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ABSTRACT

A classic result in the theory of implicit contract models with asymmetric
information 1is that "underemployment" results if and only if leisure is an
inferior good. We introduce household production into the standard implicit

contract model and show that we can have underemployment at the same time that
leisure is a normal good.
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I. Introduction

Labor contract theory, originating with the work of Azariadis (1975),
Baily (1974) and others, has developed into a useful model of the allocation
of resources between risk averse workers and risk neutral employers. These
models have also incorporated asymmetric information, in the sense that
while the contract can be made contingent on random economic conditions,
only the employer, rot the workers, sees the ex post realization of these
conditions. Proponen?s of this framework hoped it might deliver the
implication that workers were underemployed, ex post, in the sense that the
marginal product of 1labor was above - the marginal rate of substitution
between consumption and leisure. A classic result, however, is that if
leisure is a normal good, then underemployment cannot be part of an
efficient contract.1 As Green and Kahn put it, "Such a one-period ﬁmplicit
contracting model cannot, therefore, be used to ‘explain’ [underemployment]
as a rational byproduct of risk sharing between workers and a risk-neutral
firm under conditions of asymmetric information." (p. 173).

The goal here is to show that underemployment can occur in a model with
risk neutral firms and risk averse workers who have normal leisure, once
household production is explicitly introducedi We consider labor contracts
with asymmetric information in a version of Becker’s (1965) home production
framework advocated by Gronau (1980, 1985), and used recently by Benhabib,

Rogerson and Wright (1990a, 1990b) and by Greenwood and Hercowitz (1990).

! See Green and Kahn (1983), Chari (1983) or Cooper (1983); the presentation
here will follow Green and Kahn. Grossman and Hart (1981) and Azariadis
(1983) do show how to overturn this result in models where the wealth effect
on worker’s leisure is zero, as long as the employer is sufficiently risk
averse; in this paper, we stick with risk neutral firms.



Green and Kahn’s analysis 1s extended to show that underemployment
(overemployment) still requires hours of market labor increase (decrease)
with an increase in exogenous wealth. However, in the home production
model, market hours can increase with wealth and thus we can have
underemployment even though leisure is a normal good in the sense that total
(market plus household) labor hours decrease with wealth. Furthermore, even
though market hours may increase with wealth, we show that our model is

still consistent with the long run evidence on productivity and hours.
II. The Green and Kahn Model

There is a fixed number of homogeneous workers, with mass normalized to
unity, who each have a von Neuman - Morgenstern utility function defined
over consumption and hours worked, u(c,h). We assume u1 > 0, u2 < 0 and

strict concavity, and we 1let p = —u2/u1 denote the marginal rate of
substitution. For future reference, note that leisure is a normal good if
and only if 7 = u.u11+u12 < 0. There 1is a single risk neutral firm with
technology y = 6f(h), where £/ > 0, f¥ < 0, and @ is a random variable. For
simplicity, we assume 0@ has a strictly positive p.d.f. p(8) on its support ©
= [g,§]cR++. The distribution of 8 is known by both the workers and the
firm, but only the latter can observe the actual realization. An optimal
contract [h(8),c(8)] maximizes expected utility subject to the constraint
that expected profit canrnot fall below some reservation level, which we
normalize to O, and the incentive compatibility constraint that implies the
firm will reveal the true state.

Let M(x|{8) = 8f[h(e)l - c(a) denote profit when the true state is 6 and

the firm announces «, and let mn(@) = M(6|6). The incentive compatibility

constraint is that « = 6 maximizes MM(«x|B8) for all 8. Rather than impose



this directly, we impose the first and second order conditions for o« = 6 to

maximize M(«]6): for all 6,

o1/ 8

lomg = O£ = ¢’ =0, (1)

8211/ 80> 2

I a=e efllhl

+ ef’h” - ¢” = 0. (2)

.Since (1) is an identity in o, we can differentiate it with respect to 8,
solve for c¢”, and insert the result into (2). Doing so implies that (2)
)simplifies to hY = 0. As in Green and Kahn, we will assume here that this
constraint is not binding, so that h' > 0. Therefore, we simply maximize Eu
subject to Er =2 0 and (1).

This is a standard variational problem. The Lagrangian is

£ = f{u[c(e),h(e)] + aef[h(0)] - Ac(®)
- p(B)of’ [h(8)]1h' (B) + ¢(e)c’(e)}p(9)d9,
where A is the multiplier on the constraint Em =z 0, and ¢(8) is the

multiplier on (1) in each state 8. Under standard regularity conditions,

h(B), c(0) and ¢(8) will be smooth functions that are fully characterized by

the Euler equations, transversality conditions and constraints. The Euler
: _d _d R . .
equations are Zh(e) = 35 fh,(e) and Zc(e) =5 20,(6), which simplify to
u, * AOf = - of’ - 0p’f’ (3)
ul(c,h) -A =9, (4)

while the transversality conditions are ¢(8) = ¢(8) = 0.



