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1. Introduction

This paper analyzes the effect of verifiable wage offers and recontracting on
properties of the optimal contract between a worker and a firm. Specificaly, it
shows that when capital markets are imperfect and wage offers received by the
worker can be verified by the firm and recontracting is allowed, the ex ante
intertemporal wage profile and consumption profile will be flat, in contrast to the
rising wage and consumption profiles, which entail when wage offers are private.

Early studies on wage structure making use of the labor contract framework
including Freeman (1977), Harris and Holmstrom (1982), Weiss (1984), and
Haltiwanger and Waldman (1986) are concerned with wage insurance. In their
models the contract provides insurance against the uncertainty workers face
concerning their own future productivity. There is no asymmetry of information.
Their models either constrain wages to prevent all workers from being bid away
by other firms or obtain ex post labor immobility as an equilibrium result. The
main results of these studies. the wage profile rises upward as the threat of quitting
induces the wage bids to go up.

Later models on wage insurance alow ex post interfirm labor mobility and
asymmetric information between workers and firms. In Arnott and Stiglitz (1985),
information on job satisfaction are private to the workers who will quit if they
discover they are dissatisfied with their jobs. The contract provides insurance by
paying the workers more than their productivity early on and less later. Ito (1988),
on the other hand considers a model in which wage offers and search cost are
private to the workers to derive a trade-off between productive efficiency and risk
sharing. However, his model is a one-period model, which does not alow an
analysis of the intertemporal wage structure.

In these earlier models with the exception of Weiss (1984), the labor contracts
do not deal with consumption smoothing as most of them are only concerned with
insurance against workers' uncertain productivity. However, intertempora con-
sumption smoothing in a contract should be a major concern as it has to be
reconciled with the rising wage profile derived in all these models. Bernhardt and
Timmis (1990) addresses this concern as they explicitly analyze consumption
smoothing via a multi-period wage contract of workers with general and specific
skills when capital markets are imperfect. They show that the intertemporal wage
profile smoothens consumption and deviates from the productivity profile. How-
ever, their model is set up along the same line as the wage insurance models; their
wage contract is renegotiation-proof with a constraint on no defection.? Also, they
assume that the workers stochastic alternative wages are common knowledge.
Hence, in the equilibrium, workers do not search for a better match and there is no
turnover.

2 Renegotiation contracts in the sense of Hart and Tirole (1988).
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In the more recent models of Lam et d. (1987, 1995) and Arvin and Arnott
(1992), workers receive private wage offers and quit if the alternative spot wage
exceeds the contract wage so that there is ex post interfirm labor mobility.
Consumption smoothing is considered within an intertemporal wage contract when
capital markets are imperfect. Lam et al. (1987) find that the optimal wage profile
trades off productive efficiency (efficient separation) and consumption smoothing,
deviates from the productivity profile, and is upward sloping. Lam et al. (1995)
further shows that under different capital market assumptions, either intertemporal
consumption smoothing or wage insurance across staying and quitting dominates
in the wage contract. If workers cannot borrow in the capital market, consumption
smoothing dominates and the equilibrium contract will prescribe a rising wage
profile, which is flatter than the productivity profile, the latter being generated by
investment in specific training in the firms. If workers can borrow, however, wage
insurance dominates and the wage profile will be steeper than the productivity
profile. In both cases the rising wage profile mediates the tension between
consumption smoothing /insurance and productive efficiency. However, the rising
wage profile will disappear if the contract includes a severance payment in the
form of a quit penalty.

This paper follows the long line of models in the literature on wage structure in
labor contracts, which evolve from information symmetry and ex post labor
immobility to information asymmetry on wage offers and ex post interfirm
mobility. It further extends the work of Lam et al. (1995) by analyzing the impact
of recontracting and matching of outside wage offers received by the workers on
the contract wage profile. It starts with the same basic two-period model in which
identical workers enter into ex ante contracts with contract firms that stipulate the
level of specific training that contract firms provide in the first period and
intertemporal wage. Specific training enhances workers' second-period productiv-
ity in the contract firms, but workers may quit if they receive better outside wage
offers. The novelty of this paper is that it allows renegotiation of the wage
contract. At the end of the first period, after uncertainty on the outside wage offers
is resolved, workers may present verifiable wages offers, which are better than the
second-period contract wage to the contract firm, and renegotiate the second-period
wage.

