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Efficiency Wages And The
Hours/Unemployment Trade-Off

Abstract: Tt is commonly argued that reducing the number of hours worked by the
emploved would lead to lower unemplovment. since firms will respond by hiring more
workers.  This paper examines the relationship between hours worked and unemploy-
went. in the context of an efficiency wage model where involuntary unemplovinent occurs
owing to imperfect monitoring of worker effort. The first part of the paper presents a
partial equilibrinm model where the number of hours worked per week is determived
exogenouslyv. The model makes standard assumptions about effort costs (e, increasing
marginal disntility of work), and also allows for the presence of daily set-up costs™ for the
worker. It is shown that under these assumptions the equilibrium level of unemployment.
viewed as a function of hours worked. is *U-shaped™ (or simply increasing. if the set-up
costs are zero). The paper then moves 1o a general equilibrinm framework where hours
are determined endogenously: 1t is shown that in this case the free market choice of hours
15 always greater than the unemployvment-minimizing level. so that “work-sharing™ conld
indeed lower unemploviment. However the paper also presents a powerful and surprising
welfare result: conditional on being unemploved. a representative worker is alwayvs best
off under the free market outeome. Nonetheless, starting from the free market equilibrinm
there is alwavs an hours-reduction policy which reduces unemplovment and inereases the
expected utility of a currentls wnemploved worker. The currently emploved are always

made worse off by such a poliey,
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Introduction

Proponents of “work-sharing” argue that a reduction in the number of hours worked by those In
emplovment will lead to lower unemplovment “hroungh a simple substitution effect: firms will hire
more workers to compensate for getiing less hours from each individual worker. During periods
of high unemployment this argument has recsived considerable attention. [n the United States.
the need to create jobs was used to justifv rae imposition of a mandatory overtime premium in
the Fair Labor Standards Act of 193%.% More recentiyv. work sharing has been high on the policy
agenda in many European countries, attracting support from the European Commission . Whire
Paper on Growth, Competitiveness. and Fmpiovnient. 1993) and from politicians in France. ltaly
and elsewhere  New Yors Times. Nov. 220 19033,

Fconomists are tyvpically skeptical about rhe ability of such policies to lower unemplovment
izee for example Ehrenbery and Schumann. 1932}, Thoese who argue for work-sharing usually reiv
on the “tump of work™ fallacy iLavard. Nickeil and Jackman. 19915, Le.. the assumption that‘the
number of person-hours uszed by a firm will remain constant as the number of hours is changed. thus
ienoring the preseace of “quasi-fixed labor costs" which make people and hours imperfect substitutes.
Bevond pointing out some of the attendant failacies and pitfalls, however. there has been little work
on the subject. There is one major empirical study. due to Ehrenberg and Schumann (1952}, who
estimated the effects of raising the mandated overtime premium from time-and-a-half to double-
time (thev predict an increase in emplovment of 0.3 to -1.0% . but note a number of reasons for
skepticisin). However. their underlying model of the labor market is a standard market-clearing

one. essentially assuming away involuntary unemploviment.

Legislation to raise the overtine premium ix occasicnally introduced in Congress, most recently in 180,
although it seems clear that a simple redefinition of the "basic rate’ would enable most firms to attain legal compijance

with no real effect (as discussed in Trejo. 1991,



The contribution of this paper is to u~e microeconomic theory to address rigorous!y the issues
raised by work-sharing. In particular it uses 2 model of the labor market {efficiency wage theorys
which provides a proper wicroeconomic fonndation for the existence of involuntary unemplovment.
The paper investigates the relationship between honrs worked and the equilibrinm level of unem-

plovment in zuch a model. answering hoth ~he positive question of whether hours-reduction would

Jdecrease or increase unemplovment and the normative questions concerning the welfare effects of
such policies.

The paper proceeds as {ollows. [n the first section. we introdice an efficiency wage model of
the fabor marker thased on that of Shapiro and Stiglitz, 19341, with work hours an exogenously
fixed parameter. Section Il examines the comparative statics of this model. determining how
ecpiilibrinm unemplovment changes as the length of the work dav varies. The main conclusion
from this exercise is given in proposition 1. as a function of the number of hours in the work
period. equilibrium unemplovment is U-shaped. [t follows from this result that legislation to
shorren the work day could either lower or raise unemploviment. depending on the initial level
fand the extent of the reductioni. In section [ the model & completed by allowing for work
houwrs to be determined endogenously. wirh firms choosing the number of hours in the emplovment
contract 0 as to minimize their production costs. Proposition 2 shows that this market choice of
work hours is always strictly greater than the unemplovment-minimizing level. so that it ix alwavs
possible for the government to reduce unemplovment by a work-sharing policy. Section IV discusses
the welfare implications of such a policy. Perhaps the most surprising result is proposition 3.
which shows that the level of hours chosen by the free market actually maximizes the welfare of
a representative unemploved worker {in a comparative static sense). Hours reduction therefore.
while it benefits those unemploved workers {for whom it creates jobs. lowers the welfare of those

who remain unemploved after the policy = put into effect. Nonetheless, the unemploved will



support some degree of work-sharing (praposition 5}, Currently emploved workers. however. are
nnambiguously made worse off by hours reduction. and can be expected to oppose it {proposition ;.

