order conditions in period t are
Werl <=Lt + v [U (weg-e*) = U (Wer)] + & ¢+ U (wer-e*) = 0, (25)

Wizl =liLe-a + A o0 [U(Wez-e?) - U (Wea)] + (@ t-10 qeer,1le + ¢ o

+ & t-10 1)U (we2-e*) = 0, - (26)
Bt2! -Lt-t + (@ t-1+ Qeeg,1 + & +-1)U’' (8424a) = 0, (27)

Weal ~=le-alit-a + (A t-1° Qe-g,2 + 2 t-2° qQe-2,1lt-1 + & 1-1

+ & t-2+ 141)U (westb) = O, (28)
8¢3! ~Lit-2 ‘+ (M r-2°qe-z,1 + £ t-2)U (8¢ath) = O, (29)

Lii e*F’ (e*Ly, e*lilit-1) + (14r)-te*lis1F’ (e*Lisvy, €Xlesilt) - Ci(qey)

(1+r)'lc§(d!¢l,2)ltt1- [Wer + (141) " 2wesr, 21 0a

+

(14r)-18441,2(1-1es1) + (1+r)_2w”2,’31t~” + (14r)-2svs2,3(1-1441) ]

=0, ; (30)

1i: esLi-1F’ (e*Lt, e*lilit-1) - C2(gez2)Le-1 — Wwezhie-1 + Sta2lig-y
= (14r)~twesg,shie-1 + (14r) 18441, 3Lt-1 + [U(Wrz—e*)
+ (14r)-1U(wis1,9+b) - U(sy2+a) - (1+r) - WU(ses1,3+b) J (1 t-1+ Qe-1,1

+ £t-1) ~ar =0, (31)

ge1 —C1’ (qea)lie + (1+r)'1u-g- {LesalU(Weer,2-€*) + (14r)-W(Wisz, 3+b) ]
+ (1-1e41)[U(Bre1,24a8) + (141)-2U(S142,3+b)] - [U(a)

+ (14r)-(b)1} - « t1.= 0, ©(32)

dez: —C2’ (qe2)leliees + (141) -1 ¢+ [U(Wear,34b) = U(b)] - & v2 = o,

(33)



where U’ (x) = dU/dx, F’ (x) = dF/dx and Ci’ (g«1) = dCi/dqui (i = 1, 2).

We next turn to the analysis of "generalized" maximization problem (11)
subject to (12)-(22). As has been assumed in maximization problem (10), we
will drop the nomnegative constraints of employment, wages, severance pays,
and pensions for no-shirking workers. Thus, we will neglect the nonnegative
constraint of the employment of senior workers (l: 2 0) in (17) and the
nonnegative constraints of wages, severance pays, and pensions in (20) and
(21). We will also omit the nonnegative constraints of monitoring
probabilities (qi1 2 0 and qi2 2 0) because qt1 = 0 (qi2 = 0) violates no-
shirking condition (14) ((12) ‘a.nd (13)). On the other hand, the nonnegative
constraints for shirking workers are essential for the discussion of which
threat is the most effective scheme as an incentive device. Hence, we will

allow for all the constraints in (18) and (22) in the following analysis.

Then the first-order conditions in period t are
Werl -Le + u e [U (wer-e*) - U (we1)] + £ ¢+ U (wer—e*) = 0, (34)

Wzl ~Lilieea + A twe (U (Wez-e%) - U (we2)] + (2 t-1+ Qt-1,11e + & ¢

+ & -1+ 1)U (wre-e*) = O, {35)
8t2: ~Lt-1 + (M t-1° qt-g,1 + & t-1)U (S¢24a) = 0, (36)

Weal —lecalitez + (L t-1,we Qren,2 + @ t-2° Qro2,1lt-1 + ¢ t-1

+ & t-2¢ 14-1)U (Weatb) = 0, (37)
Bt3! ~Lit-2 + (@ t-2¢ Qu-2,1 + & t-2)U (S134+b) = O, (38)

Le: e*F’ (etlL:, Q'ltLg-l) + Q1+r)‘1e*lg+1F'(e*L¢+1, e¥lisilit) - Ci{qer)
= (14r)-1Ca(qter,2)Less - [Wer + (14r) “twesr,2 041

+ (14r)-18441,2(1~Les1) + (14r)-2wie2,31 041 + (14r)-2sv42,3(1-1441) ]
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= 0, | (39)

1¢: e*Liy-1F’ (ef*Livy e*Lilie-1) = Ca(qez)liv-1 — wealie-1 + sSe2lie-y
- (14r)-twess,3Le-1 + ('1+r)'18u1,3L:-1 + [U(wi2-e*)
+ (14r)-1W(Wee1,34b) - U(sieta) - (14r)-1U(sStsr,3tb) (4 -1+ Qr-1,1

+ £ t-1) - a ‘I =0, (40)

g1t —C1’ (qes)lie + (14r) -1 oo {Llea1[U(Ween,2-€*) + (14r)-W(wes2,3tb)]

+

(1-1t+1)[U(Bts1,2+a) + (14r)-tU(St+2,3tb)]

S te1lnes1(U(xer1,2~e¥) + (14r)-U(zr42,a+b))

+

(1~nt;1)(U(Yt¢1.z+a) 4+ (147) W (yraz2,3tb)) ] - (1-8 1+1)[U(a) +

(14r)-1U(b)1} - x4 +1 = 0, (41)

+

gez2: -C2’ (gea)lebie-1 + (13r) 1A twe [U(Weseg,athb) - U(b)]

- (14r) =12 ta+ [U(zZte1,2tb) — U(xes1,3tb)] - &k t2 = 0,. (42)

Xt2: A tse* LU (xe2-e%) = U (x12)] = & ta t-1° Qr-1,1mVU (xe2-€¥) + w 12

= 0, (43)
Yt2: =0 i t-1° Qt-1,1(1-ne)U (ye2+a) + 0 12 = 0, (44)
Xtal =A t=1,8° qQt-1,2U0 (Xe3th) + w a3 = 0, (45)
Yol =8 t-1p t-20 Aoz, 1({1-ne- 1)U (yeatb) + 0 42 = 0, (486)
Ptal =4 t-1,we Qt-n'.zU’(Dn*B) +&e=0, (47)

Zt3t X t-1,8° Qt-1,2U (Zt3th) = & t-q t-2° Qt-2,1°* Nt-1U (zrath) + 2

= 0, (48)

\

net: ~[U(xe2-e*) + ('1+r)-1U(z:u,s+b) - Ul{ytzta)

- (14r)-1WU(yt+1,34b) 15 et t-1° gte1,1 - B e1 + B 22 = 0. (49)



‘ Hefe, (14r) =2 eer,wy (14D0) A 41,8, (Y4r)2-tu o, (14r)-t¢ 41, and

’ (14r)1-t& 4 are the nonnegative multipliers associated with (12)-(16);
(14r)-ta 1+1 is the nonnegative multiplier associated with the constraint 1 2
itfl in (17); (1+r);‘ﬁ'z+1,1 and (14r)-t*fB s+1,2 are the nonnegative
multipliers associated with (18); (14r)1-t-tx 4,44,1+1 is the nonnegative
multiplier associated with the constraint 1 2 quisi,1+x in (19) (i = 0, 1);
(1+r)1f"‘a)¢+l.‘+1, (14r)2-t-10 t45,142, (I4r)-t-1€ t42, and (14r)-t-19 142
(i =1, 2) are the nonnegative multipliers associated with (22); and & « is
dgfined ag § ¢+ = 1 if nt[U(xe2-e*) + (14r)-W(zts1,9tb)]) + (1-ne)[U(yr2ta) +
(14r) -1U(ye+1,3tb)] > U(a) + (14r)-1U(b), and as & + = 0 if n{U(xr2-e*) +
(147) - 3U(zes1,5¢b) ] + (1-na) [U(yesta) + (14r)-1W(yeer,s+b)] S U(a)

+ (1+r)-1U(b).

In the subsequent analysis, we will omit time subscripts from both the
firm’s policy variables and the multipliers by assuming the stationary
state.!? This can be justified from the finding that the solutions to our
lifetime labor contract models are time-invariant in the stationary state
because all the parameters of these models are invariant with respect to time.

We are now in a position to compare qptimal stationary lifetime labor
contracts derived from (34)-(49) with those derived from (25)-(33).
Proposition 1 provides the relation between these optimal stationary lifetime

labor contracts.

Proposition 1. In the stationary state, any solution to be actually
implemented in "generalized" maximization problem (11) is attained as a

solution to maximization problem\(lO).

To understand the implications of Proposition 1 more clearly, suppose a

stationary lifetime labor contract: (i) (wi, w2, s2, wa, 83, L, 1, a1, gz,
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Aw u, ¢, &, A, K1y K 2) are determined from (12), (14)-(17), (19), and
(34)-(42), (ii) (y2, ys, P, nzy, B1) = (0, 0, 0, 0, 0), and (iii) (x2, xa,
Z3y Asy w2, 02, w3 6 a, €, », B:2) are adjusted so as to satisfy (13),
(22), and (43)-(49). From the construction, the stationary contract satisfies
the optimal conditions for "generalized" maximization problem (11). On the
other hand, as has already been argued at the end of subsection 2-2, this
contract is included in the class of lifetime labor contracts with the threat
of contract termination. This finding is summarized as the following

corollary.

Corollary 1. Supﬁose that the firm’s wage and employment policies are allowed
to be contingent on the workers' performsnce in the previous perirxis. Then,

any acheivable optimal allocation is implemented by a termination contract.

Let us mention some comments about Corollary 1. First, one might suspect
that a lifetime labor contrac£ with the threat of contract termination is
always‘dominated by a lifetime labor contract with the threat of differences
between the employment probabilities of shirking and no-shirking workers. The
intuition behind this prediction is that the firm is forced to employ less

~policy variables in the former contract than in the latter one. However,
Corollary 1 shows that these extra degrees of freedom in designing punishments
are not valuable. This conclusion relies on the assumption that no-shirking
workers are certain to avoid punishments. Under this situation, it is an
‘undominated response for the firm to mske the strongest punishment to shirking
workers (i) because the firm can save monitoring costs, and (ii) because the

' expected utility level of no—shipking workers does not depend on the choice of
a threat directly. Given that contract termination is the strongest threat

when severance rays and pensions must be nonnegative, it is an optimal
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strategy for the firm to threaten shirking workers with contract termination.

Second, the recent work of Kahn and Huberman [1988] has provided a
rationale for the threat of contract termination by comparing termination
contracts with full employment contracts. MacLeod and Malcomson [1989] have
proved that any acheivable allocation is implemented by a termination contract
in perfect equilibria of a repeated game. Okuno-Fujiwara [1989] has also
shown that a termination contract is an equilibrium contract in "norm
equilibria" based on a reinterpretation of "Nash equilibria". However, the
setting of Kahn and Huberman is rather different from ours because in their
model, all workers shirk in the full employment contracts. Unlike MaclLeod and
Malcomson or Okuno-Fujiwara, our result does not depend on the concept of
either perfect equilibria or norm equilibria. In addition, although these
authors restrict their attention to wage contracts with exogenous monitoring,
we have derived our result from the more general model in which the firm
adjusts not only its wage policies but also its employment and monitoring
policies to eliminate the workers’ incentive to shirk.

Given Proposition 1, we now focus our attention on equations system (25)-
(33), and obtain several results about another characteristics of the optimal

solutions to our contract models.

" Proposition 2. Suppose that workers are strictly risk averse. If senior

workers are laif off, then

82+ a=83+b < w - ef, (50)

s:+af‘sa+b<wa+b. ,\ (51)
Furthermore,

etF’ (e*L, e*iL) > a+e*+ Caiqa). (52)
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Proof. See Appendix.

Several remarks about Proposition 2 are in order. First, in this model,
the firm lays off senior workers if the firm has a large number of junior
workers in comparison with the net marginal productivity of senior workers.
Hence, some readers might think that the possibility of the layoff of senior
workers depends on the assumption that all junior workers are promoted to
senior workers. However, if nonpromoted junior workers are more likely to
shirk than senior workers, it is not optimal for the firm to offer a lifetime
labor contract with partial promotions.2? Furthermore, as shown in Oswald
[1984], workers who are not promoted may choose to go to outside job
opportunities. Then, if the firm is allowed to pay severance payments to
workers who are not promoted, we can identify the rate of being promoted as
the rate of being laid off. These discussions verify that the result of
Proposition 2 does not necessarily depend on the agsumption that partial
promotions are agsumed away.

Second, Carmichael [1985] criticizes the efficiency wage theory because
deferred payment schemes might eliminate involuntary unemployment with the
workers’ shirking problem. Akerlof and Katz [1989] have recently concluded
that deferred payment schemes cannot avoid involuntary umemployment. The
" reason is that deferred payment schemes do not prevent workers from shirking
early in their careers even though they may prevent workers from shirking late
in their careers. As discussed in Akerlof and Katz, Proposition 2 implies
that the involuntary layoff and underemployment of senior workers always
emerges even ﬁith deferred paymeqt schemes if senior workers are laid off.
However, the result of the involﬁntary layoff of senior workers in this

chapter depends on the feature of our model that the no-shirking condition for
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senior workers restricts the wage of senior workers, but not the severance pay
of senior workers. Thus, to prevent senior workers from shirking, the wage of
senior workers mﬁst be higher than the severance pay of senior workers in our
model. The involuntary layoff always yields underemployment because the firm
need not use the employment level as an instrument of income insurance in the
presence of severance payments.

Third, in the former version of this chapter [1988], we have assumed that
monitoring technology is exogenous; and we have only obtained the weaker
 result that the involuntary layoff and underemployment of senior workers
occurs with deferred payment schemes if and only if the no-shirking condition
for senior workers is binding. However, if the firm can choose the
probability of catching a worker shirking, the firm does not wish to spend any
monitoring costs unless no-shirking conditions are binding. On the other
hand, if the firm did.not spend any monitoring costs, no-shirking conditions
'are violated, so that workers do not work. Thus, if monitoring technology is
endogenous, the no-shirking condition for senior workers must be satisfied
with strict inequality. As a result, the involuntary layoff and
underemployment of senior workers always occurs in the optimal contracts in
this endogenous monitoring model if senior workers are laid off.

Finally, even though most Japanese large firms have a lifetime employment
system, they transfér a number of their senior workers to jobs of their
affiliated firms or jobs of their own in which these senior workers do not
contribute to any production; and those transferred workers must usually make
do with lower wages than no-transferred workers. If the rate of being laid
off in this model is identified with the rate of being transferred to those
Jjobs, Proposition 2 provides a rationale for this transfer system as a useful

incentive device to overcome the worker moral hazard problem.
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We now proceed to discuss the differences between the results of the
present model and the worker moral hazard model of Mookherjee [1986}. In
- Mookher jee [1986, section 3}, he assumes that shirking workers are still
employed with some probabilities inside the firm and are paid the same wages
and severance pays as no-shirking workers. The only difference between the
contract arrangements of shirking and no-shirking workers is their. employment
probability in the next period. Using this set-up, Mookherjee shows that the
worker moral hazard hypothesis may yield involuntary retention rather than
involuntary layoff; that is, there is no reason to expect that incentives will
be necessarily provided through involuntary layoff. It is easy to see that
these results are inconsistent with the results derived from our "generalized"
lifetime labor contract model.

To understand the reason for this inconsistency, we explore the
properties of a solution to "generalized" maximization problem (11) subject to
(12)-(22) with the added restrictions that w2 = x2, 82 = y2, w3 = 23, 83 = y3,
and ps = x3 for all t.2! This contract model can be regarded as an extension
of the Mookherjee model to a three-period framework with endogenous
monitoring.22 A stationary solution to this maximization problem satisfies

the feature described by the following proposition:

Pfoposition 3. Suppose that workers are strictly risk averse, and that
shirking workers are still employed with some probabilities inside the firm
and are paid the same wages and»éeverance pays as no-shirking workers. In the
gtationary state, if senior‘workers are laid off, the involuntary retention

( layoff) and-overemployment (underemployment) of senior workers can occur if

the proportion of laid off senior workers is greater (smaller) than 1/2.

Proof. Applying the procedure of the proof of Proposition 1 of Mookher jee
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{1986, pf743] to this additionally constrained "generalized" maximization
problem (12), we can prove that the optimal lifetime labor contracts can
generate the involuntary rétentiou ( layoff) and overemployment
(underemployment) of senior workers if the proportion of laid off workers is

greater (smaller) than 1/2.

Proposgition 3 suggests.that the involuntary retention of senior workers
is possible in some circumstances. The intuition behind the differences
between the results of Propositions 2 and 3 can be explained as follows. 1n
the model of Proposition 3, the firm cannot adjust wage policies independently
of employment policies to threaten shirking senior workers. This is because
wages, severance pays and pensions are not allowed to depend on whether or not
workers are caught shirking. If the proportion of laid off senior workers is
greater than 1/2, then there are more laid off senior workers than employed

senior workers, so that involuntary retention has smaller effects on the
expected utility of no-shirking senior workers than involuntary layoff. Thus,
it is an optimal response for the firm to punish shirking senior workers by
involuntary retention. Conversely, if the proportion of laid off senior
workers is smaller than 1/2, it is optimal to punish shirking senior workers
by involuntary layoff. In the model of Proposition 2, however, we assume that
. wﬁges. severance pays, and pensions are allowed to depend on whether or not
workers are caught‘ahirking in the previous periods. The firm can thus
independently adjust wage policiés to alleviate the incentive of workers to
shirk. As a result, retained senior workers become better off than laid off
senior workers because the firm @ust offer higher wagea to retained senior
workers to prevent them from shifking. Underemployment then coexists with

involuntary layoff since the firm need not use employment policies as an
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insurance device.

Mookherjee [1986]) also analyzes, in his Section 2, a model in which
- workers' wages and severance pays are allocated to depend on their current and
past performance. Even in this case, he shows that involuntary retention is
possible. This result is due to his assumption that no-shirking workers
cannot always attain good performance: the workers’ performance level is
uncertain. If no-shirking workers always produce good performance as assumed
in the standard{efficiency wage model, we can verify that there exists no
. involuntary retention in Mookherjee’s Section 2 model. Furthermore, even if
the workers' performance ievel is uncertain, we may predict that involuntary

retention does not occur if the extent of uncertainty is small.

3-4. Conclusion

This chapter has explored two multi-period contract models with
endogenous monitoring in which the firm can employ layoff policies as well as
deferred payment schemes to prevent workers from shirking. One is a model in
which the firm threatens shirking workers with contract termination. The
other is a more general model where the firm can freely choose a threat to
shirking workers by making wage and employment policies contingent on whether
or not workers are caught shirking in the previous periods. The results
ébtained in both of these models have shown (i) that any acheivable optimal
allocation can be implemented byfé termination contract even if the firm's
wage and employment policies are allowed to depend on whether or not workers
are caught shirking, and (ii) that the workers’ incentive to shirk can yield
strict involuntary laybff and underemployment if workers are strictly risk
averse. The possibility of strictlinvoluntary layoff also provides a

rationale for the transfer system of senior workers among firms or within
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firms in Japanese large firms. Furhtermore, these results have verified that
the conclusion of involuntary retention of Mookherjee [1986} depends on his
assumptions (i) that wages or severance pays are not allowed to be contingent
on whether or not workers are caught shirking in the previous periods, or (ii)
that no-shirking workers cannot always attain good performance.

Much work remains to be done. First, the conclusion of this chapter
suggests that the threat of contract termination is an optimal scheme to
overcome the worker moral hazard hypothesis in a wide variety of circumstances
if no-shirking workers can‘ always attain good performance. However, if the
worker’s performance level is uncertain, this conclusion suffers from some
modifications. Second, we have not embedded our contract models into a market
.equilibrium settiﬁg in which the paydffs in outside opportunities are

endogenous. Thus, it is fairly interesting to extend our contract models into

this direction.



Appendix

'I'hevpurpose of this appendix is to prove Propositions 1 and 2. Since we
focus on the stationary state, we omit time subscripts from all the variables
and the multipliers which appear in the objective functions, the constraints

and the first-order conditions presented in the text.

Proof of Proposition 1:

We first show that it is an undominated response for the firm to set pj =

0 and y2 = y; = 0 in "generalized" maximization problem (11). Suppose that a

| stationary lifetime labor contract involves ps > O or y2 > O or y; > 0. 1If
we sét Ps = y2 = ys = 0, this relaxes constraint (12) or (14), but neither has
any direct effects on the objective function nor violates any other
constraints., This finding implies that any stationary lifetime labor contract
is weakly dominated 'by a stationary lifetime labor contract with ps = y2 = y,
= 0 in "generalized" maximization problem (11). |

We next prove that in "generalized" maximization problem (11), equations

(41) and (42) reduce to (32) and (33), respectively. We divide the discussion

into the following thfee cases.,
(1) u =0,

If 0 =0, it is immediate from (41) that
=Cy' (q1)L - x 1 = 0,

which contradicts Ci* > O and £ 1 2 O.
(1) # > 0and & = 0.

In this cagse, § = 0 implies that (41) reduces to (32). Furthermore, it

follows from (48) with & = O that

A 892U (z34b) + » = 0. (A1)



Now, it is found from (13) that
(1+r)-1q2[U(zstb) - U(xatb)] 2 U(xa) - U(xa2-e*) > 0,
which yields
zZ3 > X3 2 0. (A2)

S8ince » is the nomnegative multiplier associated with zs 2 0, it is
immediate from (Al) and (A2) with qz2 > 0 that A s = 0. Thus, (42) reduces to
(33) because we can identify A w with A .

() » > Oand & = 1.

Suppose that U{xz2-et) + (14r)-1U(zstb) > U(y2ta) + (14r)-1U(yastb). Then it

follows from (49) with # > 0, § = 1 and a1 > 0 that
B2> fi12 0. (A3)

Since B 2 is the nonnegative multiplier associated with n 2 0, (A3) implies

n = 0. Given the definition of 4§ with n = 0, it is seen from & = 1 that
U(ya2ta) + (1l4r)-1W(yatb) > U(a) + (l+r)-tU(b),

which contradicts yz = ys = 0. Hence, we must have U(xz2~e*) + (14r)-1U(z3+b)

S U(yz2ta) + (14r)-1U(ys+b). Then, for any n € [0, 1], we obtain

n[U(xz2-e*) + (14r)-1U(zs+b)]1 + (1-n)[U(yaz+a) + (l4r)-1U(ystb)]

S U(yata) + (l4r)-1U(yatb)

= U(a) + (1+r)flU(b), (Ad)
where the final inequality follovs from y2 = ys3 = 0. However, inequality (A4)
contradicts 6 = 1. ‘

We have now found that, in a stationary solution to "generalized"
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maximization problem (11), the system of equations (34)-(42) reduces to the
same form ag the system of.equations (26)-(33). Repeating the similar
argument, we can also show that constraint (14) reduces to (4) in a stationary
solution to "generalized" maximization problem (11) because only § = 0 is
consistent with the optimal conditions for the solution. 8Since it is an
undominated response for the firm to set py; = 0, this finding implies that the
system of constraints (12),'(14)—(17) and (19) reduces to the system of
constraints (1) and (4)-(9) in a stationary solution to "generalized"
maximization problem (11). Hence, the subsystem of the optimal conditions for
. a stationary solution to “generalized" maximization problem (11), made up of
(34)-(42) with (12), (14)-(17) and (19), has the same form as the optimal
conditions for a stationary solution to ma#imization problem (10).

Proposition 1 is thus proved’because, given no-shirking conditions (12)-(14),
only the subsystem of the optimal conditions consisting of (34)-(42) with

- (12), (14)-(17) and (19)‘determines a profile of lifetime contract
arrangements to be actually implemented; on the other hand, the subsystem of
the optimal conditions consisting of (43)-(49) with (13), (18) and (22) merely

gives a threat to shirking workers not to be really implemented.

Proof of Proposition 2:
Given Proposition 1, we can restrict our attention to (25)-(33). We
first show that (50) and (51) are derived from the first-order conditions for

W2, 82, W3, 83 and qz2. Rearranging (26)-(29) yields

U (we-e*) = [uqr + 1-1¢ + £1-1 {L - 1-12 {U (wz-e*) - U (w2}1},

N

(A5)
U (wstb) = [1-3dq2 + par + 1-2¢ + £]-1L, (AB)
U (82+8) = U’ (83stb) = (uq1 + & )-1L. (A7)
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Given (A, u, ¢, £€) 2 0, w2z > wz-e*, and the assumption that U is

strioctly concave (U” < 0), it is found from (A5) and (A7) that
B:s +a=83+b g w - et {AB)

with strict inequality holding if and only if either the no-shirking condition
for senior workers or the no-quit condition for employed senior workers is
effective (i.é., A > Oor ¢ > 0), Similarly, it follows from (A6) and

(A7) with g2 > 0 that
82 + a=83+b g ws +b, (A9)

with strict inequality holding if and only if either the no-shirking condition
for senior workers or the no-quit condition for employed senior workers is

effective (i.e.y A > Oor ¢ > 0).
The remaining problem is to prove that A > 0 always holds. To this

end, we rewrite (33) as.
Cz2’(g2)1L + x 2 = (14r)-12 [U(ws+b) - U(b)]. (A10)
Since (12) implies thai; w3 must always be positive, it is immediate that
U(watb) - U(b) > 0. (A11)

Inspecting (A10) with C2* > 0, 2 = O and (All), we see that 4 > O must

always hold. Given (A8) and (A9), this result completes the proof for (50)
and (51). |

We now turn to verifying (52). Using (50), (51) and the strict concavity

of the utilit&r function of workef's, we have

U(wz-e*) + (14r)-1U(wstb) - U(sqz+a) - (14+r) -W(sa+b)

< U (sa2ta)(ws 1— et - g2 ~ a) + (l4r)-1 (83+b)(ws - s3). (A12)
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Rearranging (A12) with (A7) gives us

U(wz-e*) + (14r)-1U(watb) - U(szt+a) - (l+r)-1U(sat+b)

< (mgr + & )-iL{we - 'é* - 82 - a+ (1+r)-Y(ws ~ 83)1]. (A13)
Combining (31) and (A13) yields

eXF’ (etL, e*lL) - Ca(q2) - [w2 - 82 + (l4r)-1(ws ~ s3)]

+ w2 —e¥ -—g2 -a+ (l4r)-t{ws - 83) - (L)-la > O, (A14)
which reduces to

e*F’ (e*L, e*lL) > e* + a + (L)-la + Cz2(qz)

2 e* + a+ Calqgz).
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Notes

1. Underemployment means that the marginal product of labor is greater than
the workers’ opportunity cost of labor. Involuntary layoff means that
employed workers are better off than laid off workers.

2, For the related literature, see Alvi [1988] and Kahn and Mookherjee
[1988] in which the worker moral hazard problem is discussed using single-

period, asymmetric information contracting models with incentive-compatibility

, éonstraints.

3. Involuntary retention means that laid off workers are better off than
employed workers.
4. 'This assumption is used in the standard efficiency wage model such as

Shapiro and Stiglitz [1984].