There is an extensive literature on contract renegotiation. A strand of the
literature studies the implications of renegotiation on the structure of the optimal
contract when there is moral hazard (e.g., Fudenberg and Tirole, 1990; Hermalin
and Katz, 1991) or adverse selection (e.g., Hart and Tirole, 1988; Laffont and
Tirole, 1990). Another strand studies commitments not to renegotiate and the
implementation of renegotiation-proof contracts (e.g., Demougin, 1989; Rubinstein
and Wolinsky, 1992; Bensaid and Gary-Bobo, 1993). Yet another strand studies
the strategic behavior of signing sub-optimal contracts with the anticipation that
they will be subsequently renegotiated (Huberman and Kahn, 1988a, 1988b). The
framework of contract renegotiation has been applied to different types of con-
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tracts. Contracts that have been extensively studied within this framework include
agency contracts (e.g., Demougin, 1989; Fudenberg and Tirole, 1990; Hermalin
and Katz, 1991; Ma, 1994), procurement contracts (e.g., Laffont and Tirole, 1990;
Hart and Tirole, 1988) and investment contracts (e.g., Hart and Moore, 1988;
Huberman and Kahn, 1988b). With the exception of Dewatripont (1989), rela-
tively little work has been done on the impact of renegotiation on optimal labor
contracts.

Dewatripont (1989) analyzes the optima employment in the labor contract
when workers and firms can precommit ex ante not to renegotiate the contract as
well as when ex post Pareto improving renegotiation is possible. The main result is
that the optimal employment is Walrasian. In his study, however, there is no
analysis on the wage structure.

In this paper, we focus on the effect of contract renegotiation on the contract
wage profile. In our model, there is no pre-commitment when the contract is
written not to renegotiate. Thisis justified on two grounds. First, the law makes it
extremely difficult to write a contract that precludes its future renegotiation.
Second, renegotiation will be voluntary if it is ex post Pareto improving. After
uncertainty is resolved, the two parties may want to renegotiate away productive
inefficiency, which they found optimal ex ante, as a device to improve consump-
tion smoothing, as long as the outcome is Pareto improving.* In our simple wage
contract, renegotiation is ex post Pareto improving. It is assumed to be costless as
workers present verifiable wage offers to the contract firms, which will simply
decide to match or not to match. If the contract firms decide to match, the
second-period wage is said to be recontracted.

In this paper, we will show that the structure of the wage profile and
consumption profile will change drastically if wage offers received and presented
by the workers are verifiable by the contract firms. It will be shown that as long as
the second-period contract wage is below the worker’s second-period productivity
in the firms, recontracting is ex post Pareto improving. The firms will exploit the
opportunity at the end of the first period to match any wage offers the workers
receive up to their second-period productivity in the firms as this will retain the
workers and alow the firms to recoup part of the returns to investment in their
specific training. When this is possible, the structure of the ex ante wage profile
will be completely altered. The ex ante contract wage profile will become flat,
although the ex post wage profile may rise as a result of wage offer matching by
the firms. This is an entirely new result in the literature of intertemporal wage
contracts.

It is significant to note that the allowance of verifiable wage offers with
matching introduces an extra degree of freedom in the contract just as the

® For a discussion and an explanation of this point, see Huberman and Kahn (1988a).
* For a discussion of voluntary Pareto improving renegotiation, see Dewatripont (1989).
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introduction of severance payment (Lam et al., 1995), and it destroys the rising
contract wage profile commonly derived in human capital models (Oi, 1962,
Becker, 1964) and wage insurance models in earlier studies. The result of rising
wage profile is fragile with respect to assumptions on the mechanism of interfirm
labor mobility.

To complete the analysis, this paper also repeats the analysis under the
assumption of perfect capital markets. It will be shown that the wage profile
remains rising and is steeper than the productivity profile. Since the second-period
contract wage is now higher than the worker’s second-period productivity in the
firms, firms will not match wage offers that exceeds the contract wage.