Sections Voand Vi discusses zome po=sible extensions to the model. and section VII concludes.

Moving bevond the issue of work-=haring. the approach taken here provides a rizorous setting
in which 1o consider a number of related izsnes. Waork hours are just one dimension of “observabie
intensity” in an emplovment relationship characterized by the presence of moral hazard., Others
inclnde the pace of work in a “continuous How™ production process (for instance the speed of an
assembly belti. the number of machines that a single worker is in charge of. and the amount of
land 1o be cuitivated in a share-croppiig arrangement. [t seems that many of these Intensities
vary across time and or between different countries to a rather puzziing extent. The differences i
hours worked between Europe, the Umited Stares and East Asia are well known. but the work of
Clark suggests that these are dwarfed by the cross-country variance in intensity of effort exerted
by workers, as measured by for example the number of looms controlled by each worker in a cotton
mill (Clark. 1987+, While these apparent anomalies remain nnexplored, this paper at least provides

a framework in which they might be addressed.

This issue is largely unexplored in “he economic literature. Schor {1992) observes that i
an efficiency wage model the “job rent” varies with the number of hours worked. but does not
investigate the nature of thiz relationship. Lewin (1994} uses a related framework to discuss the
effects on work-hours of a posited economy of scale in monitoring {with respect to hours worked:.
Rosen’s work on the supply of work schedules” {Rosen. 197%) is also relevant, but assumes mazke!-
clearing. Some discussion of work hours in the context of non-market clearing maodels of the labor

market can be found in the work of Furopean economists, including Hoel {19851, Dreze (1956,

and Houpis (19931,



[. The Model
Workers and the no-shirking constraint

There are many identical firms. many identical workers. and a single consumption good. IZach
period i = 0.1....) a worker can be emploved or unemploved. and if emploved can be working
or shirking. lor the moment. we take the length of the workday to be exogenonsly fixed at h
hours. The period t wage 15 denoted w.. and the Jdisurility of working h hours is given {in terms
of the consumption goodi by «cifi. We will assume throughout that ¢(.) is increasing and convex

ie! > 0.¢" > 01 and that <10y = 0. Workers {ive forever. and lifetime utility is the discounted sum

of per-period utilities:
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where
w. —erhi i working in period ¢:
S e if shirking in period #:
0 it unemploved in period ¢.

For the moment. we make the simpiest possible assumptions about the monitoring technology:
a worker who shirks faces a probabiiity ¢ of being caught and therefore fired. while one who works
will never be fired (since the monitoring technology never gives “false positives™ about shirking,
it is clearly optimal for firms to fire shirkers. on the “shoot the agent” principle). There is also
an exogenous probability & (the "quit rate’). for all workers. of leaving their job each period. For
notational convenience we assume that g is actually the probability a shirker is caught conditional
on not being laved off. so that the probability of dismissal for a shirker is b+ 4. Section V discusses
extensions of the monitoring technology in more detail.

Assume that we are in a steady state, so that wages and unemplovment are the same each

period. Let V" represent the expected lifetime utility of a currently employed worker who chooses

to work not shirk. He gets utility w - ¢+ A} today, and tomorrow will either be unemploved, with



probahility b, or still emploved (and by assemption still not shirking). This gives

VY = — e - BUE oy
L+ - i
Similarlv. if 177 is the expected lifetime utility of a currently emploved shirker, then
2
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For an emplovee to chose not to shirk requires 1Y > 177 or equivaiently, using equations i i.
and 2]
(VY 1t
Gg———— Z elh] 3
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This condition has a natural interpretation: (V- — V) /{1 + r) is the “job rent” .J. i.e. the present
value of the cost of getting fired (the | + r term enters because shirking gives immediate benefits
but delaved costs). Thus the left-hand side represents the expected cost of shirking. which for
incentive campatibility to hold must exceed the expected benefits of shirking, e{A]. Solving 3

with {1} gives the efficiency wage or ‘no-shirking condition’

