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ABSTRACT
"Labor Turnover, Wage Structures, énd Moral Hazard:
The Inefficiency of Competitive Markets"
by
Richard J. Arnott

Joseph E. Stiglitz

This paper is related to three bodies of 1iterature -— those on
moral hazard, multi-period employment contracts in the Becker tradition,
and implicit contract theory.

A multi-period, general equilibrium model of the labor market is
developed in which risk-averse workers are faced with job-related
uncertainty and labor turnover is costly.  If a worker is unlucky and
suffers a bad job match, he éuits and joins another firm, hoping fhat he
will like its work environment more. We assume that the quality of a job
match is unobservable; as a result, insurance markets are incomplete. We
assume furthermore that the firm, rather than some other agent, provides
partial, implicif insurance against job dissatisfaction, and does this by
paying workers more than their marginal product in their early years with
the firm, and less subsequently. Such implicit insurance is a form of quit
insurance. Since the probabilities of the insured-against events (the
quit rates over time) are affected by the amount of such insurance provided,
the firm's implicit insurance is characterized by moral hazard. We show
that . this moral hazard gives rise to (constrained) inefficiency and indicate

why.



LABOR TURNOVER, WAGE STRUCTURES, AND MORAL HAZARD:

THE INEFFICIENCY OF COMPETITIVE MARKETS*

I. Introduction

One of the most significant developments in micro-economic theory
during the last two decades has been the exploration of economies in which
information is imperfect, or more properly asymmetric. It is by now well-
known that in such economies, insurance markets are typically incomplete
and are characterized by moral hazard and adverse selection problems. What
is not so widely appreciated is that this incompleteness- of insurance mar-
kets significantly affects other markets in the economy. Institutions de-
velop in these other markets to provide implicit insurance.l’2 A question
of central importance is whether these accommodating institutions are effi-
cient, conditional on the information technology. This paper addresses this
issue by focusing on a feature of the labor market; the employment contract.

In the traditional analysis of the structure of competitive mul ti-
period employment contracts, it is assumed that workers, even though they
face job-related uncertainties, choose to wqu for the firm offering the
highest discounted present value of expected future remuneration (income plus
income in kind). This assumption requires either that workers be risk-neutral
or else that capital markets be perfect and insurance markets complete,3 and
implies that workers pay the full cost associated with their being hired and
afe paid the net (of training costs)_value of their marginal product at each
point in time. In these circumstances, the equilibrium set of employment
contracts is efficient. Realistically, however, workers are risk-averse and,
because of informational asymmetries, face incomplete insurance markets and
imperfect capital markets. What matters to the worker, then, is expected

utility rather than the PDV of future remuneration. In this situation, firms
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may have an incentive to provide implicit insurance against job~related con-
tingencies in their employment contracts.4 One way in which they can provide
such insurance is by paying lucky workers less than the value of their mar-
ginal products, and unlucky workers more.5 Thus, employment contracts may
have qualitatively different characteristics in economies with informational
asymmetries.

This paper addresses the following questions: What are the charac-
teristics of competitive multi-period employment contracts when information
is imperfect? How do these characteristics differ from those of employment
contracts in economies with perfect information? Is the former class of con~
tracts efficient, conditional on the information available? If not, what are
the sources and consequences of the market failures, and what government inter-
vention would eliminate or minimize the excess burden associated with them?
To address these questions, we consider a very simple economy with a singlé
kind of uncertainty. Nevertheless, the economic principles derived can be
usefully applied in the examination of a wide range of social insurance issues.

The emphasis of this paper is on the efficiency of competitive em-
ployment contracts with imperfect information. The descriptive, comparative
static properties of such contracts have been treated in a companion paper,
Arnott [1980]. The market failures we identify in this paper are generic and
are treated more generally in Arnott and Stiglitz [1981a,b].6

When we started this paper, we conjectured that in economies with
informational asymmetries, the competitive equilibrium set of multi-period
employment contracts would be inefficient. Our reasoning went as follows:
Imagine that the first—best6a set of employment contracts (in which workers

are paid the value of their net marginal products and pay for the costs of
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their being hired) ié offered in an economy in which no job-related insurance
is available. Relative to the first-best optimum, there is a deadweight loss
associated with the unavailability of insurance. This deadweight loss can be
reduced if firms provide implicit insurance in their contracts. But with in-
formational asymmetries, moral hazard problems arise when insurahce is avail-
able. For instance, if the insurance takes the form of the firm's paying part
of the loss in income incurred by a worker if he quits, then the provision of
insurance results in excessive (more than in the first-best optimum) labor
tu;nover, and there is a deadweight loss associated with this. In the con-
strained optimum, the sum of these two deadweight losses is minimized; the
marginal benefit of providing more insurance (the value of the reduction in
the risk the worker faces) equals the marginal cost (the cost of the distor-
tions induced by the provision of insurance). Now consider two firms, thé
sécond of which hires the workers that quit the first. The second firm, in
deciding on the contract to offer, will ignore the effect its contract has on
the proportion of workers who quit the first firm. This would not matter in
a first-best economy. But here workers who quit are being subsidized. Thus,
the second firm fails to take into account that its actions affect the profi-
tability of the first firm. The phenomenon entails a form of externality,
which causes the competitive equilibrium to differ from the constrained opti-
mum. -~

It turns out that the above line of reasoning is incomplete. Market
failure does occur but for reasons that are more complex and subtle than the
above argument suggests. The types of market failures which arise depend on
the characteristics of capital markets. Furthermore, when capital markets are

perfect, market failure occurs only in economies with three or more periods.
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The above argument does, however, correctly identify the central issue - whether,
in this context, competitive markets will efficiently handle the trade-off
between risk-bearing and incentives.

We employ the same model, with slight modifications, throughout the
paper. A single numéraire commodity is produced according to a single tech-
nology which exhibits constant returns to scale to the sole factor, labor.

The risk-averse workers are equally productive and have the same utility func-
tion with respect to income and job satisfaction. They differ, however, in
what they like and dislike about a particular job; some enjoy rotating shifts,
others do not; some enjoy Musak on-the-job, others do not; and so on. Firms
are competitive and risk-neutral. They offer different work enviromments; some
have rotating shifts, others do not; some have Musak, others do not; etc. At
the time a worker joins a firm, he does not know what the firm's work ‘environ-
ment is like, nor can the firm judge ex ante which workers will enjoy the par-
ticular work environment it offers. Thus, when joining a firm, a worker is un-
certain concerning how much he will enjoy his work environment (or, synonymously,
what his level of job satisfaction will be with the firm, or what the quality

of the job match will be). This is the only kind of uncertainty in the economy.
While workers' tastes vis-a-vis the work environmment differ, they are symmetric
in the sense that the probability distribution of a worker's job satisfaction
when he starts employment with any firm is independent of both the firm and the

worker.7’8

A worker quits a firm if doing so increases his expected utility.
The replacement of this worker by another entails a fixed cost to the firm.
The qualitative characteristics of the set of equilibrium employment

contracts depends on the information technology. We assume that the firm knows

a worker's employment history9 at the time he joins the firm, but cannot as—




-5 -

certain his job satisfaction while he is with the‘firm. A worker, meanwhile,
has full information on the contracts offered by all firms, but does not know,
at the time he joins a firm, how much he will enjoy his job. Finally, the firm
can acquire insurance-relevant information concerning its workers at a substan—
tially lower cost than can any agent external to the firm.

Before presenting the model formally, we comment on some of its char-
acteristics and on the role played by some of the assumptions. We have ‘chosen
the assumptio;s S0 as to provide as simple as possible a general equilibrium
model which contains mul;i—period emp loyment contracté, labor mobility,
and incomplete insurance markets. The qualitative results to be derived will
clearly generalize to more complex and realistic economies.

1. The assumptions imply what kind of insurance is provided and by whom, in
contrast to most other papers which instead assume these characteristics.

The firm or aﬂy other insurer is unable to observe a worker's job
satisfaction, but can observe Whether or not he quits. Suppose that full in-
surance were provided against job (dis)satisfaction. When asked about his
level of job satisfaction, the worker would have an incentive to lie; speci-
fically, he would state that his job satisfaétion was the lowest possible con-
sistent Witﬁ those aspects of his behavio; observable by the insurer, specifically
whether he quits or stays. In fact, there is no efficient method of information
-revelation. Full insurance is not therefore issued against job dissatisfaction
and insurance markets are incomplete.. This stems from.an asymmetry in information —-
the worker knows his job satisfaction, but the insurer can neither observe it nor
ascertain it costlessly.

The question now arises as to what agent will provide insurance and
in what form. We have assumed that firms have an informational advantage over

external agents in the provision of insurance, and will therefore provide the
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insurance.lO This assumption is easily justified for a more complex economy
than the one we consider. For instance, suppose the worker is paid different
amounts depending on whether his separation from a firm is due to his having
quit or having been fired. The firm can monitor this better than an external
agent. In fact, if an external agent provides such insurance, the firm and

the worker have an incentive to collude to obtain the higher payout for the
worker. The assumption is more difficult to justify in the context of the
economy of this paper, however. If we were instead to assume that external
agents provided insurance, market failures analogous to those identified in

the paper would arise.ll There would be an additional source of market fail-
‘ure if the firm and the external agent were to provide insurance simultaneously -
each agent would ignore that the amount of insurance it provided affected the
profitability of the other's contract.12

It is by now well-known that with informational astmetries, an in-

surance contract specifies both the premium and payout, i.e. not only the price
of insurance but also the quantity that may be bought. In the context of this
paper,in which a worker's employment history, but not his job satisfaction, is

observable, the richest form of insurance contract that could be offered would have

the following characteristics: For the first period, the contract would spe-
cify the insurance premium, and the payout in the event the worker quit at the
end of the period. At the end of the first period, all stayers would be of-
fered a continuum of premium-payout pairs for the second-period across which
they would self-select on the basis of their réalized first-period job satis-
faction.13 All quitters would be offered a different continuum of premium-
payout pairs by other prospective employers. And each of these premium-
payout pairs would specify two (one for quitters, one for stayers) continua

of premium-payout pairs between which a worker could choose at the end of



the second period and applying to the third period. And so on. Since

such contracts specify the premia and payouts contingent on employment
history and not on job satisfaction, they are providing quit insurance.

We rule out such a rich form of quit insurance contract because of the
prohibitive cost of administering it. We assume instead that an insurance
contract specifies a unique premium-payout pair for each employment history --
a simpler form of quit insurance. If we were to treat the more complex
contracts, we would obtain the same sources of market failure as with the

simpler form of contract dealt with here.

The quit insurance can manifest itself in a number of institutional
forms. It can involve explicit premia and payouts. It can also be provided
implicitly. Normally, the luckier a worker is (the higher the quality of his
job match), the longer will he stay with the firm. Thus, implicit insurance
agéinst job dissatisfaction can be ﬁrovided by paying those who quit soon after
joining the firm more than their marginal product and those who stay with the
firm a long time less. This can be achieved by setting a wage schedule as a
function of length of tenure, with the wage above the marginal product during
the early years and below the marginal product subsequently. Alternatively,
all workers could be paid less than their marginal products, and the surplus
could be used to finance a severance pay fund.