5. Relaxation of this assumption does not affect any results in the
subsequent analysis.

6. 1In this framework, the firm can hire junior workers and then immediately
lay off a number of them. However, we rule out this possibility because the
notion seems to be of questionable importance. The same assumption is also
used in Ioannides and Pissarides [1983]1, Oswald [1984], and Mookherjee [1986].
7; As mentioned in the introduction, the probability of being laid off,
(1-1g+1), may be interpreted as the probability of being transferred to jobs
in affiliated firms or jobs in the firm's own where senior workers do not
contribute to any production. |
8. We assume that junior workers can acquire firm-specific seniority skills
even though they shirk. This assymption would not be unrealistic since

workers can learn firm-specific seniority skills even if they do not work so

hard.
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9. We may view "b" as public pension benefits.

10. The no-quit constraints are also incorporated into the models developed
by Mookherjee [1986] and Meyer [1987]. In this chapter, we assume that all

" workers have identical opportunities outside of the firm, and these common
opportunities are known to both firms and workers. Thus, we abstract from the
adverse selection problems analyzed by Geanakoplos and Ito [1981], Kahn
[1985], Moore [1985], and Mookherjee [1988].

11. Workers are assumed to retire in the third period of their lifetime
irrespective of whether they work inside the firm or outside the firm. The
no-quit constraints for workers retired in period t+2 are then given by
U(wtez,3tb) 2 U(b) and U(si+2,3tb) 2 U(b), which are never binding unless
Wtez2,3 = 0 or 8eaz,s = 0,

12, The no-quit constraint for senior workers laid off in period t+1 is
U(sts1,2+a) + (14r)-1U(s1e2,3+b) 2 U(a) + (1+r)-1U(b), which is never binding
unless St41,2 = 8te2,3 = 0, |

13. 1In the subsequent analysis, "workers who do not shirk or do not get
caught shirking" includes laid off workers.

14. In any optimal solution, workers do not shirk as long as the no-shirking
conditions, both for junior workers and for senior workers, hold in each
period. Thus, even though we rule out the no-quit constraints for workers
éaught shirking, this does not affect any results obtained in this paper.

15. See note 7. |

16. See note 14..

17. If ni2 = 0, then the values of xi2, Xt3, and zt3 have no effects on the
~ optimal lifetime labor contracts'to be implemented actually. Thus, we can
freely choose these values in each period.

~ 18. Dickens, Katz, Lang and Summers [1989] have recently shown that firms
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should not spend any resdurces on monitoring if workers may pay firms an
explicit bond or fee upon taking a job. However, since we assume away up-
front bonds, their result does not hold in this paper.

19. The results obtained here are essentially unaffected by this assumption.
20. Suppose a lifetime labor contract in which not all of the junior workers
are promoted whereas all of the senior workers are employed. If the rate of
being promoted is  , then the numbers of junior and senior workers in this
contract are L+(1-3 )L, and ® L, respectively. Now, suppose a lifetime labor
contract in which the firm employs I/ ( = L+(1~p )L) junior workers and
promotes all of them, but lays off 2(1-y )L senior workers. The difference

between the profita of these two contracts is

-2(1-y )L[(1+r)'lén + (14r)-232] ~ r(l+4r)-1(1-p )L[Ci(a1) + wi]

+ (1-9 )L(1+4r) - 2wp, (N1)

' where wp is a pension paid to nonpromoted workers in the lifetime labor
contract with partial promotions. If (N1) is positive, it is optimal for the
firm to offer a lifetime labor contract with layoffs instead of a lifetime
labor contract with partial promotions. This possibility is likely to happen
if nonpromoted workers ha§e more incentive to shirk than senior workers.

21. In this setting, (12) and (13) reduce to the same constraints; and the
right-hand side of (14) is simplified because the firm does not induce
.shirking workers to leave the firm. To prevent employed senior workers from
shirking, we still make their pensions contingent on whether they are caught
shirking; that is, wy # pa. However, Proposition 3 does not depend on this
assﬁmption. ‘ :

22. 1In fact, Mookherjee [1986] assumes that the workers’ performance level is

uncertain, and that the probability of good performance depends on whether the
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worker works or shirks. Thus, the model presented in this section should be
interpreted as an extension of the Mookherjee model as long as the workers’
performance level is certain. We will discuss the role of the assumption
about the uncertainty of the workers' performance level at the end of this

section.
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Fig. 1. Lifetime Labor Contracts with the Threat of Contract Termination.
E: state in which the worker is employed; L: state in which the worker is
laid off; S: state in which the worker is caught shirking; N: state in
which:the worker works or does not get caught shirking; R: state in which
the worker is retired.
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Fig. 2. Lifetime Labor Contracts with the Threat of Differences
between the Employment Probabilities of Shirking Workers and
No-Shirking Workers. E: state in which the worker is employed;
L: state in which the worker is laid off; S: state in which the
worker is caught shirking; N: state in which the worker works or

does not get caught shirking; R: state in which the worker is
retired. . :
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Chapter 4

Implicit Contracts and Reputations



4, Implicit Contracts and Reputations

4-1. Introduction

A great deal of attention has been paid to the implicit contract theory
since Azariadis (1975) and Baily (1974). The basic idea of this Lheory is
that less risk-averse firms find it profitable to offer sticky wages to more
risk-averse workers and to insure them against fluctuations in the the firm's
product demand. In this view, wage stickiness prevails as an outcome of risk-
sharing arrangements against fluctuations in the firm’s product demand.
Unfortunately, if firms and workers have symmetric information about the state
of the world, the implicit contract theory cannot explain underemployment
which is not predicted by the standard Walrasian model. Several authors,
however, have recently shown that this conclusion is no longer true once firms
are assumed to have better information than workers about the state of the
world. In particular, Grossman and Hart (1981) (1983) and Hart (1983) reach
remarkable conclusions that unemployment will be greater in the implicit
contract model than in the Walrasian model if firms are risk averse under
asymmetric information.

In gpite of these developments, much effort has not been made to justify
the two critical assumptions of the implicit contract theory: (1) The firm is
committed to any agreed-upon contracts until the beginning of the next
contracting period, and (2) the,ﬁorker is not permitted to move any ex-post
Jjob opportunities outside the firm of his ex-ante contract. If the first
assumption is violated, the firm may default the ex-ante contract in some
unfavorable states where the wage rate exceeds the marginal product of labor.
On the other hand, if the second assumption does not hold, the worker may quit

the firm when he enjoys higher utility by joining another work outside the



firm.

To justify these two assumptions, we might think of possibility of legal
enforceability. Nevertheless, about the legal basis of contracts, we observe
in reality that contracts are enforceable on firms, and not on workers; in
other words, the bondage and discipline of labor is not lawful. Furthermore,
contracts are not enforoeéble on firms either if they are written in the
implicit form.

Several recent papers have recognized that care of both firms and workers
in building their reputations under repeated contracts plays the role of a
private device for assuring contract performance in the absence of legal
enforcement (see Carmichael (1984) and Wilson (1986)). This private mechanism
relies upon the values of repeated contracts to firms and workers as a means
of preventing nonperformance.

If both firms and workers realize the role of reputation for enforcing
contractual promises, these two contracting agents arrange the labor contracts
so ags to motivate ﬁhemselves to honor their promises. Then it is not
surpriging if an optimal labor contract is strongly impinged by the nature of
the reputational mechanism. It thus becomes important to discuss whether an
optimal contract is efficient under the reputational mechanism. If the
reputational mechanism cannot fully assure the efficiency of an optimal
contract, we further need to ask whether an optimal contract causes
underemployment or overemployment; The recent work of Newbery and Stiglitgz
(1987) has examined the problem of firm’s reputation. However, to avoid
complexity, they restrict their analysis to the class of linear implicit
contracts. Furthermore, they assume that the reputation cost (or the value of

repeated contracts to firms) is independent of what contract arrangements are

made between the firm and the workers.
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The purpose of this chapter is to explore a role of firm's reputation in
the contractual labor market where the firm cannot commit itself to any
agreed-upon contracts. In contrast to Newbery and Stiglitz, we discuss the
class of general implicit contracts and scrutinize the case that reputation
cost is dependent on the contract arrangements. We consider a long-term
contract model in which, if the firm defaults the contract arrangements, the
firm acquires a bad reputation and cannot make any contracts in subsequent
periods. The worker is assumed to behave as if he knows the production
function of the firm. Once the firm offers a long-term contract, the worker
puts himself in the position of the firm, thereby calculating whether the
firm's benefits gained from honoring the contract are greater than the costs
involved. The long~term contract can then be organized so as not to be
defaulted by the firm. The similar kind of reputational mechanism has been
dealt with the literature on the quality choice of products (see Klein and
Leffler (1981), Shapiro (1982) (1983) and.Alien (1984)).1

The plan of this chapter is as follows. Section 4-2 develops a long-term
contract model under symmetric information where the realization of the state
of the world becomes known to both firms and workers. The striking result in
this section is that reputation by itself enforces efficient behavior on firms
even though the firm cannot commit themselves to any agreed-upon contracts; in
particular, an optimal contract is characterized by the efficient level of
employment. This finding differs from the results of the recent articles on
reputational markets because their results sugdest that reputation by itself
will not restore efficiency (see Carmichael (1984) and Wilson (1986)).

Section 4-3 discusses a long-term contract model under asymmelric
information in which firms have better information than workers about the

gtate of the world. We assume throughout this section that firms are risk



neutral under the environment based on Grossman and Hart (1983). Using this
framework, Grossman and Hart show that no distortion exisls if [irms can
commit themselves to implement any agreed-upon contracts. In contrast, we can
prove that care of firms in building their reputations involves the
possibility of underemployment unless firms can commit themselves to
implemenmt any agreed-upon contracts. Furthermore, if underemployment occurs,
an optimal contract in the reputational market provides the amount of
severance pay which is not enough to ensure risk-averse workers from the risk
of layoff. This result implies that under the optimal contract workers prefer
being employed to being laid off. Our analysis therefore leads to equilibria
in which there are both inefficiently high unemployment (underemployment) and
involuntary unemployment.

In the standard implicit contract model with severance pay, workers are
indifferent about whether they are to be rationed or laid off. To explain the
phenomenon of involuntary unemployment, Moore (1985) allows workers to have
better ex-ante information about their spot market opportunities: but he finds
a tendency towards involuntary retentions rather than involuntary layoffs.
Mookherjee (1986) explores the alternative hypothesis that firms cannot
perfectly observe effort decisions of employed workers in the long-term
contract relation. However, he concludes that unobservability of worker
effort is unlikely to provide a robust explanation of involuntary layoffs in
the long~term contract. In contfast, our result suggests that care of firms
in building their reputations provides a theoretical explanation of

involuntary layoffs.?

The final section contains ‘some concluding comments and discusses future

research.



4-2. The Symmetric Information Model

Consider a (representative) firm which employs one worker at most. The
output or revenue of the worker in each period is given by an independently
and identically distributed random variable, s, if he is employed. Let F be a
distribution function of s that satisfies F(s) = 0 and F(5) = 1 for s < s.
The distribution function F has a continuous density function f(s), which is
pogitive for s £ s § S.

At the beginning of each period before s is not realized, neither actual
production nor employment occurs. At the end of each period after s is
realized, production and employment can be carried out if a labor contract has
been signed. If production does occur, the firm employs the worker and
produces output s. If production does not occur, the firm lays off the worker
and produces no output.

The workef has no consumption good endowment, but he supplies one unit of
labor inelastically in each period. Since he has no access to the capital
market, he consumes whatever he earns in each period. If the worler is
employed, his utility is U(Y—R); and if he is unemployed, his utility is
U(Y’). Here, U is a von Neumann-Morgenstern utility function; Y(Y’) is
worker’s income when he is employed (unemployed); and R represents worker’s
disutility of effort, which is assumed to be s £ R £ § The utility
function U is defined and twice,differentiable on R+. It is assumed that U’
> 0 and U” < 0 on R+. Thus the worker has risk averse preferences.

In what follows, we assume that both the firm and the worker know the
probability distribution function F and the utility function U. It is
particularly assumed in this section that everyone will observe output s at

the end of each period.



The model is an infinite-horizon one starting with period 0. At the
beginning in period 0, the firm decides whether to sign an infinite-horizon
long-term contract with the worker. In general, we can consider nonstationary
long-term contracts instead of stationary ones. However, little can be said
about nonstationary long;term contracts. Thus we will focus our attention on
stationary long-term contracts consisting of a set of functions, [w(s), y(s),
L(s); s £ s £ 8]. These contracts indicate for each state (1) whether the
worker is employed (L{(s) = 1) or unemployed (L(s)) = 0);3 and (2) that he
receives wages w(s) if employed, and severance pay y(s) if not employed.

Under stationary long-term contracts, the present value of stream of

expected profits of the firm is described by
r-1. E{L(s)[s-w(s)] — [1-L(s)ly(s)}, (1)

where r is a discount rate and E an expectation operator. The present value

of gtream of expected utility of the worker is also written in the form
r-1. E{L(s)U(w(s)~R) + [1-L(s)JU(y(s))}. (2)

Once the worker signs a contract with the firm, he is assumed to be
unable to work anywhere else outside the firm at the ex-post date in each
period; in othef wqrds, he cannot Jjoin any contracts with the other firms
until the beginning in the next period. This presumption can be justified if
the worker incurs mobility costs when moving to the other firms at the ex-post
date in each period.

On the other hand, the firm is not committed to any agreed-upon

contracts: The firm may default on the agreed-upon contract at the end of each
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period. If a fi;m defaults on the agreed-upon contract, then the news becomes
known to workers through market surveys, conversations with friends, and so
on. The simplest way to mbdel the information-dissemination process is to
assume that, until the beginning in the next period, all workers are informed
whether the firm defaults on the contract.? 1In this process, it a firm ever
violates the agreed-upon contract, the firm ;cquires a bad reputation because
the news the firm cheats becomes widely known. Once a firm has a bad
reputation, workers expect tﬁat the firm will default on the ex-ante contract.
Thus the cheating firm cannot make any ex-ante contracts in subsequent periods
under the assumed information-dissemination process.

In the analysis that follows, the firm is assumed to shut down its
operation after breaking the contract.5 The firm then finds it profitable to
maintain the reputation of honoring contracts if and only if, at the end of
each period, the firm enjoys a greater present value of stream of expected
profits under the long-term contract than under the shutdown.

We now proceed to examine an optimal stationary long-term contract which
maximizes the firm’s present value of stream of expected profits, (1), subject
to (i) the reservation utility constraint and (ii) the reputational constraint
that prevents the firm from defaulting the contract.

We begin with considering the two constraints of the firm’s maximization
broblem. We first introduce the reservation utility constraint which forces
the firm to match or exceed.markét offers in order to retain workers in each

period. This constraint is
r-1. E{L(s)U(w(s)~R) + [1-L(s)1U(y(s))} 2 V, - (3)

where V is a market-determined present value of stream of expected utility of



workers.

We next discuss the reputational constraint which induces the firm to
honor the contractual relation. We find from the previous argument that the
firm prefers to maintain the reputation of honoring contracts if and only if,
at the end of each period, the firm enjoys a greater present value of stream
of expected profits from being on the long-term contract than from stopping
operation. Given stationarity, at the end of each period, the present value

from being on the long-term contract is evaluated as follows:

7z (8) = {L(s)ls—w(s)] — [1-L(s)]ly(s)}

+ r-t(l-r). E{L(s)[s—w(s)] ~ [1-L(s)lv(s)}, (4)

where the first term represents the ex-post single-period profits realized at
the end of the period, and the second term is the present value of stream of
expected profits from the next period onward if the firm continues the
contract relation.® Note that specification (4) is valid for both L(s) = 0
and L(s) = 1.

The reputational constraint can now be described using (4): The firm

finds it more profitable to honor the contract if and only if, for each state,

L(s)[s—w(s)] ~ [1-L(s)1y(s)

+ r-t(l-r) - E{L(s)[s—w(s)] - [1-L(s)ly(s)} 2 O. (5)

We assume throughout that the firm desires to continue in the contract
relation if it is indifferent to the firm whether to default or not.
Farmer (1985) and Kahn and Scheinkman (1985), incorporating a bankruptcy

constraint into the implicit contract model, lead us to the interesting
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conclusion that limited liability generates underemployment under asymmetric
information. Their bankruptcy constraint implies that, in any state of
nature, the ex-post loss of the firm can be no greater than the collateral of
the firm which is exogenously given. It might be thought that reputational
constraint (5) is similar to such a limited liability type. However, this
view is rather misleading because reputational constraint (5) includes those
terms of future expected profit stream which depend on the endogenous contract
arrangements determined between the firm and the worker. Furthermore, since
the worker is risk neutral in Farmer and the firm adjusts the labor input by
work sharing alone in Kahn and Scheinkman, the worker is indifferent to the
distribution of payment across states of nature; thus the unemployment is
"always voluntary. On the other hand, in our model, the worker is risk averse
and the firm is allowed to layoff the worker, so that the possibility of
involuntary unemployment can be accounted for.

Now, the firm’s maximization problem with respect to {w(s), yv(s), L(s); s

& 8 § E) is

Max r-1+ E {L(s)[s—w(s)] — [1-L(s)]y(s)}, (6)

subject to (3), (5), and L(s) = 0 or 1.

We are in a position to characterize an optimal stationary long-term
contract by solving maximization;problem {(6). If the firm always honors the
contract, the firm can drop reputational constraint (5). As proved in
Grossman and Hart (1983), an optimal stationary long-term contract then turns
out to be the first-best one: (i) worker’s marginal utility of income is fixed

across all states of nature, i.e. w(s) — R

H

y(s) = U-1(rV), where U-! is an

inverse function of U, and (ii) the rule of employment is efficient, i.e. the



firm employs the worker if and only if the output of the worker, s, is greater
than or equal to worker’s disutility of effort, R.

However, if the firm has some possibility of defaulting on thg contract,
it is not straightforward to see whether contracting parties choose as the
best strategy the efficient rule of employment. Nevertheless, we can prove
that an optimal contract satisfies the efficient rule of employment. Suppose
that unemployment (i.e. L(s) = 0) occurs for a state s’ in which s° > R,
Then the firm's profits in s’ are — y(s’). Increase L{(s’) to 1, and adjust
w(g’) so that the firm's profits at s’ remain constant. This procedure is

expressed in the form

’

8 — w(g’) = —yl(s), (7)
which verifies that reputational constraint (5) is not violated. llowever,

‘worker's expected utility must increase because

U(y(s’)) = U(w(s")~s8")

< Ul{w(s’)-R). (8)

The final inequality is due to the assumption that s° > R. These findings
lead to an ex-ante Pareto improvement, thus contradicting the optimality of
the contract. Conversely, SUppoée that the worker is employed (i.e. L(s) = 1)
for a state 8” in which 8” < R. Reduce L(s”) to 0, and adjust w(s”) so that
the firm’s expected profits in s8” remain constant. This procedure can also
yield an ex-ante Pareto improvement, which contradicts the optimality of the

contract.

We therefore establish the following proposition.
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Proposition 1: Even if the firm cannot commit themselves to any agreed-upon
contracts, an optimal contract under symmetric information attains the
efficient level of employment; that is, the firm employs the worker if and
only if the output of the worker, s, is greater than or egual to worker’s

disutility of effort, R.

This proposition implies that no inefficient employment (i.e.
underemployment or overemployment) occurs under symmetric information even
though the firm ¢annot comit themselves to any agreed-upon contracts.?
However, the recent literature has told us that reputation by itself will not
enforce efficient behavior. For example, Klein and Leffler (1981), Shapiro
(1982) (1983) and Allen (1984) show that reputational mechanisms are not
sufficient to assure high quality supply in the product quality market. To
see why the implication of Proposition 1 differs from that of the earlier
literature, we must recognize that, in our model, moral hazard is not created
by the decision whether to employ the worker but by the decision whether to
default on the long-term contract. Our reputational mechanism assures the
efficiency of employment under symmetric information because adjustments of
wages and severance pay are enough to induce the firm to commit themselves to

the long-term contract.?®

4-3. The Asymmetric Information Model

We now consider the case where output s is observed only by the firm

alone. However, we assume throughout this section that everyone can observe



whether the worker is employed in each period; that is, whether L(s) = 0 or 1.
Grossman and Hart (1981)(1983) and Hart (1983) discuss the properties of
labor contracts under the asymmetric information model in which both the firm
and the worker can commit themselves to an agreed-upon contract.?® ‘Their main
results are summarized as follows. (1) If the firm is risk neutral, an
optimal contract is the first-best one: (i) The worker’s income remains fixed
in all states irrespective of his employment status, and (ii) the employment
rule is efficient, or in other words, the worker is employed if and only if
the output of the worker, s, is greater than or equal to worker’s disutility
of effort, R. (2) If the firm is risk averse, an optimal contract can involve
underemployment: The worker is laid off for some of the states in which the
output of the worker, s, is greater than worker’'s disutility of effort, R.

In what follows, to focus on the role of reputation in the contract
market where the firm is not committed to any agreed-upon contracts, we will
maintain the assumption that the firm is risk neutral. We can then prove in
the later analysis that, as shown in the literature mentioned above, an
optimal labor contract has neither underemployment nor overemployment if the
first-best contract satisfies the reputational constraint.

Since the worker cannot observe output s, contract arrangements cannot be
constructed so as to depend on the true state. Instead, the firm is asked to
report output s; at the end of each period. Stationéry long-term contracts
are then specified ag a functi§n of sr; that is, wages w(s,), severance pay
y(sr) and employment state L(sr). Given this communication mechanism, an
incentive-compatible contract [w(s), y(s), L(s); s £ s £ §] is one such that

the firm is always prepared to tell the truth namely (see Hart (1983))

s = argmax { L{(s:)[s8 — w(s¢)] — [1-L(s¢)ly(sc)}. (9)
Sr
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In general, the firm will have an incentive to lie: The firm will report
output sr which is not true. Fortunately, we can use the “ revelalion
principle”, which restricts our attention to the set of truthtelling contracts
(see Harris and Townsend (1981) and Myerson (1978)). 1In other words, without
loss of generality, we are allowed to confine our analysis to the set of
contracts under which the firm always wishes to report the true stalte. We
must therefore develop the properties of truthtelling contracts in order to
discuss how an optimal contract is arranged under asymmetric information.

We begin with examining the wage rule of truthtelling contracts. For
this purpose, let N = {s]| L(s) = 1} (M ={s] L(s) = 0}) be the set of states
in which the worker is employed (unemployed). The optimality for truthtelling
requires that w(s) equals a constant w on N and y(s) a constant vy on M. The
reason can be explained as follows. If w(s’) > w(s”) where s’, s” & N, the
firm will pretend that s = s” even when 8 = s’ , This is because, by doing so,
the firm can reduce wages without sacrificing employment. Thus, w(s) has to
be constant on N to ensure that truthtelling is optimal. 1In a similar way, it
can be proved that y(s) has to be constant on M. Truthtelling contracts in
effect specify two wages: wages w on the set of employment states, N, and
severance pay y on the set of unemployment states, M.

We next investigate the employment rule of truthtelling contracts. Since
the profits of the firm are (s — w) on N and —y on M, the firm gains more
profits from employing than from laying‘off the worker if s — w 2 —y, and
vice versa if 8 — w < -y, Truthtelling is thus optimal if and only if N
={slIl(s) =1} ={s]ls -~ w2 ~ylandM={s| L(s) =0} ={s] S — W<
—¥}. Let k = w — y. The foregoing argument implies that truthtelling
contracts satisfy the following employment rule: N = {s]| s 2 k} and M = {s} s
< k}.
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Truthtelling contracts are now characterized by two numbers: y, severance
pay the worker receives when unemployed, and k, an extra amount the firm has
to pay to employ him. From these two variables, wages the worker earns when
employed are calculated using w = k + y; and the employment rule is
determined such that the firm employs the worker if and only if s 2 k.

Given the properties of truthtelling contracts, we can reformulate firm’s
maximization problem (6). Since the firm's profits are s — k — y (s - w)

onN={s]s 2 kl] and —yonM={s] s < k}, the present value of stream of

firm's expected profits (6) is rewritten in the form

r Kk
Ex =r-t{f§ (s—k-y)f(s)ds — § yf(s)ds}. (10)
k )

Similarly, reservation utility constraint (3) under truthtelling contracts is

8 k
Ev=r-1{§ Uly+k-R)f(s)ds + § U(y)f(s)ds} = V. (11)
R

The final task is to reconsider reputational constraint (5). Under
truthtelling contracts, the constraint consists of the following two kinds of
inequalities. If the firm employs the worker at the end of the present
period, i.e. if 8 is greater than or equal to k, then

8 k
s—k-y + r-(l-r){§ (s—k-y)f(s)ds — § yf(s)ds} 2 O,
k 8

for s 2 k. (12)
On the other hand, if the firm lays off the worker at the end of the present

period, theni®



-y + r-1(l-r) {§ : (s— k—y)f(s)ds —~ § " yf(s)ds} 2 0. (13)
5

In fact, constraint (12) automatically holds for all s 2 k if consiraint {13)
is valid. 'Thus constrainﬁ {12) will be neglected in the subsequent analysis.

As shown in the previous section, reputational constraint (13) differs
from the bankruptcy constraint of Farmer (1985) and Kahn and Scheinkman
(1985). The main difference is that reputational constraint (13) contains the
terms of future expected profits dependent on contract arrangements whereas
their bankruptcy constraint does not. Furthermore, in our model, the worker
is not indifferent between the employment and the laid off state, so that the
possibility of involuntary unemployment can be accounted for.

Now, an optimal contract is obtained by maximizing with respect to k and
¥ the present value of stream of firm's expected profits (10) subject to
reservation utility constraint (11) and reputational constraint (13).1! The

first-order conditions for the maximization problem are represented by
r-1{—-1+4 AU (y+k-R)(1-F(k)) + U (y)F(k)] — u} =0, (14)

—rM1-F(K)] + A (U (y+k—=R)[1-F(k)] + [—U(y+k-R)+U(y)]If(k)}

—- r-Y{l-r)u[1-F(k)] = 0, (15)

where A and u are the nonnegative multipliers associated with (11) and (13),
respectively.

On the basis of (14) and (15), we can find out the properties of an
optimal contract.’ The argumenttis divided into two cases according as the

first-best contract summarized by (k, y) = (R, U-1(rV)) satisfies or violates
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reputational constraint (13).
If the first-best cohtract satisfies reputational constraint (13), we
characterize the situation by substituting k = R and y = U-!(rV) into the

right-hand side of (13):

r-1(1—-r)§ ’ sf(s)ds — r-1(1-r){1-F(R)IR — r-twU-1(rV) > 0. (16)
R

In this case, the first—best contract, (k, y) = (R, U-1(rV)), violates neither
(11) nor (13). Furthermore, it also satisfies first-order conditions (14) and
{15) because the multiplier 4 can equal zero in (14) and (15). 'Therefore,
the first-best contract turns out to be an optimal sdlution to maximization
problem (10). ’

Alternatively, if the first-best contract violates reputational
constraint (13), we see

B

r-1(1-r)§ sf(s)ds — r-'(1-r)[1-F(R)JR — r-tw-1(rV) < 0. (17)
R

This condition is likely to hold if worker’s disutility of effort R or
reservation utility V is great enough.!? Under condition (17), an optimal
contract has to be a second-best contract because the first-best contract
violates reputational constraint (13).