. 1 + b+
wz&mw*)z;;r+<r q‘qem) 0

Firms are competitive, i.e. take 1'% to be fixed, so that each firm views the above as the
wage it has to pay to get workers to work for & hours, and chooses hours and employment to
maximize profits subject to (4}. Of course. \'% is itself endogenous. determined by the ageregate
of all firms’ choices of hours and emplovment. [n order to get an aggregate version of (4). we need

to determine V. By analogy with (1) and {2). we have
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where a is the “job acquisition rate’. [n steady-ztate we must have equal flows into znd out of the
pool of unemploved. so if we normalize the total workforce to 1 and denote by u the proportion
of the workforce which is unemploved, then we get cu = {1 — u). Using this to replace a in 3
and solving with (3}, which must hold with equality in equilibrium. gives an aggregate no-shirking

condition

= =hiu
Wi = (——/———) ein) 16
. i

wih. u) represents the minimum wage which will ensure that workers do not shirk when the unem-

plovment rate is ¢ and rhe work dayv consists of & honrs.
Production

We now turn to the production side of the economy. Our model assumes a particularly simple
ferm for the production function. Each worker has a dailv set-up cost = > § and constant marginal

product a >> ¢'(0). and output is propertional to the number of workers. Thus / workers each

working for o hours produce output

ya = {ah —s)l

The assumption of constant returns to scale in number of workers is convenient, but not
essential to the results. The presence ol a set-up cost captures the notion that there mayv be
efficiency reasons for working longer hours: we will see that there is a trade-off between the benefit
provided by longer hours in spreading out this set-up cost, and the costs of rising marginal disutility,
and it is this trade-off which determines the relationship between work-hours and unemployvment.
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[t 1s also worth notine that in equilibrium workers will take all the cutput. so that it makes no

difference if the set-up cost appears to be paid by the worker rather than the firm {e.g.. commuting

costsl.

1I. The Hours/Unemployment Trade-off

Given the constant returns technology above, equilibrinm must require zero profits. so the
equilibrinm wage is given by

w=rnh — ~

Substituting into 6 gives the ours-unemplovment schedule

b q =
B T — 7 - — I — [
i hy ihi/{ah — s 4 :

fuformally. equation {7} tells us that equilibrium unemplovment u{h) varies as does the “effort per

unit output’ function eih)/fah — 5. Formally. we need the following assumptions in order to uet

our first resnlt.

efficient to work a finite, strict{y pesiuve pumber of hours: and (2; In the second best case i

the model under consideration) 1t is possible to induce a strictly positive number of hours.

These assumptions are very minimal: the case where {1) fails to hold is simply not interesting,
while {2) rules out cases where, for instance, the detection technalagy is so poor (g 1s so small}

that wharever values 4 and u take on. workers will alwavs choose to shirk.

Proposition 1. Under these assumptions. there is a range of values h < h < h which are compa:-

ible with equilibrivm. If s = 0 then h = 0 and equilibrivm unemplovment u(h) is always increasing



in h. If s > 0 then w(hj 1s Ushaped: as b varies within Th.hl. equilibriam unemplovment is first

decreasing in h. then increasing. with a nnique minimand.

Proof. see appendix. §

In other words. when work hours are Jong, an exegenously imposed reduction in their leneth
will teduce unemplovment fu'ifd > 00, bt when they are already shorr. it will increase t. This
result is«Jdriven by a robust economic intuition. Recall rhe incentive compatibility condition. which

can be rewritten in terms of the “hourly lob rent’

VA7 TR R Lt

h Aol — 1 = ﬁ“

i3

e the hourly expected cost of shirking <hould outweigh the hourly cost of effort inot shirking).
Of course the hourly cost of effort is increasing by the standard assumptions on the shape of e/ 4.
s0 as we increase i, we must simultancously increase the hourly job rent .J to preserve incentive
compatibility. Now J depends on the wage w and the unemplovment rate ¢. However, ahsent zel-
up costs (e, if = = 0} the hourly wage = constant, so In order to increase Jik) .k it is necessary
to raise the unemplovment level u. [n the presence of set-up costs. if A is small then the hourly
wage a — /A increases rapidly with 4. and unemplovment can actually fall as A4 rises. When A
is large however. the s/fi term becomes neglivible and the hourly wage is essentially constant. so

that again unemployvment must rise with A to preserve equilibrium.

ITI. The ‘Natural Length® Work Day

In the previous section we treated 7 as an exogenously fixed parameter. Now. however. we
allow firms to choose the number of hours they offer to emplovees. Recall that individual firms

face a minimum ircentive-compatible wage given by

8



wh VY =Y g (’—-Jrzﬂ) c(h) (1)

and that the assumption of perfect competition nmeans that firms take VU 1o be fixed. OF course
in equilibrium all firms make zero profits, but as usual we can use a cost-minimization condition.