2. An important characteristic of our economy is that a firm must break even

on the insurance policy it offers each group of workers who join the firm with

a particular employment history. Cross~-subsidization is not possible. Suppose
it were otherwise and that a firm could use the profit from the insurance pro-
vided to a lucky group (e.g., fifty-year-olds who had only had one previous job)
to subsidize the insurance provided to an unlucky group (e.g., thirty-year-olds
who had already had five previous jobs). If another firm were to offer a slight-
ly more attractive policy to the former group and a less attractive one to the

latter, it would attract only the former group, thereby making a profit.
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3. For the model to be interesting, we must ensure that there is some inter-
firm job mobility. If each worker who quit his job were to take another job

in the same firm, then the externalities we identify would be internalized and
there would be no market failure. There are several ways to do this. We could
assume that a number of the attributes of a job which affect a worker's job
satisfaction are firm-specific rather than job-specific. Or we could assume
that some job attributes are location—specific_and that, because of administra-
tive diseconomies of scale external to individual plants but internal to firms,
each firm operates at only one location. In either case, when a worker changes
jobs, he may decide to change firms.14

The externalities could also be internalized if different firms were
to co-ordinate the setting of wages. We rule out this possibility by appealing
to the costs of such co-ordination. With this assumption, to obtain market
failure in our economy, all we require is that there be some mobility between
firms. To simplify the analysis, however, we make the unnecessarily strong as-
sumption that there are no internal labor markets. Thus, when a worker changes
jobs, he changes firms.

In comment 2, we argued that a firm must break even on the insurance
policy (and thus on the employment contract) it offers each group of workers
who join the firm with a particular employment history. Combining this obser-
vation with the assumption of no internal labor markets leads to an analyti-
cally convenient definition of a firm, which we adopt, as a group of workers
in the same job who had the same employment history when they started the job.
Every such firm must break even.

4. Moral hézard is present whenever the provision of insurance affects the
probability of the insured-against event. There is moral hazard in our eco-

nomy since the insured-against event is quitting, and the probability of a
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worker's quitting depends on the costs of doing so, which is influenced by

the amount of insurance provided. Some of the implications of moral hazard
are by now well-known. In particular, equilibrium contracts provide only par-
tial insurance and specify not only the price but also the quantity of insur-
ance to be purchased.l5 However, the welfare economics of moral hazard are
not well-understood. In the existing literature, it is argued that moral
hazard, by itself, does not upset the optimality (conditional on the informa-
tion available) of competitive markets, but this has been demonstrated only for
very simple economies with one source of uncertainty and one consumer good. We
shall show contfarily that in our economy the fact that the provision of in-
surance is characterized by moral hazard does cause market failure. Thus, this
paper may be viewed as examining, in an adm;ttedly rather specific context,
some aspects of the welf;re economics of moral hazard.

‘ The major source of market failure we identify is that associated
with what we term seemingly unrelated events. We shall now give an example

of this market failure and then show how it applies to the problem at hand.
Suppose that there are two statistically independent sets of states of nature.
One set is associated with the probability of one's housing burning down;

the other, with having an automobile accident. Because of asymmetric in-
formation (i.e., the insurer can observe the outcome or event, but neither

the underlying state of nature nor the insured's accident-prevention effort),
insurance is provided against the two events rather than against the underly-
ing states of nature and both forms of insurance are, as a result, gharac-
terized by moral hazard. Suppose, furthermore, that an individual purchases
insurance against one accident from one agent and against the other accident

from another. The provision of insurance against his housing burning down may
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cause the individual to become less risk-averse and consequently to drive less
carefully, thereby increasing the probability of an automobile accident. 1In
this case, the provider of fire insurance ignores in his calculations that by
providing more fire insurance he affects the profitability of the con-
tract offered by the provider of automobile accident insurance. Put alterna-
tively, the private co§t he'perceives in providing an extra unit of insurance
will in general differ from the social cost; as a result, he provides the wrong
amount of fire insurance. The two agents fail to take into account this inter-
dependence between the insurance contracts they offer.

In the problem at hand, the two statistically independent risks are
the qualities of two job matches for the same worker, one corresponding to a
job earlier in his career, the other to a later job. The interdependence comes
about through saving. The firm that employs the worker early in his career
fails to take into account that the contract it offers, by influencing the
amount the worker saves, will in general affect the profitability of the firm
that employs the worker later in his career. For example, if the former firm
provides more implicit insurance in its employment contract, this may cause the
worker to save more which may make him less risk-averse and therefore increase
the probability that he quit the latter firm. Similarly, the latter firm fails
to take into account that the contract it offers will in general affect the

profitability of the former firm.

5. We assumed that firms are idenéical and that workers are identical in all
relevant respects except those related to the quality of a job match in order
to circumvent the adverse selection problems which would otherwise arise.

These problems have been treated in Rothschild and Stiglitz [1976]. Abstract—
ing from adverse selection not only simplifies an already complicated analysis,

but also allows us to ascribe the market failures we identify to moral hazard.
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It will be useful to summarize the main points made in the above com-
ments. In the economy we have described, we define a firm to comprise a group
of workers in the same job who had the same employment history when they start-
ed the job. Each firm, defined as such, must break even and in equilibrium
will offer an employment contract that provides partial insurance against quit-
ting. The insurance may manifest itself in a variety of institutional forms;
one involves setting the wage of less senior workers above, and that of more
senior workers below, the corresponding marginal product. The provision of
insurance is characterized by moral hazard, but not by adverse selection. The
presence of moral hazard typically results in market failure.

We now proceed with the analysis. Section IT provides a simple
introduction to the model by examining a two-period economy, in which compe-
titive employment contracts are efficient when éapital markets are perfect,
but not otherwise. Uﬁfértunately, these efficiency characteristics are parti-
cular to the two-period model. To obtain the qualitative efficiency charac-
teristics of an n(>2) - period or continuous time economy, it is necessary to
treat the three-period economy. This is done in Section III. Several sources
of market failure are identified and discussed. Section IV presents concluding

comments,

ITI. The Two-Period Economy

In this economy workers live and work for two equal-length periods.
At the beginning of his career, a worker decides to join that firm whose em-
ployment contract yields him the highest expected utility over his career.
(In equilibrium, all firms offer the same contract.) Upon starting work, he
finds out how much he enjoys his job. This level of job satisfaction remains
constant during the first period, but may change between the first and second

periods according to some known stochastic process. The worker may not quit
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this firm until he has worked there one period. vAt the end of the first
period, he decides whether or not to quit. He knows what his second period
wage will be if he does and does not quit, and also the probability
distributions of second-period job satisfaction in the two cases. He

quits if doing so raises his expected utility. At the beginning of the
second period, having made his decision, he finds out his second-

period job satisfaction which remains constant over the period. He must

remain with his second-period firm for the entire period.

This two-period economy has two types of firms (according to our
definition) -~ those that hire workers when they have just joined the labor
force, and those that hire workers at the beginning of the second period of
their working lives, after they have quit their first-period job. We label
the two firm types 1 and 2 respectively. A type 1 employment contract is
characterized by a first and second period wage;16 a type 2 contract by a
single wage. |

The following notation is employed:

wi the wage offered by a firm of type j during the ith period
of a worker's life
Gi the job satisfaction of a worker in a firm of type i dur-

ing the ith period

f[ei] the p.d.f. of ei, with F[eg] the c.d.f. (throughout the
paper we use square brackets to enclose the arguments of a

function)

U[{wi},{ei}] utility function in mixed direct-indirect form (strictly
concave)

qi the proportion of workers who join a firm of type j that
quit at the end of period i
T hiring or training costs for a firm of type j

m marginal product of labor.
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The notation is more complex than necessary for the two—périod model, but has
the advantage that it can be extended to the three-period model. To simplify
some of the later mathematical arguments, we assume that f[6i]>0 for Sie(—W,w)
and is continuous.

We first solve for the competitive equilibrium, and then, to

investigate its efficiency properties, determine the planning optimum.

We have argued that firms as herein defined make zero profits in
competitive equilibrium. Costs per worker for a type 2 firm are w§+T2, while
the revenue attributable to a worker is m. Thus, zero profits for a type 2

firm imply
vl =m- 12, (1)

Type 2 firms therefore have no flexibility in the wages they offer. Type 1
firms, however, do. Since workers are, by assumption, familiar with all wage
contracts offered, they Will.choose to work for those type 1 firms that offer
contracts providing the highest level of expected utility. Since thé economy
is competitive, equilibrium type 1 contracts maximize a worker's expected uti-
lity, subject to yielding zero profits.

We may view the determination of Wi and wé as the solution to a
two-stage maximization problem. In the first stage, workers decide on the
subset of levels of period 1 job satisfaction corresponding to which théy would
quit, and the qomplementary subset corresponding to that which they wouid not,17
taking Wi, Wéj and w% as given. This yields expected utility and the quit
rate, qi, as functions of wi, wé, and wg. In the second stage, a type 1 firm

chooses wi and wé to maximize workers' expected utility, subject to its mak-

. . . . 1
ing zero profits, taking into account the dependence of the quit rate on vy
1
and w_.
ne v,

A worker's utility if he does not quit may be written in mixed
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direct-indirect form as ﬁ[wi, wé, Oi, Gé], and if he does quit as ﬁ[wi, wg,
1 .2

61, 92]. To simplify notation, we assume that a worker will quit if his

first-period job satisfaction is below some critical level, 51, and will stay

1

otherwise (see footnote 17). Then a worker's expected utility may be ex~

pressed as

=1
o ©
M a1l 2 .1 2 1 2
g‘i S T, vy, 67, 851 arlel] ar(e?]
© o 1 1 .1 .1 1 1 .1
+ fm il ﬁ[wl, wy» 815 8,1 dF[6]] dF[e, | 071. (2)
%

. . . =1 .
In the first stage of the maxirization, the worker chooses 61 as a function

1 1 2 .
of Wi Wys and vz, i.e.,
=1 _ 1.1 1 2

Since qi = F[é}], we may write

1_ 1.1 1 2 .

And substituting (3) into (2) gives

uV112]

(4) and (5) together characterize the solution to the first stage of the maxi-

mization problem.