To reveal the properties of the second-best contract, we must transform

(14) and (15). Rearranging (14) gives.
(1 4+ ul]l=2{U(y+k—-R)[1-F(k)] + U (y)F(k)}. (18)

Subtracting (14) from (15) by side by side produces



—r 11+ u - AUV (y)IF(k) — p[1-F(k)] = r-12 (U(y) = Uly+ k= RY1E () .
(19)

Now, using (18) and (19), we can prove that an optimal contract involves
k> Randw — R > y if (17) holds. Suppose that k £ R. 'then it follows

from UV > 0 and U” < 0 that
U(y+ k—-R) £ U(y), (20)
Uy+k~R) 2 U ({y). (21)

Inspecting (18) with (21) and A 2 0 yields

14+ 4 - AU (y) 2 0, with strict inequality if k < R. (22)
Given (22), it is found from (19) and (A, u) 2 O that
U(y) - U(y+k-R) 5 0, (23)

where equality holds if and only if k = R. If k is less than R, (23) is
satisfied with strict inequality, thus contradicitng (20). If k is equal to
R, the definition of k (= w — y) shows that w — R = y. This finding
implies that the solution to (14) and (15) becomes the first-best contract,
(k, ¥) = (R, U-1(rV)). Thus (23) again contradicts condition (17) when k = R.
We therefore verify that k > R.» It is also found from k > R that the worker
is better off on employment than on laid off states: w = v+ k> R4+ y,

To sum up, we establish the following proposition.



Proposition 2. Assume that the firm is not committed to any agreed-upon
contract,

(i) If the first-best contract satisfies reputational constraint (13)
(i.e. if inequality (16) holds), an optimal contract turns out to be the
first-best contract: (a) The firm employs the worker if and only if the output
of the worker, s, is greater than or equal to worker’s disutility of effort,
R; and (b) the wage compensated with worker’s disutility of effort, w — R, is
equal to the severance pay, y.

(ii) If the first-best contract violates reputational constraint (13)
(i.e. if inequality (17) holds), an optimal contract can involove
underemployment and involuntary unemployment: (a) The firm employs the worker
if and only if s 2 k (> R); and {(b) the wage compensated with worker's

disutility of effort is higher than the severance pay, i.e. w — R > vy.

The idea behind the proof of Proposition 2 can be explained as follows.
Proposition 2(i) is based on the fact that the risk-neutral firm can bear all
risks of variation of worker’s income if the first-best contract satisfies
reputational constraint (13). Worker's income then becomes constant
irrespective of the level of employment. This fixed wage arrangement permits
the risk neutral firm to choose the level of employment efficiently. In fact,
with the assumption of Proposition 2(i), the statement of Proposition 2(i) is
the counterpart of the result of:Grossman and Hart (1981)(1983) because our
model reduces to theirs.

To understand the intuitionvbehind Proposition 2(ii), let us suppose that
with the assumption of Propositfon 2(ii) the firm offers the first-best
contract to the worker. Since the first-best contract violates reputational

constraint (13), the worker expects that the firm will default the first-best
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contract in unfavorable states, where unemployment occurs. Wages and
severance pay are then adjusted so as to satisfy reputational constraint (13)
in order that the worker might be attracted towards the contract relation.
This adjustment causes wages compensated with worker's disutility of effort, w
— R, to become higher than severance pay, y; that is, w — R > y. Given the
definition of k (=w — y), the obtained inequality relation implies k > R
and ensures the existence of the set of states, {s| k > s 2 R}. Now, for
the set of states {s| k > s 2 R}, the firm strictly prefers layoff to
retention because the incentive compatibility constraint induces the firm to
lay off the worker if and only if k > s. The worker'ié unemployed for the
set of states {s]| k > s 2 R} although he is employed in these states under
the efficient rule of employment.

Proposition 2 shows that the reputational problem under asymmetric
information between the firm and the worker is one of the important causes of
underemployment if ﬁhe firm is not committed to any agreed-upon conlracts.,
This result still holds even if the firm has risk-neutral preferences so that
underemployment does not arise from asymmetric information alone. Proposition
2 also implies that wages compensated with worker's disutility of effort are
higher than severance pay. In other words, under asymmetric information, the
firm does not provide perfect income insurance to the worker if the firm
‘cannot commit themselves to any agreed-upon contracts. This conclusion
explains why complete severance,ﬁay is infrequently observed in the real world
(see Oswald(1986)). Furthermore, unemployment realized in this case is
involuntary because the worker prefers being employed to being laid off. Our
theory therefore generates equilibria in which there are both inefficiently

high unemployment (underemployment) and involuntary unemployment.



4-4. Concluding Remarks

This chapter has examined a role of reputation in an implicit contract
model where firms cannot commit themselves to the contract arrangements. In
contrast to the recent literature on reputation, we have shown thal an optimal
contract under symmetric information enforces efficient behavior on firms
irrespective of the presence of reputational problems. On the other hand,
even though firms are risk neutral, we have proved that an optimal contract
under asymmetric information can involve inefficiently high unemployment
{(underemployment) and involuntary unemployment in the presence of reputational
problems. We have also shed light the question why laid off workers cannot
receive full amount of severance pay.

There are several other promising extensions of our analysis that may
pursue. First, we have restricted our attention to the environment where the
firm has only one worker. Applying the analysis to a model of many workers
enables us to deal with more complicated employment policies of firms.

Second, our investigation has been limited to stationary long-term contracts.
Relaxation of this assumption seems to be crucial if contracting parties have
incomplete information about the attributes of the opponent parties. In the
incomplete information case, the contracting parties must hold some
Aexpectations about the attributes of the opponents. These expectations depend
on the past actions of the opponénts and affect current and future equilibrium
actions. This kind of dynamic equilibrium situation has recently been
developed using the sequential equilibrium method (For example, see Osano
(1991)). It seems to be important to discuss the properties of non-stationary

long-term implicit contracts within the sequential equilibrium {ramework.



Notes

1. Several other papers have also examined a role of reputation in the labor
contract market. See Grossman (1977) and Carmichael (1984). In particular,
the reputational model of Carmichael presumes that workers base their
expectations of future wage and employment levels on actual past values; and
that firms know this and take it into account when they set current wage and
employment levels. Although ‘the reputation formation does not follow a
rational principle such as the Bayes rule, his analysis sheds light on many
aspects of the modern lsbor market, including involuntary underemployment and
sticky wages.

2. For a discussion of the restrictive assumptions of the Mookherjee’s model,
see Osano (1991). With the assumption of asymmetric information and no
severance payment, Oswald {1986) shows the existence of equilibria
characterized by involuntary unemployment and inefficiently high unemployment.
However, our model can yield the same results without excluding the presence
of severance pay.

3. Relaxation of the assumption of L(s) = 0 or 1 does not modify our
conclusion, because the production function is linear in our model.

4., A similar assumption is found in the literature on the reputation model of
product quality. See Klein and Leffler (1981), Shapiro (1982)(1983) and Allen
(1984). For the labor market, sée Kuhn (1986).

5. Instead of shutting the operation, the firm may hire workers in the spot
market. Even in this case, our subsequent arguments still hold if the present
value of stream of firm'’s expectéd profits from hiring workers in the spot
market is equal to zero.

6. In the subsequent analysis, under an optimal stationary long-term
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contract, the present value of stream of expected profits of the firm is
assuned to be greater than zero. Then the value of the second term in (4)
turns out to be greater than zero because the value of this term equals the
present value of stream of expected profits from the next period onward. Thus
the firm will have no incentive to stop the contract relation at the beginning
in the next period.

7. Proposition 1 does not necessarily suggest that, irrespective of the
presence of reputational problems, the contractual market is efficient under
symmetric information. This is because noncommitment of the firm to agreed-
upon contracts increases the possibility that contract relations are not made.
8. Another way of understanding the result of Proposition 1 can be stated as
follows. In the symmetric information case, both the firm and the worker can
observe states 8, so that the firm can make wages and severance pay contingent
on the true state. The firm then finds it profitable to adjust wages and
severance pay rather than employment possibility as long as the first-best
contract satisfies reputational constraint (5). This is because the
determination of wages and severance pay is soly concerned with the
distribution of payoffs whereas the determination of employment possibility is
mainly involved with the production of payoffs.

9. The “commitment” implies that an agent must always implement the contract
barrangements if all agents can observe the variables on which the contract is
contingent. |

10. The left-hand side of (13) does not depend on s. Thﬁs, when discussing
constraint (13), we need not consider which state occurs at the end of the
period.

11. In the analysis that follows, we restrict our attention to the case that

8< k< s,
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12. Let the left-hand side of (17) be ¥ . Partial differentiation of ¥ with

respect to k and V reveals ' /9k < 0and 3¥/9V < 0.
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Chapter 5

Dynamic Labor Contracts under Asymmetric Information



5. Dynamic Labor Contracts under Asymmetric Information

5-1. Introduction

The implicit contract model under symmetric information ingeniously
attempts to explain the small variations of wages and the large variations of
employment in terms of risk sharing arrangements between firms and workers.
This explanation, however, might fail to hold if firms have better information
about the state of the world than workers, since firms will not have
gsufficient incentives to reveal their private information truthfully to
workers. A natural way of getting around this asymmetric information problem
is for firms to write contracts consistent with truthtelling. These
truthtelling contracts are characterized by incentive-compatibility
constraints, which restrict the choice sets available to firms under symmetric
information. Using the asymmetric information contracting model with
incentive-compatibility constraints, recent researches (Grossman and Hart
[1981]11983], Hart [1983] and Azariadis [1983]) have shown that
underemployment can occur if firms are risk averse.

In spite of these developments of implicit contract theory, little
attention has been paid to the extension of implicit contract theory into a
multi-period, asymmetric information framework in which an exogenous demand
shock (the state of nature) is serially correlated and is known only to
firms.! 1In the static, symmetric information contracting model with risk
averse firms, workers expect higher wages in the good state than in the bad
state because firms adjust their wage payments to demand fluctuations.? Then,
firms can do.with lower expected wage payments to ensure a fixed expected
utility levei to workers if firmé can manipulate the expectation of workers so

that workers have more prospect of being in the good state. Now, assume a
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dynamic contracting model with risk averse firms in which an exogenous demand
shock is positively serially correlated and is known only to firms. Claiming
that the state is better than it really is, firms with private information may
obtain higher future expected revenues because the false report causes workers
to hold more optimistic expectation about the state in the next period.
Similarly, if an exogenous demand shock is negatively serially correlated,
firms with private information may have an incentive to claim that the state
is worse than it really is. These arguments show that a serially correlated
demand shock may strongly affect the properties of an optimal contract within
a multi-period, as&mmetric information framework.

This chapter provides an analysis of the inefficiency of firms’
employment policies using a multi-period, asymmetric information contracting
model in which an exogenous demand shock is serially correlated and is known
only to firms. The model in this chapter can predict that serial correlation
of the state of nature can cause not only underemployment but also

overemployment even when overemployment never occurs in the context of a
static, asymmetric information contracting model.

This chapter is organized as follows. The next section introduces a two-
period model in which firms make labor contracts with their workers at each
period. The section also defines a subgame perfect Bayesian equilibrium of
the model. Section 5-3 characterizes the properties of the equilibrium. The

final section concludes the article.

5—2. The Model

A. The Basic Framework

We begin by developing a contractual relation between a firm and a



(representative) worker in the context of a two-period model.
Consider a case where the firm’s gross revenue at each period T = t, t+l

is given by
Yr = s+f(ly). (1)

Here, f( . ) represents the production function of the firm, lr labor supply at
period T and sr an exogenous random product price at period T. It is assumed
that £(0) = 0 and that £’ (1r) > 0 and f”(11) < O for all 1lr. To simplify
matters, we will assume that the random variables st are drawn from a set of
discrete states: Sr = {sr| st = 81, 82} with s1 < 82 according to a
probability distribution Qr = { (qr(si), qr(sz)); ar(si) > 0 (i = 1, 2),
ar(s1) + gr(sz) = 1}. Thus the probability that st = s: is qr{s;i) (i = 1, 2).
Since st is assumed to have serial correlation, qi+1(s;) is dependent on s.
and is specified by quer(s;] s¢) (j = 1, 2).

The firm has a von Neumann-Morgenstern utility function V(stf(1l1) - we),
where wr is a wage payment at T. The function V is twice differentiable,
increasing, and concave function over the firm's net profit. FEach worker also
has a von Neumann-Morgenstern utility function U(wr - Rlr), where U is twice
differentiable, increasing, and strictly concave over consumption gambles. R
stands for the opportunity cost or reservation wage of labor at each date,
which is taken to be constant.

The firm and the worker enter into a contract at each period before the
realization of st.3 The firm must guarantee the worker expected utility U at
each period to induce him to sign its contract. The expected utility level U
can be thought of as a utility price determined in a competitive market for
contracts. Once the contract has been signed and the state of nature has been

realized, the firm and the worker must always adhere to the terms of the



contract signed at each period. Put it otherwise, the firm cannot change the
contract terms until the neit period begins, and the worker cannot move to
another firm until the next period begins. The former assumption about the
behavior of the firm can be rationalized by appeal to the force of reputation,
whereas the latter assumption about the behavior of the worker can be
Jjustified by the costs of moving from one location to another.

It is assumed that, at the end of period t-1, both the firm and the
worker know the set of the random variables Sy (T = t, t+1); the probability
functions qr(si) (T = t, t+1); the production function f; the utility
functions U, V; and the reservation expected utility level U. On the other
hand, the realization of the state of nature at each period is observable only
by the firm and not by the worker.4* To ensure that contract arrangements are
implemented ex post, we can simply think of the firm’s being asked to report
at the end of each period the state s which has really occurred in the period.
Then the contracting parties can implement the contract arrangements
appropriate for the stale reported by the firm at the end of period T, s*r (T
= t, t+l).

The contract between the firm and the worker at each périod is arranged
as follows (see Fig. 1). At the end of period t-1, the firm offers a pair of
schedules, Ci(8*t) = {wi(s*¢), le(s*¢)} mapping stétes announced by the firm
at period t into total compensation received and hours worked by the worker at
period t. Given the prior distnibution of s, the worker decides whether to
varticipate in the contract Ci(s*:) at the beginning of period t. After s. is
realized as s;, the firm reports a state s*:; (= s*¢(si));5 and corresponding
wages wi(s*y;) and employment lg(s*ti) at period t are determined (i = 1, 2).
At the end of period t,-the firm also offers a pair of schedules Cis+1(S*1+1) =

[{werr(8*e41), Lles1(8*e41)}, which specify total compensation received and
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hours vworked by the worker at period t+1 as functions of states announced by
the firm at period t+l. Using the reported state s*i; as a signal of the
state realized at period t,¢ the worker revises his expectation of si:1 and
decides whether to participate in the contract Ci+y(s*is+)) at the beginning of
period t+l. After si+1 is realized as s;, the firm reports a state s*{,(,; (=
8*t+1(8;)) ;7 and corresponding wages wi+1(S*t+1,;) and employment

Ie+1(8*141,3) at period t+1 are determined (j = 1, 2).

B. Equilibrium of the Model

The contract relation between the firm and the worker presented in the
previous subsection is characterized by a subgame perfect Bayesian equilibrium
defined as follows. The equilibrium is made up of the firm’s and the worker's
strategies at each period. The strategies of the firm consist of pairs of
wage and employment schedules Ci(s*:) = {wi(s*y), Li(s*t)}) and Crer(s¥esq) =

{wisa(s¥ie1), Les1(s8¥e+1)}, and reporting strategies {s*i(s.), s*uii(sen)l,
where s*; is restricted to the discrete set St (= {si, s2}).8 The strategy of
the worker is the decision of whether to participate in the contract relation.
We will consider only pure strategies.

In the subgame perfect Bayesian equilibrium, the strategies of the firm

and the worker are sequentially rational if the following conditions hold:
(a) At the end of period t+1, the firm must choose the reporting strategy
8%t+1(St+1) in a way that maximizes its ex-post profit at period t+l, given
its contract schedules Ci+1(8*t4+1).

(b) At the beginning of period tfl, the worker must optimally decide wﬁether
he accepts the firm’s contract dffer Cter(s*vs1), given his own posterior

beliefs and the firm’s reporting strategy s*iss(ses1).



(c) At the end of period t, the firm must offer the period t+l1 contract
schedules Ci+1(S*t+1) 80 as to maximize its expected profit at period t+l,
given its reporting strategies {s*i(st), s*i+1(s1+1)} and the worker’s
posterior belief formation.

(d) At the end of period t, the firm must also choose the reporting strategy
s*i(st) in a way that maximizes the sum of its ex-post profit at period t and
its expected profit at period t+1, given its contract schedules Ci(s*;) and
Ct+1(8¥t4+1), its future reporting strategy s*i+1(st+1), and the worker’'s
posterior belief formation.

(e) At the beginning of period t, the worker must optimally decide whether he
accepts the firm's contract offer Ci(s*:), given his own posterior belief
formation, the firm’s future contract schedules Ci+1(s*t+1), and the firm's
reporting strategies {s*i(s:), s¥*t+1(sts1)).

(f) At the end of period t-1, the firm must offer the period t contract
schedules Ci(s*;) so as to maximize the sum of its expected profits at period
t and at period t+l, given its future contract schedules Ci+1(s*i+1), its
reporting strategies |[s*t(st¢), s*t+1(s8t+1)}, and the worker’s posterior
belief formation.

The strategies are also viewed as consistent at equilibrium if the
worker's posterior beliefs, {g“t+1(s1), q¥t+1(s2)}, are formed by Bayes’ rule
on the basis of his prior beleifs {qi(s1), qi(sz)} and the state announced by
the firm at the end of period t,:s*t. This requirement implies that, given
the prior beliefs {qi(s1), di(s2)}, the worker’s posterior belief q¥i+1(s;)
(j =1, 2) is a function of s; conditional on s*i, that is, q“is1(s;| s*).

A brief remark about a sign@l of the state realized at period t is in
order. The worker can use not only the reported state s*;; but also the

offered contract Ci+1(s*v+1) as a signal of the realized state s: to form his
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posterior beliefs and to implement the contract arrangements Ci(s*:). 'This is
because at the end of period t the contract Ci+1(s*i+y) is offered given the
realized state si. Suppose that Ci+1(S8¥i+1) is not an optimal contract which
is offered when both the firm and the worker believe that s*:: has really
occurred. Then, the contract arrangements C:(s*:) are not implementable,
because the worker doubts if s*.;, has really been realized. Therefore, the
offered contract Ci+1(s*i+1) must be consistent with the reported state st*,;:
C*t+1 must be an optimal contract offered when both the firm and the worker
believe that g*iy has really been realized so that q¥is1(st+1| s*vi) =
at+1(st+1]| 8*¢1).? However, in this case, the worker need not infer the
realized state s from the offered contract Ci+1(sS*t1+1). Thus, in the
subsequent analysis, we will confine our attention to the case in which the
worker uses only s*:; as a signal of the state realized at period t and the
firm offers a period t+l contract Ci+1{s*i+1) consistent with this reported
state, 10

When realization of the shock at each period is observable only by the
firm and not by the worker, the firm has an incentive to misreport which state
has really occurred. However, using the revelation principle at each period,
we will focus on incentive-compatibility contracts in examination of the
properties of equilibria (see Myerson [1979], Harris and Townsend [1981], and
Azariadis [1983]). This implies that we will restrict our attention to
separating equilibria at each pefiod.l1

We now proceed to formalize an equilibrium contract at period t+1.
Suppose that ss (h = 1, 2) is realized at period t. The firm announces a
state s*«n ( = s*i(sn)), and offers a contract Cisi(s*ts1) = {Wir1(sS*141),
les1(8*e41)} at the end of period t. Since an equilibrium contract must be

sequentially rational given the worker’s posterior beliefs {q“t+1(s:| s*tn),
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q¥t+1(s2] 8*en)}, the contract Cis+1(s*t+1) must maximize the firm’s expected
profit at period t+l subject to the constraints that the worker’s expected
utility is greater than the reservation expected utility U and that the
contract offer is incentive-compatible. More specifically, for a realized
state sy and an announced state s*in at period t, an equilibrium contract at
period t+1l must solve, with respect to Cis1(sS*1+1) = {Wes1(S¥ts1,1),

Weer(S¥eag,2), Lesr(S%e42,1)y les1(S*e+1,2)}, the problem

J=2

Max 3 V(ssf(Lless(s*te1,35)) - weer(S*ee1,3)) ¢ qearls;] sn), (2)
3=1

subject to

L
"

2

U(werr(8%1e1,3) - Rlass(8%es1,3)) « q¥iea(s;| s*wn) 2 U, (3)
1

-t

8; = arg max {S;f(Lleet(8%te1,35)) — weer(s¥ee1,35)1,
S¥te1,;
€ St Jj=1, 2, ()
where s*y41,3 = 8%t41(83).

Some comments about maximization problem (2) should be mentioned. First,
constraint (3) represents the worker’s expected utility constraint, and
constraint (4) expresses the incentive-compatibility constraint for each s; (j
= 1, 2) which induces the firm to reporﬁ the truthful state at period t+l.
Second, the firm's expected utility is calculated using the real conditional
probability of sis1 = 85 given Sv = Sn, i.e., grsa(s;| sn) (j = 1, 2), whereas
the worker’s subjective expected utility is calculated using the worker's
subjective conditional probability of St+1 = sj given s*¢ = s*yn, i.e.,
a¥tsa(s;) s*wn) (j = 1, 2). Thellatter restriction implies that we must
elucidate the worker’s posterior belief formation to specify an optimal

solution to maximization problem (2).



To this end, we next discuss how the worker forms his subjective
conditional probability of si+1 = s;{ that is, gq¥ira(s;) s*wn) (j = 1, 2).
Since the worker’s posterior beliefs must be consistent, these beliefs are

formed by Bayes' rule:

a¥t+1(s;| s*en) = ;: Plst = skl s*en]« qesr(s;| sk,
h=1, 2, =1, 2, (5)

where Pl[s: = gk | s8*tn] is the probability of sk at period t conditional on the
state announced by the firm at period t, s*.n. Given the firm’s truth-telling
strategy at period t, the probability Pi{s: = sk| s*in] is reasonably
calculated_as follows: P[st = sk s*wn] = 1 for sk = s*en and Plsy = skx| s*in)
= 0 for sk #8%wn.12 Now, we can determine the worker’'s posterior beliefs
according as the firm announces s or sz at period t: If the firm reports s,
at period t, then gq¥i+1(s3) 81) = geer(s;) 81); and if the firm reports s, at
period t, then q¥t¢1(sj] 82) = qr+1(=;) s2).

We next turn to considering an equilibrium contract at period t. We
first specify the constraints which must be satisfied by an equilibrium

contract at period t. Let us introduce the following functions:

D 111(8njsy) = %:jiV(ij(lt+l(S*t+1.j;Sh)) - wWest(S¥tar,538n)) » derrls;| si),
| (6)
i=2 :
Q ve1{sn) ='§LIU(Wg41(B*t+1,J;Sh) - Rleses(8*ee1,558n)) » arerls;| sn).
(7)

Here, Cisa(s*1sa38n) = {wWesr(S¥te1,138n), Weer(S*es1,238n), Lier(S*ets1,158m),
lesa(8*141,2;8n)} is an optimal solution to maximization problem (2) given

a¥te1(8;] s*en) = qeer(s;| su);1? in other words, Cisi(S*is1;sn) is an optimal



period t+l contract which is offered if both the firm and the worker believes
that sn has really occurred. Now, we can view ® t+1(sn;s;i) as the value of
the firm’s expected profit at period t+1 and Q i+1(sn) as the value of the
worker's expected utility at period t+l if the firm announces sn at period t
and offers an optimal contract Ci+1(s*i+1}sn) consistent with the announced
state sn. This view holds even if the state reported at period t, sa, is
different from the state realized at period t, s;.1?

The incentiye—compatibility constraint for each state s; (i = 1, 2) is
then described by

si = arg Tax [V(sif(Le(s*ei)) - wel(s*i)) + 8D ver(s*uissi)l,

sétét , i=1, 2, (8)

where B is the discount factor and ® i1+1(s*ti1;si) is derived from
substitution of s*¢; for sy in (6). As has been argued in the previous
section, to implement the period t contract, the firm must offer a period t+l
contract Ct+1(S*¢+1;8%¢1) consistent with the state reported by the firm at
period t even if s*:; has not been realized at period t. The definition of
D tr1(s*r1381) for s*iy # s; reflects this restriction.

The worker's expected utility constraint is also represented by

1=2
? [U(we(s*es) — Rle(s*ei)) + BQ rter(stei)]ge(s:) 2 (148)U, (9)
=1 )

where Q 1+1(s*¢1) is obtained by substitution of s*:; for sy in (7).

An equilibrium contract at period t, Ci(s*:), now solves the problem

.
[V(sif(le(s*e1)) - wel(s*ei)) + B D eea(s*eijsi)lasi), (10)
1

t=
Max 2
i=
{wels®ey))

{Le(s*ey))
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subject to (8) and (9).
Note that both the firm’s and the worker’s expected utility at period t

are calculated using the same prior probabilities qi(s:i) (i = 1, 2).

5-3. Characterization of the Equilibrium

In this section, we will characterize the equilibrium defined in the
previous section.

We begin with examining an optimal contract at period t+1. Because of
the incentive—compatibility constraints at period t, the worker knows that the
actual state of nature at period t, s:, is equal to the firm’s reporting state
at period‘t, 8%y, Thus, if s; is realized at period t, then s*:i; is equal to
S Thén, as argued in the worker’s posterior belief formation in section 5-
2B, the worker’s posterior beliefs {qg¥t+1(s1] sS*ti), a%t+1(s2] s*1i)}) reduce

to {at+i(s1] s1), qesa(s2] s1)}. Given these relations, we can now rewrite

program (2) as the maximization problem, with respect to {wivi(s1), Weer(s2),
lisa(se), lt&x(sz)}y.
j=2
Max 3 V(s;3;f(leer(ss)) - wesa(s3)) e ques(s;] si), (11)
I=1
subject to
j=2 —
2 UWweer(ss) = Rliea(s3)) » qeer(s;l si) 2 U, (12)
J=1 .
S1f(les1(81)) - Wwesr(s1) 2 sif(lier(sz)) - weea(s2), (13a)
s2f(leer(s2)) ~ Wt+1(B§) 2 S2f(lesr(s1)) - wesr(s1). (13b)

Constraint (13) ensures that the firm benefits from reporting that s; occurs

(s*t+2 = 33) if the true state is 8; (81s1 = s3); that is, s*ys1,; = s3.
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Thus, we derive (11) and (12) from (2) and (3) by replacing s*is+1,; with sj.
The properties of an optimal solution to maximization problem (11) are

given by the following proposition:

Proposition 1.