The rest of the paper is organized as follows. The model is presented in Section
2. Section 3 reports the result of arising wage profile when wage offers are private
and capital markets are imperfect. Section 4 derives the flat wage profile when
wage offers are verifiable and matched by the contract firm. The perfect capital
markets case is analyzed in Section 5. The paper concludes in Section 6.

2. The model

The economy produces a single numeraire commodity with labor as the sole
factor using constant returns to scale technology. The price of the commodity is
stationary and is normalized to one.> There are no productivity shocks. Firms are
competitive, risk neutral and maximize expected profit.

Labor is supplied inelastically by workers with their unit of working time
normalized to one. Workers are identical except with respect to their match
qualities with different firms. Their intertemporal utility function U(.) is additively
separable. The von Neumann—Morgenstern utility function u(.), defined over
consumption, has the usua properties, U > 0, U’ < 0 and u'(0) = . For simplic-
ity, we assume both the subjective discount rate and the interest rate are zero.

Workers live for two periods, indexed 1 and 2. At the beginning of the first
period, a worker enters into a wage contract with a contract firm, which pays him
wages w; and w, in the two periods. In the first period, time is spent working and
investing in specific skills in the firm. All training costs are time costs. Specific
training, which is observable to both parties, is given by the time-equivalent unit x
with 0 <x < 1. It augments the worker’s productivity in the same firm in the

5 By virtue of the assumption of stationary output price, uncertainty in the product market is
removed and the contract firm will not lay off workers. Many studies, which focus on wage insurance
but not unemployment, simply assume that the contract binds the firm from discharging workers. See,
for example, Harris and Holmstrom (1982), Weiss (1984), Arnott and Stiglitz (1985), Haltiwanger and
Waldman (1986) and Berkovitch (1986). Ito (1988) gives a detailed argument on why it isimportant to
study a model with voluntary quits as opposed to a model with involuntary unemployment.
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second period, written as h(x). Where h is the specific skill production function
with a strictly concave technology, i > 0 and h’ < 0. Moreover, h(0) = m, where
m is the worker’ s first-period productivity per unit time in the contract firm. At the
end of the first period, the worker will search for aternatives. Search is assumed
to be costless. Heterogeneity of abilities among workers and of technologies
employed by firms generate job-specific differences in productivities (Topel,
1986). The outside wage offers the worker may receive, which are stochastic,
therefore depend on match qualities with the alternative firms. Wage offers may be
private or observable and verifiable by the firm. The distribution of maximum
wage offers that the worker receives at the beginning of the second period is
denoted by F(W,) where W, is the stochastic maximum wage offer. The distribu-
tion is non-degenerate and its supports are assumed to be in (0,%). It is continu-
ougly differentiable with density function f(\,). Depending on the outcome of his
search, the worker either stays with the contract firm in the second period and
receives contract wage w, or quits to join an aternative firm.

3. Private wage offers

Before we consider verifiable wage offers, let us first report the result on the
wage profile when wage offers are private for the purpose of comparison. Assume
that the worker has no access to capital markets.® The worker’s intertemporal
utility function is the sum of sub-utilities in the two periods.

U(wyw,) = (W) + F () u(wy) + [ u(,) f(,) di,

= u(wy) +Eu(w,)

The expectation operator E with expectation taken over staying and quitting in the
second period is introduced to simplify notations, which is defined as follows:

Eu(w,) = F(W,)u(w,) + [ U(#,) f(%,)d, .

The following problem can be solved:
Max u(w,) + Eu(w,) (1)

X, Wy, Wy

® This assumption is justified on the ground that human capital cannot be used as collateral in
borrowing. See aso Bernhardt and Timmis (1990) and Arvin and Arnott (1992) for the same
assumption. We can assume that the worker can save and lend but cannot borrow in capital markets.
Under this assumption, it can be shown that the worker will not save and lend as the contract firm will
tailor the wage profile to suit his consumption plan. The problem is identical to the case where he can
neither lend nor borrow. For this result, see Harris and Holmstrom (1982). See also Lam et a. (1987)
and Bernhardt and Timmis (1990).
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subject to
(1=x)m=w, +F(w,)(h(x) —w,) =0 (2
Wy, W, >0 (3

where Eq. (2) is the individual rationaity constraint of the contract firm, which
specifies that expected profit is zero under perfect competition. Constraint (3)
requires non-negative consumption. The first-order conditions are

