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Implicit Contracts and Underemployment
Equilibria

Costas Azariadis

Araun Llniversity

This paper studies an industry with demand uncertainty which prompts
risk-neutral firms to act both as emplovers and as insurers of homa-
gencous, risk-averse laborers. The resulting contractual arrangements
turn out, in their sitaplest forny, to be mare likely 1o specify full eoaploy-
tent the more of the loliowing conditions prevail: small variability in
nroduct prieg, above-average ecanomy-wide labar demand, highly risk-
averse workers, small unemployment compensation, and highly cam-
pelitive product market. Qtherwise, it may be optimal for firtus 1o lay
ofT, by random chaice. part of the wark farce during low scates of demand.

I. Introduction

Caompatitive wage theary predicts that firms will adjust to a contraction
in product demand by lowering both emploviment and the real wage
rate, in cortradiction te the normal industrial practice of layving off
unneeded warkers and paying unchanged wages to the rest of the work
force. This paradox,! which arises from the close relationship between
competitive cquitibria and Parcto optima in auction markets, spawned a

This paper is based an chapter 2 of a doctoral dissereation subimitted 1o the Schaol
of Industrial Administration, Carnegie-Mellan Universicy, January 1975 Barlicr versinns
wore presented ae the Fueapean mceting of the Eeanowmetric Society, Oslo, August 1973,
and w1t the University of Chicago MMoney and Banking Warkshap, December L8373,
I am iudebted to Robert B, Lueas and Edward Preseau for innumcrable discussians
to Robert Barvo, David Cass, Heeschel Grossman, Joehn Kennan, Christapher Sieus, aned
an ananymaus referee lor constructive eriticism; and o the U8, Department of Ladar
for (inancial support. Al are abseived fram auy sing of gmission ar commission,

Ul quote from Arraw (1972) 1 “One of the mvsteriaus things is why {the cagiloyers]
do not eut wages. 1t may be that they really da not kiiow what is gaing on in terms of the
possible need 1o eehive labor in the fotre and are worried abaue the irnpact ol wny wage
cuts an their ability to procecd in the labor market later,™

{Fanrnal of Pafitiead Frosmern, VE00 vl 30 T B
e 175 Tee Uhe Upiver-as ol Clhicnemo, AL vichus texerved.
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substantial corrective effort by economic thearists, One reaction, exempli-
fiedl in the writings of Keynes {1936) and of a diverse group of epigones
{Patinkin 1956; Clower 1966; Lejjonhufvud 1968; Barro and Grossman
1971}, has been to abanden short-run market clearing as a warkabie
assumnption and focus instead on quantity adjustments as the primary
teans of response o market disturbances.

A far less systematic, but intuitively more transparent, commentary >
has appeared periodically in the literature, arguing in cfiect that devi-
ations from Pareto optimality occur hecause cantinuous-auction models
cannot do justice to certain attributes peculiar to the labor resource.
Chiel among these attributes are the limited mobility of the labor re-
source and the difficulty of diversifving human capital under uncertainty.

The relative immeobility of labor over markets, especially those mmvolving
different industries or geographical locations, is fairly well documented.?
Flawever, the obvious fact bears repeating that no markets exist for the
dircet exchange of claims on future labor services;* the costs of monitoring
and enforcement, and “moral hazard,” are same reasons why such mar-
kets have not arisen.”

Neverthebess, at least part of the risk an uncertain labar inconie sircam
creates {or its recipient can be shifted 1o third parties by employee nter-
mediation. thad is, by the tacic or open commitment of the firm to guaran-
e ity persemnel that their wage rates, hours worked, employment status,
or o cambination of all such factors, witl be in some degree independent
of the vicissitudes of the business cvele.® The risk is thereby transferred
frotn wages to profits and, via the capital market, o the income streams
of the fim's owners and creditors.

This process is subject to two limitadions. First, assurances of the sort
just deseribed will not be handed out evenly to all personnel. In breadth
and firrnness of commitment, employers will discriminate in (avor of
persons in whaose training substantial investment bas been or 15 about to
he wade. Others who are thought 1o passess superior qualitics of produc-
tivity, reliability, adaprability, etc., will be similarty favored. Second,
aratiemal enwrepreneur will not shield the terms of employment of even his
nost valuabile group of emplovees against arbitrary demand fluctuaiions
il doing so involves mare than a woken probability that the firm might
ga bankeupt.

Neither qualification should be a hindrance in the short-run, homo-

! Farinteresting carly specimens, sce Raight (1921, chap. 9) and Hicks (1932, chap. 3).

L the evidenee in Parker and Burton (1971,

* Cnions could eynecivably serve tha functlan were it not generally the case that
incumes of the members of any single union are highly correlated.

Flhis discussion draws heavily on Brainard and Dolbear (1971); see also Tolin
11972 and Garvdon (L974).