An optimal solution to maximization problem (11) is characterized by

s1f’ (Lesa(s1)) 2 R, (14)
‘82f" (Les1(82)) = R, (15)
S2f(1lt+1(82)) - weer(s2) > s1f(Lesr(s1)) - werr(sy), (16)
Wet+1(S2) = Rlis1(82) 2 wes1(s1) - Rlisr(s1), (17)
=2 —

Z U(wesea(sy) = Rlesa(sy)) - qeea(sy] si) = UL - (18)

=1

Here, (14) and (17) are satisfied with strict inequality unless the solutions
to the relaxed version of program (11) with incentive-compatibility
constraints (13) omitted are incentive-compatible. If the firm is risk

neutral - (V” = 0), (14) and (17) hold with equality.

Proof of Proposition 1. See Hart [1983, Proposition 2] and Azariadis [1983,

Section 5]. (Q.E.D.)

A brief comment about this ﬁroposition is in order. A contract yields
underemployment, efficient employment, or overemployment in s; according as
the firm's marginal revenue product s;f’ (lri) is greater than, equal to, or
less than the worker’s reservation wage R. In this light, inequality (14) of

Proposition 1 implies that inefficient employment can only occur as
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underemployment in the bad state of period t+l. This result can be explained
as follows. 1In the present model, we assume that the worker’s demand for
leisure is independent of income. With this assumption, high risk aversion‘of
the firm means that, under the optimal symmetric information contract, an
increase in wages with st+1 is substantial relative to an increase in
employment with si+1. Thus, if the firm with private information about the
state of nature offers the optimal symmetric information contract, the firm
has an incentive to claim that the state is worse than it really is, since the
false report enables the firm to obtain savings in wages more than
compensation for reductions in employment. An optimal contract under
agymmetric information will then cause uhderemployment in the bad state
because this employment policy decreases the firm's ex-post profit in the bad
state and prevents the firm from reporting the false state. This conclusion
corresponds to the result of a one-period, asymmetric information contract
model such as Azariadis [1983], Grossman and Hart [19813{1983}] and Hart
[1983]. |

We proceed to examine the properties of an optimal contract at period t.
For this purpose, we can rewrite maxmization problem (10) as

i= .
Max 2 [V(sif(li(s1)) = we(si)) + B ® verlsissi)lgelsi), (19)
t=

1
{1le(sy))
{we(si))

subject to

i=2

3 [U(wi(sy) = RLe(s1)) + BQ tea(si)la(si) 2 (148)U,  (20)
i=1

V(sif(Lli(81i)) - we(s1)) + B8P v+1(s81;81)

2 V(sif(le(s2)) - wels2)) + B D te1(s2i81), (21a)
V(s2f(Le(82)) - wels2)) + B rar(s2is2)
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> V(szF(Li(s1)) - wels1)) + B ® eer(siise). (21b)

Here, @ t+1(sn}s1) and Q tv+l(S|) are defined by (6) and (7) in which s*t4,,;
is replaced with 85 (j = 1, 2).15 Since constraints (21) ensure that the firm
tells the true state at period t, we derive (19) and (20) from (9) and (10) by
replacing s*¢; with s;.18 | |

We now elucidate the characteristicg of an optimal solution to

maximization problem (19). The first-order conditions to maximization problem

{19) are described by

-qe(s)IV (7 ty,11) = A v U (cr,1)]

- ue Vi(n ty11) + 2 V(wrv,21) =0, {22)

qe(si)[s1f’ (1e(81)) « V(7 t,11) = A v+ RU (Cr,1)]
+ouene saf (1e(s1)) c VV(m v,11) = poe2e s2f (Ledse)) - V(m v,21) = 0,
(23)
=a1(82) [V (7 v,22) - A ¢+ U (ct,2)]

+ ot V(moe,12) - 2 V(re,22) =0, (24)

di(sz) 820" (1e(82)) « V' (7 t,22) - A ++ RU (Cu,2)]
- a1 s1f (le(s2)) e V(7 v,12) + pvze s2f’ (Le(s2)) » V(7 v,22) = O,
(25)

where A t, u t1, and u 2 are the nonnegative multipliers corresponding to
(20), (21a) and (21b); and x e,n; = 81f(1le(sn)) ~ welsn) and ci,n = wi(sn) -
Rli(sn). Note that the perturbation of wages and employment offered at period
t does not have any effects on the value of either @ i1+1(sh;si) or Q t+1(sn),
because this perturbation causes\ no effects on the worker's posterior beliefs.

Multiplying each side of (22) by sif’ (1e¢(s1)) and combining it with (23),

we obtain the properties of an optimal employment policy,



A t: qu(s1)s1f’ (Li(s1)) = RIV (ci,1)

= ez £/ (Le(s1))« V(v,21)(82 - 81) 2 O, (26)

where the final inequality follows from g t2 2 0 and s2 > si:. Similarly, it

igs found from (24) and (25) that

A te gi(sa2)s2f’ (1i(82)) - RIU (c,2)

= ure £ (Le(s2)) e V(7 v,12)(81 - 82) £ O, (27)

where the final inequality is derived from g t¢» 2 0 and s2 > s,;. It is
immediate from (26) and (27) that underemployment (overemployment) occurs in
the bad (good) state of period t if the multiplier u «2 (u «1) of incentive
compatibility constraint (21b) ((21a)) is positive.

On the basis of (26) and (27), we can discuss inefficiency of employment
by investigating whether the multiplier u +2 or u 1 is positive'or zero. We
begin by examining the two cases (i) that sr is serially uncorrelated, and
(ii) that the firm is risk neutral. We then proceed to the analysis in which
the state of nature is serially correlated and the firm is risk averse.

To examine the first two cases, we obtain the following lemma about the

properties of the value functions @ t+1(sSn;si):

Lemna 1.
(1) If sr is serially uncorrelated, i.e., qi+1(s1] s2) = qes1(st] s1) = qi(sy)

and Qtf1(Sz| 82) = di+1(82]| s1) = qi(s2), then

D ri1(s82;81) = P ts1(s1381), i=1, 2. (28)

(2) If the firm is risk neutral, (28) also holds no matter how sr is serially

correlated.

Proof of Lemma 1. See Appendix. (Q.E.D.)



Using Lemma 1, we prove the following results about the incentive-

compatibility constraints at period t:

Lemma 2

(1) If the state of nature is serially uncorrelated, an incentive-
compatibility constraint at period t can be binding in the good state, but
cannot be binding in the bad state.

(2) If the firm is risk neutral, an incentive-compatibility constraint at

reriod t cannot be binding in any state.
Proof of Lemma 2. See Appendix. (Q.E.D.)

Now, it is immediate from (26) and (27) that Lemma 2 leads to the

following proposition:

Proposition 2.

(1) If the state of nature is serially uncorrelated, an optimal contract at
period t will have underemployment or efficient employment in the bad state,
and efficient employment in the good state.

(2) If the firm is risk neutral, an optimal contract at period t will have

efficient‘employment in both of the bad and the good states.

We next turn to discussing the case in which the state of nature is
serially correlated and the firm is risk averse. Unfortunately, we cannot
apply the proof of Proposition Z.to this case, because each side of the
incentive-compatibility constraint for the realized state si has & 1+1(sn;si)
(h=1, 2; i = 1, 2), which does‘not cancel each other out (see (2la) and
(21b)). In fact, either ¢>z+1(s;;sn) > @ eral(s13si) or  verlszysi) <

® t+1(81;81) is possible in this case, no matter how the state of nature is
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serially correlated. If & t+1(s82;81) is greater than & t1s+1(s1;51), the
incentive-compatibility constraint in the bad state, (21a), can be tighter.

If ® t+1(s2;82) i greater than @ 1:1(s1;82), the incentive-compatibility
constraint in the good state, (21b), becomes likely to be looser. In
contrast, Lemma 2 verifiesvthat only the incentive—compétibility constraint in
the good state, (21b), is binding unless sy is serially correlated. Combining
these findings, we see that incentive-compatibility constraints (21) can be
tighter in the bad state and looser in the good state for serially correlated
st than for serially uncorrelated sry. Thus, it should not be surprising that
the incentive-compatibility constraints, both in the bad and the good state,
are binding if serial correlation between s: and s:+1 is strong enough. Given
(26) and (27), these arguments tell us that underemployment can occur in the

bad state, and overemployment in the good state.

Proposition 3.
If the state of nature is serially correlated and if the firm is risk
averse, an optimal contract at period t will have underemployment or efficient

employment in the bad state, and overemployment or efficient employment in the

good state.

Some remarks are in order. First, Dewatripont [1989] has recently
dérived the possibility of overemployment using a multi-period, asymmetric
information contracting model in which the state realized in the initial
period lasts all the remaining periods. However, his result rules out
overemployment in the good state of each period, whereas our result predicts
the possibility of overemploymené in the good state of the first period.
Second, Propositions 1 and 2 show that inefficient employment can only occur

as underemployment in the bad state of each period if the state of nature is
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serially uncorrelated. On the other hand, Propositions 1 and 3 reveal that
overemployment can also occur in the good state of the first period if Lhe
state of nature is serially correlated. These results suggest that the
presence of serial correlations in the state of nature can generate greater
fluctuations in employment than their absence. This finding does not depend
on whether serial correlations in st are positive or negative. Indeed, the
inefficiency of employment stems from that distortion of incentive-
compatibility contracts which is due to the presence of the value functions
® 1(sn;si) in the incentive-compatibility constraints.

The intuition behind Proposition 3 can be explained as follows. 1In the
static or one-period framework with risk averse firms, inefficient employment
can only occur as underemployment if the worker’s utility function has no
income effects. However, in the dynamic context, the presence of
intertemporal income effects may cause overemployment even though the temporal
utility function has zero income effect. To exhibit this mechanism, let us
allow the product price st to be a continuous random variable taking values in
Sr = [g, S) where g > 0 (T = t, t+1). Since the state space is now a

continuum, we replace (21) by the following incentive-compatibility constraint

at period t:
s = arg max [V(sf(le(s*i)) - we(s*e)) + 8@ taa(s*e;s)], (29)
8%4€ St

where s*: is the state reported by the firm at period t. Incentive-

compatibility of {1:(s*:), we(s*:)} then requires
V' (s£(Lu(st4)) - wels®4)) » [ of’ (Le(s*e)) - [dle(s®e)/ds® ]

- [awe(s*e)/ds* ]} | + B (AP rer(s*eis)/dst]| = 0. (30)

g%y = g s*y = s
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Note that all functions in (30) are evaluated at s*:. = s. Now, if the final
term in (30) vanishes, i.e., if d® ++1/ds*: evaluated at s*, = s is equal to
zero, applying a discussion similar to that of Cooper [1983]1[1987) shows
that inefficient employment can only occur as underemployment. However, if
dd t+1/ds*t evaluated at s*: = 8 is not equal to zero, this term can affect
the conclusion.

We can clarify this point further by deriving the more specific form of
d® t+1/ds*: from the continuum state version of maximization problem (2),

dd 1+1/ds*s = A 41§ {U(weea(8”) - RLeag(s”)) + [daveer(s?] s*)/dsti]} ds,
St
(31)

where ) t+1 is the nonnegative multiplier associated with the worker's
expected utility constraint at period t+l. Since A i+; implies dd ¢+1/d0
(= d® ¢+1/dQ t+1) and § U(. })[dg¥i+1/ds*]ds” the intertemporal income
effect of a change in tﬁé'éirm’s report s*; on the worker’s expected utility
level Q t+1, the right-hand side of {31) represents the intertemporal income
effect of a change in the firmfs report 8*¢ on the firm’s expected profit
® t+1. If no serial correlatién exists between si and si+1, then dg¥is1/ds*,
= 0, which implies d® t+1/ds*: = 0. If the firm is risk neutral, then U(. )
is independent of s’, so that (31) reduces to

dP t+1/ds*y = A eaaU(+ ) § {da¥e+1/ds*¢lds’ . (32)

St

Given that § q¥is1ds” = 1, (32) implies d® va1/ds*y = O. Thus, in these two
St+1
cages, inefficient employment cannot occur or only occurs as underemployment

because of the absence of intertémporal income effects. Otherwise, since

d®d t+1/ds*y evaluated at s*y = s is not necessarily equal to zero, we cannot
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exclude the possibility of overemployment.

5-4. Conclusion

This chapter has considered a two-period, asymmetric information contract
model in which the state of nature is serially correlated and the income
effect on worker’s demand for leisure is weak. The main results have been
sumarized by the'following two statements,

(1) 1f thé state of nature is serially uncorrelated, an optimal contract at
each period has the same characteristic as that of the static, asymmetric
information contract model: inefficient employment can only occur as
underemployment in the bad state of each period.
(2) If the state of nature is serially correlated, an optimal first-period
contract can have not only underemployment in the bad state but also
ovéremployment in the good state even though an optimal second-period
contract can have inefficient employment only as underemployment in the bad
state.
These results imply that the presence of serial correlations in the state of
nature is likely to cause greater fluctuations in employment than their
absence.

In this chapter, our attention has been focused on the firm’s incentive
compatibility problem under the multi-period contract framework. However, we
can also consider the worker's inéentive compatibility problem within multi-
period contract models.!? ‘This problem seems to be particularly interesting

if we incorporate the possibility of the worker's guitting into the model.

\
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Appendix

Proof of Lemma 1:

If the state of nature is serially uncorrelated, the actual conditional
probability of si+1 = s;, given st = sh, qi+1(s;] sn), is equal to the prior
belief of st = 85, qi(8y), for any realized state sn and reported state s*in.
Since the prior beliefs are independent of the firm’s reported state, the
contract Ci+1(8*t+138n) introduced to define (6) and (7) is independent of the
firm’s reported state sy because of the definition. Given (6), this argument
implies that & i+1(sn;s1) is independent of sp, which verifies Lemma 1(1).18

If the firm is risk neutral, Proposition 1 shows that

81f" (1v+1(s1)) = R, (Al)
s2f" (L1+1(s2)) = R, (A2)
Wer1(82) -~ Rless(S2) = ween(s1) - Rless(sy), (A3)
j=2 —

ilU(wtu(SJ) - Rli+1(8y)) + qrea(s;] sn) = U, (A4)

‘.Thus,

lis1(81) = F(R/sy), | (A5)
li+1(82) = F(R/s2), o (AB)
weer(s1) = R F(R/3,) + U-1(U), (A7)
werr(s2) = R+ F(R/s2) + U-1(0), (AB)

where F is the inverse function of f’ and U-! the inverse function of U.
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Since (A5)-(A8) show that the contract {wesr(s1), weer(s2), Lier(s1),
lis1(sz)} is independent of the firm’s reported state sn, it is
straightforward from (6) to see that ® t+1(snjsi) is independent of su, which

verifies Lemma 1(2).

Proof of Lemma 2:

If sr is serially uncorrelated or if the firm is risk neutral, Lemma 1
shows that ® t+1(82;81) = ® es1(8138i) (i = 1, 2). Then, each side of the
incentive-compatibility constraint for the realized state s; includes
® te1{sn;si) (h =1, 2; i = 1, 2), which cancels each other out (see (2la) and

(21b)). Thué, incentive-compatibility constraints (21) reduce to
81f(Le(81)) - we(s1) 2 si1f(le(s2)) - wi(s2), (A9)
82f(li(s2)) - wi(s2) 2 s2f(le(s1)) - we(s1). {A10)

Applying the proof of Azariadis [1983] to an optimal solution to maximization

problem consisting of (19), (20), (A9) and (Al10), we can verify this lemma.

5-22



Notes

1. Hart {1983} ﬁas investigated a multi-period, asymmetric information
contract model, but he has assumed that workers have access to a perfect bond
market and that the state of nature ie serially uncorrelated. Leach [1988]
has analyzed a multi-period, asymmetric information contract model with
limited liability of firms, but he has also assumed that the state of nature
is serially uncorellated.

2. See Proposition 1 of Hart [1983].

3. The firm may make a two-period contract with the worker. In this case,
the firm has an incentive to revise its contract at period t+1 by taking
advantage of the information about the state realized at period t. 'Ibe worker
also has an incentive to revise his expectation on the basis of the
information available to him at the beginning of period t+1. Thus, even
though the firm offers a two-period contract, we must analyze the same subgame
perfect Baysean equilibrium as that introduced in the next subsection if we
permit the contracting parties to renegotiate the terms of the contract.

4, If the firm has considerable latitude in its choice of profit and revenue
accounting practices— that is, how to price intermediate goods and
inventories, how to evaluate the firm’s debt in real terms, how to treat
depreciation and obsolescence—, the worker will have great difficulty in
monitoring the profit or revenue-figures of the firm.

5. 8*¢(si) is a schedule which maps states realized at period t into states
announced by the firm at period t.

6. As will be argued in the next subsection, we assume that the worker does

not use the offered contract Cis+1(s*1+1) as a signal of the state realized at

period t.
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7. s*1+1(s;) is a schedule which maps stateg realized at period t+l into
states announced by the firm at period t+1.

8. To restrict the set of equilibria of the game, we confine the set of the
firm’s reporting strategy to Sr (= {sr]| st = 81, 82}) (T = t, t+i).

9. If the contract Ci+1(s*i+1) is offered at the beginning of period t+1,
the contract arrangements Ci(s*:) are implementable even though the offered
contract Cts+1(8%¢+1) is inconsistent with the reported state s*.;.
Nevertheless, in this case, the worker knows at period t+1 that the firm
misreported which state had really occurred at period t. Thus, given
reputation costs or litigation costs, we can also justify in this case the
assuﬁption that Ces1{8*1s+1) must be consistent with s*.;.

10. Nevertheless, if the firm is allowed to choose random reporting
gtrategies, the offered contract Ci:1(s*i+1) can be viewed as a useful
information signal. This kind of double signaling problem has been discussed
in Hosios and Peters [1989] using a repeated insurance contract model.

11. In recent papers Laffont and Tirole [1988] and Hosios and Peters [1989)
have studied a two-period principal/agent model in which the principal updates
his incentive scheme after observing the agent’s first-period performance.
Laffont and Tirole show that the revelation principle cannot be generally
applied to repeéted relationships in the continuous state model if the agent
with superior information has individual rationality constraints. Hosios and
Peters obtain the same result in-éhe two-state model of insurance contracts by
agsuming that the agent with superior information has a zero discount rate and
individual rationality constraints, and that insurance under which benefit
payments exceed accident losses are infeasible. However, none of these
assumptions are imposed on the model of this chaptér, so that as in the

gignalling models of Spence [1974] and Milgrom and Roberts [1982], separating
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equilibria are feasible in each period.

12. In the present fraﬁework, there is no possibility that the firm takes
out-of-equilibrium actions. Thus, we need not use réfinement arguments such
as Cho and Kreps [1987].

13. Since the firm offers Cts1(s*t+1) for sn, we specify the relation using
the notation C(s*¢+1;8n).

14. Note that s is not necessarily equal to sp.

15, Note that 8*t+1,3 is always equal to s; (j = 1, 2) because of the
incentive-compatibility constraints at period t+l.

16. Note that, even though the firm has offered a period t contract
independent of the state reported by the firm, the firm must tell the worker
the state realized at period t so that he can revise his expectation of sisy.
17. Aron [1987] has discussed the problem of motivating workers within a two-
period contract model when workers' preferences are unknown to firms and the
firm follows the single-period profit maximization policy.

18, 1In fact, ® t+1(sn;si) is independent of not only sn but also of s;i,

because the absence of serial correlation implies qe+i(s;| si) = qels;) in

(6).
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Chapter 6

Long-Term Contracts and Entry Deterrence under Asymmetric Information



6. Long~term Contracts and Entry Deterrence under Asymmetric Information
6—1. Introduction

Although integration of imperfect product—market competition and labor (or sales)
contracts may be called by reality, very few researchers consider such interactions
simultaneously. Notable exceptions are found in the recent literature of Aghion and Bolton
(1987) and Dewatripont (1988a)(1988b). These researches have dealt with the examples of
incumbent firms which enter contractual relationships with workers or customers to deter
the entry of potential entrants.! Aghion and Bolton (1987) construct a sales contract
model in which an incumbent seller with private information will sign long—term contracts
to prevent the entry of some lower—cost producers. They show that the prices a buyer
must pay if he does not trade with the incumbent seller are lower under the optimal
asymmetric information contract than under the optimal symmetric information contract.
Dewatripont (1988a) discusses how labor contracts can be used for the purpose of strategic
commitment. He concludes that an ex—ante efficient contract will involve excessive
post—entry production and wage lévels if an incumbent firm and its workers possess some
private information. Using a numerical example, Dewatripont (1988b) also investigates the
effects of union contracts on strategic product market behavior in a dynamic model of
entry deterrence through sunk costs, originally developed by Eaton and Lipsey (1980).

In this paper, we consider the effects of a threat of entry on the labor contract
arrangements made between an incumbent and its union workers when the labor contract
arrangements are observed by a potential entrant who does not have information about the
incumbent’s cost type. Although the previous papers have examined a simple wage (or
price) contract model to stress the aspect of industrial organization, our aim is to develop a
more complicated contract model where an incumbent and its risk averse workers may
negotiate not only wage compensations but also employment levels. In fact, given that
capital equipment is defined in employment units, Dewatripont (1988a) has already

analyzed a similar contractual problem. In his model, an incumbent firm and its union
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workers bargain both wage compensations and employment levels under the threat of entry
of a potential entrant. However, his approach is different from ours in the following three
ways: (i) workers’ risk averse considerations are neglected; (ii) a work—sharing model is
used instead of a layoff model; and (iii) the decision of entry of a potential entrant is
exogenous. Relaxing these assumptions, we may elucidate more comprehensively how the
threat of entry affects the contract arrangements made between an incumbent firm and its
workers.

Specifically, we present a two—period model in which an effective threat of entry
forces an incumbent firm and its union workers to modify their actions. The incumbent
firm and its union workers are privately informed as to whether the incumbent’s
intermediate or material input costs are high or low. In the first period, the incumbent and
its union workers enter into a contractual relation specifying the levels of wage
compensations and employment. A potential entrant observes the agreed contract
arrangements and attempts to infer the incumbent’s intermediate or material costs. In the
second period, the potential entrant decides whether or not to enter the market. Given the
entry strategy of the potential entrant, the incumbent decides whether or not to exit; if the
incumbent does not exit, the incumbent chooses a price. In this whole process, a low—cost
incumbent has an incentive to separate from its high—cost counterpart. It then follows
that the low—cost incumbent’s contract choice will typically differ from the choice it would
make in an environment with complete information.

This chapter is organized as follows. In Section 6-2, we describe the basic model.
In Section 6-3, using the perfect Bayesian equilibrium concept and refining the equilibrium
set by eliminating dominated strategies, .ﬁre‘show that there can exist at most one
separating equilibrium. We next consider the possibility of pooling equilibria. Even after
dominated strategies are eliminated, many pooling equilibria remain. However, we can
restrict the set of pooling equilibrium by requiring the beliefs of the entrant to be intuitive

in the sense of Cho and Kreps (1987). In both separating and pooling equilibria, we show
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that the equilibrium contracts yield (i) no distortions in wages and severance pays, and (ii)
the same kind of distortions in employment and prices if the cost difference between the
incumbent types is large enough. Furthermore, if an optimal employment level of the
low—cost incumbent in the absence of the threat of entry is large énough, then (a) there
exist overemployment and a downward distortion in price; and (b) otherwise, there may
exist underemployment and an upward distortion in price. In Section 6—4, we summarize

our results as well as directions for future research.

6—2. The Model

We discuss an industry in which an incumbent firm facing potential entry signs a
labor contract with its union workers. Specifically, the incumbent monopolizes the market
and offers a labor contract to the union workers in the initial stage, whereas a potential
entrant may choose to enter the market after observing the offered contract. The entrant
makes its choice without having complete knowledge about the incumbent’s production
costs although the entrant may infer cost information by observing the contract offered by
the incumbent. This process of inference might then distort the incumbent’s incentive to

choose the contract arrangements.

Consider a monopolistic.incumbent firm with a linear demand function given by
X(p) =a-—p, (1)

where p denotes price. The incumbent’s production costs exclusive of wage costs are

described by
Cy(n, X(p)) = M(m)X(p), i=1,H. 2)

Here, n is the number of employed union workers and ¢ is the value of a cost parameter

which is drawn from {cg, g}y with 0 < éL < cH.2 Although c, is private information to



the incumbent firm and its union workers,3 the potential entrant has the prior belief that ¢
will be ¢y with probability p € (0, 1). The unit variable cost, ciM(n), is assumed to be
decreasing and convex in n, so that M < 0and M" > 0. Since Ci(n, X(p)) represents the
purchase of intermediate inputs and materials, the assumption of M <0 implies that

labor can be substituted for intermediate inputs and materials. We also assume that lim
n-+0

M(n) = w and 1im M(n) = 0. By virtue of having been a supplier in past periods, the
Do

incumbent firm is assumed to have the advantage that fixed costs are zero.

Each worker belonging to the incumbent’s union is endowed with a unit of labor;
and his preference is given by U(Y), where Y is his income. We make the usual
assumptions that U’ > 0and U" < 0. Each union member derives the utility of U(r) from
his alternative job opportunities if he is laid off by the incumbent firm in any stage of the
following game. |

To introduce a labor contract into the model of eﬁtry deterrence, we put the
following assumptions about strategies available to the players. Suppose that a contract 6i
is signed between the incumbent of true cost ¢; and its union workers before entry takes
place. The contract 6i specifies a wage W;, & severance pay y; and an employment level n;,

which must offer each union worker at least U(z), i.e.,

n,U(w,) + (m — n,)U(y, +1) 2 mU(z). (3)

Here, m is the total number of workers belonging to the incumbent’s labor union, assumed
to be fixed. Since the union may take advantage of its bargaining power, we assume that z

> 1. The contract 6i must also satisfy

m 2 n,. (4)

The incumbent does not default any accepted contracts as long as the incumbent remains
in the market. However, if the incumbent exits, it is unlikely that the incumbent commits

itself on the contract arrangements. For simplicity, we exclude any ability of the
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incumbent to be committed to its contracting arrangements if the incumbent leaves the
matkel;.4 We also rule out the possibility of renegotiation after the contracting parties
have agreed to their contracting arrangements.5 Finally, we assume that the contract 6i is
publicly observable because of the presence of collective bargaining.