X: p(—m+F(w,)h(x))=0,xe(0,1) (4)
<0,x=0
>0,x=1
Wy U (wy) — =0 (5)
Wyt F(W,)U () + ] F(w,) (R(X) —wy) F(wy)] =0 (6)

and Eq. (2) where u is the LaGrange multiplier associated with Eq. (2).

Proposition 1. If the worker has no access to capital markets and wage offers are
private, the contract will set wage above productivity in the first period and below
it in the second period. The wage profile is flatter than the productivity profile and
isrising.

Proof. See Lam et a. (1995).

The equilibrium contract is a trade-off between consumption smoothing and
‘‘stay incentive’’ to reduce inefficient quits. Consumption smoothing requires that
w, be set relatively low but when w, is below second-period productivity,
productive inefficiency appears as the worker will be quitting when his productiv-
ity is higher inside the contract firm than outside. Therefore, to reduce inefficient
quits, w, must be set relatively high. The productivity profile provides a bound for
the wage profile. It is not optimal to have the wage profile steeper than the
productivity profile because if w, exceeds second-period productivity (and there-
fore w; is below first-period productivity) there will be efficiency loss due to less
consumption smoothing as well as due to excessive stays for the worker will be
induced to stay in the current firm when his alternative productivities in outside
firms are higher. Under the equilibrium contract, there will be incomplete con-
sumption smoothing over the two periods if the worker stays in the firm as shown
by the rising wage (consumption) profile.

The interior solution of specific training x is given implicitly by

H(x) =m/F(w,). (7)
Since the model alows quits, the possibility that the worker might quit in the

second period after training causes the firm to reduce the amount of training in the
contract. Thisis evident in Eq. (7) since the higher the probability of quit (i.e., the
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lower the probability of stay F(w,)), the larger the marginal production of specific
training W (x). By concavity of h, the smaller will be the investment in specific
training X. The possibility of quits attenuates investment in specific training in the
contract and hence the intertempora productivity profile.

4. Verifiable wage offers

We have operated on the assumption that outside wage offers received by the
worker are private. However, in some cases, outside wage offers are verifiable so
that the information is symmetric to both the firm and the worker. Thisis plausible
if the worker receives outside wage offers in written form, which can be presented,
to the contract firm for verification. Specificaly, we will consider the case where
the worker only presents an outside wage offer that exceeds his second-period
contract wage to the contract firm to negotiate for a matching offer. Outside wage
offers that are inferior to the second-period contract wage will be kept private.”
The worker has an incentive to request a matching offer since there may be fixed
costs involved in job change. Empirically we observe that workers do present
outside wage offers they receive to negotiate for matching wage increases from
their employers.

At the end of the first period, when the contract firm verifies that the worker
has received an outside wage offer, it also has an incentive to consider matching
because the contract wage profile is flatter than the productivity profile. At the end
of the first period, the cost of the firm's investment in the worker's specific
training represented by the difference between the worker’s first-period wage and
his first period productivity is sunk. Hence, to recoup at least part of the
investment return in the second period, the firm will recontract by revising the
second-period contract wage w, upward to match whatever outside wage offer the
worker may receive so as to retain him as long as the wage offer does not exceed
his second-period productivity h(x) in the firm. Obviously if the worker receives
an outside wage offer that exceeds his second-period productivity in the firm, the
firm will not match. It should be pointed out that recontracting is viable only
because wage offers are verifiable and the wage profile is flatter than the
productivity profile so that the worker’s second-period contract wage is below his
second-period productivity. Had wage offers been unverifiable or had the wage
profile been steeper than the productivity profile, no recontracting would have
been possible.