@ Ity in this sense that Knight (1921, pp. 271-72) characterizes wages as “concractual”
income and prafits as “residual™ income.
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geneous-labor problem that is studied in this paper; it is sufficient that,
in the course of the relationship between employer and employees, enough
scope exists for the former to unburden the latter of at least some of the
variability that ctherwise would accompany wage income. At first
approxinmation, one need nat worry whether risk shifting occurs merely
because the firm's net worth far exceeds that of its average employee
or because it 15 in the pature of hiring that “the confident and venture-
some ‘assume the risk’ or ‘insure’ the doubtful and timid by guaranteeing
ta the latter a specified income in return for an assignment of the actual
resules” {(Knight 1921, pp. 269-70}.

The drift of the preceding arguments points to a more complex view
of the labor market than is customary in conventional short-run analyses:
in uncertainty, labor services are not auctioned off in quite the same way
fresh fruit 1s. Rather, they are exchanged for some 1mplicit set of commit-
ments, hereinafter called an implicit labor contract, on the part of the firm
to employ the owner of those labor services for a “reasonable” periad of
time and an terms mutualty agreed upon in advance.

In such a market, job choice will depend on what subjective value
prospective emplovees place on alternative contracts, and not on the
value of any ene contract compenent. After all available contracts have
heen compared, and before the state of demand in any industry is known,
suppliers of labor services will each gravitate toward the highest attain-
able value. The initial distribution of the labor force thus achieved will
be independent of the state of nature; it will also tend to have some
permanence, as indicated by the large proportion of rehires in manufac-
turing accessions.

If contracts, then, are not easily abrogated, employers should possess
considerable discretion over specific terms of employment. The possibility
arises, for instance, that a job which requires the same technical skills
as anather will pay a different wage. The freedom to set specific compo-
nents of contracts at a level above or below what prevails elsewhere is
limited by the familiar property of any equilibrium distribution of the
labar force over firms: no economic agent values the bargain hefshe has
actually agreed to less than any other feasible contract.’

A systematic study of these issues begins in Section [T with a stochastic
environment in which risk-neutral entrepreneurs and identical, risk-
averse workers with indivisible leisure endowment exchange a particularly
simple type of cantract. Section ] examines the conditions under which
the wage schedules of labor contracts will be invariant to changes in
relative product price. A necessary and sufficient condition for the sub-
optimality of full-employment contracts is developed and interpreted
in Section EV. A complete characterization of the optimal contract follows

I CF. Stighitz (1974).
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in Section V along with a comparison of its provisions with what would
prevail in a labor acution market beset by identical stochastic distur-
bances. A summary and conclusions appear in Section V1.

I1. Uniform Contracts

Suppose that the quantity of a perfectly homogeneous, nonstorable
commodity demanded of an industry depends on the prevailing price,
£, of the commodity relative to that of all other goods (the fixed, exogenous
“price level™), an the state of nature, 5, and, possibly, on a vector of
nonrandom, nonprice variables over which the industry has no control.
For simplicity, assume that the actual state is drawn randomly from a set
of discrete states § = {s|s = 5, 5,,..., 5} according to a known
probability distribution 4(s), for which

Tg0s) = L. (1)

s£8
The industry consists of a fixed number of identical, perfectly compet-
itive, risk-neutral firms to which changes in s are revealed through shifts
in the product price they can charge their customers. Let pls) be the
(parametrically given) mapping of states into prices and, without loss
of generality, suppose that, for any s, 5, in. 8,

§o< sy = plsy) < pls,) (2)

On the other side of the labor market there is an even larger number,
M, of risk-averse workers who are identical® in tastes, endowments,
and technical ability and who may or may not have alternatives outside
this industry. Assume, for simplicity, that these workers command one
indivisible unit of leisure and that their preferences over consumption, ¢,
and leisure, /, are embodied in a monotone, bounded utility function
ale, 1}, concave in ¢.?

Let the randem variable y denote current labor income: the constants
« and ¢, denote, respectively, current praperty income and the maximum
level of consumption actainable when 3 = 0 and / = 1. That level may
exceed « by the amount, if any, of unemployment compensation which
accrues to the worker. Without loss of generality, we set

vleg, 0) = 0 and v{cy, 1) = K (3)

® This assumption serves ta keep dawn the dimensionality of the contract space. Far
instance, if workers differed systematically in preferences or in their endowment of
human or nonhuman wealth, then contracts indexed on all of these characteristics wauld
generally be appropriate.

? Observed labor preferences for lumpy leisure streams {long weekends, paid vacations,
ete.) raise a strong suspicion that o is not concave in [ for high enough values of leisure
consumption. The implications for uncmployment of preferences locally nanconvex in
leisute are examined in Sec. [V
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and define an increasing, concave function u(-) from

uy) = ola + 5, 0). (4)

The range of contracts offered by each firm will depend partly on how
varied its wark force is in skill, atticude toward risk, and the like, and partly
on the length and the administrative costs of striking, monitoring, and
enforcing each agrecement. The mast important nonwage component of
such agrcements Is probably “job security,” which depends crucially
on varlations in employment.