Given the contract offer 6i, we can specify the incumbent’s profits in nonentry. If
entry does not occur, the incumbent remains a monopolist. Using (1) and (2), the profits

of the incumbent are

IL(p;, &) = Pi(a—Pi) = w,n, —y;(m-n,) — ¢, M(n,)(a—p,), i =1, H, (5)

where §, = {wi, Vi ni}.
If entry occurs, the incumbent must make do on duopoly profits. To simplify the
analysis, we assume that the post entry game is independent of preentry behavior. This

assumption enables us to focus on the effects of the threat of entry on contract

I

i and II]iE be the incumbent’s and the entrant’s duopoly profits in

entry when the incumbent’s cost type is ¢ (i =L, H). We assume that II{ >0 HIII and

arrangements. Let II

Hg >F> IIII?, where F is a start—up cost for the entrant. The inequality of H?I >F>
II% implies that entry does not occur if the entrant knows that the incumbent’s cost type is
C whereas eﬁtry occurs if the entrant knows that the incumbent’s cost type is c ;.
Furthermore, since we assume that the cost of exit is zero and that the incumbent does not
have to be committed to its contract offer in exit, the inequality of IIIII < 0 shows that the
high—cost incumbent leaves the market and obtains IIIII = 0 whenever entry occurs. Thus,
without loss of generality, we may set IIIII' =0.

All information in the model is common knowledge except for the value of the cost
parameter c;, which is not known to the entrant. Although the entrant cannot observe ¢
before making its entry choice, the entrant can observe the contract arrangements signed

between the incumbent and its union workers. Let p*(6) € [0, 1] be the entrant’s posterior
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belief that c; is °H when the entrant observes 6.

We now model this situation as an extensive—form game having three stages. In the
first stage, the incumbent offers a contract to its union workers, which is a set 6 = (wi’ Yo
ni), where the subscript i corresponds to the incumbent of true cost ¢;. In the second stage,
the entrant revises its initial belief from p;, to p*(6i) and chooses whether to enter the
market. If entry occurs, the entrant must incur a sunk cost F; if entry does not occur, the
entrant remains out of the market and incurs no fixed cost. In the third stage, given the
entry strategy of the entrant, the incumbent decides whether to leave the market. If the
incumbent remains in the market and the entrant does not enter, the incumbent executes
the corresponding contract and offers a monopolistic price. If the incumbent remains in the
market but the entrant enters, both the incumbent and the entrant would make do on
duopolistic profits. In fact, under our assumptions, either the incumbent exits or the
entrant does not enter. If the incumbent leaves the market, the incumbent may default the
signed contract.

Several remarks about this game are in order. First, we assume that the choice of
contract arrangements is less flexible than the choice of an output or price level. These
differences in flexibility are captured here by a multistage game framework in which an
output or price level is chosen after contract arrangements have been determined. This
formulation also reflects the ability of the incumbent to be committed to its strategic
variables. Second, as in the entry deterrence models of Dewatripont (1988a)(1988b) and
Gertner, Gibbons and Scharfstein (1988), we assume that the entrant cannot infer any
infoimation about the incumbent’s cost type by observing the incumbent’s price. In
particular, we assume that the incumbent’s price is determined after the entry decision has
been made. We hold this assumption to confine our attention to the analysis of the
interactions between contract arrangements and entry deterrence.

We now define a perfect Bayesian’_“equilibrium in this game. We shall consider only

pure strategy equilibria in the subsequent analysis. In this game, a strategy for the
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incumbent consists of a contract §; = (w;, y;, n,) offered in the initial stage and a
monopolistic price p; chosen in the final stage as long as the incumbent remains a
monopolist. A strategy for the potential entrant is the decision of whether to enter the
market. Let the entrant’s strategy be a function from the contract space into an
acceptance decision in {0, 1}, i.e., A*(6) € {0, 1}, where A* = 1 indicates nonentry and A*
= 0 entry. A perfect Bayesian equilibrium in this game is a collection {(6i, pi)izL,H’

A*(8), p*(6)} satisfying the following three conditions:

Condition I: Given the entrant’s strategy, the incumbent maximizes its expected profits by

choosing the contract arrangements and the output price; that is, fori = L, H,

qemm?xMﬂwm@;®+u—Aﬂamb, (6)

subject to (3), (4) and
p} € argmax IL(p, &). : (7)
p

Condition 2: Given the incumbent’s contract offer and the entrant’s belief, the entrant

maximizes its profits by choosing whether to enter the market. That is, for all §, A*(§) =

1if and only if
(O + [L - p*(@IE > F. (8)
Condition 3: When possible, the entrant’s belief p(6) is derived from Bayes’ rule and the

incumbent’s strategy. Thus, if 6i # 6, then p*(&f‘) =0and p*(6f) = 1. U 6f = &}, then
pH(6f) = »p. :

We should mention one caveat on an incentive of union workers to enter into an

equilibrium labor contract with the incuxﬁbent firm. Let us notice that the ex—ante



expected utility of each union worker contracting with the incumbent of true cost c; is

represented by

AX(8)In,U(w;) + (m—n)U(y;+0)] + [1-A*(8)]U(w), (9)

where U(wi) is his expected utility after entry has occurred. Since we assume that the
high—cost incumbent leaves the market and defaults the signed contract in entry, we may

set

U(wg) = U(). (10)

On the other hand, the low—cost incumbent remains the market, so that it is plausible to

assume

U(“’L) 2 U(x). (11)

Combining (3) and (9)—(11), we see that the expression of (9) is greater than U(r). Thus,
whether the incumbent’s cost type is low or high, each union member has an incentive to

enter into an equilibrium labor contract with the incumbent firm.

6—3. Analysis

In this section, we consider the characteristics of the set of perfect Bayesian
equilibria. The set of perfect Bayesian equilibria is determined by moving backward from
the final to the first stage of the game.

In the final stage, the incumbent femains a monopolist unless entry occurs. Then,
the incumbent determines its price by a monopolistic pricing rule for the given contract
arrangements; and this rule is summarizgd by (7). Using the first—order condition for the

solution of (7) with (5), the equilibrium monopolistic pricing rule for the incumbent of true
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cost ¢; in nonentry is represented by

pi(n) = 5l + M(ny)], i=1L 3 (12)

If entry occurs, the incumbent and the entrant act as players of the post entry game. Since
we have assumed that the post entry game is independent of preentry behavior, we will
neglect the pricing decision of the incumbent firm when entry has occurred.

We next examine the first and the second stages together. 1t is common for
signaling games to have a plethora of perfect Bayesian equilibria. Our model is no
exception to this rule; there are many separating and pooling equilibria. Many of these
equilibria are supported by unreasonable beliefs off the equilibrium path. However, several
recent articles propose stronger definitions of equilibria that restrict these
out—of—equilibrium beliefs. We use those refinement methods to eliminate unreasonable
equilibria.

We begin with exploring separating equilibria in which 6i # 6{1. In separating
equilibria, observing the contract arrangements, the entrant becomes fully informed of the
incumbent’s cost type before making the entry decision. A large class of possible contract
arrangements can arise in separating equilibria. However, we can show that a unique
separating equilibrium emerges with the elimination of dominated strategies following
Milgrom and Roberts (1986).

We now discuss how to eliminate dominated strategies. Let ¥ denote the set of
contracts § which satisfy (3) and (4), and p}(n) denote the equilibrium pfice for & which is
determined from (12). A contract § € ¥ will be called dominated for c; if

IL(p¥(m), 6) < T (13)

In other words, §is dominated for c; if 8 yields less profits in nonentry than does the

duopoly situatuion.% An equilibrium is called undominated if the entrant’s posterior belief
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of being ¢ = cH—-—that is, p*(6)—is equal to zero whenever § is dominated for cyy but not
for ¢y, Hence, the dominance criterion suggests that reasonable beliefs for the entrant
entail p*(6) = 0 for any contract § € ¥ with HH(pI*I(n)’ 6) < HII{ = 0 and II; (pf(n), §) 2
IIIIJ. Let us assume (i) that the high—cost incumbent does not mimic the strategies of the
low—cost incumbent if the resulting profits of the high—cost incumbent are zero, and (ii)
that HL(pi(n), 0) 2 H%‘ always holds in separating equilibria. Under this assumption,
reasonable beliefs entail p*(6) = 0 for any contract § € ¥ with My(pfi(n), 8) <11 III = 0.
Optimality for the low—cost incumbemt (Condition 1) then implies that an equilibrium
contract 6{ maximizes the low—cost incumbent’s profits on the set of ¥ with

N (pi(n), 6) < 0.7 Optimality for the high—cost incumbent (Condition 1) also indicates

that the high—cost incumbent always exits in separating equilibria because of Il III = 0 and

E 8
Iy > F.

Given (3), (4) and (12), separating equilibria are now summarized by
Max P]t(nL)[a - Pf,(nL)] — Wb, YL(m - nL) - CLM(“L)[?" - Pfl(“L)], (14)

{WL ) yL’nL}
subject to (3), (4) and

pi(np)la ~ pfy(ng )] — wpng —yp (m—np) —cgM(n ) [a — pii(ny)] < O, (15)

where pf(nL) (i = L, H) is obtained from (12) by substituting np into n,. Inequality (15)
represents the incentive—compatibility condition (pfi(nf), 6) <O.
Assuming that (4) always holds with inequality for an optimal solution to (14), we

characterize the first—order conditions for the equilibrium contract arrangements as

follows:
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~(m—np) + pm ~np U’ (yp+1) + Mm —np) =0, (17)

—wp + ¥, — ¢ M (np)fa - Pyl + WUwy) — Uy o)
+ ’\{WL -y, t CHM (nL)[a - Pﬁ(nL)]} =0, (18)

where 22 and ) are nonnegative multipliers associated with (3) and (15), respectively. Note
that these first—order conditions are rearranged using (12).
As a first step, we examine the features of the equilibrium contracting arrangements

in undominated separating equilibria using (16)—(18). Inspecting (3), (16) and (17) yields

wp =y, tr=z (19)

which confirms the result of standard implicit contract theory under symmetric
information that workers are indifferent between employed and laid off states. In other
words, (19) implies that the threat of entry does not affect any incumbent’s choice for
wages or severance pays if the incumbent shares its information with its union workers.
Furthermore, unless (15) is binding with equality for a solution to (14),i.e., A =0, we
substitute (19) into (18) and obtain

r+ oM (ap)la—pf(ap)l = 0, (20)

which is equivalent to the first—order condition with respect to n for the low—cost
incumbent in the absence of the threat of entry. However, as long as (15) is binding with
equality for a solution to maximization pfoblem (14), the threat of entry affects the choice
of the incumbent for its employment and price levels. In the subsequent analysis, we
restrict our attention to the case that (15) holds with equality for a solution to
maximization problem (14).

We are now in a position to elucidate the effects of the threat of entry on a pair of
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optimal employment and price levels of the low—cost incumbent with the aid of Figures

1-3. Let us choose B,(n) such that

r+eM (n)a-Byn)]=0, i=LH (21)

It follows from (19) that if p}(n) = B,(n), (21) represents the optimal condition with
respect to n for the monopolistic incumbent of true cost ¢; in the absence of the threat of
entry. As shown in Appendix, an example of the function p’i‘(n) of (12) and the function
Bi(n) of (21) can be depicted as the corresponding schedules p}(n) and B;(n) in Figures
1-3. Assume that (n;, p;) is a unique maximizer for the monopolistic incumbent of true
cost c, in the absence of the threat of entry under the condition that n, < m. Then, we can
choose (m;, p;) as a unique intersection of p}(n) and B,(n) in Figures 1-3 because of the

definitions of p(n) and B;(n). In Appendix, we can also prove that

— —_ . —1 a —

n; >n if M (———)<ng, (22)
L~ "H R L

— — —1 a —

n; <n if ( )2 ng, (23)
L="H ¢ty L

where M i the inverse function of M(n).
We begin with discussing the case of Figure 1 in which (22) is satisfied. Let
¢i(n, p) denote the levels of profits of the incumbent with ¢; in nonentry, obtained by the

substitution of (19) into IIi(p, 6). In Figure 1, we draw a possible shape for the isoprofit
9

curve ¢p(n, p) =0, i.e,,
dg(n, p) = p(a~p) — 10 — m(z-1) — czM(n)(a-p) = 0. (24)

Note that points inside a given isoprofit curve correspond to higher levels of profits. The

unconstrained maximizer (ng, ﬁL) in the absence of the threat of entry is thus inside the
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ellipse formed by ¢H(n, p) = 0 because we assume that constraint (15) holds with equality
for a solution to maximization problem (14). We also depict a possible shape for the
isoprofit curve ¢; (n, p) = ¢1,(nf, pf) through (nf, pi"l);10 this point is the closest to (n;,
py,) of the points where the isoprofit curve ¢g(n, p) = 0 intersects with the pf(n) curve.
Since (n}, p}') maximizes ¢; (n, p) on the set ¢y (m, p) < 0, the dominance criterion tells us
that (nfl,}pi':) is a unique undominated separating equilibrium. Note that optimality for
the pricing decision of the low—cost incumbent requires that (nf, p{) must be on the pf(n)
curve.

We next consider the case of Figures 2 and 3 in which (23) holds. In this setting,
there may be two possibilities; nf‘ > HL (Figure 2) and nf < ny (Figure 3). Applying the
similar arguments in Figure 1, we can again show that (ni':, pi) is a unique undominated
separating equilibrium in Figures 2 and 3.

From Figures 1-3, we obtain the following proposition:

Proposition 1: Suppose that (n P I/ i3 inside the ellipse formed by ¢ H(n, p) = 0 and that

HL(PL; 51‘) 2 Hi- Then, (i) if M_I(-é—_%_z—) < EL’ there exists at most one
L""H

undominated separating equilibrium (an, pI) in which ny > n [ ondpt < P [ ond ( i) if

M —1( rim %E-) >n [ there egists at most one undominated separating equilibrium (ny, pt)
L' "H

in which either ny > ﬁL andpy < pporng<ng andpt 2 p;.

Thﬂs, if an optimal employmem\; level of the low—cost incumbent in the absence of the
threat of entry is large enough, the distortion associated with efficient signaling in the
separating equilibrium causes overemployment and a downward distortion in price.
Otherwise, the distortion in the separating equilibrium generates either overemployment

and a downward distortion in price or unteremployment and an upward distortion in price.
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a
‘Lt
ny, it is seen from (22) that oy > nyy. Then, the high—cost incumbent finds it less

The intuition behind Proposition 1 can be explained as follows. If M_l( ) <

profitable to employ more workers than 'ﬂL. Hence, to prevent the high—cost incumbent
from pretending that the cost is low, the low—cost incumbent chooses greater employment
than it does in the absence of the threat of entry. However, the analogous explanation

cannot hold if M—I(EL—;"_—C—I;) > EL' In this situation, even if n; < ny, the low—cost

incumbent may select greater employment than it does in the absence of the threat of entry
because the resulting lower price may deter the high—cost incumbent from pretending to be
the low—cost incumbent. Hence, Proposition 1 indicates that there exist two possibilities if
M'I(Eﬁzﬁ) > ;.

Using a model similar to ours, Dewatripont (1988a) shows that the optimal
asymmetric information contract produces overemployment and higher wage payments
under the threat of entry. The difference between the results of his and our models in
employment mainly depends on his assumption that the decision of entry of the potential
entrant is exogenous. On the other hand, the difference in the results of wage payments
stems from the formulation differences that he uses a work sharing model whereas we use a
layoff model.

| Although we have thus far considered separating equilibria, there can also exist
pooling equilibria characterized by (pi, 6f') = (pi"l, 6{1) in which the entrant learns nothing
at all from observing an accepted labor contract. However, pooling equilibria cannot exist

if entry would be favorable under the entrant’s prior beliefs, that is,

pllg + (1 —p)IIT. 2 F. (25)

In this case, the entrant always enters the market and induces the high—cost incumbent to

exit, 50 that the high—cost incumbent has no incentive to pretend to be the low—cost
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incumbent. In contrast, if (25) fails, many pairs of (p, §) can arise in pooling equilibria.
Even if we refine unreasonable pooling equilibria by the elimination of dominated
strategies, any point between (;IL’ f)L) and (ni, pi) on the pf,(") curve in Figures 1-3 may
be a pooling equilibrium.

To eliminate equilibria based on unreasonable beliefs, we must further refine our
equilibrium concept. Following Cho and Kreps [1987], call a set of equilibrium beliefs

unintuitive if there exists & # 6%, 6% such that
(o, §) < Mg(pk, 6%) (26)

HL(PL, ) > HL(PLa 6L) (27)

where p; (i = L, H) is determined from the right—hand side of (12) for 6 = 8. If both (26)
and (27) hold, the equilibrium (&}, Jﬁ) could be supported only by an "unintuitive"
inference of p*(;i) > 0. Applying this argument to the analysis of pooling equilibria, we see
that equilibrium beliefs fail to be intuitive if there exists 5 $8° = 6ﬁ = 6;: such that

Py 9) < Tg(pgy ), (28)

Ty (py, 8) > My ey, ), (29)

where p; (i = L, H) is determined from the right—hand side of (12) for 6 = 6°.

To refine the set of pooling equilibria using the intuitive criterion, we put the

following assumption. Let ¢p(n, p) = ﬁ denote the isoprofit curve of the high—cost
incumbent which touches the pf(n) curve. Let (nL, p L) denote the point at which

¢g(n,p) = II touches the pf(n) curve. We assume that (nL, pL) is outside the region
satisfying ¢L(n,p) 2 ¢L(nL, pL). This assumption is justified if (cH—~cL) is large enough to

make the value of |ny—n; | large. Because of this assumption, the level of Ppy(n,p) is
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greater as n is closer to ;IL on the line of the pi(n) curve between ni"l and ;IL'

We are now in a position to refine the set of pooling equilibria in Figure 1. Suppose
a contract 6° = (n°, 2, z—1) with ;IL <n’ < HL.II Using the assumption imposed above,
we can choose a contract § = (;1, z, 2—R) with n° ¢ n < nf, which satisfies HH(I;I[’ ;5) =
by, Pyg) < $yg(n”, py) = Myg(pg, ) and My (b, ) = (v, py) > by (0°, p) =
IIL(pE, 8°). This being the case, none of the contracts 6° with np < n° < n; can give
intutitive pooling equilibrium strategies. Hence, only the pooling equilibria which can
survive the intuitive criterion are made up of pooling contracts 6° with HL <n°¢ ni.
Similarly, refining the set of pooling equilibria in Figures 2 and 3, we can choose pooling
equilibria with HL <n°¢ n’I"l in Figure 2 and with HL >n° ) nf‘ in Figure 3, which can
survive the intuitive criterion. In fact, since we assume that the high—cost incumbent does
not pretend to be a low—cost incumbent for IIH(ni"I, pﬁ) = 0, we rule out the point (“f{,

pﬁ) from the set of pooling equilibria.

The foregoing arguments lead us to state the following proposition:

Proposition 2: Suppose that the assumptions of Proposition 1 hold and that (25) fails. Also
suppose that (n;;, pZ) defined above is outside the region satisfying ¢ L(n, D)2 d(n pp f) If

pooling equilibria (n°, p°) exist, then (i) ny < n’ < ng and p ;> P > pt if

-1 1 - ey - : —
M (E}F_E;{) < n ; and (i) either ny < n < ngandp, 2 p >pgor np 2 n’ > ng and
= o , —1 1 —
Pp<p <ppifM “(--7-- )2 n;.

L A crtey L
Thus, if an optimal employment level of the low—cost incumbent in the absence of the
threat of entry is large enough, Proposition 2 implies that overemployment and a
downward distortion in price occur in intuitive pooling equilibria. Otherwise, Proposition
2 suggests that either overemployment and a downward distortion in price or

underemployment and an upward distortion in price occur in intuitive pooling equilibria.

- Therefore, whether or not an equilibrium is informative, signaling with labor contracts
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entails the same kind of distortions in employment and prices, and no distortions in wages

and severance pays.

6—4. Conclusion

We have discussed a model in which an incumbent firm uses its contracting
arrangements with its union workers to signal its cost type and to deter the entry of a
potential entrant. Our analysis has shown that, whether an equilibrium is separating or
pooling, the signaling process causes (i) no distortions in wages and severance pays, and (ii)
the same kind of distortions in employment and prices if the cost difference between the
incumbent types is large enough. Furthermore, if an 6ptimal employment level of the
low—cost incumbent in the absence of the-threat of entry is large enough, the signaling
causes overemployment and a downward distortion in price;'otherwise, the signaling may
cause underemployment and an upward distortion in price.

We conclude by mentioning directions for future study. First, in our model, the
postentry game i independent of preentry behavior. If this assumption is relaxed, contract
arrangements may be allowed to depend on postentry conditions as in the model of
Dewatripont (1988a). It would be fairly interesting to check whether our conclusion still
holds in this situation. Second, we have assumed that workers have complete information
about the cost type of the incumbent. However, if workers have only incomplete
information about the incumbent’s cost type, we must deal with a "two—audience signaling
model" developed in Gertner, Gibbons, and Scharfstein (1988). Third, it is clear that other
product market strategies such as exit or predation could affect labor contract issues.

Thus, it would be interesting to extend our model into those issues.
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Appendix

We first examine the characteristics of the p}(n) schedule. Given ¢ <cy, lim
n~+0

M(n) = w and 1im M(n) = 0, it is found from (12) that for all n,

n-w
pi(n) ¢ pA(n), (A1)
where equality holds if and only if n - 0 or n -+ . Because of M <0and M" > 0, we also
see |
dp}(n)/dn < 0 and d?p}(n)/dn? >0, i=L,H (A2)
Furthermore, since we have assumed that 1im M(n) = w and 1im M(n) = 0, we obtain
n~0 n-w
lim p¥(n) = w and lim p¥(n) =(1/2)a, i=1L,H. (A3)
n0 ! nw

Conditions (A1)—(A3) characterize an example of the p}(n) schedule in Figures 1-3.
We next consider the features of the B,(n) schedule. It follows from (21) that

B(n) =a+1/[cM ()], i=L,H (A4)
It is found from (A4), M <0and ¢y, ¢ oy that for all n,
By (n) ¢ By(n) <a. (A5)
Differentiating (A4) with respect to n yields
4B,(n)/dn = M )}/ {[M ()2} <0, i=1L, B, (A5)

where the final inequality in (A6) is derived from M"(n) > 0. On the basis of (A5) and
(A6), an example of the B(n) schedule is shown in Figures 1-3.

Our final task is to compare HL with HH if (ﬁi, Bi) is a unique maximizer for the
monopolistic incumbent of true cost ¢; in the absence of the threat of entry under the
condition n; < m. Substituting (12) and (19) into (5) and differentiating it with respect to
1, we obtain a function I',(n,): |

Iin)=r+ (1/2)ciM,(n)[a — ¢;M(n,)]. (A7)
Since we assume that (iii, 'ﬁi) is a unique maxmizer, the function I‘i(n) has a unique point
n, satisfying I'(n;) = 0; and is decreasing in n in the neighborhood of n,. Furthermore,

using (A7), we see



Iy (n) —Ty(n) = (1/2)M (n)(c;, — cyp)la —M(n)(cy, + cy)l-
Because of M (n) < 0 and ¢j, < g it follows from (A8) that

. 1 _
Tim)>Tym) i M (= +CH) <ny,
and
. -1
Iy(n)¢Ty(n) if M (CL +CH) >np

where M is the inverse function of M(n). Now, it is found from Figure 4 that

- - ] ""1

cL+cH
Similarly, it is immediate from Figure 5 that
= .= . -1, a =
n, {n if ( )>n
L=-"H R | L
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Notes

1. A few other papers study the effects of financial signaling on product—market
competition. See Bhattacharya and Ritter (1983), Brander and Lewis (1986), and Gertner,
Gibbons and Scharfstein (1988).

2. We assume that intermediate or material input data are proprietary information and
thus are unavailable to the potential entrant. A possible justification for this assumption is

that only accounting profits are publicly reported, and that they would be extremely poor

indicators of economic profits.

3. If the incumbent’s union workers do not know the incumbent’s cost type, the incumbent
firm must signal to two uninformed audiences; that is, the potential entrant and the
incumbent’s union workers. For the examples of a two audience signaling model, see
Gertner, Gibbons, and Scharfstein (1988), which discuss the effects of financial signaling on
product—market competition.

4. If the incumbent is allowed to be committed to its contracting arrangements even in
exit, these contract arrangements may be made contingent on the entry or nonentry of the
- potential entrant.

5. Several recent studies, however, are concerned with renegotiation—proof contracts. See,
for example, Dewatripont (1988a) and Hart and Tirole (1988).

6. More precisely, a contract § will be called dominated for ¢ if 6 yields less profits to the
incumbent of true cost ¢ under the best post entry condition than does the duopoly
situation/under the worst post entry condition.

7. If the entrant knows that the incumbent’s cost type is ¢ , then the entrant never enters
the market because II% < F. Thus, the low—cost incumbent maintains the monopoly
situaﬁon in this case.

8. The high—cost incumbent éan obtain IIIII = 0 only if it leaves the market; otherwise, the

high—cost incumbent has to make do with IIIEI <0.
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9. Note that &y /dp = 0 on the pfi(n) schedule and éy;/0n = 0 on the By;(n) schedule

because of the definitions of these scedules. Then, given that dn/ $p | =
=0
H
—[&#H/ dp)/ [6¢H/ dn}, we see that dn/dp | = 0 on the pfj(n) schedule and dn/dp | =won
10 n=0
the Byy(n) schedule.

10. Using the arguments similar to note 9, we draw a possible shape for the isoprofit curve
d(n, p) = by (nf, pY).
11. The contracts 6° and & must satisfy (19), so that (w°, y°) = (w, y) = (2, z-1).
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Chapter 7

Implicit Contracts in the Japanese Labor Market



7. Implicit Contracts in the Japanese Labor Market

7-1. Introduction

The implicit contract theory explored by Azariadis (1975) and Baily
(1974) shows that wage rigidity and underemployment result from the
optimizing behavior of firms and workers. The theory suggests (i) that wage
rigidity arises from risk-sharing arrangements between firms and workers,
and (ii) that underemployment may occur if workers attach a high utility
value to leisure or unemployment insurance benefits.

Although the theoretical implications are important, little altention
has been given to empirical testing for the implicit contract theory.!
Instead, it is frequently stated that the implicit contract theory may
empirically be supported by the following stylized fact: Cyclical
fluctuations in employment are large relative to the corresponding real wage
movements, 2

However, several alternatives to the implicit contract theory can
explain this stylized fact. First, the existence of an adjustment lag in
the labor market or the monopoly power of a labor union can generate the
stylized relation between employment and wages. If this is the case, the
labor market is not cleared in any sense; and observed wage rates cause an
inefficient level of employment. Second, the equilibrium business cycle
approach, steming from the fundaﬁental contribution of Lucas and Rapping
(1968), also predicts such substantial wage elasticity of employment. In
this view, the instantaneous adjustment of real wages brings the supply and
demand of labor into equality. Nevertheless, if leisure in the current
period is highly substitutable with leisure in other periods, movements in

the current real wage relative to expected discounted future real wage rates
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elicit a large labor supply response. Wage stickiness and unemployment are
then interpreted within the competitive equilibrium framework as the outcome
of the strong intertemporal substitution in labor supply or erroneous
expectations, 3

The foregoing arguments show that the implications of wage rigidity are
crucially different between the three theories mentioned above. 1In this
chapter, we attempt to develop a test for the implicit contract hypothesis
to examine the implications of observed wage rigidity.?* The empirical
results indicate that implicit contract relations are not rejected in the
Japanese labor market. This finding suggests that some part of observed
wage rigidity still remains in the Japanese labor market even if
disequilibrium factors are removed or intertemporal substitution in labor
supply is not great. This portion of wage rigidity reflects the outcome of
efficient risk sharing arrangements between firms and workers.