7 The assumption of presenting only superior outside wage offers for verification by the contract
firm is more realistic than the assumption that all outside wage offers, regardless of whether they are
inferior or superior to the second-period contract wage, are observable by the firm.
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When the firm matches any stochastic wage offer W, that falls in the range
w, < W, < h(x), the worker’s utility is not affected as it does not matter whether
the stochastic wage offer is realized by his accepting the outside offer and quitting
the firm or by his accepting the matching offer and staying in the firm. The
individual rationality constraint of the contract firm, however, will be altered as
shown below.

(L—=x)m—wy + F(w,)(h(x) —w,)
+ 8" (h(x) = ;) (W) dW, = 0

where
0, W, > h( x),W, <w,
1, W, < h(x), W, > w,

The third term on the LHS represents the second-period expected profit of the
contract firm when the worker's outside wage offer is matched up to h(x). If the
stochastic wage offer of the worker exceeds w, and is no greater than his
second-period productivity in the contract firm, the firm will match the outside
offer to retain the worker so as to recoup some of the investment returns, and
6 = 1. Conversdly, if the stochastic wage offer exceeds second-period productivity
in the firm, the firm will not gain anything by matching. There will be no offer
matching, and & = 0. Furthermore, if the stochastic wage offer is no greater than
the second-period contract wage w,, the worker will keep it private and again
there is no matching, and 6 = 0.
The maximization problem is modified to be
Max u(w,) + Eu(w,) (8)
X, Wq, Wy

subject to
(L) m—w; + F(w,) (h( x) — w,)
+8["(h( x) = ) () dit, =0 (9)
Wy, W, ZWZO (10)

The first-order conditions are
xim(=m+F(wy) N (x) +8[F(h(x)) = F(w,)]H(x))

=0,x€(0,1) (11)
<0,x=0
>0,x=1

wiu(wy) —n=0 (12)

W, F(W) U (W,) — nF(W,) +m(1—8)f(w,)(h(x) —w,) =0 (13)
and Eq. (9) where 5 is the LaGrange multiplier associated with Eq. (9).
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We have the following proposition.

Proposition 2. If the worker has no access to capital markets and wage offers are
verifiable, the contract will set wage above productivity in the first period and
below it in the second period. The wage profile is flat.

Proof. Suppose h(x) —w, < 0, then the second-period contract wage will be at
least as great as the worker’s second-period productivity in the firm. In this case
an outside wage offer cannot be larger than w, and no greater than h(x) at the
same time. The condition for 6= 1 is not met and there is no offer matching.
Thus, § must be zero and the maximization problem in Egs. (8)—(10) is reduced to
the problem in Egs. (1)—(3) for which Proposition 1 holds. Ipso facto, it is not
possible to have contract wage greater than or equal to productivity in the second
period. Therefore, h(x) —w, > 0, and there is offer matching (8 = 1) for stochas-
tic wage offers, which fall in the range w, < W, < h(x). Now both the second and
the third terms of the contract firm's rationality constraint (9) are positive,
necessarily implying that (1 — x)m — w, < 0. Hence, the contract sets wage above
productivity in the first period but below it in the second period.

Solving Egs. (12) and (13) together for 6 = 1 yields u'(w,) = u'(w,) or w;, =w,,
which implies a flat wage profile® Q.E.D.

It is clear that when verifiable wage offers are matched by the contract firm,
productive inefficiency will be eliminated ex post. With the contract firm matching
outside offers, the second-period contract wage does not have to be set high to
reduce inefficient quits as the worker will no longer be quitting when his
productivity is higher inside the contract firm than outside. Matching wage offers
therefore mediates the tension between productive inefficiency and consumption
smoothing. Specifically, it provides an extra degree of freedom in the wage
contract and allows it to completely smooth out ex ante consumption over time as
shown by the flat wage profile, w; = w,. As compared with the case of private
wage offers that generates a rising wage profile (Proposition 1), the flattening of
the wage profile to achieve complete consumption smoothing ex ante is possible
because productive inefficiency is eliminated by wage offer matching of the
contract firm. It should be noted, however, whether there is complete consumption
smoothing ex post for the worker staying in the firm depends on the wage offer
the worker actually receives. Ex post consumption over time will also be com-
pletely smooth if the wage offer he receives falls below w, and no matching is
necessary. However, if the worker receives a wage offer that exceeds the second-

8t should be noted that the wage profile is flat because of the assumption of zero subjective
discount rate and interest rate. Otherwise the wage profile will have a hon-zero slope depending on the
subjective discount rate and interest rate.
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period contract wage, the firm will match the offer up to h(x), and the ex post
consumption profile will be rising over time with w, as the first-period consump-
tion and the outside wage offer as the second-period consumption.