In the second stage, a type 1 firm's problem is (using (1)):
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\V
max EU[wi, w;, m—Tz]
1 Wl
V1%

1
s.t. i) qi = qi[wi, W m—Tz] (6)

g 1 1,
ii) B[wl, Wz] =0,

where B[:] is a type 1 firm's budget constraint. To further simplify notation
here and throughout the rest of the paper, we assume that the discount rate

is zero, in which case the budget constraint is

I, .1 1 1, 1
(2 - ql)m =T + W + (l—ql)wz. (7)

The term on the left-hand side is expected output per worker hired, while that
on the right-hand side is the corresponding expected cost. Where A is the

Lagrange multiplier on the budget constraint, the first-order conditions: are;8

1 380 aqi 1
wyi —— = A1l - —= (W, - m)) = 0, and (8a)
11 ol 2
' ' 1
L4 q
w]2" —@Ul— - )\((l—q:]L') -3 (wé—m)) = 0. (8b)
sz ) 3W2

(8a) states that Wi should be raised to the point where marginal benefit equals

v,
marginal cost. @E%_ %-is the expected dollar benefit to the worker from raising Wi
ow ‘
by one unit. There is a direct unit cost per worker, and also an indirect
Bql 1
cost of - ——I-(wz-m), the nature of which we now examine briefly. We have
ow

1
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. . . . 19 |
argued that the implicit provision of insurance will typically involve
paying less senior workers above their net marginal products and more senior

workers below theirs. There is therefore a cost to the firm associated with

1
3q
a worker's quitting. - ——I-(wz—m) is the expected increase per worker in
ow
L 1
this cost from the unit rise in w.. (8b) has an analogous interpretation.

1
We now return to the matter of central concern, whether the competi-
tive employment contracts in this two-period eéonomy are efficient, conditional
on the information available. To ascertain this, we solve for the p.os (planning op-
timum), conditional on the information available, and compare it te the c.e.
(competitive equilibrium). The planner could regulate turnover directly, but
since he does not know worker job satisfaction, this would result in trans-
ferring some workers who liked their ﬁobs and not transferring other workers
who did not, which would be inéfficient. The best he can do is
to set the three wages, and have the workers themselves decide whether or not
to quit%gaThus, the planning problem, too, is a two-stage one. The first
stage is exactly the same as before, with the solution being characterized
by (4) and (5). In the second stage, the planner maximizes workers' expected
utility, subject to an economy~wide resource constraint, taking into account,
via (4), how the quit rate responds to changes in the wage structure. The
economy-wide resource constraint is
1 1.2 1

2m = T + q;T" + Wy + (l—qi)w% + q

2
iwz. (9)

The first-order conditions of his maximization problem are

1-8-UE9-¢ 1-£(1-TZ-2) =0 (10a)
Y1t 1 1 Wyt W, ’
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- 1
1 3EU 1, %Y 1 9 3
w — - ¢ {(1-q7) - —F (W -T"-w5) = (0, and (10b)
2 1 1 1 Y2 2
ow ow
2 2
1
v aq
L2, BHU o [t - 21 @la2,?) - 0. (10¢)
2 3 2 1 2 2 2
L2 3W2

where ¢ is the Lagrange multiplier on the resource constraint. These equa-
tions, which have an interpretation similar to that provided for (8a) and
(8b), are to be compared with (1), (8a), and (8b), which together characterize

the corresponding c.e.

Whether or not the planning optimum and the competitive equilibrium
coincide depends on the nature of capital markets. In subsequent work, we
plan to develop a typology to characterize capital marketé.
For our present purposes, however, it will suffice to define perfect capital
markets to obtain when and only when “any worker may borrow or lend as much as he
wishes at the single market rate of interest. Whenever the condition is not
satisfied, we say that capital markets are imperfect.

If capital markets are perfect,20 then a worker 1is ébncérned
with the sum of wages ard not with the timing. Similarly, a worker bases

his quit decisien on the sum of wages he receives if he does and does not

quit. Thus

1 1 1 '

i 9q aq

4 I RS (11a)
wE W dwl

Y1 2 2

Also, from (2),

J \J Ao 4

oEU = oEU + oEU . (llb)
v owl

Vi W, 9,
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Substituting these results into (lOé)~(lOc);reveals that, when capital markets
are perfect, only two of the three equations are linearly independent. One
may therefore set one of the wages arbitrarily. When w§ is set equal to m—Tz,
the equations characterizing the p.o. are the same as those characterizing the
c.e. Thus, with perfect capital markets, the c.e. employment cbntracts in a
two-period economy are efficient.

The competitive economy has one more constraint than the planner -
two zero-profit constraints instead of an economy-wide resource constraint.
But with perfect capital markets, the worker is concerned only with the dis-
counted incomes of a quitter (wl+w2) and a stayer (wi+w;). The constraint

172

that w§=m—T2is ineffective, since wi and w% can be adjusted so that any pair
of 'discounted incomes'for quitters and stayers attainable by the planner is
also attain;ble iﬁ the competitive economy. Furthermore, because the type

2 firm wage is fixed by its budget constraint, such firms cannot affect the
profitability of type'l firms. Similarly, the contract offered by type 1

firms has no effect on the profitability of type 2 firms. Thus, there is no

uninternalized externality of the type discussed earlier.

If capital markets are imperfect, however, the additional constraint
imposed by the competitive economy is usually effective. Since the worker is
now typically concerned with the timing of his wages, not just with the dis-

counted value of his wage stream, it is no longer generally true that

\Y JV V 1 1 1
BEU _ 3EU _ JEU 8q; 3qy  dqp . . .

T~ 1 5 Or ; T~ 1 + 5 . In this case, there is a determinate
awl sz sz LAY aw2 sz

optimal wg which most likely differs from m—T2. To correct for this market
failure, the planner could tax or subsidize a type 2 firm to bring its wage

to the optimal level, financing the tax from, or redistributing the subsidy
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to, type 1 firms. Type 1 firms would then choose the optimal wi and wé. We

term this failure the cross-subsidization market failure, since the planner

is able to cross-subsidize across firm types to achieve the optimum, whereas

the competitive economy is not.21a

The question which naturally presents itself is: Should one expect
capital markets to be perfect or imperfect in this economy? The literature
provides little assistance in answering this question, since the nature of
capital markets is almost invariably assumed rather than derived. We intend
to develop a model in which the nature of capital markets is endogenous in a
subsequent paper. In the present context, however, only a brief digression is
meritted.

With perfect capital markets as we have defined them, a worker can
borrow an infinite amount at the beginning of the first period. Should he
default, the maximum penalty the bank can apply is to confiscate his second-
period wage, plus any savings he has. Thus, perfect capital markets will not
arise if, with them, even one worker would.choose to default. This would oc-
cur if there were a single worker who would prefer infinite consumption in
the first period and zero in the second to a finite level of consumption in
both periods. In our stylized economy, both perfect and imperfect capital mar-

kets are possible%lbWhich would occur depends on workers' tastes etc.

In conclusion, we have established that in a two-period version of
our economy with perfect capital markets, the competitive employment contracts
are efficient. With imperfect capital markets, however, they are generally
not. Competitive equilibrium in this case suffers from the.cross—subsidiza—
tion market failure. It is optimal to cross-subsidize across firm types, but

this is impossible under competition.
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We now turn to a three-period economy. As we shall see, the ana-
lysis is considerably more complex and the results quite different and more

interesting.

III. The Three-Period Economy

ITIT.1 Characterization of competitive equilibrium and planning optimum

In this section we consider a simple three-period economy. As we
indicated earlier, it has the same qualitative éfficiency properties as econo-
mies with morerperiods or continuous time.

In our three-period economy, there are three possible employment
histories. A worker may stay with the same firm for allthree periods of his
working life. Or he may quit the firm he started with after one period and
stay with the next firm fér the remaining two periods.. Or he may work for a
different firm for each of the three periods of his working life. (We exclude
by assumption the possibility that a worker will stay with his first firm for
two periods and then join another firm for the third period. This is done in
order to simplify notation.)22 With our definition of a firm, there are as many
firm types as employment hisfories. We shall define a type 1 firm to be one
that hires workers when they first join the labor force; a type 2 firm, one
that hires workers who have quit a type 1 firm after working for it for omne
period; and a typé 3 firm, one that hires workers who have quit successively
their type 1 and type 2 jobs. Thus, a type 1 firm hires workers at the begin-
ning of the first period, a type 2 firm hires wﬁrkers at the beginning of the
second, and a type 3 firm hires workers at the beginning of the third. We

employ the same notation as in the previous section.



To simplify the analysis, we assume that tastes are such that capi-
tal markets are perfect (see f£n. 21b). Later we note how the quélitative
results are modified when capital markets are, instead, imperfect.

The three-period economy is qualitatively different from the two-
period economy. In the latter economy, firms of neither type could affect the
contract offered by firms of the other type. The type 2 firm wage was deter-
mined by its budget constraint. And type 1 firms could not alter the wage of-
fered by type 2 firms. The employment contracts of the two types of firms
were therefore what we term independent. In the three-period economy, how-
ever, type 1 and type 2 firm contracts are interdependent. Type 2 firms'
choice of wage structure can affect the contract chosen by type 1 firms, and
vice versa. It is this interdependence that gives rise to several market

failures.

We begin by characterizing fhe competitive equilibrium. As for
the two-period economy, it is derived as the solution to a two-stage maximiza-
tion problem. In the first stage, the worker makes his optﬁniziﬁg decision,
treating the vector of wages as fixed. In the second stage, each firm chooses

its contract, taking into account how workers respond to changes in its wage

structure, but treating the wages offered by all other firms as fixed.

ITI.1.1 Worker's problem

In the two-period problem, we expressed the worker's utility as a
function of the wages and levels of job satisfaction for the two periods. 1In
so doing, we treated implicitly the individual's decision concerning consump-
tion in the two periods. As we indicated earlier, it will turn out that in

the three-period model, the market failure we identify comes about through
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interdependence of the employment contracts offered by type 1 and type 2
firms via the individual's saving decisions. For this reason, in this section
we model the worker's consumption-savings decisions explicitly. We employ
the additional notation:
J

¢ consumption in period i if working for a firm of type j

s saving during the first period.

We now need to specify when, during a period,a worker makes his consumption-
saving decision. We shall assume that he makes it prior to finding out his
job satisfaction in the period, if this is uncertain. The assumption does not

affect our qualitative results, and is chosen only to simplify notation.

The worker's maximizatién is a dynamic programming proBlém. We
therefore work backwards. In the third period of his wofking life, the worker
has no economic decisions to make. He will retire at the end of the period,
and his third period consumption equals his third-period wage plus his savings,
the magnitude of which is determined from past economic decisions.

Let us now consider the second-period problem of a worker who is
employed with a type 2 firm. He has previously decided on first-period savings,
8. He must now decide how much to consume during the current period and the
minimum level of job satisfaction corresponding to which he will stay with the
firm for the third-period. Generally, both these decisions will be affected by
‘the quality of his first-period job match. If he had a very unfortunate ex-
perience in the first period, he might as a result be more risk-averse and hence

more reluctant to quit his type 2 job than if his experience had been more
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favorable. Treating this would considerably complicate the notation of the
problem without altering any of the efficiency properties of the solution.