The firm’s problem then is

min an(h, ¥ st (ah—s)i=y

and climinating £ this problem becomes equivalent to minimizing the wage per unit of output
i, VYY) {oh = ), giving a first-order condition

che

: PR VY
SLih vy = LLA
ah (A ) al — s

Since in equilibrium we have @(h, V) = w(l) = ah — s, the equilibrium number of hours is given

i A2

e

e = v 8
on =" %)

Proposition 2. The equilibrivm length of the workday, denoted h™, is strictly greater than the

unemployment-minimizing lovel, denoted Iy,

Proof.  From (4) and (8) we know that £* is given by

iy

) = ————
e () r+b+g

(so b < h™ < & from the prool of proposition 1). Now [rom (7} we have

-9



b du : ; .
- T vaelh™y = (ah™ — s Th™n

{l—j(h‘jﬂ N r_“‘!//'-

s0 substituting in for ¢ A" from (77 and for #"1h7) from above gives

, ; . agah™ — 5] aglah™ — s
At ET — kT — s h T = d ‘ - - d -
v houiht P b
. 1 |
= affiindr — 5y . -
=g —biuithsy r—g=b
< 1)

20 wih™ > 0 as claimed. 4

A proper understanding of this resuli depends on the welfare results in the next section.
In brief preview. it iz not hard to see that tor i below the unemplovment-minimizing level. the
equilibria corresponding ro different i are Pareto-ranked: if iy < Ay < fiyy;n then evervone is better
off in the equilibrium corresponding to o than to by, Emploved workers are better off because the
job rent is higher. and unemploved workers are better off because unemplovment is lower and the
emploved are better off. Proposition 3 below shows that the free market chooses a Pareto efficient
level of A, so it follows that it must choose A > hy;,. and in fact this inequality must he strict
by the usual sort of argument {increasing o <lightly from by, increases the welfare of employed

workers to first order and affects nnemplovnient only to second order).

IV. Welfare Implications

[n this section we examine how the lifetime utilities V¥, V'Y of emploved and unemployed

workers change as we move along the no-shirking-zero-profit schedule defined by (7). We already

have expressions for ¥ and 1% in terms of A. u and substituting in for u via (7) gives

} b
15 thy = (1++h [r_u‘z - (g:—ii) f(f?)} (9]
4
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INSERT FIGURE 1]

Proposition 3 (‘First Welfare Theorem ). The welfare of the unemploved V' ih) is strict]v

highest at the free market outcome 7"

Proof. Immediate from comparing the ficst-order condition for maxiinizing (9] with the free mar-
ket conditions (4] and (%), ¥

This rather surprising result hax a <umple explanation.™ Suppose that some other value of
hoosav A' has VOO > V0T By definition. workers will work and not shirk 2’ hours for
wih v = @ik VYA in the A equilibrium. So in the 4% equilibrium. where unemplovment is a
®

stronger disincentive (VE{A*) < VA0 they will work A hours for less:

kL VT < i (R VR =k = s

so o single firm could deviate from the 47 equilibrium bv offering a contract of A" hours fur

@ik VY (AT)). and make a positive profit, which is of course incompatible with equilibrivu.

We can now explain the result in Proposition 2. that the free market chooses a level of work-
hours higher than that which minimises unemplovment. Notice that until unemplovinent starts 1o
rise with 4 we must have (V) {A) > Usince longer hours mean a higher job rent while working aud
less time spent in unemplovment. In this region. then. we can alwayvs make a Pareto improvement
bv increasing h. and in particular the unemploved will be better off since raising A raises both the

chances of beconing emploved @ and the returns to being employved V7.

Other welfare properties are captured in the next proposition:

* which [ thank Mathew Ellman for suggesting to me.
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Proposition 4. The welfare of eniploved workers, V- (5. and of uneniployved workers. VU (k). are
both concave in h. Thev are increasing for fow values of hoand V5 ik has an interior maximum
: - T : - ; SN o - . T .

th < AT < hiwhile the maximum value of V7V ihi can be either interior or at h. depending upon

the parameters of the model

Proof.  Concavity is immediate from (9% and 110}, and the previous proposition shows that V¢ (4,

has an interior maximim. The fisst-order condition for maximizing V™ ihiis e/{h) = ag/iq = b