Suppase, then, for simplicity, that all freely agreed upon contracts
are strictly enforceahble, perhaps because “cheaters” suffer a catastrophic
loss in reputation; are of the same, institutionally fixed duration; and
pay no direct compensaiion to unemployved workers. Since workers are,
by assumption, absolutely identical, a wniform contract will likely be
affered to all of them. This will be a random vector of the form

a = {w(s), nls)}, (9

which reveals what wage (relative to the price level} and volume of
emplayment the typical firm plans to offer in each state.

Valuation and Dominance

The wvaluation of a contractual offer by labarers 1s clearly contingent
on the uliimare size, m, of the firm’s work force. The larger the number of
people wha consent to a given cantractual offer before the stare of nature
is known, the smaller the (equal for all) probability, a(s), that any of
them will end up employed in state 5. In fact,

pls) = min [1, a{s]fm]. {5a)

Let ¥(8, m) be the expected utility [rom a contract & which atrracts m
warkers, where the expectation in I should be taken with respect ta both
1 and cmployment status. Recall that the utility of working in s is afw(s)]
and of not working 1s K. Hence,

Vs, m) = Efpu(w) + (1 — p)K]. (3b)

From {5a) and (3h) it follows directly, as one nught expect of a compet-
itive lahar market with mobile laborers of known quality, that all vacan-
cies will be filled.'® Henee,

p(s) = nis)im 5. {5¢)

1% This is a staternent about averages. [t does not mean to deny that the firm could
profitably use nory than the contracted armount of Labor scrvices in a particularly favar-
able state of narture but, rather, chae it cannot da so an the basis af infarmation available
at the tiine conlracts are struck.
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The actual value of m correspanding to any contract offer will depend,
naturally, on market alternatives. Let A{K < £} be the market valuation
attached to such offers under an equilibrium distribution of the labor
force. Then the right-hand side of (2b) must equal 2, and 2 is a function
of both 7 and the components w and n of the contract.

Some useful nomenclature follows. In definition 1, a contract § =
{wls), n(s}} 1s called (1) feasible if V{3, m) = A lor some positive m such
that n{s) < m for all s; (i) full employment (underemployment) if a(s) =
m tor all s (= m for some 5); and {iii) fixed wage {variable wage) 1f w is
{is nat) independent of 5. An example of an infeasible contract ts a(s) = 0
for some 5, Fu{ee) = K. A Paretian criterion for comparing contracts
follows. Definition 2: Let m be the size of the work force attracted and
n(8,}) be the expected profit accruing to a firm under a feasible contract,
d,. Then &, is said to (i) daminate 8,{(8, Z d,) if &, is feasible for m and
m{d;) = nld,); and (i1} be aptimal if it dominaces all feasible concracts,

These definitions suggest that the optimum contract, 8%, is simply the
solution to a well-defined constrained maximum problem. The primary
aim of this paper, however, is not to characterize 8* fully {which is done
in Sec. V] but, rather, to find out whether §* is a full-employment con-
tract. In Section IIT I reduce the dimensionality of the firm’s apportunity
set by excluding contracts that are demonstrably inferior.

ITI. Wage Rigidity

Two sources of vartability in wage income are present in the class of
contracts set forth in (5): one arises from the stochastic nature of the wage
schedule, the other from uncertainty over emplovment status. That under

certain circumsiances 1t is profitable (for both sides) 1o remave the foriner
15 shown in

Lemma 1. Given any feasible variable-wage contract 8, = {w(s}, nis)},
there exists a (easible fixed-wage contract &, that dominates §,, with
strict daminance if uf ) is strictly concave.

Progf:' ' Let m satisly V(8,, m) = A, and define §, = {if, a(s)} where
# = Ef{wn)fEn. The contract d; produces the same expected labor

income for workers and the same expected cost and expected revenue
for firms as does §,. Note also that

A

1l

Vidy,m) — Vi, m) = iEn[u(a&) — ufw)]

v

(=) En(id — w) 2'(b), by concavity (strict concavity),
= u () (bEn — Ewn) = (.

Since V{d,, m) = 1, there exists a nonnegative (positive if « is strictly
cancave) constant g such that the contract §, = {# — ¢, a(s)} satisfies
V{d,, m) = V{d,, m] and n(d,) = r(d,), QED.

! For a similar result in an interterparal contexe, see Baily (1974).
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A direct corollary of this result is that, in an expected-value sense,
enforceable labor contracts dominate labor auctions. Let w(s) be the
{parametric) wage schedule associated with an auction market, f{-) be
the production function of the typical firm, and F{-} be the inverse of
the marginal product funciion. The outcome of the auction is then
equivalent to the contract 4, = {w(s), Flw(s){p(s)]}, which, far some
nonnegative ¢, is clearly dominated by the contract § = {Ew(sr) —
&, Fwls)/p()1)-

Two further points should be emphasized. First, workers who are
neutral toward risk are indifferent between a variable-wagc contract
&, = {w(s), n{s)} and a fixed-wage one §, = {Ew(s), n{s)}. Sccond, the
primary use of lemma ! is to reduce the complexity of the ensuing math-
ematics without affecting the ultimate results. A literal interprecacion
of it would be misplaced, for it is not robust to changes in assumptions
about the indivisibility of leisure, the enforceability of contractual
bargains, the nature of the random disturbance, and, possibly, the risk
of ruin to the Arm. With variable hours of work, for instance, wage in-
come w{l — ) becomes state invariant if preferences are additive; if
not, a more complicated function of income and leisure will still be non-
stochastic.