Notice (3) and (4) together imply 6f’/ = u - ¢f’/u,, where g = -u /u,.
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Define overemployment to be the case where 6f’ < u, and underemployment to
be the case where 6f’ > u. Then we have overemployment (underemployment) in

a given state if and only if ¢ is positive {(negative). We also have the

following results.

Lemma 1: (a) If there exists 6 such that ¢(8) < 0, then there exists 66(2,3)
such that 9(0) < 0 and ¢”(08) = 0. (b) If there exists 6 such that ¢(8) > O,

then there exists 0€(8,8) such that ¢(8) > 0 and ¢”(8) = 0.

Proof: If ¢(8) < 0, then since ¢(8) = ¢(8) = 0, ¢ must achieve a local
minimum at some 9&(9,5), where ¢(8) < 0, ¢’(8) = 0 and ¢”(8) = 0. This

proves part (a); part (b) is symmetric. m

< 0, then we cannot have underemployment

Proposition 1: (a) If n = puy
in any state 8. (b) If m > 0, then we cannot have overemployment in any
state 6.

Proof: Begin by differentiating condition (4) to yield ¢” = ullc' + ulzh' =

(ullef’+u12)h’. If we simplify further,

¢” = nh’ + (ef’-u)ullh’, (5)

where h’ > 0 as long as (2) is not binding, as we are assuming here.
Suppose N < 0, which by (5) implies ¢” < 0 for all states in which we have
underemployment. But Lemma 1 (b) tells us that if there is any state with
underemployment then we must have some state with underemployment and ¢” =

0. This contradiction establishes part (a); part (b) is similar. m



Recalling m < 0 if and only if leisure is a normal good, Proposition 1
says that normal leisure and underemployment cannot coexist. The following

corollary indicates that normal leisure implies workers prefer low 6 states.

Corollary: Let w(8) = ulc(0),h(8)]; then 1 < 0 implies w' < 0, while n > O

implies w’ > O.

Proof: Differentiation yields w’ = (c’—uh’)u1 = (ef’-u)ulh'. By Proposition

1 (a), n < 0 implies 6f’ < u and hence w’ < 0, and vice-versa. m
ITII. The Home Production Model

Now assume worker utility is defined over consumption of a market good,
a home or nonmarket good, hours worked in the market, and hours worked in

home or nonmarket activity, Ule e ,h ,h ). We assume Uy, U, > 0, Uy, U, <
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0, and strict concavity. The home production constraint is (ﬂl = g(hn),
where g’ > 0. This constraint simply says that home produced goods must be
produced in the home. Let By = —U3/U1 and B, = -U4/U2 be the marginal rates
of substitution between consumption and labor in the market and home, and
1e§ nm = umU11+U13 and nn = unU12+U14. The firm is the same as above and an
optimal contract [hm(e),hn(e),cm(e),cn(e)] still maximizes EU subject to En
z 0 and the incentive constraint. We again represent the incentive
constraint by the first order condition ef’(hm)h; - c; = 0, and assume that

the second order condition does not bind, which means that h; > 0.

The Lagrangian is

¢ = f{u[cm(e),gohn(e)’hm(e),hn(e)] + Aef[hm(e)] - Acm(e)

- w(e)ef’[hm(e)]hé(e) + w(e)cé(e)}p(e)de,



where we have substituted the constraint cn(a) = gOhn(e) directly into the

utility function. The Euler equations with respect to hm’ hn and c, are

U3 + AOf’ = - of’ - Q@' f’ (6)
Ug” *+ U, =0 (7)
U1 - A =9, (8)

while the transversality conditions are ¢(8) = p(8) = 0. Notice (7) implies
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g Moo while (6) and (8) imply 6f’ = [T ¢f'/U1- As in the previous
section, the latter indicates that we have overemployment (underemployment)
in the market sector if and only if ¢ is positive (negative).

Lemma 1 in the previous section holds exactly as stated in this model.

We also have the following new version of Proposition 1 and its corollary.

Proposition 2: (a) If nmh; + nnh; < 0, then we cannot have underemployment
in any state 6. (b) If nmhé + nnhﬁ > 0, then we cannot have overemployment

in any state 6.

Proof: Differentiating (8) and simplifying yields

"o - ’ ’ ’_ ’
@ nmhm + nnhn + (ef “m)Ullhm’ (9)

which should be compared with (5). The rest of the argument follows the
proof of Proposition 1 exactly. =
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Corollary: Let W(8) U[cm(e),g hn(e),hm(e),hn(e)], then nmhm + nnhn <0

implies W' < 0, while nmhA + nnhg > 0 implies W' > 0.

Proof: Differentiate and use Proposition 2. =



Although these natural extensions of the Green and Kahn results hold in
the home production model, the relation between the sign of nmh; + nnh; and
normal leisure is not straightforward. Our goal is to show in our model
that underemployment can coexist with normal leisure, where normal leisure
means that total hours of work, H = hm+hn, decreases with an increase in
exogenous wealth. Normal leisure does not require that hm and hn both
decrease with wealth, only that the sum decreases.