: : \ . . .. . ', - . . ; - .
so its maximand. sav. 2705 greater than /7 iwhich has 0" = ag/ir =g = b < /(A Tt is
A £ ; ! Iy

easy to check graphically that the problem of maximizing VNihy over b < A4 <k has an interior

solution for small r and a corner zolution for large r. q

Clearly. emploved workers will oppose any move to shorten hours below the market tevel. since
this lowers V" (k). The attitude of unemploved workers is more ambiguous. however. Suppose
that. starting from laissez-faire. the government proposes a law restricting work hours to some
ho< h™. where h is chosen so that 1A} > VE(A™) (if A is too low. then it can be Pareto
worsening, since being emploved with the jaw in place may be worse than being unemploved under
laissez-fairel}. This will create new jobs. and we assume that they are distributed amonest the

unenmployved according to some lottery, which need not be uniform or “fair’.

Proposition 3. Suppose that the government proposes a reduction in work hours to some h < h*.
and some probabilistic mechanizm to distribute the newly created jobs amongst the currenty
nnemployed.  Assume that the mechanism gives everyone a positive (bounded below bv some
e > 0, probability of obtaining one of these jobs. Then if the proposed hours reduction h* — h is

sufficiently small the unemployved will support jt.

Proof.  Take a typical unemploved worker, and suppose that the job distribution mechanisin gives
this particular individual a probability o of getting each of the new jobs. Then the number of

12



newly created jobs is u{A™) —u(h) and her chance of gaining emplovment as a result of the measire

is piaih™y—uihiy. She will support the moeasure if and only i it raises her ex ante expected utiiity,

fen i and anly if

pionlh™ i — i kv == ia (AT = ik iV (R K'{"uh')
f | / RNy

or equivalently
VEhey =V iR
piuih=i — uihi)

VMR =V >

Now for f close to A" the right side of the last nequality s of order 2% — 4. since we have shown
that (V53 ih7) = 0 while w'th7) > 0, =0 there is some A = Nip) > 0 such that the inequality is
salisfied for A7 ~ 1 < Al and since by asswmption pis uniformly bounded below across all workers.

there is a A » 0 such that A7 — A < X makes all workers support the measure. §

V. Hours and Monitoring Technology

[ introducing the model we followed Shapiro and Sitglitz (1984) in interpreting & as rthe
exogenous “quit rate” and ¢ as the probabiiity of being caught shirking. A\ more standard approach
in the moral hazard literature would be to suppose that the employer receives a noisy signal of the
emplovee’s performance, and that the signal can take on one of two values. say "good” or *bad’.
Then one would interpet b as the probabiiity of the signal taking on the value "bad’ conditional on

the emplovee not shirking, and b + ¢ as the probability of that event conditional on shirking.”

In the model we have considered up o now. this reinterpretation changes nothing. Formally

the analysis is identical. while informally it is easy to see that anything the employer might do

One could also combine the two cases and have both an excgenous quit rate and a positive probability of

workers being incorrectly reported as shirking.

13



to lower the probability of dismissing a non-shirker increases the returns to shiriiing more than to
working. thus breaking the incentive compatibility constraint. However. it does make a difference
if we also alter the model in some other way.

Oue such alteration we might want to consider is the tollowing. So far we have assumed that ¢
is independent of A, but it might make more sense to think that shirking over a long day is more
likelv to be detected than zhirking over a short day. so that ¢ = ¢fh] with ¢'th) > 0. Then at
least in our second interpreration. it also makes sense o have & = dh). How does this affect our

previous results? Ditferentiaring (7 now oives

booduw qih) o ( FlR ) (m‘p—s—ﬁ{h_;) dqg 1 db

wiihidh jea‘hj‘-inh—.sjf‘ﬁ ah — s clh) dh uihidh

so the effect of setting ¢'i/7 > 0 is 1o lower w'th). This is certainly intuitive: if longer hours make
the detection technology more effective then they lessen the moral hazard problem and therefore
fead to a lower level of unemplovment. Conversely. if '(h) > 0 then longer hours have a second.
deleterious effect on the detection techuology by making it more likely to give *false positives’, and
this effect tends to make unemployment higher. One could also however imagine a situation in
which fonger hours lead 1o more accuracy in detecting both shirking i¢'{2) > 0} and non-shirking
(6'thy < 0). giving an unambiguous reduction in unemployment,

To summarize, in so far as longer hours make the detection technology more effective they will
lead to lower unemployment than that predicted in the previous sections. [f this effect is sufficient|v
powerful then it might be the case that wih) is always decreasing with A, so that work-sharing

would necessarily lead to higher unemplovment.