Nor should one jump ta the conclusion®? that the real wage schedule
is invariant o random disturbances in aggregate demand. In fact, theories
of speculative labor supply'? seem to argue against such invariance:
when prices are higher than average, workers desire to accumulate assers
faster than they normally do. Ta support a higher flow of savings, they
will increase their “propensity” to save and accept a somewhar lower
wage in terms of commuoditics, so that commaodity producers have some
incentive to hire a larger-than-normal amount of labor services.

In addition, few real-world agrecments can prevent workers laid off
in a temporarily depressed industry from auctioning off their services
to the highest bidder in another industry. What effect these instances of
imperfectly enforceable contracts will have an the wage schedule industry
is not immediately obvious, but, as a brief argument in Section IV sug-
gests, the outcome will likely be a softening of wage rigidity.

IV. Are Full-Employment Contracts Optimal?

Let ® = (&, ) be the class of all full-employment contracts that are
feasible for the typical firm, and imagine that we isolated the dominant
member, 85 = {}, m}}, of that class. Consider now the class D = (3

12 (ne might be tempted in that direction by the apparent failure of cconometric
work to find a significant correlation bictween trend-corrected average real compensation
per man-hour fobviously a procyclically biased proxy for the real wage rate) and any
price index. Cf. Bodkin (1964, who also reviews earlier efforts in that field.

13 See Tobin (1947) and Lucas and Rapping {1969].
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of all feasible contracts with titc same labor force as §% which are formed
from it by reducing employment helow my in at least one siate; that is,
& = {w, n{s)} where w is a nonstachastic parameter at least cqual to
w} and

n{s) < mj for all s, < m?% for some s. {(6)

To continue the process of whittling away at the firn’s opportunity
set, we ask now whether there is an underemployment contract in D
which dominates 87, Note that full-employment agreements possess twa
desirable features, namely, zera variance in labor income and the lowest
wage rate consistent with atomistic competition in the labor market
Against these advantages one must weigh the drawback of a state-
invariant employment schedule which does not permit full-cmployment
contracts to vary work force directly with the relative product price,
that is, to use a larger amount of labor services in more profitable states
of nature.

Every underemployment bargain in class D will pay 2 wage w > 0}
to compensate employees for the risk of temporary job loss. Tar small
risks, the average underemployment premium, w — w’y, can be computed from
the requirement that all members of D are feasible cantracts. Thus, if
i = Fn,

A= (afm})y ulw) + (1 — Afmi)K = mi(A — K) = ifufw) — K].

Nate that u{wy) = A Expanding u{w) about w¥ and neglecting terms of
order higher than first, we obtain
mi(A — K) =4[} + (w — wh) «’(w}) — K], (6a)
whence
(w — @i = (my — #) (A — K)ju'(wh). (7}
The expected wage bill, wh, of any § in D may be thought of as consis-
ting of two parts: a direct expected cost, w¥a, equal to the minimum dollar

outlay required to secure the average amount of labor used; and a

remium expected cost {w — w®)a. Expected profit from contract 8 is
I J p
then

n(8) = E(p(s)f[n(si] — wf n(s) — [m} — als))(X ~ K)ju'(w¥)).  (8)
Now et
Plwy) = (2 — K)fu'(w}) = [u{w}) — K]fu'(wh) (9}

denote the marginal underemployment premium, that is, the increment
to premium cost required to compensate the labor forec for the loss of
ane job in any state. The profit contribution of the #th laborer in state s is

pGs) f1(n) — af + Pluf). (10)
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»

WL N "‘)
ERAN: 4 pls)f'(n)
H
1 i
| pls)f (n)
‘“ > n
m
f
Frg. L.—Infenaricy of full-employment contracts
If there is a state §such that
£ f1(m3) + olef) < w], (1)

it follows that, rclative to 8%, expected profit will be raised if workers are
laid off in stawe & For full-employment contracts to be subaptimal, it suffices,
then, thal there exist a siate of naiure in which the fully employed wage rate exceeds
the sum of the marginal product value of fully employed labor plus the marginal
underemplopment premaym. The implication 1s {fig. 1) that, if 5; is the worst
state, tull-employment eantracts will be suboptimal. It 15 not clear what
type ol contract is hese when s iy the lowest statc—uniess we are certain
that {11) is bath necessary and suflicient far the inferiarity of full-employ-
ment agrecments. ' This is examined next