We can make the case most efficiently using an indirect approach. To

this end, define the reduced form utility function

V(cm,hm) = max U[cm(G),gohn(e),hm(e),hn(e)]. (10)

h
n

By the envelope theorem, vV, = U1 >0 and V, = U, < 0. It can also be shown

2 3
that V(-) is strictly concave (see Benhabib, Rogerson and Wright 1990a).

1

Therefore it defines a well-behaved preference ordering over (cm,hm).
Clearly the solution to the contracting problem with home production is
exactly the same as the solution to the standard Green and Kahn problem with
no explicit home sector, but with u(c,h) replaced by V(cm,hm). Hence

Proposition 1 tells us Ny = “VV < 0 (normal leisure according to V)

11*V12

implies overemployment in the sense that the contract entails ef'(hm) < B
while ny > 0 (non-normal leisure according to V) implies underemployment in
the sense that ef’(hm) > Ko

If we could construct an example where the reduced form utility
function V(:) displays non-normal leisure, even though the underlying
utility function U(-) displays normal leisure, we will have accomplished the
task of generating normal leisure and underemployment simultaneously. For

one such example, consider a linear perturbation of the utility function



that depends only on total consumption and total hours, and is separable in

these totals,

U(cm,cn,hm,hn) = u(cm+cn) + v(hm+hn) - Bhn, (11)

where B = 0. This implies individuals get more disutility from an hour of
house work than an hour of market work if B > 0. We claim that (11) entails
normal leisure in the sense that an increase in exogenous wealth always
zlowers total hours, H, even though it may raise hm’ and therefore may give
rise to a reduced form function V(:) that displays inferior leisure.
Consider the problem with no uncertainty of maximizing U subject to h
= f(hm) + x, where X is exogenous wealth, and c, = g(hn). It is easy to

show that the solution satisfies

P 1 0 - Y-y’
dH/ax = Au'g n, Au’f n, <0
ahn/ax = - Au’f”nn - Alg'~f'Ju’v” < 0
ahm/ax =~ Au’‘g n. o+ Alg’=f’ )u”v”,

where n, < 0, n, < 0, A is a positive constant, and g’ > f’ as long as B >
0. Thus, H and hn necessarily decrease with wealth, while hm may increase
and will necessarily increase if g” = 0. Preferences of this class always
display normal leisure in the sense that 8H/8x < 0, but if g(:) is linear,
or, by continuity, close to linear, then the reduced form V(:) displays
non-normal leisure in the sense that ahm/ax > 0. In this case, the
efficient contract entails underemployment and also W’ (8) > O.

As the above discussion emphasizes, an important implication of adding

home production is that market hours can increase with exogenous wealth even



though leisure is normal. At first glance it might seem that having market
hours increase with wealth is inconsistent with the long run evidence. Over
time there have been large increases in faétor productivity that have not
been accompanied by concomitant increases in average hours of market work
per household (see Rios-Rull, 1990, for a discussion and references). In
models without home production, since the substitution effect of
productivity growth implies hm increases, hm must decrease due to the wealth
effect if we are to match the data. A model with home production, however,
can have hm increase with exogenous wealth and still match the long run
observations, as long as productivity growth in the nonmarket sector keeps
pace with productivity growth in the market sector.

We demonstrate with a simple example.2 Consider a representative agent

economy with preferences
U= 1n(cm+cn) + v(hm+hn) - Bhn’ (12)

where v(+) is a decreasing function and the technologies are c, = ef(hm) and

c, = 7g(hn). Optimal hours (hm,hn) are the solution to:

v ’
ef'/(ef+yg) + v (hm+hn)

]
o

I
w

' 4
yg’ /(6f+yg) + v (hm+hn)

2 . . . . . . .
We assume no uncertainty or private information, since the evidence in

question concerns long run productivity changes that presumably can be
observed by everyone. Also, this example can be extended to include capital
accumulation, which then yields the result that along a balanced growth path
hm and hn are constant.



Obviously, (hm,hn) depends only on the ratio 8/, and hence does not change
when 6 and ¥ both increase at the same rate. If we decentralize this
allocation as a competitive equilibrium, the analogous statement is that
(hm,hn) does not change when the market wage, home productivity, and profit
income (or any other exogenous income) all increase at the same rate.
Nevertheless, since the preferences described by (12) are a special
case of (11), ‘for g(-) close to linear and B > 0, we know dhm/ax > 0.
Hence, the specification in (12) delivers underemployment in the efficient
contract, while at the same time is consistent with normal leisure both in
the sense that total hours decrease in exogenous wealth and in a sense that

is consistent with the long run evidence.

IV. Conclusion

In the home production economy, underemployment and normal leisure may
coexist, as demonstrated here by some simple examples. These examples do
not seem at all contrived, although they do depend on thé assumption that an
individual would rather work in the market than at household production for
a given amount of total work. It is not surprising that such an assumption
does the trick. It is also worth noting that empirical studies of home
production provide some support for this assumption (see, e.g., Juster and

Stafford [1990], p. 31).
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