One of the most important issues concerning implicit contracts is that
the effects of monetary or real disturbances on macroeconomic stability
depend upon whether implicit contracts are made in real terms or nominal
terms. Since implicit contracts in real terms stabilize real wages, they
insultate an economy from the effects of monetary shocks by avoiding
distortions in real wages and by limiting transitory changes in oulput and
“employment. However, this observation implies that implicit contracts in
real terms may render monetary policy ineffective for conducting
stabilization policies. Furthermore, escalated money wages produced by
these contracts may exacerbate unemployment and promote inflation against
fluctuations of aggregate suppl¥ due to real disturbances (such as adverse
changes in the terms of international trade or unexpected reductions in

labor productivity). In contrast, implicit contracts in nominal terms



stabilize nominal wages but not real wages. Thus, under implicit contracts
in nominal terms, monetary disturbances have more significant impacts on
oufput and employment levels than real disturbances do.5

The second purpose of this chapter is to test whether implicit contract
relations in the Japanese labor market are made in real terms or nominal
terms. A key result qf this test is that the implicit contract hypothesis
in real terms is more fitted to actual data than that in nominal terms.

This finding gives evidence that the Japanese economy is more volatile to
real disturbances than to monetary disturbances.

This chapter ié organized as follows. The next section provides a
theoretical model and derives theoretical restrictions for the implicit
contract hypothesis. Section 7-3 develops an empirical method for testing
the implicit contract hypothesis with cross-sections data on firms. Section
7-4 offers empirical results and appraises them. The final section

summarizes our conclusions and remaining problems for future study.

7-2. The Theoretical Framework

We use a risk sharing model based on Shavell (1976). Consider an
economy in which there are two tybes of agents: firms and workers.v Each
firm faces a random variable, P, whose density function g(P) is defined on
(P-, P*). The stochastic property of P reflects the fact that the firm’'s
revenue is uncertain. If a wagefcontract is made in the spot auction
market, the wage rate varies with the random variable, P; thus risk averse

workers cannot avoid taking undesirable risk. Implicit contracts are then



viewed as institutional insurance arrangements between firms and workers
(represented by labor unions) against this kind of risk.

To simplify the analysis, let us assume a situation in which a firm
enters into a wage contract with a labor union. The expected utility of the

labor union is then represented by

Pl
E(U) = § U(Nw(P))g(P)dP, (1)
p- .
where U is the utility function of the labor union,$ N the number of union

members, and w(P) the wage income of each union member at state P.7 The

expected utility of the firm is written in the form

Pt
E(V) = § V(N. [y(P)-w(P)])g(P)dP. (2)
P-
Here, V denotes the utility function of the firm and y(P) stands for the
firm's net income per worker prior to the wage payment at state P.8
An optimal contract is now obtained from maximization of E(V) subject

to E(U) held constant; that is,

. p+

Max  §  V(N. {y(P)-w(P)])eg(P)dP, ~ (3)

w(P)  p- R

sub., to § U(Nw(P))g(P)dP 2 U, (4)
P-

where U is the minimum expected ﬁtility of which the firm assures the labor

union.



To specify an optimal contract, let us assume that U(Nw) = — exp(-— aNw)
and V(£ ) = —exp(—bx ). This assumption implies that each agent has a
utility function with constant absolute risk aversion. Since it is assumed
that a > b > 0, labor union’s absolute risk aversion, a, is greater than
firm's, b, |

Now, the first-order condition to maximization problem (3) is given by
BN+ exp(—bN+ (y(P)—w(P))) = aNA - exp(—aNu(P)), (5)

where A is the nonnegative multiplier associated with inequality constraint

(4). Taking logs of both sides of (5) leads to

b log ad — logb
y(P) + . (6)
a+b a+ b

w(P) =

Equation (6) describes an optimal wage rate in the implicit contract,
The optimal wage rate depends on the three parameters which are not directly
observable; that is, the degree of labor union’s absolute risk aversion, a,
the degree of firm's absolute risk aversion, b, and the multiplier, A .

If we view (log aA ~— log b)/(a+b) as a fixed effect and b/(a+ b) as
a coefficient of y(P), we can regress w(P) on y(P). However, this
estimation approach is equivalent to measufing the extent of wage rigidity
relative to firm’s net income pér worker prior to the wage payment, y(P).
Since we wish to test the implicit contract hypothesis rather than measure
the extent of wage‘rigidity, we must use another estimation method.

Fortuna£e1y,vas will be diéeussed,inrthe next section, we can find a

proxy for approximating the degrees of risk aversion of the labor union and



the firm, ‘a’ and ‘b’. Thus we can estimate equation (6) by considering
‘log A’ a parameter or by taking variances of both sides of (6) so as to
eliminate A from (6). (Note that A and N are state invariant.)
In the analysis that follows, we will adopt the latter procedure
because the implications of the estimation equation are more

straightforward. The implicit contract hypothesis is now characterized by

b - 2
VAR(w) = {~———) + VAR(y). (7
a+ b ’
Here, VAR(w) is the variance of wage income and VAR(y) the variance of
firm’'s net incbme per workerkprior to the wage payment.

Some remarks are in order. First, (7) tells us that the variance of
wage income, VAR(w), is negatively associated with labor union’'s absolute
risk aversion, a; but that it is positively associated with firm’s absolute
risk aversion, b, or the variance of firm’s net income per worker prior to
the wage payment, VAR(y). Second, given the assumed inequality relation a >
b > 0, (7) shows that VAR(w) < (1/4)VAR(y). In other words, variations of
wage income are much smaller than those of firm’s net income per worker
prior to the wage payment if the firm is less risk averse than its labor
union. This finding is reminiscent of the well-known proposition that wage
income is more rigid in the implicit contract than in the competitive
auction contract. |

Representation (7) does not depend on whether the variables are defined
in real terms or nominal terms. If the variables are defined in real terms,
wagde rigidit& is realized in reai terms because wage contracts are made in

real terms. In contrast, if the variables are defined in nominal terms,



implicit contracts cause nominal wage rigidity. Thus, in the subsequent
sections, we will test the implicit contract hypothesis in real terms
against that in nominal terms by estimating (7) with data in both real terms

and nominal terms.

7-3. The Empirical Model

Before proceeding to the empirical test, we must fill some gaps between
the theory and the reality.

First, we must measure the degree of risk aversion of each agent.
Friend and Blume (1975) state that the degree of investor's relative risk
aversion igs inversely related to the ratio of his holdings of marletable
risky assets to marketable total assets if assets are made up of riskless
assets and marketable risky assets. In accordance with their specification,
we adopt as a measure of RRA the inverse of the holding ratio of marketable
risky assets to marketable total assets. However, equation (7) shows that
VAR(w) is directly related to the degree of absolute risk aversion but not
to the degree of relative risk aversion. Thus we must modify equation (7)

using the following relatibns of absolute to relative risk aversion:

a = WRA/(Nw) and b = FRA/(N. FPR). (8)

Here, WRA, FRA, and FPR denote the degree of labor union’s relative risk
aversion, the degree of firm’s relative risk aversion, and the firm's profit

per worker, respectively. Substituting (8) into (7), we have



FRA/FPR 2
VAR(w) = [ 1 VAR(y). (9)
(WRA/w) + (FRA/FFR)

From now on, we will confine our attention to (9) instead of (7).

Second, if workers are homogeneous across sampling firms, the degree of
union’s absolute risk aversion, a, is viewed as a fixed effect in (7)
because our empiricél model is estimated with cross-sectional data on firms.
Then we can drop the degree of union’s relative risk aversion, WRA, and wage
income, w, from the estimating equations, for these two variables are also
interpreted in (9) as a fixed effect across sampling firms. Since
longitudinal data of workér’s households are not acceptable, we assume that
workers are homogeneous across sampling firms.

Third, measurement of VAR(w) and VAR(y) poses some problems. Since we
estimate our empirical model with cross-sectional data on firms, we compute
these variances using annual time series data on each firm. However,
computation of these two variances is not straightforward, because both wage
income per worker and.firm;s net income per worker prior to the wage payment
grow with an apparant time trend. To concentrate on cyclical fluctuations,
we measure VAR(w) or VAR(y) as the variance of deviation from a linear trend
of wor y.?

Finally, to discuss whether wage contracts are arranged in real terms
or nominal terms, we must compare the results estimated with data in real
terms to those egtimated with déta in nominal terms. To this end, we choose
a defiator vwhich transforms a nominal variable into a real one. In the
analysis that follows, we will use as the deflator the consumer price index
(CP1) or the wholesale price ind;x (WPI).

We are now ready to present specifications for testing the implicit
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contract hypothesis in real terms or nominal terms. Linearizing the right-
hand side of (9) with respect to the explanatory variables and taking

logarithms of both its sides, we obtain the following estimating equations:

log VAR(W*) = o + ai1log FRA + azlog FFR
(+) (-)

+ ajlog VAR(Y*) + T ajs«DUM; + & o, (10)
() ' J
log VAR(W*/Pc¢) = bo 4+ bilog FRA 4 b2log FPR/P¢
(+) -)
4+ balog VAR(Y*/Pc) + 3 ba«;DUM; + £ 4, (11)
+) J
log VAR(W*/P¥) = co + ci1log FRA + c2log FPR/P¥
() =)
+ calog VAR(Y*/P¥) + 3 ca+sDUM; + ¢ 2. (12)

(+) J

Here,

W = firm’'s nominal wage payment per worker,
W* = W adjusted with a time trend factor,19

Y = firm’s nominal net income per worker prior to the wage payment,

Y*

u

Y adjusted with a time trend factor, it
Pc¢ = consumer price index,

Pv¥ = wholesale price index,

H

DUM; = dummy variable of the j-th industry.1:?

The error terms, [& oy £ 1, & 2], are assumed to be distributed normally.
The predicted signs of the explanatory variables, which are derived from

partial differentiation of the right-hand side of (9), are shown in the
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parentheses below them.

Some comments are in order. First, firm's relative risk aversion FRA
is not deflated by any price index, because FRA is a ratio between the two
nominal variables. Second, direct calculation reveals that the coefficient
of log VAR(y) is equal to unity. This theoretical restriction of the
coefficient of log VAR(y) can be used to verify the implicit contract
hypothesis. However, it should not be surprising if the coefficient value
of log VAR(y) is less than unity. The reasons behind this intuition are as
follows: (i) Some disequilibrium factors such as high separation costs
(including human capital grounds) or the monopoly power of labor union are
not precluded; (ii) measurement errors across sampling firms in wages, the
index of risk aversion, or firm’s net income per worker prior to the wage
payment. are not avoided, because these variables are calculated from the
mean or the variance of their annual observations over estimation periods.

Equations (10)-(12) are estimated with financial data on firms in
manufacturing, mining, and construction industries in Japan. The financial
data are presented in the Data Appendix. We calculate VAR(w) (resp. VAR(y))
from the variance of annual observations of w (resp. y) of each firm over
estimation periods. We compute the other variables from the mean of their

annual obgervations over the same estimation periods.

7-4. Results

We begin with estimating equations (10)-(12) over the period from 1965

Fiscal year to 1983 Fiscal year. We also estimate these equations over two
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estimation periods: from 1965 Fiscal year to 1974 Fiscal year and from 1975
Fiscal year to 1983 Fiscal year. The estimation in the two subperiods
enables us to consider whether or not the first oil crisis brought out a
structural change in the Japanese labor market. Although many of the same
sampling firms are used in the tests mentioned above, the number of sampling
firms being actually available in the period from 1975 Fiscal year to 1983
Fiscal year is about five times that of sampling firms in the other two
periods. The difference in the number of sampling firms stems from the
restrictions of Needs-Financial Data File.!?® To verify the implicit
contract hypothesis in the 1arger set, of sampling firms, we reestimate (10)-
(12) over the period from 1975 Fiscal year to 1983 Fiscal year using all of
the available sampling firﬁs.

These estimation results are summarized in Tables 1-3. Three columns
in each table correspond to the estimates of equations (10)-(12). From now
on, equations (10), (11), and (12) are referred to as the VAR(W), the
_ VAR(W/P¢), and the VAR(W/P¥) equation, respectively.

Table 1 reports the results for the entire period. The estimates
suggest that the implicit contract hypothesis is not rejected throughout
1965-1983. All of the estimates except the coefficient of the profit of the
firm (FPR) have the plausible sign and are significant. The sign of the
coefficient of the profit of the firm is also in accordance with the
theoretical requirement although £he standard errors are large.

Furthermore, the coefficient of the profit of the firm is more significant
in the VAR(W/P¢) equation than in the other two equations.

We next discuss thevresults\estimated with many of the same sampling
firms over the two estimation periods: the period 1965-1974 and the period

1975-1983. 1In the period before the first oil crisis, the implicit contract



hypothesis does not completely fit the data. 1In contrast, in the period
after the first oil crisis, the empirical results of the VAR(W) and the
VAR(W/P¢) equation are broadly consistent with the implicit contract
hypothesis (see Table 2). In particular, this finding is verified in the
VAR(W/P¢) equation. The estimated coefficient of relative risk aversion of
the firm— the key varisble of our analysis— is more significant in the
VAR(W/Pc) equation than in the VAR(W) equation.

It might be surprising that, despite our finding that the estimates are
not satisfactory in the period before the first oil crisis, the estimation
results are much better in the entire period than in the period after the
first oil crisis. However, these observations are not necessarily
inconsistent, because detrended wage variations are more stable across
sampling firms in the entire period thén in the period after the first oil
crisis. |

In fact, in the period after the first oil crisis, we can improve the
explanatory power of the implicit contract hypothesis by increasing the
number of sampling firms.!4 Table 3 lists the fesults estimated in the
period after the first oil crisis using all of the available sampling firms.
These estimates support the implicit contract hypothesis more strongly than
the estimates in Table 2. On the other hand, since the coefficient of
relative risk aversion of the VAR(W/P¢) equation is as significant at the 1%
level as that of the VAR(W) equation, the results in Table 3 do not serve to
determine whether the VAR(W/P¢) equation fits the data better than the
VAR(W) equation.

Nevertheless, we can state that increasing the number of sampling firms
suffers the loss of the test power for distinguishing between the real and

the nominal implicit contract hypothesis. This is because cross-section
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variances (such as the differences between firms in wage adjustments) become
large as the number of sampling firms becomes greater.

Tables 4 and 5 give the estimated results using standard deviations as
a measure of cyclical variations in our estimating equations. The columns
o (W), o (W/Pc), and ¢ (W/P¥) correspond to the VAR(W), the VAR(W/P¢), and
the VAR(W/P¥) equation, respectively. Table 4 presents the results
throughout 1965-1983 whereas Table 5 lists the results in the period after
the first oil crisis. We confine the estimations of Table 5 to the smaller
set of sampling firms because the larger set of sampling firms yielded great
cross-section variénces. The estimates in these two tables broadly verify
the tendencies observed in Tables 1-3. In particular, it is found that the
VAR(W/Pc) equation is more fitted to data than the other equations.

In all of these estimations, the parametric restriction test of the
coefficient of VAR(y) provides evidence against the implicit contract
hypothesis.15 However, as argued in the previous section, some
disequilibrium factors or’measurement errors in each variable permit the
coefficient of VAR(y) to be much less than unity. This consideration
suggests that the result of the parametric restriction test does not
constitute a resounding rejection of the implicit contract hypothesis. In
addition, the insignificant levels of the VAR(W/Pc¢) equation are broadly
smaller than those'of the other two equations in this parametric restriction
test. |

To sum up, our empirical evidence suggests that, in the Japanese labor
market, the implicit contract hypothesis is not rejected by real wage
movements deflated by the consumer price index. It also indicates that the
first oil crisis changed the structure of the Japanese labor market:

Implicit contract relations arranged in real terms are verified in the



period after the first oil.crisis, whereas this finding is not observed in
the period before the first oil crisis.

The structural change of the Japanese labor market due to the first oil
crisis can be interpreted as follows. During the period 1965-1973, a high
rate of growth characterizes the Japanese economy. Throughout the period,
the Japaﬁese labor market faced excessive excess demand, and so observed
wages reflected the favorable conditions alone.!® Thus cyclical fluctuation
in observed wages is much smaller in the period 1965-1973 than in the other
periods. However, variances of wages observed among sampling firms are
considerably alike.if cyclical wage fluctuation for éach firm is rather
small. Thus, before the first oil crisis, it is difficult to estimate our
empirical equations with cross-sectional data on firms. 1In contrast, after
the first oil crisis, there is a structural decline in the growth rate; and
so the era of over-full employment ends. Cyclical fluctuation in wages for
each firm then becomes greater because incessant excess demand of the labor
market does not exist. The difference between the estimated results of the
two subperiods can be explained as a result of this change in the pattern of

cyclical wage fluctuation.

7-56. Concluding Remarks

This chapter has tested the implicit contract hypothesis using
microeconomic data in the Japanese labor market. The empirical observations
show (i) that the implicit contract hypothesis in real terms is not rejected

by data and (ii) that the tendency is more strongly verified after than
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before the first oil crisis. This finding suggests that a certain degree of
wage rigidity is viewed as an efficient response of the market to
undesirable risks. It also gives evidence that, in the Japanese economy,
real disturbances have more impacts on output and employment levels than
nominal disturbances.

We conclude this chapter by suggesting a number of limitations and
possible extensions of the present analysis. First, our estimating
equations may be derived from a collective bargaining hypothesis if
management’s bargﬁining power improves when financial condition of the firm
deteriorates and risky assets increase in its total portfolio. Then the
estimating results in the present chapter can be explained by both the
implicit contract hypothesis and the collective bargaining hypothesis.!?
Thus it is fairly interesting to develop an empirical method which can
digtinguish between these two hypotheses. Second, in this chapter, we
assume that the contracting approach is applied to wage determination but
not to employment determination. Thus, some readers would wonder if the
neglect of employment may bring out our results. Unfortunately, it is
difficult to check this problem because employment data for each firm—in
particular, work hours data—are not acceptable in the Japanese labor
market. Indeed, using both the wage and the work hours equations with
'aggregate macroeconomic data, Osano and Inoue (1991) has tested a dynamic
implicit contract model, and havé obtained the results which support the
dynamic implicit conﬁract model. Third, the prominant features of the labor
market can be explained by several theories other than the implicit contract
théory. In fact, Weiss (1980) and Shapiro and Stiglitz (1984) succeed in
establishing the possibility of an unemployment equilibrium by viewing wage

rates to be a kind of incentive inducing mechanism. This asymmetric



information problem will have to be incorporated into future extensions.!18



Data Appendix

In this appendix, we define the variables referred to in the text. All
these variables are used as the mean or variance of their annual

observations over the estimation periods.

(1) W: Firm's nominal wage payment per worker.
W = (Firm's labor expense including pension and retirement expense at
the end of the firm's fiscal year)/{(Number of firm’'s ordinary
workers at the end of the firm’s fiscal year).

W* = W adjusted with a time trend factor.

(2) Pc: Consumer price index at the end of the firm’s fiscal year (Pc¢ = 100

at 1980).

{3) Pv¥: Wholesale price index at the end of the firm's fiscal year (P¥ = 100

at 1980).

(4) FRA: Degree of relative risk aversion of the firm.
FRA = (Firm’s liquid assets at the end of the firm's fiscal year)
/[(Firm’s liquid assets at the end of the firm's fiscal year) -
(Firm's cash and deposits at the end of the firm’s fiscal

year)]ie,

(5) FPR: Firm’s earnings per worker prior to the interest and the tax
payment.,

FPR = (Firm’s earnings prior to the interest and the tax payment at the



end of the firm’s fiscal year)/(Number of firm’s ordinary workers

at the end of the firm’s fiscal year).

{6) Y: Firm's net income per worker prior to the wage payment.

Y = [(Firm’s earnings prior to the interest and the tax payment at the
end of the firm’s fiscal year) + (Firm’s labor expense including
pension and retirement expense at the end of the firm's f{iscal
year)]l/(Number of firm’s ordinary workers at the end of the
firm’s fiscal year).

Y* = Y adjusted with a time trend factor.

Data source: Nihon Keizai Shinbun Inc., Needs-Financial Data File.
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Notes

.1. In the past few years, Bellante and Link (1982) and Brown (1982) have
developed empirical tests for the implicit contract theory. Bellante and
Link suggest that risk averse workers choose jobs which offer lower wages
and lower financial risk. Although their estimation equation is not
necessarily derived from tﬁe optimal behavior of firms and workers, their
estimates invthe US labor market seem to support the implicit contract
hypothesis, On the other hand, Brown carries out a more rigorous test based
on the firm's maximization behavior. He finds evidence‘that, other things
being equal, variations of wage rates are smaller than those of the marginal
product of labor. Besides these two studies, the literature of the wage
indexation and the efficient contracting model provides other examples of
empirical tests for the contract hypothesis. See Cousineau, Lacroix, and
Bilodeau (1983), Card (1983)(1986), Brown and Ashenfelter (1986),

MaCurdy and Pencavel (1986), and Svejnar (1986).

2. The extent of wage rigidity in the Japanese labor market can be
calculated from the ratio of the standard deviation of the firm’s value
added to the standard deviation of the firm’s wage payment if the annual
time series data of these two figures are adjusted with time trend. The
Iratios calculated among sampling firms for the period from 1965 to 1983
average out at 5.04 for nominal Vélues, 5.69 for real values deflated with
the consumer price index, and 5.36 for real values deflated with the
wholesale price index. The data for calculating these ratios are Laken from
the Needs-Financial Data File (sée note 13).

3. We can also discuss the differences between the macroeconomic

implications of the equilibrium business cycle and the implicit contract
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model using the timing and the persistence effect advocated in Clark and
Summers (1982). The timing effect is identical with .the effect attributed
to the intertempofal substitution in labor supply. The persistence effect
ig due to frictions and specificity of employment relationship, thus
generating pérsistence of employment. Since the same presumptions as the
persistence effect underlie the implicit contract model, the presence of
implicit contracts involves the persistence effect. Clark and Summers
suppose an economy in which the government undertakes unexpected
expansionary policies. The initial ihpact of the change is an increase in
employment irrespéétive of whether the timing or the persistence effect
predominates. However, these two effects have the exact opposite
implications fdr the long-run effects of unexpected expansionary policies,
If the timing effect is predominant, employment after the shock will be less
than it WOuid have been had the shock never occurred. This is because
individuals wish that a large proportion of their lives in the labor force
is scheduled to coincide with periods of maximum opportunity. In contrast,
if the persistence effect prevails, short-run increases in employment will
tend to persist because of factors such as habit information, adjustment
costs, or human capital accumulation. For detailed arguments, see Clark and
Summers (1982).

4, Our estimation approach is mainly based on Osano and Tsutsui
(1985)(1986), who test the implidit contract hypothesis in the bank loan
market. For the empirical literature of employment and wage adjustments in
the Japanese labor market, see Shimada, Hosokawa, and Seike (1982),
Muramatsu (1983), Ono (1985), Ohashi (1985), Ohtake (1985), and Hanai
(1986). In particular, Ohtake supports the disequilibrium hypothesis

whereas Hanai rejects the equilibrium business cycle hypothesis.

7-20



5. See Gray (1976) and Fischer (1977). This issue is also concerned with
the recent macroeconomic investigation on whether rigidity is realized in
terms of real or nominal wages. See Sachs (1979), Branson and Rotemberg
(1980), Gordon (1982) and Grubb, Jackman sand Layard (1983). These
researches state that, in countries with nominal-wage rigidity, expansionary
policy can reduce the real wage and thus increase the aggregate supply; on
the other hand, iﬁ real-wage countries, it cannot. Furthermore, using the
results estimated with aggregate time series data, these studies determine
which countries are in which category of wage rigidity. For a criticism on
such approaches, see Ueda énd Yoshikawa (1983).

6. The utility function for the labor union can be of the form

+

E(U) = § ¥ NU(w(P))g(P)dpP. ' (N1)

P-
As long as N is state independent, both specifications lead to the same
empirical specification if the definition of relative risk aversion of the
labor union is slightly modified.
7. In the rest of this chapter, we will use expression “at state P” to
denote “ When a random variable equals P”.
8. y(P) = (sales) — (cost of materials) — (interest payments)
+ (profits of inventories) — (tax on profits).

9. Specifically, we remove a linear time trend from the wage movement as

follows:

Wiz o+ a1t 4+ &4, ‘ (N2)

where t is the time and & i+ the disturbance term. VAR(w) is then computed
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from the variance of & . .A similar procedure is also applied to the
computation of VAR(y). |

10. See note 9.

11. See note 9.

12. The industries are as follows: mining; construction; food; textiles;
paper; chemicals; medicines; petroleum; rubber; glass, stone and clay; iron
and steel; non-ferrous metals; machinery and equipment; electrical
machinery; ships; automobiles; transportation equipment; and precision
machinery and equipment.

13. The Needs-Financial Data File is constructed from financial dala on all
nonfinancial corporations listed on the Tokyo Securities Exchange, compiled
annually at the end of fiscal years 1965-1983 as Nikdiei Electronic Data Bank
System, Nilhkei Financial Data. For mostbof the listed corporations, this
data file does not include data oﬁ labor expense before 1970, 'Thus the
number of available sampling firms is greater after 1975 than before 1974.
14, The difference between the results of Tables 2 and 3 may stem from the
fact that the average scale of sampling firms ié larger in Table 2 than in
Table 3. Large scale firms are less likely to stabilize their profits
through wage contracts because they have easy access to the capital market.
If this is the case, in large-scale sampling firms, the variances of wages
may not greatly be related with our explanatory variables. The estimates in
Tables 2 and 3 may verify thesevténdencies.

15. We employ the F-test to test the parametric restriction of the

coefficient of log VAR(y). An F-statistic is defined by

(A — B)/k

Fs—e— (N3)
B/N



where A is the sum of squares of the residuals in the regression with the
restriction imposed, B the sum of squares of the residuals in the regression
without the restriction imposed, k the number of restrictions, and N the
degree of freedom of B. Under the null hypothesis, the F-statistic is
distributed as an F(k, N) distribution.

16, See Kosal (1981) and Hamada and Kurosaka (1984).