The Maximum Problem

The fixed-wage {casible contract that firms offer will be the one that
generates the highest expected profic. Given any d = {w, a{s)} with
uf{w] > K and a positve number m such that

k= El(ufmjue) + (1 — afm)K] = m = (4 — K)" '[u(w) — K]in,

feasibility is cquivaleni to n = m, or

als) = (A — K)” Yulw) — K]'Y gls) nfs} Vs {12}
Expected profut is
n(8) = X ¢(s) (p()f[ns]] — wnls)), (13)

'3 [t might be, tar instance, that when 5, is the worst state 3% (s domninated by an
underenmployment contract which does not helong to class D.
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where the production process wses one single input, tabor, and satisfies
the usual monatonicity and strict concavity requirements. We assume,
further, that

fin) wowasa -0, f'in) > Gasn - 0. (14)
The decision problem is then to find a nentrivial solution [ie., such that
alst = 0 for same 5] to solve the problem

(P max n{d)
td}

subject to {12} and nonnegativity. Using the ane-to-one mapping
(e, ) > (t,n): ¢ = nu(w) - K],
one casily shows

Lemma 2: (P) has at least ane nontrivial solution, exactly anc if u is stricthy
cancave.

Let p(s) be the sct of nonnegative multipliers corresponding ta the set
of inequalities in (12). It follows from lemma 2 and (14} that the unique
solution to (P} 15 completely characterized by the {(Kuhn-Tuocker)
conditions

=1+ we) 2oule)i(d - K) =0, (1%
g () [} — e + (A — K)7 M w(w) — K1 Z p(e)} = pls) Vs,
{16)

nir) < (& — K7 "u(w) — K13 gfs) nls), = ifp(s) = 0 s, (17)

Equation {137 confirms lemma | and is useful in eliminating ¥ pufs)
from (16), Then

b/ = )] = w Vs (162)
where the wage rate net of the marginal underemplovment premionm,
2wy = w o — [u{w) — K]fu'(w), (18]

represents the reducion in labor cost accomplished by eliminating one
Job In any state.

The Inferiovity of Full-Employment Contracts : A Necessary and Sufficient Condition

Let # be the inverse function »~ ', From feasibility and cquation (13},
one readily abtains

Lemma 3: w} = h(i):mi = F{R{A)Ep].
We can now formalize the preceding argument in

Theorem 1: 'There cxists an underemplaoyment contrace, a*, which
dominates 8% if and only if

plsyfm7) < z(w}) for some 5 € S. {19)
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Progf: Sufficiency. Recall that p(s) > 0, V5. If (19) holds, then 87 clearly
violates {16a) for same state; neither it nor any other full-employment
contract can then be optimal. Necessity. We will use a constructive
proof of the contrapositive statement, that 1s, that

PV mE) = 2(wk)  ¥seS (20)

implies optimality of §7. Indeed, if (20) holds, then we can define
nonnegative multipliers p*(s) such that

p*(s) = gla)[pls)f (mf) — z(wp)] Vs (21)

Summing both sides of {21} over 5, one obtains
T opt(s) = i) Ep — 2(w}) = (4 — K)ju' ()

by (18) and lemma 3. It follows that the vector [w}, m}, u*(s)] satisfies
conditions (153, (16a), and {17} and, therefore, {13), {16}, and (17).
If (20) is true, then 87 is the optimal contract, QED.

This result is helpful in reducing the issue of underemployment ever
being optimal, in an expected value scnse, to one of whether or not a
given inequality holds. What is it in labor force preferences of consump-
tion versus leisure, in their attitude toward risk, and in material endow-
ments and industry demand characteristics that makes (19) more likely,
or less likely, to prevail?

[tis useful to limit temporarily the range of attitudes toward risk under
caonsideration by assumning that the index of relative risk aversion,

r = —{o + w)u"{w)u' (w), {22)

isindependent of & + w.'?® We can thus concentrate solely on preferences
embodied in linear transformations of the following functions:'®

w(w) = (o + w)' ™" ifr < (23a)}
= log {& + w) ifr =1 (23h)
= —(a + ) V71 ifr > L {23¢)

I summarize in the next two lemrmas some useful bits of information.
Both proofs are straightforward.

Lemma 4: Let & = u~ Y(K) be the wage ratc which makes workers in-
different berween work and leisure. Then the function z(w) is decreasing

15 Recall that ufw) = s(z + w, 0), where the constant # is nanlabor income. Arraw
(1971, pp. 96-97, 103-14) argues that r is weakly increasing in wealth partly on the basis
of empirical findings that the wealth clasticity of money demand is at least 1 (which
makes money a “luxury” good). The evidence, however, seems less than overwhelming
that demand far cash halances has significantly higher than unitary clasticity {Meltzer
1963, pp. 236-38; Laidler 1969, pp. 98-102).

16 See Pratt {1964, pp. 133-35) for detaijls.
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for all w > k, is invariant to linear trapsformations of the utility

function v, and satisfies z{k) = £.

The lemma immediately below is based on the assumption that r is
constant.