To circumvent this difficulty, we assume that the worker's direct utility
function is strictly separable in all its arguments. To further simplify the

analysis, we assume that workers' tastes remain the same over time. Thus,

U [{ct},{et}] =

I ™Mw

(ufe J+v[0_1), (12)
o1 t t ,

where‘UI -] is the direct utlllty functlon.and subscrlpt t denotes the time perlod

22a
t’

We recardinalize job satlsfactlon such that v[© ] 9 and normalize utility so
that the expected job satisfaction from a random job match is zero. We assume
additionally that u‘[ct]>0, u"[ct]<0, and u[ct] analytic. To further sip-

plify notgtion, we assume that a worker's job satisfaction remaigs constant

during his period of tenure with a firm.2 |

Since utility is separable over time, a worker's objective, at the

time he starts employment with a type 2 firm, is to maximize the expected value
3

of I (u[c ]+6 ) which we denote asffland term prospective utility. He
t=2

will quit the type 2 firm at the end of period 2 if his job satisfaction is

less than §§. The probability that he quits is therefore Ff@%]. If he quits,

his third-period consumption is W§+W§+S cg, while if he does not, it is
2, 2 2 .
w2+w3+s cye His expected prospective utility from job satisfaction is

f 6 dF[G ] = 0 (period 2) plus o 6 dF[GBJ F[S ] = 0 (expected period 3 job

-CO

satisfaction if he quits times the probability of qu1tt1ng) plus f°° 2

dF[Gz]
(expected period 3 job satisfaction if he does not quit times the 2 probability

of his not quitting). The maximization problem facing a worker at the time he

joins a type 2 firm is therefore
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a2 =2, 2.3 2
r;aiz od= u[cz] + F[@z]u[w2+w3+s—c2]
c.,6 (13)
272 —2 2,2, 2. = 2 9
+ (l-F[GZ])u[w2+w3+s—c2] + éQ 62 dF[ezL
2

Where iu denotes the utility from consumption in period i for a worker with

firm type j, and ' denotes a derivative, the first-order conditions are:

c%: (guf)— (qglgu')— (lfqglgu')= 0, and (14a)
§5: £[62] (Guw - Gu -8 =0, (14b)

which have straightforward interpretations. From (13), (l4a), and (14b), we

obtain

2 _ 2.2 2 3 :
c, = cz[wz,w3,w3,s], (15a)
ég = §§[W§,w§,w§,s], and (15b)
£ = EU[wg,wg,wg,s]- (15¢)

By assumption, thevworker who is employed for a type 1 firm for the
second period stays there for the third period as well. He will equalize con-
sumption in the two periods.

We move on to the first-period problem facing the worker. He chooses
firs£ period saving (or consumption) and the minimum level of job satisfaction
corresponding to which he will stay with the fiim. WheresSiLis expected utility

- at the beginning of the first period, his maximization problem is

=~ 1 =1 1,1
max = ul[wi-s] + 2(1-F[67])u[ (w 4w +s)/2]
_lc‘.'?i 1 1 273

s,el
=1..2.2 2 3 00
+ F[el]EU[wz,w3,W3,s] + 2 g

1 1
£7 87 dF[e7l, (16)
1
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where EU is obtained from (15c¢c). The first-order conditions are:

1 1.1 1 9EU
st _(lu')+ (l—qlxzu')+ 9 Ss 0, and (17a)
=1 =1 1 & o Fly
61. f[Gl](—qu)+EU—261) 0. (17b)

And the solution is characterized by

1 1.1 2 2 3

s = s[wi,wz,w3,w2,w3,w3], (18a)
= _—=.1 1 1 2 2 3
61 = el[wl’WZ’WB’WZ’WB’WB]’ and (18b)

~.1 1 1 2 2 3
= EU[WI’WZ’WB’WZ’WB’WB]' (18c)

=
[as
|

We next consider the firms' maximization problems, and subsequently
the planner's problem.

IIT.1.2 Firms' problems

A type 3 firm has no choice. It must pay workers the value of their

net marginal product,
= m-T", (19)

A type 2 firm chooses wg and wg S0 as to maximize a worker's pros-—
pective utility at the beginning of period 2,€E£ given by (15c), subject to

its budget constraint,

2 2 2, 2 2 :
(2-q5)m - T% - (1-qp)wy - w, = 0, , (20)

and the quif rate function. From (15b),

2 _ =2, 2.2 2 3
q, = F[Gz] = qz[wz,w3,w3,s]. (21)
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Substituting (21) into (20) allows us to write the true budget constraint in

implicit form as w§ = A[wg,s], which with (18a) gives

2 _ .2 1. 1.1 2 2
W2 = A[WB’S[Wl’Wz’W3:W2’W3]]9 (22)

where wg = m—T3 is suppressed here and subsequently to simplify notation.

We now have a choice of behavioral assumptions. Will a type 2 firm

treat the worker's first-period saving as parametric (exogenous savings), or

will it realize and take into account the dependence of this saving on

wg and w§ (endogenous savings)? If a worker knows when he makes his first-

period saving decision which type 2 firm he will join if he quits at the end
of tbe period, then each type 2 firm will be able to influence the savings
décisions of its entering workers and will take this into account in its cal-.
culations. However, -if workers, when they éuit a type 1 firm,are matched
randomly to type 2 firms, or altérnatively have to apply (costlessly) to a
number of different firms before they find a job vacancy, then type 2 firms
will treat the worker's first-period savings as exogenous.,

Though both savings assumptions are consistent with our model as
specified, we consider the assumption of exogenous savings the more appeal-

ing.24 As a result, we shall focus on exogenous savings in the analysis.zs’26

With exogenous saving, we shall denote a type 2 firm's perceived

budget constraint as
wg = a[wg;s], (23)

where the ;s indicates that the firm treats s as exogenous. Note that
o0 oA

2 2"
3w3 8w3
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A type 1 firm chooses wi, wé, and w% S0 as to maximize a worker's

expected utility,eiﬂ characterized by (18c), subject to its budget constraint,
1 1 1., 1, 1 1 _
(3—2ql)m - T - (l-ql)(w2+w3) - = 0. (24)

Since there are perfect capital markets and since, by assumption, workers are
unable (or choose not) to quit type 1 firms at the end of the second period,

then only the sum of wages wé + W% matters, not the particular value of wé and w%.

Without loss of generality, therefore, we set wé = wé. When we subsequently

refer to (16), (18a) - (18c), and (22), we shall omit w% and take wé to

denote both the second- and third-period type 1 wage. Substituting (18a) -

(18c) into (24) gives the true budget constraint

1.1 2 2
Wy = B[wz,wz,w3]. - (25)

A type 1 firm takes wg and w§ as parametric, and consequently perceives its

budget constraint as

1_..1 2 2
W = b[wz,w2,w3]. (26)
Note that iﬂl~= 9B .
) L Bwl
b 2

We are now in a position to characterize the competitive equilibrium.

ITT.1.3 Characterization of competitive equilibrium

A type 2 firm's problem is to maximize (15¢) subject to (23), i.e.

max £3{= EU[OL[Wg;S]:"Tg;S]’ @n
2

Y3
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which gives

JdEU 3o + OEU _ 0. (28)
5wl dwZ  dwl
Vo V3 3

If (28) were written less compactly, it would be clear that it has an inter-
pretation analogous to (8a) and (8b); W§ is chosen to equalize the (perceived)
marginal revenue and (perceived) marginal cost of providing more implicit in-

surance in the employment contract.

A tyﬁe 1 firm's problem involves maximizing (18c) subject to (26);

i.e.,

™ ~ 1 2 2 1 .2 2
net . .
max ZH§ EU[b:WZ’WZ’WB]’WZ’WZ’WB]’ (29)

b))

the first-order condition of which is

3EU b U
+ 2B _ (30

Bwl Bwl Bwl
1 2 2

To ascertain whethér or not there is market failure, we shall in-
vestigate whether the maximization conditions characterizing the competitive
equilibrium ar=2 consistent with those characterizing the planning op=-
timum.

We now turn to the planner's problem.

ITI.1.4 Characterization of planning optimum

The planner faces only one economy-wide resource constraint, while
in the competitive economy there are three different zero-profit constraints,

one for each firm type. We argued earlier, for the two-period case with per-
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fect capital markets, that the larger number of constraints in the competitive eco-
nomy '"made no difference". We now establish an analogous proposition for the
three-period economy under consideration.

With perfect capital markets, the worker is concerned only with the
sum of wages, not their timing. In the economy treated in this section, there

- 1 1 2 -1 2
are three sums of wages, Wl = wl+2w s W2 S w +w2+w , and W3 = w,tw +W3, where
1 2 17273 17273

the W's are indexed by the firm type in which the worker completes his working

life. We wish to show that the triple (ﬁ%;ﬁz,ﬁa) characterizing the planning op-

timum 1s attainable in a competitive eeonomy.26a Faced with this triple, workers

have all the information they need in deciding whether or not to quit (and on
. . . . . . -1
their contingent consumption streams). Thus, a unique pair of quit rates qy

and Eg is associated with this triple. Now set W3 = m—T3, Wz = wé%ﬁQ—ﬁB,

3 3
2 _ 0 yme (1-52y2op2 ol 2, 2.2 =2 1_ (o, 1, 1 1, 1
W, (2 qz)m (1 45)v3 T, 2w2 w2+w3+w W~, and L 3 2ql)m—T -Z(l—ql)wz. It
is easily checked that the resulting set of wages is consistent with the triple

and satisfies the three zero-profit constraints.27

The fact that the planning optimum is attainable in the competitive
economy has two important implications. The first is that there is no
cross~subsidization market failure in our three-period economy when capital
markets are perfect. This market failure arises whenever the planning
optimum is not competitively attainable, in which case cross-subsidization
across firm types expands the competitive solution set. The second
implication is that we may treat the planner as choosing the six wage rates
and facing the constraints of the competitive economy. This considerably sim-

plifies the comparison of the planning optimum and the competitive equilibrium.
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The planner's problem may therefore be characterized as the maximiza-
tion of expected utility, given by (18c), subject to the true budget constraints
for the three firm types (19), (22), and (25). Treating (19) implicitly, we

rewrite (22) as

wg = A[W§,S[Wi,wé,W§,W§]]- | (22")
And, from before,
wi = ﬁ[w%,wg,wg]. (25)
After substitﬁting each of these eq;;tions into the other, we obtain
wg =J&Iw§,w§], and (31)
| wi ='ﬁ[w§,w§].. (32)

(31) 4is the zero-profit constraint for the type 2 firm, and (32) the analogous
constraint for the type 1 firm. Substituting these into (18c) gives

T 1 2.1 1
-‘S,”.- EU[IE[WZ,W3] ’Wzan[W

2, 2
i 22¥3lswal. (33)

The planner maximizes (33) with respect to w% and wg, yielding the conditions

wi: OEU 98  3EU  3EU Qs _ 0, and (34)

2 Bwi BW; 3w§ ng Bwé

w2, OEU 98  OEU  3EU 3t _ 0. : (35)
3 awl sl aw?  ow? ol
1°v3 3 2 93

To summarize: The competitive equilibrium (with exogenous savings) is

characterized by the equations (l4a), (14b), (17a), (17b), (20), (24), (28),
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and (30); and the planning optimum by the first six of the above, and (34)
and (35).