V1. Continuous Shirking

A second natural variant on our model would be to allow for shirking to be a continuous time

1t



decision rather than an all-or-nothing oue. Suppose for example that an emplovee chooses the
number of hours y that she will shirk ot of a workday of & hours, and that this leads ro disutilitv
of effort e{f — yi. and a probability ¢iyl of detection. The problem then becomes significantly
more complex: in this zection we derive oquilibrinm conditions and argue that our earlier resulis
are reasonably robust. although thev cortalnly need not hold for arbitrary specifications of the

monitoring technology and cost-of-effort funetion {it would be very surprising if they did.;

Az before, we define Uy 1o be the expecred lifetime utility of an emploved worker who shirks

for ¢ hours. and analogously ro equation (1, we have

Lo . .
Vigi=w—+sth—yi - I—l—_- b iyl SRS —b—qlyitViy N

where as before & > 0 represents the exogenous quit rate. Qur first observation is that nnder
reasonable assumptions about the monitoring rechnology. no shirking will occur in equilibrium. The
reason is essentially that any contract which induces a positive amount of shirking is dominated
by one which turns that shirking into free time (without changing the daily wagej. Given our
assumptions above about the nature of the monitoring technology, this change does not lead to a
breach of incentive compatibility. [t dues however make workers strictly better off. as it lowers the
turnover rate. They would therefore be willing to accept a lower wage in return for the concession

making both sides strictly better off.

Proposition 6. Suppose that the moenitoring technology is concave, i.e.. that ¢' > 0 and ¢ < 0,
Then any incentive-compatible contract can be replaced with one which induces zero hours of

shirking and the same amount of output per worker, makes workers better off and lowers the unir

cost of production for the firm.

Proof. see appendix. €



If the monitoring technology is non-concave then this result need not hold. However, the as-
sumption of concavity seems reasonable. tor example. one conld model the employee as controlling
a process where errors occur according to a Poisson process whicli has intensity Ay if she is working
and Ay > Ay if she is shirking. Then in general the optimal contract between emplover and em-
plovee would depend on the number of errors. significantly complicating the analvsis.* However.
the probability of detection is cerrainly concave in y. and the special case where Ay = 0 fits into
our framework. since again the “shoot the agent’ principle applies and it is optimal to dismiss with

certainty anvone whoe allows an error to ncenr.,
It follows from Proposition § therefore that any equilibrium will have to satisfv an incentive

compatibility condition of the form 0 < arg max Viy). Unfortunately, we cannot say anything very

general about the shape of 1'(y). Rewriting 112} as

il+ry(w—elh—y)—rit
r=b+gly)

Vigi =V =

we see that the right hand side is the ratio of two increasing concave functions of y. Intuitivelv,
this corresponds to the fact that both the marginal benefit of shirking. €’ih — y}. and the marsinal
cost of shirking are decreasing with y (in the latter case this is because the marginal increase in
the probability of detection is decreasing under our assumptions on ¢(y)). Its main implication is
that V'(y) need not be either concave or convex, so that the constraint 0 £ arg max ¥ {y) can bind
locally or at a distance {see figure 2, and we have to consider each case in turn {the appendix
gives numerical examples of both cases).

[INSIIRT FIGURE 2!

* Another kind of complication arnses il the emplovee becomes aware of an error as scon as it occurs, while
the employer abserves only the number of errors that have occurred over the whole day (compare Holmstrom and

Milgrom. 1987). Here we assume that both parties observe only the end of day error count.
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Case A IC constraint binds locally

[n this case obviously 1'10) = 0. and 1his produces a reagonably tractable equilibrium con-
dition. [t turns out that the comparative sratic for equilibrinm unemployment as /4 varies iz
controlled by the ratio of the marginal disutiiiry of work to the net surplus produced by that work,

ihis inh - s —e{h)).

Proposition 7. Suppose that ¢yl is concave, and that in equilibrium the [C constraint binds

at 0. Then equilibrium unemplovnient is given by the conditien

Lo — s — el b
r/'ql)\ e = -
Iy wih)

[t is therefore increasing in A if and only if inarginal disutility is growing at a faster rate than net

surptus. i.e.. if and only if

The conclusion that u{h) is U-shaped therefore remains at least plausible. since it is not
unreasonable to umagine that marginal disutility might have an increasing growth rate and net
surplus a decreasing one. In fact it is casy to check that this conclusion holds for quadratic effort

costs™:

Example 8. If disutility of effort ix quadratic in hours worked {e{h) = ~h*) then equilibrium

=

unemployment w(h}) is U-shaped as a function of h. with a unique minimum at h = \/s/.