Lemma 5: The equation z(w) = 0 bas a unique root, w,, which satisfies
(i) wo = ke —aifr =1, = ™1 — 5 if y # 1, where ¢ is the
natural logarithm base; and (ii) w, is a decreasing function of r such
thatwy + awasr =» 0, > —xasr - oo,

These lemmas peint cut two factors, the workers’ opportunities outside
the industry and their attitude toward risk, which bear an the optimality
of full-employment contracts in an industry. For a large enough value
of the index of relative risk aversion, w, will inevitably fall short of w} and
hence z(w}) < 0, which rules out {19). Underemployment is more
likely to accur, on the other hand, for values of 7 low enough to place
z{w7} in the interval (0, k]. Similarly, the higher aggregate demand is
(or whatever other exogenous parameter happens to define the econamy-
wide outlock for these workers), the more attractive working is relative
to nat working and the larger 7 becomes relative to w,. This lowers the
probability that (19} will hold.7

Other determinants of the likelihood of layoffs are readily apparent in
(19}). Layofls should be mare frequent in industries with relatively volatile
(high variancein s) or relatively inelastic ( highly responsive to s} demand
schedules, in markets with relatively little competition, and in cases of
relatively high unemployment compensation (which boosts X and
thereby depresses the marginal underemployment premium),*®

Dhivisible Letsure

If one were interested in what statements a theory of labor contracts
might make about, say, the behavior of hours worked over the cyele
or about seniority claims on overtime, the obvious extension of the simple
contract form is

3 = {wls, 1), x(s, t}, n{s, 1)},

where x(s, £} = 1 — (s, £} is the amount of hours worked by each labarer
if state s occurs in period £. As one might expect from Section II1, such

17 Since the constant k in lemmas 4 and 5 depends on g, it is not obvious in this model
how the size of nonhuman wealth affects unemplayment. For a fixed economy-wide
full-employment wage rate, both working and not working become mare attractive as
nonlabor income rises. If, on the other hand, wealthier workers were able to hold aut—
as they might in a search-oriented model—for better apportunities than could their
poarer colleagues, nonhuman wealth and the probability of accepting a uniform contract
offer might be negatively correlated (see Danforth 1974).

¥ For additienal factors affecting layoffs, see Gordon (1974).
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augmented contracts will soften wage rigidity somewhat but afiect little
else. Of particular interest for this paper is whether these agreements
will react to a decline in product demand by reducing, primarily, hours
worked rather than employment and thereby prevent {19} from holding.

One reason we do not observe arbitrarily short work schedules'? hag
to do with the well-known tendency of people to prefer lumpy leisure
streams over entirely smooth ones, for example, long weeckends, paid
vacations, ete. Suppose, for instance, that labor preferences over alterna-
tive consumption and leisure streams are represented by monotone
transformations of the additive function

e, 1) = E(Y fule) + O]} (24)

where the expectation is taken with respect ta the joint distribution
glsg, $1,..., §p) of states of nature over the {presumed exogenous)
duration of the contract. Then the tastes for lumpy leisure streams
would be refiected in the requirement that k() be concave aver some
interval (0, !,) and convex over {{y, 1. And work schedules which con-
sume nearly all or nearly nane of the leisure available to workers will
bear prohibitively high “overtime” or “undertime” costs. The latter
type of premium simply reflects the fact that it takes a very high hourly
wage to persuade people that they must abandon the comforts of home
for 1 hour’s work at the factory.

Is Contractual Unemployment Involuntary?

The rest of the conclusions drawn from theorem | are unexceptional,
perhaps to the point of fomenting suspicion thar they could be avrived
at via the famniliar auction model with some restrictions on labor mability.
Indeed, the perfect enforceability of contracts, an assurgption uncom-
fortably close to indenture, does guarantee that whoever is laid off when
(19) prevails will be unable to seck employment cutside the industry.
Furthermore, if interindustry labor mobility i1s low because of, say,
moving casts or industry-specific skills, some {voluntary) unemployment
will occur in states for which a condition reminiscent ol (19 holds,
that is,

b} ST <k (25)

where p = labar stock per firm.

On reflection, perfect bilateral enforceability of contracts does nar seem
to be as stringent a restriction as its name would imply. Suppose, for
instance, that such agreements are ane-sided hargains enforceable an the

19 Setup casts in production is anather abvious cause, one that has reccived much
formal attention in inventory theary.
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employer but not on the employee.?? Persons whose contracted services
are tempararily not in demand would be the ones most likely to prefer
a Job outside the industry in question over their current status of pure
leisure consumption. Such termporary jobs, probably offered in auction,
will materialize only if there exist industries with demand sufficiently
strong to ensure full employment to their permanent labor force and
to justify hiring additional help (filling “vacancies’”) at wages no smaller
than £.

Idled warkers will search actively if and only if temparary jobs outside
thelr industry are available at wage rates sufficient to compensate them
for the loss of leisure. In tumes of relatively slack aggregate demand,
temporary vacancies will tend to fall relative to layoffs; hence, the
probability of landing any temporary job (alternatively, the market-
clearing auction wage) will fall and search will be discouraged. The
canverse will be true in periads of above-average aggregate demand:
the auction wage will be high compared with the mimimum working
wage k, and scarchers may well be able to secure employment at wages
in excess of what prevails in the contractual labor market. This implies
that firrns which do not wish to have their production plans upset by a
high quit rate cannot afford to maintain a rigid wage, at least not up-
ward, against protracted fluctuations in aggregate demand.