II1.2 Comparison of the planning optimum and competitive equilibrium

I11.2.1 Perfect capital markets

We now compare the c.e. and the p.o. We first prove that the two
do not coincide by showing that the sets of equations characterizing each
are inconsistent. And to do this, we substitute the first-order conditions
for the c.e., (28) and (30), into the corresponding first—order.conditions
of the planning optimum, (34) and (35), and prove that the resulting two
equations are inconsistent with one another for quadratic utility functiomns,
and are therefore generally inconsistent. The proof provides little economic
insight and is therefore relegated to Appendix 1.

We next examine thé causes of the market failure, and whether too
much or too little implicitlinsurance is provided in competitive employment
contrécts. The details of the analysis are messy and are presented in Appendix
2. Here, wé discuss only the results and their economic rationale.

We first treat type 1 firms. We shall say that such firms provide
'too much' insurance in their employment contracts, and therefore that there
is 'excessive' labor turnover from such‘firms if, at the competitive equili-
brium, the 'true' budget comstraint, in Wé—wl space (wi

is flatter than the 'true' indifference curve (assuming both to be negatively-

on the vertical axis),

sloped). This statement needs to be qualified since, in making this compari-~

son, we hold wg and w§ at their competitive equilibrium levels (hence the

' ' above).

We first investigate how a typical type 1 firm misperceives its
indifference curve, and then how it misperceives its budget constraint. We

may then ascertain whether it provides too little or too much insurance.
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A. A type 1 firm's misperception of workers' indifference curves
To determine the slope of the 'true' indifference curve at the

competitive equilibrium, we trace through the effect on expected utility

1

from all type 1 firms simultaneously raising wi by one unit, holding v,

1

. . 1 \ . . .
In response to a rise in Wl workers will increase their first-

fixed, and then from raising wé by one unit, holding wl constant.

period saving so as to smooth their consumption streams., Type 1 firms realize

this, but they fail to take into account that, as a result, type 2 firms

alter their contracts. This increase in savings can be shown to increase

unambiguously the quit rate from type 2 firms, who, to break even, are
forced to offer a less attractive contract. Thus, a unit increase in wi
-raises workers' expécted utility less than type 1 firms think. It can be
shown that a unit increase in wé, meanwhiie, causes workers to saﬁe.less,
thereby allowing type 2 firms to offer a more atﬁr;ctive contract, and there-
fore raises workers' expected uﬁility more than type 1 firms think. Futting
these two results together implies that type 1 firms perceive workers' indif-
ference curves, in Wé—wi space, to be flatter than is actually the case; i.e.,
type 1 firms overestimate the marginal benefit to its workers from insurance.
This effect, by itself, causes type 1 firms to set wi too high and wé too

low, thus providing excessive insurance.

B. A type 1l firm's misperception of its budget constraint

Here we perform a similar exercise.

A R 1 1 .. .
As a result of a unit increase in Wis w2 fixed, workers increase

their first-period savings. Type 1 firms fail to realize that this induces

type 2 firms to alter their contracts which will in turn affect the quit rate

A . 1
from type 1 firms and hence the cost to them of the unit increase in W -
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Whether type 1 firms under- or over-estimate the cost of raising wi therefore

depends on how an increase in first-period savings alters qi via the change

in the type 2 contract it induces. This can be decomposed into two effects:

first, how an increase in first-period savings alters the type 2 contract,
and second, how this alteration in the type 2 contract affects qi.

An increase in first-period savings alters the type 2 contract in
two ways. First, as we have seen, it causes type 2 firms to offer a less at-
tractive contract. Second, the "income effect" associated with this will re-
sult in workers wanting more or less implicit insurance from type 2 firms ac-

cording to whether their utility functions exhibit decreasing or increasing

2
3

can be shown to be ambiguous (see Appendix 2). And the effects on qi of the

absolute risk aversion. The net effect of the increase of s on w§ and w

changes in wg'and w§ induced by the increase in s can be shown to be ambi-
guous as well (see Appendix 2, and Lemma 5, Appendix 1). Thus, type 1 firms

. s . 1
may either under- or over-estimate the cost of raising w It can be shown

1
that the cost of raising wé, wi fixed, too, may be under- or over-estimated by
type 1 firms, and that type 1 firms may perceive their budget constraints, in
W;—Wi space, to be either flatter or steeper than they 'truly' are; i.e., type
1 firms may under- or over-estimate the marginél cost of insurance.
C. Too much or too little insurance provided by type 1 firms?

We have seen that type 1 firms perceive workers' indifference curves
in wé—wi space to be flatter than is actually the case, and may perceive their

budget constraints to be either flatter or steeper than they truly are. The

latter misperception can dominate the former. Thus, one cannot say a priori

whether type 1 firms provide too much or too little implicit insurance in their

employment contracts, nor therefore whether there is too much or too little

labor turnover from these firms under competition. Which way the market failure
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goes depends, 'in a very complicated way, on workers' risk-aversion charac-

teristics, the size of turnover costs, and the properties of the quit rate

functions.

The market failure is the result of both a forward-directed externality

and a backward—directed externality. Type 1 firms ignore that, when they per-

turb their contracts, the change in the amount workers save affects the profita-
bility of type 2 firms - the forward-directed externality. Type 2 firms, in
adjusting their contracts to restore budget balance, ignore that this affects
how much a worker saves and the profitability of type 1 firms - the backward-

directed externmality.

A worker facgs two statistically independent risks, job satisfaction
.with a typebl firm and job satisfaction With a tjpe 2 firm. Despite the fact
éhat these risks are independent, the brobabilities of quitting the two types.l
of firms,when insurance is provided, are interdependent. When a type 1 firm
provides more insurance, it increases its own quit probability. But this ac-
tion also affects the amount a worker saves, which in turn influences the pro-
bability of a worker's quitting a type 2 firm. We have termed this type of
market failure that of seemingly un;elated events. It occurs because events
are insured against,rather than the underlying states of nature. Thus, it
is a form of market failure that arises only when moral hazard is present.

We now briefly consider the type 2 firm employment contract. Type
2 firms treat the parameters of the type 1 firms' contracts as fixed. By do-
ing so, they ignore that when they simultaneously perturb their contracts,
thereby inducing a change in a worker's first period saving, s, type 1l firms

will in turn perturb theirs, which will induce a further change in s that will
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affect the profitability of type 2 firm contracts. Thus, here too there are
forward- and backward—dirécted externalities. With exogenous saving, which

we have assumed, a type 2 firm hires workers from the general pool of first-
period quitters. If such a firm, by itself, perturbs its contract, it alters
the amount saved by its entering workers by only an infinitesmal amount. Thus,
each such firm treats s as fixed. However, s changes when all type 2 firms

simultaneously perturb their contracts. This effect can be termed a sideways.

externality, since each type 2 firm neglects that by altering its contract it
affects all workers' savings (by an infinitesmal amount) and hence the profitaf
bility of other type 2 firms. The net effect of all these externmalities is
~again a market failure of the seemingly unrelated events variety. Furthermore,
it can be shown that, as with Fhe type 1 employment contract, one cannot say
-whether typé 2 firms provide too much or éoo'little implicit insurance, nor
whether the quit rﬁte from type 2 firms is too low or too high.

A careful reading of the above argument indicates that all of the
externalities we have identified operate through s, a worker's first-period
savings. To check this, let us return to the type l.employment contract and
trace through the effect of a unit rise in wi, Wy

From (27), a type 2 firm's maximization problem with exogenous saving is

constant, when s is fixed.

max glru= E/[\I[a[wg;s.] ,'wg;s:] .
2

w

3

% is unaffected by wi or wé. Thus,

there is no forward-directed externality from type 1 to type 2 firms. And

When s is fixed, the profit-maximizing w

since type 2 firms do not alter their contracts, there is no backward- or

sideways-directed externality either. The intuitive rationale for this result
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is as follows: Each type 2 firm maximizes the prospective utility of its
entering workers. These workers' pasts affect its choice of contract only
via their level of savings. When s is fixed, therefore, the contract chosen
‘by a type 2 firm is independent of its workers' past contracts.

We now consider a small perturbation in type 2 firm contracts that
satisfies their perceived budget constraints. Because these contracts maxi-
mize expected prospective utility, by the Envelope Theorem this perturbation
has a negiigible effect on expected prospective utility. From (16) we see
that, if s is fixed, w% and w§ influence éi andffﬂLonly via expected prospec-
tive utility. Thus, the pgrturbation affects neither type 1 firms' maximands
nor their budget constraints. The externalities are therefore inoperative.
If, however, s had been variable, this perturbation would have had a non-.
negligible effect on s, which would have induced a non-negligible effect on
gi, which would have forced type 1 firms to adjust their contracts to restore

budget balance, thereby generating the externalities we have identified.

The essential point is that the only effective interdependence be-
tween firms that hire workers earlier in their careers and those that hire
workers later in their careers comes via savings. Each firm reasons cor-
rectly that its own actions have a negligible effect on a typical worker's
savings and hence on other firms. But all firms of one type, taken together,
have a non-negligible effect on other firms, which gives rise to uninternalized

externalities.

ITI.2.2 Imperfect capital markets

It is difficult to make general statements about how imperfections

in capital markets alter the results obtained with perfect capital markets, since



the nature of the imperfe;tions can be so varied. There may be no borrowing,
lending, or saving; there may be saving, but no borrowing or lending; and
when there is borrowing and lending, the interest rate may vary with the
amount borrowed or there may be restrictions on the amount borrowed, etc.
Furthermore, as we suggested before, the characteristics of capital markets
should be derived rather than assumed. 1t makes little sense to talk about
the efficiency proﬁerties of an economy in which it is assumed, séy, that
there is saving, but no borrowing or lending, when in fact there is nothing

in the description of the economy to preclude borrowing and lending.

One can nonetheless say something. First, with imperfect capital
markets, the cross-subsidization market failure may occur. Second, in a no-
_savings econppy, the externaiities we have tgeated in this section, all of
which operate through savings;would not occur, but the cross—subsidizaﬁion
market failﬁre would arise. Finally, in an economy in which capital markets

external to the firm are imperfect, the employment contract may be characterized

by implicit or informal borrowing and lending.

TIT1I.3 Discussion

The model can be generalized to n periods or to continuous time and
our simplifying assumptions of a zero interest rate and of an intertemporally
separable utility function with unchanging tastes can be relaxed, and the same
qualitative results obtained.