17. We thank one of the anonymous referees of Journal of the Japanese
International Economies for suggesting this point.

18. The recent work of Krueger and Summers (1988) has carried out this line
of research.,

19. Although firms have real assets, most of these assets are not easily

marketable. Thus, when calculating FRA, we restrict our attention to liquid

asgets,



Table 1

Estimates of the Variance Equations
in the Years 1965-1983

{t~values in parentheses)

Independent Variable . VAR(W) VAR(W/Pc¢) VAR(W/PY)
(Variance)
Constant Term (ao) ~-2.489 -2.861 -2.487
: (-5.447%%) (-5.512%x) (-5.073%x)

Relative Risk Aversion of 2.478 3.330 3.213
the Firm (FRA) {1.719%) (2.058%%) (2.097%xx)
Firm's Profit per Worker -0.072 -0.270 -0.145
(FPR) (-0.418) - (-1.445) (-0.834)
Variance of Firm's Net
Income per Worker prior 0.481 0.550 0.486
to the Wage Payment {5.980xx) {6.391%x) (6.021%x)
(VAR(Y))

R2 0.509 0.437 0.450

r? 0.449 0.366 0.381

F ' 8.468 6.141 6.475

Notes: Number of observations = 179
¥% Significant at the 5% level.
¥ Significant at the 10% level.



Table 2

Estimates of the Variance Equations
in the Years 1975-1983 (1)

{t-values in parentheses)

Independent Variable VAR(W) VAR(W/P¢) VAR(W/Pv)
(Variance)
Constant Term (ao) -3.268 -3.242 ~-2.467
(-5.825%%) (-5.947%%) (=5.101%x)

Relative Risk Aversion of 2.106 2.873 2.759
the Firm (FRA) (1.298) (1.816%) (1.963%)
Firm’s Profit per Worker -0.207 -0.134 0.112
(FPR) (-1.229) (-0.809) (0.740)
Variance of Firm’s Net :
Income per Worker prior 0.488 0.473 0.384
to the Wage Payment (6.671%xx) (6.734%x) {5.580%x)
(VAR(Y))

R2 . 0.387 0.397 0.465

r? 0.308 0.318 0.394

F 4,891 5.032 6.584

Notes: Number of observations = 165
¥k Significant at the 5% level.
¥ Significant at the 10% level.



Table 3

Estimates of the Variance Equations

in the Years 1975-1983 (2)

{t-values in parentheses)

Independent Variable VAR(W) VAR(W/P¢)
(Variance)
Constant Term (ao) -3.588 -3.310

(-15.838%x)

(-15.069%¥)

Relative Risk Aversion of 1.464 1.269
the Firm (FRA) (2.355%%) (2.104%%)
Firm’s Profit per Worker -0.046 -0.056
Variance of Firm's Net
Income per Worker prior 0.405 0.398
to the Wage Payment (12.145%x) (12.270%x)
(VAR(Y)) '

R2 0.310 0.330

r? 0.294 0.3156

F 19.653 21.471
Notes: Number of observations = 936

X% Significant at the 5% level.
¥ Significant at the 10% level.

-2.550
(-12.982%x)

1.058
(1.970%)

0.051
(0.810)

0.324
(10.486%x)



Table 4

Estimates of the Standard Deviation Equations
in the years 1965-1983

(t-values in parentheses)

Independent Variable o (W) o (W/Pc) o (W/PV)
(Standard Deviation)

Constant Term (ao) -1.004 -1.292 ~1.104
(-4.244%x)  (-4.910%%)  (-4.443%x)
Relative Risk Aversion of 1.277 1.650 1.600
the Firm (FRA) (1.649%) (1.971%) (2.014%x)
Firm's Profit per Worker 0.110 -0.049 0.006
(FFR) : (1.276) {(-0.535) (0.070)
Standard Deviation of
Firm’s Net Income per 0.302 0.495 0.424
Worker prior to the Wage (3.654xx) (5.456%x) (4.997%x)

Wage Payment (o (Y))

R2 0.444 0.404 0.417
r2 0.376 0.329 0.343
F 6.5156 5.358 5.641

Notes: Number of observations = 179
X% Significant at the 5% level.
* Significant at the 10% level.



Table 5

Estimates of the Standard Deviation Equations
in the Years 1975-1983

(t-values in parentheses)

Independent Variable o (W) c (W/pc) o (W/Pv)
(Standard Deviation)

Constant Term (ao) -1.507 -1.523 -1.087

' (-5.121%x) (~5.420%%) (-4.331%x)
Relative Risk Aversion of 0.904 1.270 1.285
the Firm (FRA) (1.072) (1.565) {1.768%)
Firm’s Profits per Worker -0.080 ~-0.061 0.087
(FPR) : (-0.904) (-0.713) (1.115)
Standard Deviation of
Firm’s Net Income per 0.423 0.444 0.328
Worker prior to the Wage (5.587xx%) (6.0556%x%) {(4.515%x%)

Payment (o (Y))

R2 0.341 0.369 0.430
r? 0.2567 0.286 0.3556
F ' 4,015 4.455 5.715

Notes: Number of observations = 165
% Significent at the 5% level.
¥ Significant at the 10% level.



REFERENCES

Azariadis, C., "Implicit Contracts and Underemployment Equilibria,” Journal
of Political Economy 83 (1975): 1183-1202.

Baily, M.N., "Wages and Employment Under Uncertain Demand," Review of
Economic Studies 41 (1974): 37-50.

Bellante, D. and A.N. Link, "Worker Response to a Menu of Implicit
Contracts," Industrial and Labor Relations Review 35 (1982): 590-599.

Branson, W.H. and J.J. Rotemberg, "International Adjustment with Wage
Rigidity," European FEconomic Review 13 (1980): 309-332.

Brown, J.N., "How Close to an Auction is the Labor Market?: Employee Risk
Aversion, Income Uncertainty, and Optimal Labor Contracts," Research in
Labor Economics 5 (1982): 189-235.

Brown, J.N. and O. Ashenfelter, "Testing the Efficiency of Employment
Contracts,”" Journal of Political Economy 94 (1986): S40-S87.

Card, D., "Cost-of-Living Escalators in Major Union Contracts," Industrial
and Labor Relations Review 37 (1983): 34-48.

—, "Efficient Contracts with Costly adjustment: Short-Run Employment
Determination for Airline Mechanics," American Economic Review 76
(1986): 1045-1071.

Clark, K.B. and L.H. Sumers, "Labour Force Participation: Timing and
Persistence," Review of Economic Studies 49(1982): 825-844.

Cousineau, J.-M., R. Lacroix, and D. Bilodeau, "The Determination of

Escalator Clauses in Collective Agreements," Review of Economics and
Statistics 45 (1983): 196-202.

Fischer, S., "Wage Indexation and Macroeconomic Stability," Journal of
Monetary Economics, Carnegie-Rochester Conference Series on Public
Policy 5 (1977): 107-1417,

Friend, I. and M.E. Blume; "The Demand for Risky Assets,' American FEconomic
Review 65 (1975): 900-922.

Gordon, R.J.,."Why U.S. Wage and Employment Behavior Differs from That in
Britain and Japan," Economic Journal 92 (1982): 13-44.

Gray, J.A., "Wage Indexation: A Macroeconomic Approach," Journal of Monetary
Economics 2 (1976): 221-235.

Grubb, D., R. Jackman, and R. Layard, "Wage Rigidity and Unemployment in
OECD Countries," European Economic Review 21 (1983): 11-39.

7-29



Hamada, K. and Y. Kurosaka, "The Relationship between Production and
Unemployment in Japan: Okun’s Law in Comparative Perspective,’” Furopean
Economic Review 25 (1984): 71-94,

Hanai, 8., "The Intertemporal Substitution Model of Labor: An Examination of
Japanese Aggregate Data," Working Paper Series No.3 (Nanzan University,
1985).

Kosai, Y., Koudo Seicho no Jidai (Age of Rapid Growth: Notes on Japancse
Economic History), Nihon Hyoronsha (1981): Tokyo.

Krueger, A.B. and L.H. Summers, "Efficiency Wages and the Inter-Induslry
Wage Structure," Econometrica 56 (1988), 259-293.

Lucas, R.E. and L. Rapping, "Real Wages, Employment and Inflation," Journal
of Political Economy 77 (1969): 721-754.

MaCurdy, T.E. and J.H. Pencavel, "Testing between Competing Models of Wage
and Employment Determination in Unionized Markets," Journal of Political
Economy 94 (1986): S3-S39.

Muramatsu, K., Nihon no Rodo Shi,jo Bunseki (An Analysis of the Japanese
Labor Market), Hakuto Shobo, (1983): Tokyo.

Ohashi, I., "Wage and Employment Adjustments and the Efficiency Wage
Hypothesis: An Application to the Japanese Manufacturing Industries,"
mimeographed, (1985).

Ohtake, F., "Jisshitsu Chingin no Shinshukusei ni tsuite (Flexibility of
Real Wages)," mimeographed, (1986).

Ono, A., "Saikin no Tei Keizai Seicho to Kongo no Rodo Shijvo (Depressed
Economic Growth Today and the Labor Market in Future),"” in Minami, R.
and A. Mizuno (eds.), Senshin Kogyo Koltu no Koyo to Shitsugyo, Chikura
Shobo, (1985): Tokyo.

Osano, H. and T. Inoue, "Testing Between Competing Models of Real Business
Cycles," Chapter 8, this thesis, (1991).

and Y. Tsutsui, "Implicit Contracts in the Japanese Bank Loan

Market," Journal of Financial and Quantitative Analysis 20 (1985): 211-
229. .

y "Credit Rationing and Implicit Contract Theory,"
International Journal of Industrial Organization 4 (1986): 419-438,

Sachs, J.D., "Wages, Profits, and Macroeconomic Adjustment: A Comparative
Study," Brookings Papers on Economic Activity 2 (1979): 269-319.

Shapiro, C. and J.E. Stiglitz, "Equilibrium Unemployment as a Worker
Device," American Economic Review T4 (1984): 433-444.

Shavell, 8., "Sharing Risks of Deferred Payment," Journal of Political

7-30



Economy 84 (1976): 161-168.

Shimada, H., T. Hosokawa, and A. Seike, "Chingin oyobi Koyo Chosei latei no
Bunseki (An Analysis of Wage and Employment Adjustment)," Keizai Bunseli
84 (1982), Economic Planning Agency: Tokyo.

Svejnar, J., "Bargaining Power, Fear of Disagreement, and Wage Selllements:
Theory and Evidence from U.S. Industry," Econometrica 54 (1986): 1055-
1078.

Ueda, K. and H. Yoshikawa, "Rodo Shi.jo no Macro Keizai Bunseki
(Macroeconomic Analysis of the Labor Market),” Kilkan Gendai Leizai 54
(1984): 62-77.

Weiss, A., "Job Queues and Layoffs in Labor Markets with Flexible Wages,"
Journal of Political Fconomy 88 (1980): 526-538.

7- 31



Chapter 8

Testing between Competing Models of Real Business Cycles



8. Testing Between Competing Models of Real Business Cycles
8-1. Introduction

A business cycle phenomenon is typically found in time-series data on
employment and real wages. According to the data of almost all developed
countries, employment fluctuations are considerably greater than wage
fluctuations. Many recent economic studies have attempted to explain this
vhenomenon. Most of these studies fall into the equilibrium business cycle
theory in which business cycles are the result of individual agents optimizing
in a competitive environment. Among the most famous early examples of such a
theory are the rational expectations-general equilibrium models of Lucas (1972)
and Barro (1976) which stress the role of nominal shocks in the presence of
imperfect informafion. More recently, the predominant equilibrium business
cycle theory has been the real business cycle model of Kydland and Prescott
(1982), Long and Plosser (1983) and King and Plosser (1984) which emphasizes
the importance of real shocks to production technology.

Real business cycle‘theory considers a model economy populated by a single
infinitely-lived individual with given initial resources, production
possibilities and tastes. The representative individual chooses a preferred
consumption-production plan and the resulting allocation is Pareto optimal.
The implications of real business cycle theory are thus derived from the Pareto
optimal equilibrium allocation as calculated from the planning problem of a
"social planner" or representative agent. A policy implication of this theory
is that monetary policy has no significant effect on output. In this view,
obgserved money-output relations are the consequences of responses of the
monetary shock to output fluctuations brought about by random real shocks to

technology.
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Since real business cycle models characterize equilibrium prices and
quantities by solving the social planning problem, the resulting Pareto optimal
equilibria must be decentralized. The usual way of decentralizing Pareto
optimal equilibria is to use spot competitive markets. Thus, real business
cycle models are typically based on the intertemporal substitution of leisure

to account for large fluctuations in employment with small fluctuations in real

wages. This idea, often called the intertemporal substitution theory, stems
from the fundamental contribution of Lucas and Rapping (1968). Their basic
hypothesis is that leisure is easily substitutable across periods so that
individuals are willing to supply a large amount of labor effort in periods
with high wages. If this is true, then small transitory movements in perceived
real wages can ha&e large effects on the path of labor supply.

The ability of the intertemporal substitution théory'to explain observed
fluctuations in employment and real wages thus heavily depends upon the
presence of strong substitutability in labor supply across periods. Thus the
empirical literature on the intertemporal substitution theory has focused on
the estimation of the elasticity of intertemporal substitution in labor supply.
However, almost all of these studies find that the elasticity of intertemporal
substitution in labor supply is very low.! This finding implies that the
intertemporal substitution theory has difficulty in explaining the observed
fluctuations in employment and real wages.

The foregoing arguments suggest the necessity to develop other lines of
bresearch for decentralizing Pareto optimal equilibria generated by the real
business cycle model.2 Recent work by Sargent (1979, Chapter 16, p.376), Rosen
(1985) and Wright (1988) shows that long-term contracts can support precisely
the same dynamic quantity allocation as can be supported by spot markets in

\
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labor. Their long-term contract model—which we will call the efficient long-
term contract model from now on—differs from the long-term contract model of
Fischer (1977) and Taylor (1979) in that contracting parties consider not only
wage but also employment determination in the contract negotiation.3:4

The basic idea of the efficient long-term contract theory is that

‘employment is long-term and current wages are nothing more than installment
payments on a long-term obligation. This idea is concerned with the following
two aspects of the contractual relation between firms and workers. First, as
argued by Baily (1974) and Azariadis (1975), firms are usually less risk averse
than workers and thus have an incentive to insure workers against wage
fluctuations by means of intertemporal risk-sharing arrangements. Second, as
.pointed out by McDonald and Solow (1981), firms and workers bargain over wages
and employment under the presence of high separation costs, search costs, and
training costs. Wages then have a role as an internal distribution parameter
according to which organizational rents are distributed. This finding suggests
that within bilateral bargaining situations, wages do not necessarily vary with
employment. Thege two aspects imﬁly that wage stickiness can arise from
intertemporal risk-sharing or intertemporal bilateral bargaining arrangements
between firms and workers under the efficient long-term contract theory.

This chapter will explore the empirical properties of the efficient long-
term contract model as an alternative to the intertemporal substitution model
in accounting for large fluctuations in employment with small fluctuations in
real wages.® The theoretical implications of the efficient long-term contract
model suggest that real business cycle theory can be consistent with the
observed cyclical fluctuations in employment and real wages evenAif the

intertemporal substitution elasticity of labor supply is low.
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We will use aggregate Japanese data to test the efficient long-term
contract model against the intertemporal substitution model. In Japan, most
labor agreements are characterized by permanent employment and are negotiated
in a synchronized manner during the spring wage offensive (Shunto). As long as
management and workers evaluate their agreements over a long-run horizon, we
predict that the efficient long-term contract hypothesis provides a solid basis
for understanding the movements of employment and real wages in the Japanese
economy . 8

This chapter is organized as follows. The next section first reviews the
intertemporal substitution theory based on a standard model of life-cycle labor
supply and then displéys the efficient long-term contract theory built on a
dynamic effiéient contracting model. However, unlike the standard real
business cycle model, we focus on the labor market.and do not specify the
complete general equilibrium models. The theoretical argument reveals that the
intertemporal substitution model is nested within the efficient long-term
contract model if labqr input is adjusted by means of work-sharing alone.
Section 8-3 develops a testing method for distinguishing between these two
models. Section 8-4 tests the efficient long-term contract model against the
intertemporal substitution model using aggregate Japanese data. The results
support the efficient long-term contract model, whereas the intertemporal
substitution model is rejected. The final section offers some concluding

remarks.

8-2., Theory

In this section, we discuss the formal relation between the intertemporal

substitution model and the efficient long-term contract model. We begin by
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presenting the basic structure of the two models.
The per capita production function of a representative firm at period t

is:
(1) Yi = Fe(Ley, K¢, ue),

where L: is per capita labor supply to the fifm at t, K¢ is the per capita real
stock of capital at the beginning of t, and u: is a random variable at t. It
is assumed that F{ is increasing and concave in Lt and Ki. The per capita
profits of the firm after payments to capital owners and workers in period t

are
(2) 7 gt = [PeFe(Le, Key, ut) — Welie — (1 + R + 2 +)PKel,

where P: is the price of the firm’s output at t, Wt is the nominal wage rate at
t, #» + is the rate of depreciation of capital at t, and R: is the price of
capital which is equal to the nominal return from holding a security between t-
1 and t.

There is a representative infinitely-lived consumer-worker, who derives
pleasure from consumption and leisure, and whose utility function is stationary

and additively separable over time.7 His expected discounted lifetime utility,

Vo, is then
t =00

(3) Vo = Eo[Z p t: U(Ct, Lt)].
t=0

Here, Eo is an expectation operator conditional on information available at the
initial period; p is a constant discount factor; Ci is real consumption at t;
L: is labor effort at t; and U is increasing in C:, decreasing in L, and

concave in Ci and L.
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Taking a series of labor supply [Lt; 0 £ t £ o1 as given, we can
characterize the optimal consumption-saving decision of the consumer-worker.
To this end, we must introduce the budget constraint faced by the consumer-
worker. Let us suppose that the consumer-worker has access to some financial
assets which cah be both bought and sold, and that he receives a dividend 7 at
out of the firm’s profits m f+. We also assume that the consumer-worker does
not face any quantity constraints in the labor and product markets. With these

assumptions, the budget constraint of the consumer-worker in period t is
(4) PiCt + Ar S Wikt + mat + (1 4+ Rie)Ar-1.

Here, A+ is the nominal value of assets possessed by the consumer-worker at the
end of period t. Given a value of initial assets A-; and a series of [P:, W,
Rty Lt, mat; 0 £ t S]], the consumer-worker chooses a contingency plan for
[Cty At 0 £ t £ o] to solve the following maximization problem:
t =00
(5) Max Eo[Z p t- U(C:y L¢)l,
Ct, At t=0

subject to (4).

We now present the intertemporal substitution and the efficient long-term
contract models by concentrating upon the labor market.® From now on, we
designate the former as the ITS model and the latter as the ELC model.

To formulate the ITS model, we need to determine the demand for labor by
the firm and the supply of labor of the consumer-worker. We begin by examining
the demand for labor by the firm.A Within the framework of the intertemporal
substitution theory, the labor market is competitive, and the firm continuocusly

maximizes its single-period profits. Thus the demand for labor by the firm is
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determined by the marginal productivity condition:

(6) Wi = Pe+ 3F¢/3Lit.

Dividing equation (6) by its counterpart in period t+1, taking expectations (as
of t), and rearranging, we have the following dynamic marginal productivity
condition:?®

Wis1/Prea OF t+1/9Lt+1

(7) Edl — 1 =0,
Wi/Pe dF /3L

where E: is an expectation operator conditional on information available at
period t.

We next determine the supply of labor of the consumer-worker in the ITS
model. 1In the ITS model, the supply of labor of the consumer-worker is
simultaneously determined along with his consumption-saving plan. More
specifically, taking a value of initial assets A-; and a series of [P:., Wi, R,
mat; 0 £ t £ ] as given, the consumer-worker chooseg a contingency plan for
[Cty Lt, At: 0 £ t £ o] to solve the following maximization problem:

t =00
(8) Max EofX p *. U(Ce, L)1,
Cty L, Ax t=0

subject to (4).

The first-order conditions of the solution for maximization problem (8) can be

written in the following form:190
Wi oU/aC+¢

(9) = -1,
P U/oLt




oU/3Ct+1 Pi(l 4+ Ris+1)
(10) Etlp 1-1=0,
dU/3C Pi+1

OU/Lts+1 Wel(l 4+ Resr)
(11) Eidp ] - 1=0.
AU/ L Weet

Equation (9) is the static substitutable relation of consumption to labor
supply at period t. The Euler equation for consumption, (10), states the
substitutable relation of consumption between period t and period t+1. The
Euler equation for labor supply, (11), expresses the substitutable relation of
labor supply between period t and period t+l1. Note that either Euler equation
(10) or (11) is redundant if (9) holds exactly in all periods.

For our empirical analysis, we need to transform equation (9). Dividing
equation {9) at t+l by its counterpart at t and taking expectations as of t, we
can replace (9) with the following Euler equation:ii

Wter Pt 3U/ICt+1 3U/JL:

(12) E:l ] - 1=0.
Wi Pisr 3U/IC: JU/9Lt+1

The ITS model is then described by the dynamic marginal productivity condition,
(7), and the Euler equations derived from the dynamic optimization of the
consumer—workef, {(10), (11) and (12).

We next turn to characterizing the ELC model. Let us consider a model in
which the firm offeré a long-term contract to the consumer-worker. The long-
term contract the firm offers is drawn up in the initial period when the states
of nature in the present and future periods are unknown, and specifies wage-
employment policies conditional on the set of available information at t, I:.
Thus, the coptract can be represented by the vector, [We(I:), Le(Ie); 0 £ t £

Y
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o], where W¢(I:) is the nominal wage rate at t conditional on I: and L:(I:)
the per worker labor input at t conditional on I:. To simplify notation, we
simply will write W¢ and L rather than Wi(Ii) and L¢(I+).

Before proceeding to the specification of the ELC model, we need to derive
the optimal consumption-saving decision of the consumer-worker in the ELC model
given a contract. This decision will be a solution to maximization problem
(5). Solving (5) and substituting the resulting optimal contingency plan for

t =00

consumption back into Ee[X p t. U(C:, Li¢)], we obtain the following indirect
t=0

lifetime utility function:
t =00 t=00 1 =00 £ =00 =00

(13) Vo = V( {W:} , {Le} 5 A-xy {Re} , [P}, {ma}l ).
% t= t= t=

=0 o (1] 0 t=0

The function Vo is increasing in Wi, decreasing in L:i, and concave in W: and Lt
because the direct utility function U is increasing in C:, decreasing in L,
and concave in C: and Lt. Given the first-order conditions for maximization of

(5), the partial derivatives of the indirect lifetime utility function are:

(14) oVo/IWe

A il = [Pe]-1p t. [9U/3C]Ly,

(15) dVe/9L

p t+3U/3L¢,

where A t+ is the nonnegative multiplier associated with constraint (4) at
period t. The first equality in (14) follows from Roy’s identity and the
second equality in (14) comes from the efficiency conditions for maximization
of (5).

We next proceed to specify fhe contract offer of the firm by exploiting
the indirect lifetime utility function Ve. Given (2), the expected value of

the discounted sum of the per capita profits accruing from the contract offer



[We, Li; 0 £ £ S o] ist?

=00 ji=t
(16) T'o=mto + Eo{ ?:1 [EE1(1 + Ri)-1]m et}
The firm desires to maximize (16) with respect to its contract offer subject to
the constraint that the indirect utility function Vo of the worker at least
matches a reservation ﬁtility, V*, In general, V* is determined by dynamic
bilateral bargaining between the firm and the consumer-worker or from
alternative wages available to the consumer-worker. However, it is rather
complicated to discuss the determination process of V*, so that we will regard
V* as exogenously given. Taking [A-1, V*, Py, Ry, Ki, mwat; 0 £ t £ @] as

given, the problem the firm faces is to choose a sequence of [Wi, Li; 0 £ t £

o ] to solve

(17) Max I" o = PoFo(Lo, Koy, uo) — WoLo — (14 Ro+ 7 o)PoKo
wt’ Lt
$=00 i=t
+ I {[II (1+R;)-][PtFe(Lt, K¢, usg) — WiLe — (14+ R+ 7 ¢)PKo1},
t=1  i=1
subject to
t =00 1t =00 + =00 1 =0Q t =C0
(18) Vo = V( {We}  , {Le} 5 A-r, {Re} , {Ped ,{ma} ) 2 Vx,
t=0 t=0 t=0 t=0 t=0

Solving maximization problem (17) and using (14) and (15), the first-order

conditions are

(19) Y v = § [Pe]-1p t.3U/3Cy,

(20) ¥ tPt « 9F/9Lt = — & p t. 9U/3L:,
izt

where ¥ + = II (1 + Ri)-!; and £ is the nonnegative multiplier associated
i=1
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with constraint (18). Combining (19) and (20) yields
oU/oC+

(21) ———— 9F¢/dLt + 1 = 0.
sU/9L

Rewriting (19) and (20) in intertemporal form leads to

3U/3Ct+1 Pe(l + Ri+r)

(22) Etlp ] - 1=0,
aU/3Cq Py
dU/d Lt +1 oF+/9L+ Pe(l + Ries)

(23) Etlp 1} - 1=0.
dU/OL+ OF1+1/9L¢s1 Pis1

Note that either (22) or (23) is redundant if condition (21) holds exactly. As
has been shown in the ITS model, the static equation, (21), expresses the
substitutable relation of consumption to labor input at period t. The Euler
equation for consumption, (22), is the substitutable relation of consumption
between period t and t+l. The Euler equation for labor input, (23), states the
substitutable relation of labor input between period t and t+1.

For later empirical analysis, we transform (21)—as we have transformed
(9) into (12)— to arrive at the following Euler equation:13

oU/aCt+1 oU/MBL: JFt+1/0L1+1

(24) Edl 1] - 1=0.
oU/oC dU/QLt+1 dF /0Lt

The EILC model now consists of the system of equations (22), (23), and (24).
Note that wages do not necessarily equal the marginal product of labor in the

ELC model because the dynamic marginal productivity condition (7) need not be

satisfied.

We now explore the formal relation between the ELC model and the ITS
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model. For this purpose, we rearrange the ITS model by substituting dynamic
marginal productivity condition (7) into (11) and (12):
OU/SLit+1 dF¢/dL+ Pt(1 + Re+r)

(117) E'lp ] - 1=0,
3U/dL: OFt+1/9Lt+1 Pier

U/aC¢s1 oU/QL: AF++1/QLt+1
(127) E+f .

JU/MDCH dU/3Lt+1 oF /9L

Note that (11’) and (12’ ) are identical with (23) and (24), respectively.
Furthermore, equation (10) is identical with equation (22). These findings
show that the system of equations (7), (22), (23), and (24) also describes the
ITS model. Thus we can nest the ITS model within the ELC model when the ITS

model is characterized by (7), (22), (23) and (24).

8-3. Estimation Framework

In this section, we first present the nonlinear regression equations of
the ELC and the ITS models by specifying preferences of the consumer-worker and
production technology of the firm. We then develop a testing method to compare
how these two!ﬁodels fit the‘data.

The utility function we use is an additively separable one in consumption

and labor supply:

: a B

(25) U(Cty Lt) = ¢ -1 (Ce) — B-1t. (L) .