V. Optimum Contracts —a Complete Characterization

Thus far we have derived a condition under which full-employment
contracts are suboptimal. Recall the assumption that all contracts are
strictly enforceable and have a parametrically given equilibrium value,
A. Without further loss of generality, suppase that the distribution of s
is uniform in the interval {0, 1). The optimal contract is then com-
pletely characterized by??

exist two continuous decreasing functions A (1) and ¥({1) and a con-
tinuous increasing function T{A), all three unique and such that

iV wf < T{)) < w, Yie (K, o)

(it} M{A) - a0 ast — K, M(L) - Qas 1 - oo;
Gii) M(2) > m*  Vle (K, w);

(iv) ¥{i) o lasd — K, V(i) - Qas i - oo;
() YA IM)] = [ T()] ¥ e (K, o).

Thearem 2: If (19) holds for all s+ = ¢ and some 4 e (K, o), then there

28 Casual empiricism reinforces this belief to the extent that it is easier, or less costly,
tg secure information on the reputation and past personnel policies af firms than on the
employment record of not very highly paid employees.

1 The proaf, which essentially involves characterizing the solution of twe simultaneous
nonlinear equations in two unknowns, is available on request from the author.
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Furthermare, the optimal contract §% = {w*, #*(s)} satisfies
(Vi) Epfi(n*) = w* — ylw¥) < w*;

(vil) w* = T(A);

(vill) @{w*) = [u(w*) — AJju'(w*) > 0O;

(ix) n*(s) = Fla(w*)[p(s)] for s < ¥{2)

M) for s > Y(4);

{x) n*(s) is continuous, nondecreasing in s, increasing in A for
s < ¥{2), and decreasing in A for s > ¥Y(i]; and

(xi) #*{s) = m} atsome s = s* < min {§, ¥(4}}.

This theorem argues that the wage associated with the underemploy-
ment contract exceeds its full-employment counterpart, and so does
wark force size. The first of these two departures from full-employment
norms is necessary to compensate laborers for a positive probability of
unemployment; the second one allows employers 1o shift output from
relatively unprofitable to relatively profitable states of nature.

As 4 rises relative to both the product price schedule, p(s), and the
value of leisure, it becomes mare “expensive” for the firm to maintain
a risky, that is, steeply sloped, employment schedule. Thus, the under-
employment and full-employment portions of n*(s) shift to the right and
lefe, respectively {fig. 24}, the critical state ¥ {4} declines in value, and
n*¥{s) comes closer to a full-employment schedule.

Workers in active employment are paid a wage rate’? which exceeds
the expected value of labor’s marginal product by a marginal under-
employment premium (w*). A comparison with equation (9 shows that

22 There seems to he no relationship between the full-employment wage rate and the
expected marginal produet of labor under the optimal contract.
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§r is a smaller function than ¢, that is,
plw) — flw) = 1 — K > Oforallw > £ (26)

The difference arises from ¢ and ¢ being the marginal underemployment
premium in the class D of feasible contracts with fixed labor pool m} and
in the class F of all feasible contracts, respectively. If employment belaw
mjf is called for in some states, class D must inevitably present greater
unemplayment risks than class F: the option of varying the size of the
labor force is available only in the latter.

For fixed tastes, technology, and population, the equilibrium value of
contracts is determined, in the usual manner (fig. 25), by the interaction
of a fixed supply M® = M? of workers with economy-wide demand,
M =3 M), for “work force,” where i indexes industries.

Contracts versus Auction® >

We return now to the issue of whether the employment {and output)
pattern in a labor contracts econamy is identical to, or varies systemat-
ically from, what would prevail if labor services were sold in instantaneous
auction. With unlimited labor mobility, the latter type of market organiza-
tion 1s Pareto efficient and, hence, must generate at least as high a volume
of employment and output as a market for contractual bargains.

A less vacuous comparison would recognize that low mobility is one of
the primary rcasons long-term attachments arise between workers and
firms. Reduced to its barest essentials, the issue is: given a labor stock of
¢t workers (in per firm terms) without job opportunities outside the in-
dustry, how does the outcome of an auction market compare with the
terms of the optimal contract?

Letw,(s), n(s), n*(s), and n,(s) be the wage, labor supply, labor demand,
and employment schedules, respectively, in the auction marker. Define
5% from

POV (1) =k (26a)
and note that & = z(k). Next let the function g(iw, m) salve
plg) ) (m) = z(w). (27)

Now one can show?®*

Lemma 6: The function g{w, m) is unique, continuously differentiable,
decreasing in w, increasing in m, and bounded above by | and below
by 0, and is such that (i) s® = g(k, ) solves (26a}; and (ii) g(k, u) >
¥{1), where ¥{1) is defined in theorem 2.