* and the example in the appendix shows that vase A can occur when effort costs are quadratic. [t should also

be noted that propesition 7 holds even if () = not concave. provided that equilibrium involves no shirking.
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Case B: [{" constraint binds at a disrance
The second case s more comples, aued 1 becomes impossible to sayv anvihing verv definite.

However. it is worth recording the equilibeinm condition

Proposition 9. Suppose rthat qly) is coneave, and that in equifibrium there Is some y = yih

such that V0 = Vigy. Then equilibrivm auemployment satisfies

- i o— s —elh) h
gLyt - = - r

eifr —ih = gih)) wihi

Proof.  see appendix. €

As one might expect. the function A depends in a complicated way on the interacrions
between hours worked. changes in the marusinal cost of effort. and the monitoring technoiogy.
s0 that in general thiz condition is not terribly useful. However. some insight can be gained- by
considering the special case where (/i 1s locaily constant. so that unemplovment varies with work

hours according to
Rl - el = gih

nh - 5 — ef{h)
i.e.. the ratio of the co=t [in utilitv) of working to the net surplus produced by working. Again
this ratic must be decreasing when /i 1z 2mall (provided the set-up cost s > 0), and one might
reasonably expect it to be increasing whez fris large. so that u{h) might still tend to be U-shaped.

However. the most one can conclude is that this result remains plausible.

VII. Conclusions

Efficiency wages provide a plausible explanation for the existence of involuntary unemploy-

ment. This paper uses a simple model of imperfect monitoring and efficiency wages to argue that

—_
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an exogenously imposed lowering of the number of hours worked by the employved could lead 10 a
reduction in the equilibrinm level of Involuntary unemplovment, although such a reduction comes
at the expense of lowering the welfare of both emmployed workers and those who remain unemploved.
Despite the simpiicity of the model, the resiirs seem quite robnst. [n particular. we showed tha:
they are not invalidated by allowing fur quasi-fixed labor costs of emplovment. and that theyv re-
main at least plausible when we allow for a richer set of shirking strategies and more complicared

detection technology.

Although these conclusions would be welcomed by supporters of work-sharing, it is worts
polnting out that the underlving economies s, ar least from their perspective. paradoxical. The
free market equilibrivm invelves longer hours than those which minimize unemplovment, bu: this
happens because competition in the labor market leads to an equilibrium which maximizes the wei-
fare of a representative unemploved worker. Moreover. once below the unemployment-minimizing
level of hours further reductions in work hours make evervone worse off. employved or unemploved.

Of course in the end these are empirical questions. As noted in the introduction. this ix a

ropic which is often at least on the margin of the public policy agenda. and accordingly deserves

further investigation.
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APPENDIX
Proof of Proposition 1.

Assumption 1 ijust before Proposition 1+ implies that e(A} intersects ah — s exactiv twice:
since £(A1 is convex, it must intersect al — 5 00§ or 2 times, and (0 would mean that a positive
amount of work was ineflicient. while | would mean that either that work was only weaklyv efficient
il.e., there is a A such that ad — ~ = ¢ 5. but no more) or that the returns to work increase
indefinitely with A, so that it i= eflicient 1o work forever {e.g.. if e(h) = ath+¢~" = 1). Using 6.

we see that assumption 2 requires «(hi 1o intersect ginh — <) /r+qg-+ b} exactly twice. since the fact

that we can induce some positive number of hours of work means that for some 5 > 0 and « < |

reqg-—hin r—g+bH
w> i — ! —lelhy > ;c(h)
q i

and w = ah — s So €k has to intersect glah — 5)/r + ¢ + b} at least once. and in order to
satisty assumption (12}, Le.. in order to intersect ah — s twice. it must cross it again. WWe now

define i and £ to be the smailer and lavger of the two solutions to

B glah — 5)

€t} = r'+q+b
Now. from the definitions. we have
: Q) —
A L <R
r+b+yq
q
h = h— s
o T‘+b+q(o_ q)
¢ \H* = g (GH - S)
r+b+yg

giving
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elhieihy > h —s/a
ety e thy < h — s/a

Now we take the hours/unemplovment schedule

b glech — s
= —r =g
wifi i !
and differentiate with respect to i to get
i qur aeth Telh ; O
Tl b (R
hoesihy el \ ot

and from rthe expressions above we know that the term in square brackets is positive for A = A and

negative for i = 1.