The functional form provides for the possibility of different degrees of
intertemporal substitution in consumption and labor supply: (1— a )-! and

(8 —1)-1 represent the elasticity of intertemporal substitution in consumption

\
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and in labor supply respectively. These two indexes reflect how the consumer-
worker adjusts consumption and labor supply in response to anticipated changes
in wages over his life-cycle. It is assumed that 0 # a < land 1 < g8
because U is increasing in C, decreasing in L, and concave in C and L.

The production technology of the firm is Cobb-Douglas:
c l1-o0

(26) Fi(Lty, Kty ut) = 6 o+ exp(d t+ue)(Le) *(Ke) .
Here, @ o is a positive constant term, § is the rate of technical progress, ¢«
is the substitution rate bét.ween capital and labor, and u: is the period t real
shock to the firm’s production technology.!4 Since F: is increasing and
concave in Lt and K¢, it is assumed that 0 < ¢ < 1.

We now rearrange the ELC and the ITS models using the specific functional
forms (25) and (26). We first reformulate the ELC model by substituting (25)
and (26) into (22), (23), and (24). Then, taking natural logarithms of both

sides of these equations yields

1 1 In p
(27) AlIn Cie1r + In (1 + Rts1) — Aln Pesr + = & 1,t41,
a-1 a -1 a -1
1-¢ 1
{(28) Aln Lt+1 + Aln Keer - In (1 + Reser)
c—-8 o -8
1 - Jd + 1n p
+ Aln Pysy — = & 2,t41,
c — B c - B
a-—-1 1-¢6 o)
(29) Aln Le+r + Aln Ceer + Aln Ky + = £ 3,t+41.
-8 c—B c—-B
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Here, A denotes the difference operator? that is, AlIln Ci+1 = In Ct+1 — 1n
Ct; £1,t41 = & 1,t413 & i,t+41 = & i,t+1 — [/ (o —B)]: Auesr (i = 2, 3);
and € i,t+1 18 a random variable (i = 1, 2, 3).

We next rewrite the ITS model by substituting (25) and (26) into (7),

(22), (23), and (24), and then taking natural logarithms of both sides of these
equations. Then the ITS model is represented by (27), (28) and (29) plus the
following equation:

Wies
(30) Aln —— + (1-0) AInLi+s — (1= )AIn Kite1 — & = & 4,141,

Pisa
where £ 4,141 = & a,t+1 + Aut+r and € 4,t+1 is a random variable.

Some comments on these two equation systems are in order. First, there
are nonlinear parametric restrictions across the equations in both systems. In
other words, ¢, 8, p, &, and ¢ appear several times across the equations
of each system. Second, the “error terms” (£ 1,t+15+++,& 1,t+1) are made up of
(i) prediction errors (& i,t+1) due to the fact that only a limited subset of
information is available,15 and (ii) real shocks in production technology of
the firm (A uit+1). The latter factor arises from production uncertainty, ut+i,
which is assumed to follow a martingale: A uis1 = vis1, where vi+p is
independently and identically distributed. Since these two errors are assumed
to be serially uncorrelated and uncorrelated with the included instrumental
variables, the total error terms (£ 1,t4150445& 4,t+1) are also serially
uncorrelated and uncorrelated with the included instrumental variables.

We can now discuss a method for testing the ELC and the ITS models. To
estimate and test the parameters of these two models, we estimate the
parameters of the models using the nonlinear instrumental variables (NIV)

Y
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estimators developed by Hansen (1982) aﬁd Hansen and Singleton (1982).

Our estimated results then will be evaluated in the following two ways.
First, we check whether the estimates have plausible standard errors and obey
the well-behaved properties of the utility and the production functions; that
is, 0 # a < 1,1< ,0< p < 1(lnp <0),§ >0and0< ¢ < 1.
Second, we test the nonlinear parametric restrictions across the equations of
both the ELC and the ITS models using the J-statistic of the overidentifying
restrictions implied by these models. The J-statistic is defined as T times
the minimized value of some criterion function using orthogonality conditions,
where T is the sample size. As shown in Hansen (1982), the J-statistic under
the null hypothesis is distributed asymptotically as chi-square with the
degrees of freedom equal to the difference between the total number of

orthogonality conditions and the number of estimated parameters.

8-4. Empirical Results

In this section, we use quarterly Japanese data from 1965:Q3 to 1985:Q3 to
estimate both the ELC and iTS models. The definitions of the variables are
summarized in the Data Appendix. We use the following set of the instruments

in our estimation:
(31) Zes1 = [1, In (14 Re+1)y, Aln Peeyy, AKisy,

Aln (We/Pt), Aln Ciy, Aln L],

To justify the econometric procedures described in the previous section, we
assume that all the variables entering the estimating equations, including the

instruments, are stationary.16
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Some data choices deserve comments. First, the yields of Telephone and
Telegram Bonds or the yields of Gensaki (bond trading with repurchase
agreement) are used as a proxy of the nominal interest rate Ri:+1. Second,
bonus pa&ments are excluded from the series of wage payments although our
empirical conclusions hqld_when bonus payments are included. Third, two series
of labor hours are used: the total working and the overtime working hours of
regular workers in all manufacturing industries. Fourth, the general consumer
price index is used as a proxy of the price P: because our empirical results
are not modified by using the wholesale price index. Fifth, durable
expenditures as well as nondurable and service expenditures are included in our
consumption series because the quarterly Japanese data series of aggregate
consumption of workers’ households is not broken down further.!?7 However, this
does not affect our results when estimating equation (28) alone or estimating
the combined subsystem of (28) and (30).

Our empirical analysis proceeds as follows. We first discuss the results
of the single-equation test for the ELC model. However, as has already been
shown, the ITS and the EIC models share equation (28) if the dynamic marginal
productivity condition (30) holds. To determine which model better explains
the actual data, we estimate and test the combined subsystem of (28) and (30).
Finally, we estimate and test the whole equation systems of both the ELC and
the ITS models.

The results of the single-equation test for the ELC model are summarized
in Table 1. The term, — & + 1In p , is listed in Table 1 because neither 1ln p
nor § can be identified separately from (28) alone. The first column reports
the estimated values of the parameters of the ELC model when we use total

working hours as 1abor.hours‘and the yields of Telephone and Telegram Bonds
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(TTB rate) as the interest rate. The second column presents the estimates when
the yields of Telephone and Telegram Bonds are replaced with the yields of
Gensaki. The coefficient estimates in these two columns are very similar. The
parameter estimates of B (the taste parameter of workers in labor supply) and
o (the substitution rate between capital and labor) are plausible and highly
significant. However, the parameter value of — & + 1n p , estimated from the
constant term of (28), is inconsistent with the theoretical restrictions on the
signs of p and & although the standard errors are large.

The implausible estimates of — § + In p can be explained in the following
two ways. The first explanation is that the constant term of (28) would
reflect the effect of the negative drift in the series of the logarithms of
total working hours which is not explained by the model under investigation.!8
To verify this, we estimate the Euler equation in labor supply using overtime
working hours in place of total working hours since the series of overtime
working hours has no secular trend. The results are in the third column of
Table 1. All of the parameter estimates are plausible although the standard
error of — § +1In p remains large. The second explanation is that the
varameters included in the constant term are not identified from aggregate data
unless the age structure of the population is changing in a known way and this
change is taken into account in the analysis (see Altonji and Ham (1990)).
Since our representative agent model does not satisfy this requirement of
identification, this could be causing the implausible estimates of — & +1n p .

The bottom row of Table 1 gives a test statistic for the overidentifying
restrictions implied by the Euler equation in labor supply. In all three
cases, the overidentifying restrictions of the Euler equation in labor supply

cannot be rejected.
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We next turn to testing the ITS model represented by the subsystem of (28)
and (30). As a preliminary test, we first estimate the dynamic marginal
productivity condition (30) separately. The results are reported in the top
half of Table 2. The first column contains the estimated values when total
working hours are used for the labor hours variable whereas the second column
lists the estimates when overtime working hours are used instead. In both
cases, the production-substitutability parameter ¢ is significantly greater
than unity, which contradicts the theoretical restriction on the production
function.

The results when the dynamic marginal productivity condition (30) is
estimated separately lead us to expect that the ITS model consisting of the
subsystem (28) and (30) will have trouble explaining the cyclical movements of
employment and real wages. This conjecture is verified in the bottom half of
Table 2. For any combination of working hours variable and the interest rate
variable, the production-substitutability parameter ¢ is highly significant
and greater than unity, which contradicts the theoretical restriction on the
production function. Furthermore, the overidentifying restrictions of the ITS
model are rejected at the 0.5 % level in all cases.

We now consider the results for the whole equation systems of both the ELC
and the ITS models. We first estimate the equation systems exclusive of (27)
because (27) can be derived from (28) and (29). However, even though the other
two equations fit the actual data well, it seems unlikely that (27) holds
exactly in every period. Thus we next estimate the whole equation systems of
both the ELC and the ITS models inclusive of (27). In the following
estimation, we restrict our attention to the case in which total working hours

are used as labor hours and the yields of Telephone and Telegram Bonds as the
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interest rate.

Table 3 displays the results for the whole equation systems exclusive of
(27). The first column presents the estimates of the ELC model, and the second
column reports the estimates of the ITS model.

For the FILC model, all of the parameter estimates except & are plausible,
The estimates of the taste parameters of consumer-workers, a and £, ensure
that the utility function (25) is well-behaved. Furthermore, the estimated
value of ¢ is significant at the 1 % level. The estimated discount rate per
quarter, p , and the estimated substitution rate between capital and labor, ¢ ,
also satisfy their theoretical restrictions although the standard errors are
large. Furthermore, the implausible (negative) estimate of § can again be
explained by the fact that it is estimated from the constant terms and thus its
estimate is affected by both the negative drift in the series of the logarithms
of total working hours and the change in the age structure of the population.
The J-statistic for the test of the overidentifying restrictions of the ELC
model, J(9), does not provide strong evidence against the ELC model: The
overidentifying restrictions of the ELC model are not rejected at the 2.5%
level.

For the ITS model, the results in the second column in Table 3 again
contradict the theoretical restriction on the production function because the
parameter estimate of ¢ is significant and greater than unity. The estimated
?alue of the discount rate, p , is also inconsistent with its theoretical
restriction. Furthermore, the overidentifying restrictions of the ITS model are
strongly rejected at the 0.5% level.

Table 4 presents the results for both the ELC and the ITS models inclusive

of the Euler equation in consumption. The pérameter estimates of the ELC model
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except In p in Table 4 are plausible. This again indicates that the
parameters derived from the estimated constant terms are unstable because of
both the negative drift found in the series of the logarithms of total working
hours and the change in the age structure of the population.

The second column of Table 4 shows that in the ITS model the estimate of
the production-substitution parameter, ¢ , does not violate the theoretical
restriction on the production function. Thus the parameter estimates in Table
4 with the exception of 1n p provide little evidence against the ITS model.
However, the overidentifying restrictions of the ITS model are strongly
rejected at the 0.5% level; on the other hand, the overidentifying restrictions
of the ELC model are not rejected at the 2.5% level. This constitutes a
resounding rejection of the ITS model.in favor of the ELC model.

The averaging involved in seasonal adjustment might disturb our results.
To check this, we estimate both the ELC and the ITS models with fiscal half
year data because Japanese fiscal half year data are free from some of the main
causes of seasonal adjustment. The estimates can verify the‘basic tendency
found in the results estimated with quarterly data.!l?9

The large J-statistics and subsequent rejection of the ITS model reported
in Tables 2-4 may be the result of the misspecification of the dynamic marginal
productivity condition (30) in the ITS model. It may be misspecified because
there exist scale economies in production or because product markets are
monopolistically competitive. To check this possibility, we take this as the
alternative hypothesis and test it against the null hypothesis that (30) is
valid. These hypotheses are tested using the test statistic developed by
Eichenbaum, Hansen and Singleton (1988, Appendix C). In Tables 2-4, the value

of this statistic is denoted by‘C(n). The values of C(n) suggest that the
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large J-statistics of the ITS model in Tables 2-4 are due to the inconsistency
between the parameter values generated by the ITS model and by the dynamic
marginal productivity condition.

However, this does not necessarily imply that the ITS model exclusive of
(30) is consistent with the data, since the ITS model is nested within the ELC
model only in the presence of (30). To explore this further, we estimate the
"structural" ITS model using (10)-(12) with (25) and (26).29:21 The results of
the estimation of this model are presented in Table 5. The first column of
Table 5 reports the estimates of the single equation test using the Euler
equation in labor supply, (11). The second column lists the estimates of the
subsystem made up of (10) and (11). The third column contains the results
using the whole equation system of the structural ITS model.

The estimates in the second column of Table 5 show that neither the
estimated taste parameter of consumer—workefs in consumption, a , nor the
.estimated production-substitution parameter, ¢ , are economically plausible.
Furthermore, the overidentifying restrictions are rejected at the 0.5% level in
the second and the third columns of Table 5. Only the estimates of the single
equation test in the first column of Table 5 are consistent with the
restrictions of the ITS model although (i) the elasticity of intertemporal
substitution in labor supply, 1/(8 — 1), is very low, and (ii) both the
negative drift in the series of the logarithms of total working hours and the
éhange in the age structure of the population distort the sign of the discount
factor, p . However, the single equation test of the ITS model is not very
meaningful since wage determination cannot be accounted for by (11) alone.

To summarize, our estimations and tests provide evidence that observed

fluctuations in aggregate employment and real wages in the Japanese economy are
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characterized by the efficient long-term contract model, but not by the

intertemporal substitution model.

8-5. Conclusion

This chapter has tested the efficient long-term contract model against the
intertemporal substitution model using aggregate Japanese data. The tests
indicate that the efficient long-term contract model is consistent with the
data, but the intertemporal substitution model is not. This suggests that
cyclical movements of aggregate employment and real wages in the Japanese
economy arise from intertemporal risk sharing or intertemporal bilateral
bargaining arrangements between firms and workers. Our results also provide
some evidence in favor of the real business cycle model with long-term
contracts. This observation may improve our ability to explain the good
performance of macroeconomic adjustment of the Japanese economy in spite of the
absence of competitive spot labor markets.

This chapter has only begun to touch on the implications of dynamic
efficient contracting models for macroeconomic questions and could be extended
in several directions. For example, the efficient long-term contract model of
this chapter does not allow the firm to lay off its workers. However, there
are a number of reasons why layoff decisions are worth investigating (see
Alogoskoufis (1988)). Thus it would be promising to develop a dynamic

efficient contracting model in which the firm can layoff its workers.
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Data Appendix

(1) Rt+1: Series (i) Yields of Telephone and Telegram Bonds between t and t+1
taken from the Monthly Statistics Report. Series (ii) Yields of
Gensaki between t and t+1 taken from the Monthly Statistics Report.
(2) Pt: General consumer price index taken from the Monthly Report of Retail
Prices.
(3) Ki: Real capital stock per worker = KiN/(NiP¢1).

Nit: Number of workers employed in all manufacturing industries taken from
the Quarterly Reports of Incorporated Enterprises Statistics.

K¢¥: Depreciable asset in all manufacturing industries taken from the
Quarterly Reports of Incorporated Ehterprises Statistics. KV is
calculated as a book value.2?

P:1: Wholesale price index for investment goods taken from the Price
Indexes Monthly.

(4) We: Cash earnings of regular workers in all manufacturing industries taken
from the Monthly Labor Survey. Bonus payments are excluded from We.
(5) Ci: Real Consumption per worker = Ci¥/P:.

Ct¥: Living expenditures of worker’s households taken from the Monthly
Report on the Family Income and Expenditure Survey. Transfers are
excluded from C:.

(6) Lt: Series (i) Total working hours of regular workers in all manufacturing
industries taken from thé Monthly Labor Survey. Series (ii) Overtime
working hours of regular workers in all manufacturing industries taken

from the Monthly Labor Survey.
All data are seasonally adjusted and available from the authors upon request.
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the intertemporal labor supply model. Their empirical evidence casts doubt on
the usefulness of either the intertemporal contracting model or the
intertemporal labor supply model. However, their analysis differs in several
respects from the analysis of this chapter: (1) Their Euler equation system is
approximated by the linearized reduced form, so that nonlinear estimation is
avoided; (2) Their attention is focused on the movements of working hours and
wage earnings, and not on the movements of working hours and consumption; (3)
Longitudinal data are used instead of aggregate data; (4) The productivity of
worker is regarded as exogenous because their production function is linear in
labor input.

6. The bilateral bargaining model does not necessarily exclude highly
flexible wages although the wage implied by the bilateral bargaining model does
not follow the marginal productivity condiﬁion. Thus, we still can use the
bilateral bargaining model to model the movements in employment and real wages
in the Japanese economy even though wage fluctuations are relatively great in
Japan.

7. Some recent studies have estimated a model of life-cycle labor supply and
consumption with nontime-separable preferences. See Eichenbaum, Hansen and
Singleton (1988) and Hotz, Kydland and Sedlacek (1988).

8. It is straightforward to extend these two models into a general
equilibrium framework. However, to keep matters simple, we do not pursue the
strategy here. Since we focus on the labor market, we will not use the Euler
equation for capital stock in our empirical analysis.

9. In the subsequent sections, our equation systems are estimated using the
Euler equation method developed by Hansen (1982) and Hansen and Singleton
(1982). The estimator of this method to be asymptotically consistent requires

8
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the variables to be stationary. Transforming (6) into (7) satisfies this

requirement.
10. The optimum path is assumed to be attained at an interior solution.
11. See note 9. The necessity for rewriting (9) also arises from the

stochastic singularity between real wages, hours worked and consumption. The

nontime-separable preferences approach of Eichenbaum, Hansen and Singleton

(1988) and Hotz, Kydland and Sedlacek (1988) does not suffer from this problém.

12. %;:(1+-Ri)'1 =z [(14+R1) (14 R¢)]-1. The optimum path is assumed to be
iz

attained at an interior solution.

13. See note 11.

14. If x¢ = exp{d t+ui), then x¢ has the time series representation

Xt = xt-1exp{A t), where L+ = § + ur - ut-1. Since Auts = Ut — Ut-1 1S

assumed to be independently and identically distributed with mean zero, A i is

a serially uncorrelated iid process with mean & .

15. The estimated equations possibly include only a limited subset of

information, so that there may be some predicted lagged variables which are not

incorporated in the regression, but are observed by the individual. The

effects of these predicted lagged variables are reflected in the error terms.

By definition, the factors of the error terms are uncorrelated with the

included instrumental variables.

16. Using the regression equation In Ry = as + ai1ln Ri-1 + axt + u, we test

the presence of a stochastic trend (a; = 1) and a deterministic linear trend

(az # 0) of the logarithms of the nominal interest rate series. For the

yields of Telephone and Telegram Bonds, ai = 1 is rejected at the 1 % level

whereas a; = 0 is not rejected at the 5 % level. For the yields of Gensaki, ai

= 1 is rejected at the 1 % level whereas a; = 0 is not rejected. Thus, the

AY
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logarithms of the nominal interest rate series can be viewed as stationary.

17. Horie (1985) constructs a yearly consumption data series of worlkers’
households consisting of consumption expenditures on services and nondurables
plus the value of service flows from consumer durables. Ogawa, Takenaka and
Kuwata (1986) also make a similar quarterly consumption data series of all
households. These two data series, however, are inadequate for our purpose
because we must use a quarterly consumption data series of workers’ households.
18. The negative trend in the series of total working hours originates from a
change in individual preferences to leisure or of employment practice. If this
negative trend has a substantial effect on the constant term of (28), the
parameter value estimated from the constant term is imprecise.

19. In Japan, bonus payments are almost always made twice a year, once in the
summer (in June or July) and once at the end of year (in December). Seasonal
extra expenditures— Ochugen in July and Oseibo in December-—are also made in a
similar way. Since the Japanese fiscal year is from April 1 to March 31 in the
next year, the use of fiscal half year data eliminates some of the main causes
of seasonal adjustment. The estimated results are available from the authors
upon request.

20. Using aggregate US data, the ITS model made up of (10)-(12) is estimated
in Mankiw, Rotemberg and Summers (1985) with time-separable preferences, and in
Eichenbaum, Hansen and Singleton (1988) with nontime-separable preferences. In
both papers, their conclusion is similar to ours.

21, We also find substantial evidence against both the subsystem of (10) and
{(12) and the subsystem of (11) and (12).

22. Using market replacement values for K does hot make substantial

differencesmin the estimated results.



Table 1

Total Working Hours Total Working Hours Overtime Working Hours

and and and
TTB Rate Gensaki Rate TTB Rate
~&+1n p 0.0037 0.0052 -0.0017
{0.0066) (0.0064) (0.0131)
B 5.2535 5.1617 2.5247
(0.6820) (0.6488) (0.5700)
c 0.5153 0.5246 0.5751
(0.1778) (0.1723) {0.3575)

%
J(4) 2.287 1.563 7.346
[J(4, 50) = 3.357] {J(4, 75) = 1.923] [(J(4, 10) = 7.7791

Notes: Standard errors of the parameter estimates are given in parentheses.
The well-behavedness of the utility function implies 0 < p < 1 (In p < 0)
and 1 < B . The well-behavedness of the production function requires 0 < &
* J(4) is a test of the overidentifying restrictions embodied in the model,
asymptotically distributed as x 2(4) under the null hypothesis. J{(4, x) shows
that J(4) is critical at the x% level; in other words, if J(4) is smaller than
J(4, x), overidentifying restrictions cannot be rejected at the x% level.
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(a) Estimates of the Dynamic Marginal Productivity Condition,

Table 2

(30)

Total Working Hours

Overtime Working Hours

k) 1 0.0123 0.0109
(0.0032) (0.0031)
G ’ 1.2338 1.0966
(0.0812) (0.0561)
b & 3
J(5) 1.336 1.517

[J(5, 90) = 1.610] [J(5, 90) = 1.610]

(b) Estimates of the ITS Model Represented by the Subsystem of (28) and (30)

Total Working Hours Total Working Hours  Overtime Working Hours

and TTB Rate and Gensaki Rate and TTB Rate
In p 0.0100 0.0115 0.0049
(0.0692) {0.0684) (0.1172)
B 5.5843 5.4263 2.9538
(5.6516) {5.3031) {5.6003)
o) 0.0107 0.0106 0.0108
(0.0281) (0.0283) {0.0276)
o 1.0607 1.0543 1.0797
(0.5972) (0.5906) (0.4889)
xx
J(10) 61.48 57.08 67.43
[{J(10, 0.5) = 25.19]1 [J(10, 0.5) = 25.19] [J(10, 0.5) = 25.19]
L $ $ 3
C(5) 59.19 55.62 60.08

f[C(5, 0.5) = 16.75] [C{5, 0.5) = 16.75] [C({5, 0.5) = 16.75)]

Notes: See the footnote in Table 1.

* TIB rate is used as R¢+1 in the instrumental variables.

*x J(n) is a test of the overidentifying restrictions embodied in the model,
asymptotically distributed as x 2(n) under the null hypothesis. J(n, x) shows
that J(n) is critical at the x% level; in other words, if J(n) is smaller than
J(n, x), the overidentifying restrictions cannot be rejected at the x% level.
*%x C(5) is a misspecification test of dynamic marginal productivity condition
(30), asymptotically distributed as x 2(5). C(5, x) shows that C(5) is
critical at the x% level; in other words, if C(5) is smaller than C(5, x), the
null hypothesis cannot be rejected against the alternative hypothesis at the x%
level.



Table 3

Estimates of the ELC and the ITS Models
(Based upon the System Exclusive of (27))

ELC Model ITS Model
In p -0.0005 0.0073
(0.0985) ‘ (0.0462)
a 0.9731 0.8913
(0.1612) (0.1440)
B 18.7028 9.9457
(27.9943) (6.4343)
S -0.0215 0.0097
(0.2840) (0.0271)
c 0.1277 1.0055
(5.2227) (0.4737)
] .
J(n) 17.23 114.0
[J(9, 2.5) = 19.02] [J(16, 0.5) = 34.27]
X
C(7) 96.77

[C(7, 0.5) = 20.28]

Notes: See the footnote in Table 1. The well-behavedness of the utility
function implies 0 # a < 1. Total working hours are used as labor hours and
TIB rate as the interest rate.

* J(n) is a test of the overidentifying restrictions embodied in the model,
asymptotically distributed as x 2(9) under the ELC model and x 2(16) under the
ITS model. J(n, x) shows that J(n) is critical at the x% level; in other
words, if J(n) is smaller than J(n, x), the overidentifying restrictions cannot
be rejected at the x% level. '

*x C(7) is a misspecification test of dynamic marginal productivity condition
(30), asymptotically distributed as x 2(7). C(7, x) shows that C(7) is
‘critical at the x% level; in other words, if C(7) is smaller than C(7, x), the

null hypothesis cannot be rejected against the alternative hypothesis at the x%
level.



Table 4

Estimates of the ELC and the ITS Models
(Based upon the System Inclusive of (27))

ELC Model ITS Model
In p 0.0103 0.0087
(0.0742) {0.0453)
a 0.8364 0.8444
(0.0590) {0.0527)
B 10.0683 8.4619
(9.4334) (4.5133)
o) 0.0005 0.0098
(0.1561) {0.0269)
o 0.3827 0.9873
(2.7471) (0.4229)
Y
J(n) 27.71 127.38
[J(16, 2.5) = 28.85] [J(23, 0.5) = 44.18]
X
C(7) 99.67
’ [Cc(7, 0.5) = 20.28]

Notes! See the footnote in Table 3.

* J(n) is a test of the overidentifying restrictions embodied in the model,

. agsymptotically distributed as x 2(16) under the ELC model and x 2(23) under the
ITS model. J(n, x) shows that J(n) is critical at the x% level; in other
words, if J{(n) is smaller than J(n, x), the overidentifying restrictions cannot
be rejected at the x% level.

*x C(7) is a misspecification test of dynamic marginal productivity condition
(30), asymptotically distributed as x 2(7). C(7, x) shows that C(7) is
critical at the x% level; in other words, if C(7) is smaller than C(7, x), the

null hypothesis cannot be rejected against the alternative hypothesis at the x%
level. .



Table 5

Estimates of the ITS Model
(Based upon the System of Equations (10)-(12))

(11) ‘ (10) and (11) (10)-(12)
In p 0.01229 0.01979 0.01569
(0.01026) (0.1436) (0.073563)
a e 1.426 -2.0542
(9.702) (4.392)
B 8.292 32.77 27.49
(1.187) (59.85) (41.87)
x
J(n) 1.983 66.18 102.88
[J(5, 75) fJ(11, 0.5) {J(18, 0.5)
= 2.675] = 26.76] = 37.16]

Notes: See the footnote in Table 3.

t J(n) is a test of the overidentifying restrictions embodied in the model,
asymptotically distributed as x 2(n) under the null hypothesis. J(n, x) shows
that J(n) is critical at the x% level; in other words, if J(n) is smaller than
J(n, x), the overidentifying restrictions cannot be rejected at the x% level.
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