*3 I am indebted to Milton Friedman for provoking this section.
3+ N. 2t applies here, tao.
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Now since

n'(s)y = Flw(s){p(s)]; n'(s) = pifwls) > k,
0 if w,(s) < 4,

(28)

it fallows from lemma 6 that
n,ls) = Fk[p(6)], wis) = kifs < gk, p)
=i , = p(s)f () if s > glk, ).

These relations are graphed n figure 3.
In the contractual market, assume that a full-employment contract
paying the lowest possible wage is profitable an average, that is,

(29)

£ B > k (30)

The optimal agreement will be of the form 87 = { f'(g)fp, g} if
pls)f () = 2 f () Epl Vs (31)
holds; atherwise, theorem 2 is in force, with the additional proviso that
M) = (32)

Let w*, a*{s), and @, be the wage rate, employment schedule, and
expected wage income under the optimal contract and let &, be the ex-
pected wage income 1n an auction market. Note that

1
b, = 2(kiglh, 1) + f £ p(s)ds. (33)
alk,pul
Naw, if {31] is true, then @, = w] = f'(u)Ep and n*(s) = p for all s
Hence,

8. — i, = J " U tpls) — 201 < 0 (342)
Q
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and, from {29,
w¥{(s) = ads), = ifs < glk, pg). {35)
If, on the ather band, {31) does not hold, then we know that z(2*) <

kand w* e (wj, wy); hence, part (ix) of theorem 2 suggests that {35)
ts equally true in this case also. Note, further, that in this case agamn

@, = w*En*jp = w*(} — K)jfu(w*) — K],

which 1s readily shown to be a decreasing function of w* for all w* in
the relevant range (&, w,) and all 2 > K. Hence,

&, < wi(} — K)fu(e}) — K] = w}f = f'{(n)Ep < @, (34h)
Observe also from theorem 2{v) and lemma 6 that
F(i1 = g[TW), M) = glw®, 1) < g (kp).
This completes the proof of

Theorem 3: (1) W, < #,; and (i) a,(s) < 2* (5 Vs, < fors < gk, uj;
where (iiil gk, ) > V{2

As one might expect, labor markets generate riskier employment
schedules (fig. 4) and larger expectations of wage income when they are
organized as auctions rather than as contract exchanges.

VI. Summary and Conclusions

This paper examines a simple industry with demand uncertainty which
rmotivates risk-neutral firms to ace both as employers and as insurers of
homogeneous, risk-averse labarers. The resulting contractual agree-
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ments turn out, in their simplest form, to be more likely to specify full
employment the more of the following conditions prevail: small variability
in product price, above-average economy-wide labor demand, highly
risk-averse workers, small unemployment compensation, and highly
competitive product market. Otherwise, it may be optimal to lay off,
by random choice, part of the work force during low states of demand.

In such “underemployment” contracts it is profitable, under certain
assumptions, to eliminate wage fluctuations, but not employment status,
as a source contributing to wage income variability. If the labor force
is industry specific, contractual organization of the labor market will
result in the volume of employment being no lower in any state, and
higher in some states, than that associated with a laber auction.

The employment path generated in a contractual labor market is nat
much different from the one which prevails in a spot auction market;
because of rigid wages, however, reductions in employment appear as
layoffs rather than as voluntary withdrawals of labor services.

Some extensions of the work reported in Sections I~V are worth
contemplating. The first involves dropping the assumption of perfect
hamogeneity of the labor force and finding out what sort of wage distri-.
butions, layoff provisions, and participation rates are consistent with
labor market equilibrium when different contracts are offered to persons
of varying technical skills, tastes, asset positions, and home production
opportunities. A related paper of mine (Azariadis 1973) examines the
incidence of unemployment in a technology with two asymmetrically
substitutable skill grades of labor. That paper finds that the trade-offs
between wage income and the expected rate of unemplayment embodied
in optimal contracts clearly favor skilled workers over common laborers.

Another extension, passingly discussed in Section IV, is relaxing the
restriction of contract enforceability, at least on employees. In a model
with at least two industries whose product price ratio varies acecording
to a well-defined stochastic process, unilaterally enforceable contracts
may lead o a natural definition of {temporary} vacancies and, in all likeli-
hood, to a softening of wage rigidity.

Perhaps the most interesting area of application for the class of models
treated in this paper arises when the assumption of exogeneity in the price
level is dropped. Perceived disturbances of the price level relative either
to its average long-term value or to the price of commodities in in-
formationally segmented markets are at the heart of modern treatments
of the Phillips curve.?® Whether we can model price movements of this
sort to learn something about wage rigidity in the large and, more
generally, optimal escalator clauses in money-wage contracts seems to me
an issue warth pursuing,

*3 See Friedman {1968), Phelps (1968), and Moriensen {1970) on the rale of move-
ments in contemparaneous price ratios and Lucas and Rapping (1969) and Lucas {1972)
on the role of maovements in intertermporal ones.
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