Unfortunately, the policy implications of the market failures we

have identified are far from clear. One cannot say a priori whether firms
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provide too little or too much insurance in their contracts, nor therefore

a priori whether the govermment should tax or subsidize labor turnover. In
principle, one could compute the optimal set of turnover taxes and subsidies
for the economy treated in the paper, but the informational requirements to
do this are unrealistically large. Besides, one would expect the results to
be substantially altered when the realistic complications arising with hetero-
geneous workers, notably adverse selection problems, are considered. Thus,

we judge the results of the paper to be of moré theoretical than practical
interest.

We tried in the paper to derive, albeit rather casually, the insti-
tutional structure of the economy - who will provide insurance in what form,
what the characteristics of capital markets will be, what form of market or-
ganization will arise, etc. - from its primitive elements (including the in-
formation technology), in contrast to almost all other work treafing imperfect
economies wﬁich instead assumes the institutional structure. We think that
treating institutional structure as endogeneous is very importaﬂt and essen-
tial to the development of the welfare economics of imperfect economies. As
it now stands, many of the supposed market failures in imperfect economies
result from model inconsistencies; either the assumed institutional structure
would not arise with the information or transactions cost technologies assumed,
or else the planner is assumed to act in a way that is inconsistent with these
technologies. Probably the least difficult item on this research agenda is
the development of a theory of the characteristics of capital markets.

There are many interesting extensions to the model of this paper.

Among these are the following:
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One could treat an economy like the one treated in the paper except that

workers differ in, say, their propemsity to quit. In this case, both ad-

verse selection and moral hazard problems would occur, and it would be
interesting to investigate whether any sources of market failure arise
from the interaction of these two phenomena, over and above the sources

of market failure that have been identified for each phenomenon separately;
The model could be extended to provide a general equilibrium theory of
frictional unemployment. Dissatisfied workers quit and randomly search
through advertised job vacancies. Search is costly. Firms have U-shaped
cost curves, and the number of job vacancies a particular firm advertises
depends on the number of workers who have recently quit the firm, the cost
of advertising, and the probabilify of filling a job vacancy. The model
should give rise to a rather iﬁtere;ting set of new sources of ﬁarket
failufe. When a worker joins the unemployment pool, he imposes an exter-
nality on other workers by reducing the probability that an advertised
vacancy is unfilled. Similarly, a firm, in advertising a job vacancy,
imposes an externality on other firms by reducing the probability of their
filling a given job vacancy. A model similar to this in many ways has been

developed by Hosios [1980].

Another dipension of the quality of a job match could be introduced - a
worker's productivity with a particular firm. It would be interesting to
characterize the nature of the employment contract in this case. In such
a model with risk-neutral workers, Hashimoto [1978] assumes that all work-
ers are paid the same wage and low-productivity workers are fired. But
there is nothing in his model to preclude a more efficient form of con-

tract in which workers are paid according to their productivities, after
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these have been ascertained by the firm.28 When workers are risk-averse,
the structure of the employment contract is far more complex, and it ap-

. . . s s . . 29
pears that in certain circumstances it is optimal to fire workers.

4. An obvious extension is to wed the model of the paper to implicit contracts
theory, thereby providing a general equilibrium formulation of the theory.
Some steps in this direction are taken in Arnott, Hosios, and Stiglitz
[1980] and Holmstrom [1981]. The ultimate object is to develop an expla-
nation of involuntary employment in the context of a general equilibrium
model. For this it is necessary to explain not only why workers are laid
off, but also why these workers cannot obtain employment at the.equilibrium
spot-market wage.

5. We argue in the next section that there are many social-insurance-related
problems that have an economic structure similar to thét of our model, -and

it would be interesting to reformulate the model to treat them.

IV. Concluding Comments

We have obtained a rather striking result for a particular model.
Arrow and others have conjedtured that when markets are incomplete, institu-
tions arise to fill the holes left by these gbsent markets in a manner that
is efficient, given the transactions cost technology and/or information
available. In our model, because of information asymmetries, complete in-
surance was not available against the underlying uncertainty, the quality of
job matches. We argued that in these circumstances the accommodating institu-
tion which would arise is the firm providing implicit insurance against quit—
ting in the employment contract. We demonstrated that in these circumstances
each firm's choice of contract affects the profitability of all other firms

through worker savings. Because firms ignore this interdependence, there are
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uninternaiized externalities which cause market failure. This result is a
counterexample to Arrow's conjecture. If the source of market failure we
have identified is general, the disturbing implication which follows is that
the wide range of public, charitable, and private quasi-insurance institu-
tions in existence are collectively inefficient.

How general in fact are the sources of market failure we identi-
fied? They are generic, of a class we termed seemingly unrelated events,
and arise wheneQer the provision of insurance‘is characterized by moral hazard
and individuals obtain insurance from more than one source. This is true
whether the insurance is provided by insurance companies or the government or
social institutions - fraternal and charitable organizations, family, friends
etc. Each provider of insurance will generally ignore that the insurance or.
quasi-insurance he provides will affect the probability of accidents against
ﬁhich others provide insurance.

The seemingly unrelated events.market failures identified in this
paper were of a special type that merit attention in their own right. Sup-
pose, in a dynamic economy, that the probability of an accident at a point in
time depends not only on the contemporaneous amount (flow) of insurance pro-

" vided, but also on the value of some state (or stock) variable which is af-

fected by how much insurance has been provided in the past and how much will

be provided in the future. If different agents provide insurance over dif-

ferent periods, market failure will occur. Each agent will ignore the effect

the insurance he provides has on the stock variable for periods during which

he does not provide the insurance. In the model treated in the paper, this
34

stock variable was savings. It could also be state of health, level of educa-

tion, or work experience. This type of externality is internalized if a single
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insurer covers an individual throughout his life. This provides an argument
in favor of government intervention for accidents with this structure, since

the government, as the largest "firm" in the economy, can provide insurance

"from cradle to grave" at lower cost than other firms.
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FOOTNOTES

-This paper synthesizes and extends Stiglitz [1975] and Arnott [1980].

Stiglitz would like to thank the U.S. Department of Labor for financial
assistance. And Arnott and Stiglitz would like to thank the NSF and

the SSHRCC for joint financial support. The paper benefitted from help-
ful comments by Barry Nalebuff and seminar participants at Chicago, Princeton,
and Tel-Aviv. Remaining errors are our responsibility.

This phenomenon was discussed by Arrow [1965] in the context of the market
for medical care. More recently, it has been discussed in the macroecono-
mic literature dealing with implicit contracts (Azariadis [1975], e.g.) and
in the principal-agent literature (Ross [1973] and Stiglitz [1974], e.g.).

A theme which pervaded general equilibrium theory with complete markets was
the neutrality of institutions (e.g., the corporate veil), and therefore
the indeterminacy and irrelevance of institutional structure. With incom-
plete markets, however, institutions are not in general neutral, and insti-
tutional structure is relevant and determined by economic forces.

The seminal paper on the topic is Becker [1962]. In the paper Becker, when
discussing the sharing of the costs and benefits of firm-specific training
between firm and worker, acknowledges that the employment contract will
provide implicit insurance, but elsewhere in his discussion neglects

this. Subsequent papers which have extended and formalized Becker's ana-
lysis (Parsons [1972], Hashimoto [1978] inter alia) have assumed that workers
are risk-neutral.

If, as is typically the case, firms can obtain insurance-relevant informa-

tion more cheaply than can insurance agents external to the firm. We shall
return to this point later. '

Similarly, if capital markets are imperfect, firms can profit by setting
up an implicit capital market, paying workers more than their marginal
products when their marginal utility of income is high, and less when it
is low. :

This paper was written in an attempt to understand better the nature of
the market failures uncovered in the current paper.

We use the term 'first best' to apply to an undistorted economy in
which information is symmetric.

A worker's level of job satisfaction may be formalized as follows: The
worker's tastes concerning his work enviromment can be characterized by
his most preferred point in work environment characteristic space which is,
the shell of an n-dimensional sphere. The work enviromment provided by a
particular firm can be characterized by another point in this space. The
quality of a job match may be measured by the distance between the two
points. And the level of job satisfaction is some monotonic transforma-
tion of this distance having the range (-©,®)., If we assume that workers'
tastes and firm work enviromments are both uniformly distributed over the
shell of the sphere, then the probability distribution of the level of job

satisfaction associated with a random match is independent of the firm and
of the worker. '
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In this description of the economy, we allow for the possibility that a
worker's job satisfaction may change during his period of tenure with a
firm, as determined by some stochastic process.

The same qualitative results would obtain if it were assumed instead that
the firm knows only the worker's age or years of employment at the time
he applies for a job.

This requires some qualification. The informational advantage of firms
must more than offset any advantage an external agent has from specializ-
ing in the provision of insurance.

Unless there is one large insurance firm for the entire economy, in which
case the externalities we identify are internalized. We rule this out by
appeal to administrative diseconomies of scale within a firm, which we dis-
cuss shortly.

In our moral hazard papers, we state this result as: Exclusivity is a
necessary condition for optimality. The result is simply demonstrated.
Consider a very simple economy in which there is a single, risky eco-
nomic activity. Each identical individual works by himself. If he suc-
ceeds, output is one; if he fails, output is zero. His probability of
success depends on his effort. The insurer can ascertain whether or not

.an individual succeeds, but cannot observe the individual's effort or the

state of nature. The insurance contract specifies the individual's income
if he succeeds and if he fails.

Let e denote effort, m the probability of success, y1 the individual's

net income after event i (i=0, failure; i=1, success), and ul[yl,e] the
individual's event-dependent utility function. From the individual's choice

of effort, we obtain e=e[yo,y1], which, to simplify, we assume is con-
tinuous.

A planner would choose {yi} by maximizing workers' expected utility,
subject to the economy-wide resource constraint.

max (l-ﬂ[e])uo[yo,e]+n[e]ul[yl,e]
24 . .01
s.t. i) e=e[y ,y]

ii) (1-n[e])yo = n[e](l-yl)

An exclusive agent would face the same maximization problem. To see why
market failure occurs when the individual can purchase insurance from more
than one agent, consider the extreme case where an individual purchases an
infinitesimal amount of insurance from an infinite number of agents. Each
agent, realizing that the insurance he offers has only an infinitesimal ef-
fect, will treat the individual's effort as exogenous. All insurance
agents act together like a single agent who ignores the dependence of the

individual's effort on yo and yl. Thus, t9o much insurance is proyided.
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1f, for instance, lower first-period job satisfaction resulted in a
worker being more risk-averse, a less satisfied worker would choose
a second-period sub-contract offexing more insurance than that chosen

by a more satisfied worker.

The firm's offering a choice of sub-contracts and allowing workers
to self-select among them improves efficiency. It does not, however,
eliminate the problems arising from the unobservability of job satis-
faction. Self-selection imposes the constraints that each worker
must prefer the sub-contract he chooses to others being offered,
and these constraints prevent the firm from providing full insurance.

Our model is consistent with either or both sets of assumptions.