When wage offers are verifiable and recontracting takes place, the ex ante
contract wage profile will no longer be rising as derived in many previous studies
under different assumptions although the ex post wage profile within the contract
firm can still be rising, and the ex post wage profile when there is interfirm
mobility will certainly be rising. This result is consistent with empirical observa
tions that wage growth across jobs is typicaly larger than wage growth within
jobs.

It should be noted that wage offer matching is ex post Pareto improving. Under
all circumstances, the worker’s ex post utility is the same regardless of whether the
contract firm matches his outside wage offer as he will always receive the same
wage in the second period. However, the contract firm is better off by matching
offers, which are in between w, and h(x), as some of the investment returns can
be recouped. Since matching of wage offers is ex post Pareto improving, it is
voluntary. The total socia output will increase as the worker will no longer be
quitting the contract firm where his productivity is higher than outside. In the
second period the worker will always work in a firm in which his productivity is
the highest.

5. Contracts with lending and borrowing

For the sake of completeness in our analysis, let us examine a contract with
lending and borrowing. The worker is assumed to have access to capital marketsin
which they can borrow against assured future income. The maximum loan he can
borrow in the first period is the sum of contract wages of w, + w,. There is no
collateral and no default.

When the worker can lend and borrow, his utility function is

U(W3,Ws, €y, C) = U(y) + F(Wo)U(cy) + [ (&) T(,)di,

=u(c,) + Eu(c,)

where ¢, is the worker’s consumption in the i-th period and €, his stochastic
consumption if he quits. Consider the case of private wage offers. The problem
can be characterized by

Max u(c,) + Eu(c,) (14)

X, Wy, W,, Cq, Cy
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subject to
(1= x)m—w, + F(w,)(h(X) —w,) =0 (15)
¢, € argmax U(W,,W,, C}, C,) (16)
g ec,
C,=W; —C, +W, (17)
C,=w, — ¢, +W, (18)
C,C, =0 (19)
c,<w, +w, (20)

The worker chooses c; from the consumption set C, to maximize his utility
given the contract as shown in constraint (16). The budget constraint of the worker
if he stays and if he quits are given by Egs. (17) and (18), respectively.

The wage contract can be characterized by the following proposition.

Proposition 3. If the worker can lend and borrow and wage offers are verifiable,
the contract will set wage below productivity in the first period and above it in the
second period. There will not be any matching of outside wage offers.

Proof. Lam et al. (1995) show that when capital markets are perfect, the wage
profile is rising and is steeper than the productivity profile. Since contract wage
exceeds productivity in the second period, outside wage offers, which exceed the
second-period contract wage, will also be greater than the second-period produc-
tivity, and therefore will not be matched by the contract firm. Outside wage offers
that are lower than the second-period contract wage will not be presented by the
worker for matching. Q.E.D.

6. Conclusion

In this paper, we analyze the effect of verifiable wage offers with recontracting
on the contract wage profile and consumption profile. It shows that when
recontracting is ex post Pareto improving, the contract firm will match verifiable
wage offers the worker receives up to his productivity in the firm, and the optimal
contract wage profile will be flat.

It is significant to note that the result of rising wage profile derived in
numerous contract models is fragile with respect to assumptions on mechanism of
interfirm labor mobility. When wage is constrained to prevent workers from being
bid away by other firms and there is no ex post interfirm mobility as in the early
models of wage insurance, the threat of quitting is sufficient to bid wage up to
yield a rising wage profile. When ex post turnover is allowed, the realization of
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stochastic private outside wage offers induces the wage profile to rise, abeit
attenuated by consumption smoothing. However, if we alow verifiable wage
offers to be matched, the contract wage profile will become flat and ex ante
consumption smoothing will be complete.
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