[t follows from this result that «'(47 = O whenever uih) has a local minimum on ALkl Suppose
now that this occurs twice. sav at fip and A, with by < Ay We know from (7) that u'(h) = 01

iy eihy = a/tah — 5). 50 we must have
5 i s - N
aelh Y = {ah; —sje'(hy) =1.2

Applying this together with the mean value theorem, we know that for some h with h < h < hs

aethyt — arlhy]

by Ay

althy = hyie'(hy) + (ahy — )¢ (hy) = € (h))]
hy — hy

ae'(h) =

!
> oae(h,)

since ¢ > 0. But this is a contradiction since ¢” > Q! Finally, the resuit for s = 0 is immediate

from {

\

T) since e(h) /A 1s increasing in A 1just as a convex cost function with no fixed costs exhibits

increasing average costs). and it is easy 1o check that wlh; =(h) = 1. §
Proof of Proposition 6.

Without loss of generality we may assume that ¢(0) = 0 (by adjusting b if necessary). Now
suppose there is an incentive compatible contract which induces 7 hours of shirking out of a toral
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of A contracted hours. where 0 < y < h. We know (from solving {11} for Viy)i that expecred

lifetime utility from shirking for y hours nnder this contract is given by

L=yl — s th =y " e
’,,_”__,lcl)j‘\ ,"—1)—_—-(_.“\]/}

Stmilarly. we know rthat expected lifetime utility from shirking for § hours in a contracr which

invelves only A — g hours on the job lor the same daily wage . is given by

lal,f)l:IL—I‘IIH‘TMI'Jfij—"’;'}‘rm(l_;' ‘ )1{)
re= 0 =gty r=b= gy

Obviously V101 » Viyi. fe. workers are strictly better off shirking 0 hours under the second
contract than shirking 7 hours under the first. since the onlv difference between the two s that
the tarnover rate (per period probability ot job loss) falls from b+ giy) to . By definition we have

7= argmax V(yi and we will use this 1o show that 0 2 argmax17(§). 0 that shirking 0 hours

under the second contract is also incentive-compatible. To do so. observe that the two equations

above give

where

e b aly)
W= ‘ ‘
rt b= gly + )

and that the assumptions ¢’ > 0. ¢” < 0 mean that o'(j) > 0. Suppose that 0 ¢ arg max !+ J}. s0

there exists some y with v () > ‘.q'(()\. Then



Viig + g1 — i i) ‘i-'lf;)f\ A N ot
Vigh= 17 7 iy =17 of0)

which is impossible since Viy = g1 < Vig So no shirking is indeed optimal under the second
contract. Since this makes workers strictiy betver off at no cost to the firm. a slight reduction in w
would lead to a contract which strictly dominates the first one. and we may accordingly rule out

the first contract. @

Examples for section VI,

As the discussion after Proposition 6 snggests, if the probability of detection is close to linear
while disutility of effort is strictly and sienificantly convex then we might expect Yy to be
decreasing n y. giving caze A iflocallv binding constraints). In fact it is easy to check numericaliv
that the following functional forms and parameters give that case: take a quadratic efort function

RV Then with a=5.5 = 5. 4 =

ethy =207, and a probability of detection function g{y) = (y/

1.b=.00.r= .25 and ¢ somewhere botween .35 and .40 we get case A.

Case B (s given by raking the same parameter valnes {with o = .33) and the following functional
forms for effort and detection probabititv: let e(h) = A (h < .3) and eth) = 3+5{h - .3) {(h > 3
let gy = W0(y/ h) (y < .27 and yih) =2 b))+ uly — 2178 {y > .2). Then p somewhere between

2 and 2.2 gives case B.

Proof of Proposition 7.

Differentiating {12} and setting 1710 = 0 gives

(1 —riel(h) ¢'(0)
(L+rijw—-elh)—rVY  r+b

We then use equation (12} together with
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P L al{0) = (1 -t (11,

e f' =
to solve simultaneously for Viyj and 177 and substitute in for V'8 in {13). As before the job
acquisition rate a satisfies @ = #(1 — u}/n in steady state. while the equilibrium wage must satistv

w = ah — = giving the equilibrium coudition

as clalmed
Proof of Proposition 9.

Here we essentially mimic the derivation given in section {. Equation (1) still holds. while

aquation (21 becomes

; , 1 e .
VY= - eth = glhy) = ——[1b+ q(lh))VE + (1 — b= gy Ry

|

—_—7

and the same formal procedure gives a new no-shirking condition’

ry v

1+r

rb4-g(yk))
gly(h})

w > alth Vi) = ¢ﬂh—whn+( )(qm-em_gmn) it

and using (3) together with the zero-profit condition w = ah — s as before gives the resuit as

claimed.q
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FIGURE 1

v

¥(h) = expected lifetime unility of currently employed worker
'(h) = expected lifetime utility of currently unemployed worker
ee market choice of number of work hours
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FIGURE 2a: IC binds locally

FIGURE 2b: IC binds at a distance

v= hours shirked