These results are contained in Helpman and Laffont [1975], Marshall [1976],
Pauly [1974], and Shavell [1979], inter alia. These papers point out

that any price-quantity contract may be written equivalently as a premium—
payout contract. Alternatively, the insured may be quoted a non-linear
price schedule having the property that he will choose the equilibrium
price-quantity pair.

We use the term wage to refer to remuneration in whatever form. Thus, our

"wage' contract may involve paying workers the value of their (net of train-
ing costs) marginal product and providing explicit quit insurance.

Note that this characterization of the employment contract rules
out the possibility of severance pay, which essentially involves paying
a worker different amounts for a period depending on whether or not
he quits at the end of the period. This assumption, too, was made to
avoid adding cumber to an already (necessarily) cumbersome model. As
we proceed, we shall point out the ways in which allowing severance
pay would modify our results. Suffice it to remark here that allowing
severance pay would not alter our basic inefficiency result.

Ordinarily, workers with lower job satisfaction will quit and others stay.
However, if a worker quits, his future job satisfaction may be more un-
certain than if he stays. It is possible that a reduction in period one
job satisfaction makes a worker so much more risk-averse that he is more
reluctant to quit. Thus, it may occur that the subset of levels of job
satisfaction corresponding to which workers quit is not connected. This
is not of consequence in our analysis.

There may be several contracts satisfying (8a), (8b), and the correspond-
ing second-order conditions. See Arnott [1980]. To give competitive
markets the benefit of the doubt, we assume that the process of convergence
to equilibrium is such that the best of these contracts is chosen.
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It is possible that, with insurance, less senior workers.are paiq below
their marginal product and more senior workers above theirs. T@ls wogld
occur if, for instance, turnover costs were small while job gatlsfactlon
and consumption were strongly complementary. In this case, in the abT
sence of insurance it would be the more senior workers who have the high-
er marginal utility of income, on average, since they hav? hig@er average
job satisfaction. Since insurance serves to reduce the dlSParltY between
the average marginal utility of income of more and less senlo? workers,
its provision will result in a transfer from less to more senior workers.

This statement requires qualification.

If the planner were able to do so, and we have implicitly
assumed that he is not, he could do even better by intervening in
not only the labor market but also the capital market. (This point
is made in Diamond and Mirrlees [1978] in the context of the effect
of social security on the retirement decision.) To see this, consider
the case of perfect capital markets. If the government were to tax
or subsidize savings (raise or lower the interest rate), this would
alter the amount a worker saved. This in turn would, for a given
set of wages, cause some workers to change their quit decisions and
hence would alter the quit rate. Now, we argued in the introduction
that as a result of the moral hazard arising from the provision of
quit insurance, there would be "excessive" (more than in the first-
best optimum) quitting. The government's adjusting the
interest rate can reduce the amount of excessive quitting.

Put alternatively: Imagine starting off at the first-best
optimum. * Suppose: i) that workers suddenly become blind to firms'
characteristics, and firms to workers' characteristics and job
satisfaction, and ii) that firms continue to pay workers their net
marginal products. Then there is a welfare loss relative to the
first-best optimum associated with the uninsured job satisfaction
risk. Call this loss A. Now let firms provide partial quit insurance.
This reduces the size of A, but introduces a new form of welfare
loss -- that associated with excessive labor turnover. Call this
loss B. What we establish in the paper is that the competitive
economy does not minimize A + B. Now let the government introduce
differential commodity taxation (in the context of the paper, the goods are
consumption in different periods, the relative prices of which
can be altered by taxing saving or adjusting the interest rate).
Associated with this is yet another form of welfare loss, which we
label C. At the social optimum A + B + C is minimized, and this
will generally entail some differential commodity taxation.

The result that in an economy with asymmetric information, a
welfare improvement can be made by employing differential commodity taxation,
is a general ome. It is investigated in Arnott and Stiglitz [1981b] in the
context of moral hazard.
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In equilibrium, capital markets will not be perfect unless workers choose
not to default. This equilibrium condition ensures, in this context,
that workers will not borrow a huge amount the first period, intending
not to repay the loan. We return to this point shortly.

With perfect capital markets, the competitive type 1 contracts are socially

optimal. In this situation, (8a) and (8b) are efficiency conditions with the

following interpretation: Consider a worker who is indifferent between

quitting and staying. If he quits, his income changes by m—Tz—w;. Off-

setting this must be a change in expected job satisfaction having a mone-

. 1 2 . f ;
tary-equivalent value of W2—m+T . His quitting also involves a turnover

2 . .
cost of T°. Thus, if this worker quits, there is a social cost of -(wé—m).

We have argued that the provision of insurance will typically involve pay-
ing less senior workers above their net marginal products, and more senior
workers below theirs. Since, in .the absence of insurance, Wé

1 .
normally be the case that w2<m. In this case, when insurance is provided,

a marginal worker quitting entails a social cost. Relative to the first-
best optimum, therefore, there is excessive labor turnover. A unit rise

=m, it will

1 - 1
1 % ' 1 1
in Wy increases the proportion of quitters by — - Hence, - — (wz-m)
Bwl A Bwl

is the increase in the deadweight loss associated with excessive labor

. s 1 . . . .
turnover from increasing W by one unit. The interpretation of (8b) is

analogous. (8a) and (8b) together imply that the socially optimal type 1
contract minimizes the sum of the deadweight losses, relative to the
first-best optimum, associated with, first, incomplete equalization of
workers' marginal utilities of income, and, second, excessive labor turn-
over.

21a. Allowing severance pay may improve efficiency. It allows the firm

to choose a different first period wage for quitters and for stayers;
the first period wage for stayers may then be chosen to efficiently
smooth their wage stream. Allowing severance pay does not, however,
circumvent the cross-subsidization market failure. In an economy

with saving, the cross-subsidization market failure would arise only

if quitters were liquidity-constrained in the first period -- the
quitter would like to transfer some of his income from the 'second period
to the first. Severance pay does not solve this problem. In an
economy without saving (so that consumption in a period equals
contemporaneous remuneration), the cross-subsidization market failure
would arise if m-T were either higher or lower than quitters' desired
second-period consumption. In either case, severance pay, which is
paid in the first period, would not solve the problem.
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Perfect capital markets, according to our definition. obtain if and
only if all workers' marginal utilities of consumption in the pay-
back period are infinite at zero consumption.

It will be evident that the assumption does not affect the qualitative
results of the analysis.

In an earlier version of this paper, we did not make this assumption

and employed a general way to index firm types: A firm type is
characterized by the employment history of its entering workers. An
employment history, in turn, may be characterized by a sequence of
binary digits. A particular digit applies to a particular period of
the worker's life, and whether it takes on the value of one or zero
depends on whether the worker was with the same, or with a different,
firm in the previous period. Finally, the sequence of binary digits

‘can be converted to a base ten index.

A number of the participants in seminars we gave found this method
of indexation difficult. In consequence we have, in this version of
the paper, adopted a method of indexation that is more intuitive, but
does not generalize.

This recardinalization will, of course, alter the shape of the probability
density function for job satisfaction.

Earlier, to simplify the analysis, we ruled out' the possibility of complex
contracts which specify a menu of sub-contracts between which a worker can
choose after discovering his current period job satisfaction. It can be
shown that in the model of this section, such contracts, even if permitted,
would not arise.

In justifying the structure of our model, we appealed to the costs to a
firmof co-ordinating its plants, and to the costs of a type 1 and type 2
firm co-ordinating their wage setting. It seems reasonable, therefore, to
assume that the costs of a type 2 firm negotiating a contingent contract
with a type 1 firm worker are prohibitive.

We could modify our model slightly to develop a more persuasive case
against endogenous savings. Suppose, realistically, that a worker does
not completely know his job-related tastes at the time he starts working,
but finds out about them in the course of time. Suppose, furthermore,
that some of the job attributes are location-specific. A worker in Crested
Butte, Colorado would then have to make a contingent contract with a firm
in the South in case he found he suffered from the cold, another contingent
contract with a firm in a big city in case he found that he missed cultural
amenities, etc. The costs of making such contingent contracts would be
very high. Furthermore, if a worker were to make more than one such con-
tingent contract, savings would no longer be completely endogenous. With
this modification, the expected job satisfaction of a quitter would be
positive rather than zero, but this would not alter our analysis in any
essential way.
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25. We have worked out the case of endogenous saving and the results are
qualitatively the same as with exogenous savings.

26. There is an incentive for a type 2 firm to establish ties with a few type
1 firms, agreeing to employ all those workers who quit these type 1 firms,
and also to coordinate the setting of wages, since this completely inter-
nalizes the interdependence of these firms. However, such an arrangement
is tantamount to integration of type 1 and type 2 firms. We have ruled out
such behavior by appealing to the costs of such co-ordination, as in foot-
note 24.

26a. In the way we have formulated the problem, we have excluded the
possibility that workers may choose not to work during some periods.
We assume that it is optimal for workers to remain employed through-
out their working lives, and also that they will choose to do so
in competitive equilibrium.

27. The assumption that it is optimal that workers remain employed
through all three periods can be shown to imply that workers, when
faced with this set of wages, choose to remain employed, even if
some of these wages are negative.

- The proposition advanced in this paragraph, that with perfect
capital markets the planning optimum is competitively attainable,

generalizes to n periods and holds for a general intertemporal
utility function. '

28. One has to consider whether the firm has an incentive to reveal terhfully
to a worker his productivity. This depends on the information av§1lable to
the worker; if he knows the probability distribution of wages ?ald.by t?e
firm and of worker productivity, he can ascertain whether the firm is being

honest or not.

29. Arnott and Stiglitz [1981al show that in certain circumstances when moral
hazard is present, insurance contracts will randomize payouts. In the con-
text of this paper, this would involve randomization of wages. If such
randomization is not possible for legal reasons, firing some workers, which
indirectly randomizes wages, may be beneficial.

30. We put inverted commas around 'true' since this budget constraint is com-—

puted with wg and W§ at their competitive equilibrium levels.

31. We use this notation to indicate the change in wg from a change in s, holding

wi and w; fixed, but allowing wé to vary.
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This is not strictly correct. To say that type 1 firms provide too much
insurance, one should compare the c.e. and the planning optimum. Here
we are just considering the effects of a local change in the neighborhood
of the competitive equilibrium.

a2 [12G * Grap Gu £ Gud-Gy
aa = + A

* ey - G £

From the expression for A2 given in Lemma 2, it is evident that acg/as < 1.

Bcz BCg ch Bcg acg Bcg
: = e = - —— — T > . | — itd o
And since 3s 3s 1 35’ then s s 0 5s may be positive

Diamond and Mirrlees [1978] resembles this paper in that market
failure arises because of moral hazard and through savings in a
dynamic economy. However, the type of moral-hazard-related market
failure they treat, discussed in fn. 19a, is different from the

one we treat. We noted there that if we had assumed the taxation of
saving to be feasible in our model, we would have obtained their
source of market failure, as well as the one we focused on. Similarly,
if the D-M model were enriched to include another source of risk,
the insurance against which is characterized by moral hazard, the
market failure we focused on would appear. And if their model were
further enriched, allowing private pensions to supplement social
security, yet another form of market failure would occur -- that -
discussed in fn. 12.



Al-1

Appendix 1

Proof that the competitive equilibrium and the planning optimum do not coin-
cide with quadratic utility functions

To begin, we solve for QEE and QEQ . From (16), we obtain
o) dw)
i i
~ S 38T
8EU _ 1, , 9EHU °’1  EU 3s
sl 1 98 awk 0% aut
1 1 1 1
"From (17a) and (17b), é%% = %;§-= 0. Thus, QE% = iu' Proceeding similarly,
861 Bwl

taking into account the results of the worker's maximization problem, we get

J3EU i i

o (", (A1.1)

9 i : .
where Wi is the proportion of workers who receive wage wi. Also, from (13),

(14a), and (14b),

SEU I\ .

' T qun- (A1.2)
dw q

i 1

Comparing (Al.l) and (Al.2), we see that we may rewrite (28) as

9EU 30. + oEU = 0. (28')
O
2 Y3 3

Now subtract (28') (the first-order condition for the c.e. with respect to wg)
from (35) (the corresponding first-order condition for the p.o.).

This gives

= 0. (A1.3)
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And subtract (30)(the first-order condition for the c.e. with respect to wé)
from (34) (the corresponding first-order condition for the planning problem),

which yields

U (38 3b\ | 3EU 3A _ (A1.4)
Swl Bwl 8wl ‘ 8W2 3wl
1 2 2 2 2

We want to show that (Al.3)and (Al.4) are inconsistent for quadratic utility

functions.

We shall subscript partial derivatives on the basis of the order of

. JA JA JA
1 —_— = — —_— =
the arguments in (22') and (25). Thus, 5 Al, s A2. T Azsl,
8w3 Bwl
_8% = B3 etc. To obtain 8‘?_ ’ 3'% , Bf , and 8_.,2, , we totally differentiate
8w3 . sz 8W3 sz 8w3
(22') and (25), which yields
3 (TApsyBy~BiFAgs3B) gk ~(ByS BitAss))
T = X = (A1.5)
ow Bwl A
2 2
38 ) -(AIBZ+AZBZS4+B3—A253B3) s B —(A231B3+A1+A254)
sz A 8w2 o A ’
3 : 3
where A = BZAZSl -1+ A2s3.
And we noted earlier that
——Q—b— = B and -—a-g— = A.. (A1.6)
1 1 2 1
3w2 8w3

Substituting (Al.5) and (Al.6) into (Al.4) and (Al.3), respectiveiy, gives
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51 EEH.+ 52 9EU _ 0, (A1.8)
1 3 1 2 BWZ
Y1 2
where
Yl = B,A,(s,B.+s,) + A Y2 = A, (s,B.+s,) + A
1 272 171727 2 27171 C27 O
1_ . 2 _ -
61 = (AlB2+Aszsa+B3—A2s3B3) = A 52 = A2(31B3+s4+A1B2s1+A153) = Al

Our assumptions that f[61]>0 for Gg-s(—w,w) and that u'[ct]>0 guarantee that
3Eq S
o

i
is that there be a u[+] and an F[+] such that Yiég#Ygéi at the competitive

0. Thus, a sufficient condition for (Al1.7) and (A1.8) to be inconsistent

equilibrium. We shall prove that with quadratic utility functions,

1
1

2
Y 2

2 2.1 | .
GZ—Y 61 = A2<slBl+sz)(Ale+B3) = A > 0.

We shall proceed in five steps. First, we shall demonstrate that both type
1 and type 2 firms provide bartial insurance. Then we shall show successively

that A2<0, SlBl+SZ<0’ and A is positive and finite. And finally, we shall

prove that A1B2+B3 is positive with quadratic utility functioms.

Lemma 1: Type 1 and type 2 firms provide partial insurance against quitting.

To prove the lemma, we must demonstrate that neither firm provides
either no insurance or full insurance.

Type 2 firm: Using (l4a), (20), Q23), and (A.1.2), we may rewrite (28) as

~ 2
(qg (gu') + (l-qg)éu')> -(1—q§) + 5——% (wg—m)
W
3

+ (t-a3) Cu) = 0. (28")
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If no insurance is provided, then w§=m, and for (28') to be satisfied

it is necessary that gu'=§u'. But with no insurance wgm-T3<w§ =>
gu'>§u'. If, on the other hand, full insurance is provided, then
w§=w§ => gu'=§u'. For (28') to be satisfied it would then be neces-
aq% 2 qu_
sary that — (w3—m) = 0. But since —5 < 0 (total differentiation
ow ow
3 3
2_ .3 3q§ 2
of (1l4a) and (14b), and f[-]>0) and w3‘==m—T , then — (w3-m) > 0.
ow
3
The proof for a type 1 firm is analogous.
2, 9EU

1

Curollary: gu' > gu > gu' and EUS = ou > iu' > ]z'u' (where EUS = Bs etc.)

Lemma 2:

These inequalities follow directly from Lemma 1, along with (l4a)
and (17a). ' :

A2 < 0 and finite.

From (20),

—2
36
=2 2

_£6,] 5o Gy
2 ds v_z 8@%
1-f[92] — (w

2

sz

(A1.9)

2

3™

And from (l4a) and (14b)

2 +.3

2 = =2 =CGudar-2unel@s] £ 4y, (A1.10)

2@ DGum+a-ah) Gum &G C)

where A2 =
£((Gu")-Gu") £
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is finite (from assumptions on u and f) and positive (from the second-
order conditions of the worker's maximization problem (13)). From

Lemma 1 and its corollaries, w§<m and §u' < gu'. These results,

along with (Al1.9) and (A1.10) and assumptions on u and £, give

A2<O and finite.

Lemma 3: s,B, + s, < O.

11 2

From total differentiation of (17a) and (17b), Sl=_2(iu”)f + Al, where

1,1
1, LG g s ~ 1,
A - 1% T T Bl E(EUS(Hu'))
£ (EU_- (.JzLuv)) -2f

is positive (from the second-order conditions of the

worker's maximization problem (16)). Thus sl>0. From (30) and (Al.1),

B,=-2(1-q)) Gu')+ (') <0.” And frem (17a) and (17b),

Lyl (L
—(1=- f -
o, = | TG g Gudy Lo,
2 1
2(1u')f -2f
2 .
which since EUS>§u' (Corollary to Lemma 1), is negative.

Lemma 4: A is finite and positive.
Now, A=BzAzsl-l+A2s3. The finiteness of A is proved by demonstrat-

ing that each term is finite, its positiveness from the necessary con-
ditions for a maximum of (33).

Lemma 5: If u"=-k (k a positive constant), then A.B, + B, > O.

172 3
. 1 1
From (24) (recalling that W, =Wy
L3 aﬁi cCh
2(w2-m)f[91] 5 > A1 + 5
Wy 8w3 111
A B,+B, = =i (A1.11)
1 =1 1
1-2(w2-m)f[91] awl
1
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From (28) and (Al1.2),
Ap = ~(1-aD)Gu) + Gu' ).

"And from (17a) and (17b)

(A1.12)

1
(1-q )(]iu')
=1 —1 I, 1 1. 1,4 ~
367 98 "+ q] EU__ q;(EU  ,A,+EU 5)
A + = S’W S,W
aWZ 1 3w2 n 1, R 2, 3
2 3 £(EU - (;u") -f(EUw2A1+EUw2)
2 3
(A1.13)
®] A1
— = - n - \ < .
and I (1u )f(EUS oU )+ 4y, (Al1.14)
ow
1
where Al is as given in Lemma 3.
From (Al.2) and (Al1.12),
2
. 5 Geapgu) )
EU ) Al + EU 2 (2u Y- —i-_,——_ + (l—qz)éu') = 0, and
Wy Wy (2u )

S,W, S, Wy

Since u" = -k, then

) . AR

EUS W2 Al + EUS WZ = —(l—qz)k - —zu' )+ 1
*72 *73 (2

Since gu' > §u' (Corollary to Lemma 1), then

EU +EU
s w2 Al s,w2
*72 >3

~ (1-q
— _,2 3 113 2 2 1"
EU ,A +H 2-—((q2)(3u )-Kl—qz)(3u Nl———

52
u’)

< 0, From (Al.]_.3), Al>0 and EUS>

1
2

+ (1-aDCu").

u', this implies that
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Ch cEH YR
) Al +<——E < 0. Also, — > 0. Substituting these results into (A1.11)
sz 3W3 Bwl

1
and using w,-m<0 gives A, B,+B,>0.
g vy m<0 g 1B5B370
We have shown that the first-order conditions characterizing the
exogenous savings competitive equilibrium and those characterizing the planning
optimum are inconsistent for quadratic utility functioms. They are therefore

generally inconsistent, and thus the exogenous savings c.e. does not.generally

coincide with the p.o.
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Appendix 2

Firms' misperception of their budget constraints and workers'.indifference
curves

We first investigate the nature of a type 1 firm's misperception
of its budget constraint. Second, we examine how it misperceives its workers'
indifference curves. Third, we combine these to ascertain whether type 1
firms provide systematically too little or too much insurance in their con-
tracts.

In what follows, we subscript partial derivatives on the basis of
ng
(22') and (25). Thus, A, = -

s, = Ss etc
2 s ’ T4 2’ :

8w3
A. Type 1 firm's misperception of its budget constraint
Suppose the economy is in competitive equilibrium. To determine

the slope, in wé—wi space, of the "true' budget constraint,30 we trace through

the effect on a type 1 firm's profits from all type 1 firms simultaneously

. 1
constant, and then from raising w

raising wi by one unit, holding wl 5

) by one

unit, holding Wi constant.

The>first—round cost per entering worker of raising wi by one unit
aqi 1
is 1 + 2 —I (m—wz) (the first term is the direct cost, the second the indirect

Bwl

. : . 1 . . . .
cost). The unit rise in w, results in each worker increasing savings by Sy

1
(sl>0 (Lemma 3, Appendix 1) since, to smooth his consumption stream, the worker

will save part of the increase_;n first-period income). The type 1 firm rea-
lizes this, but since it treats other firms' wages as being fixed, it fails to
recognize that this increase in all workers' first-period saving will, by al-
tering qg, result in type‘Z firms modifying their contracts. The changes in
w2 and W2 will, in turn, affect both qi and s. Associated with this induced

2 3

change in qi is the second-round cost of raising w The induced change in s,

1
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meanwhile, will result in type 2 firms modifying their contracts yet again,

which will generate third-round effects, and so on. 9
Sw
A unit rise in saving causes wg to change by 7;;-(we shall indicate

31
how this is determined shortly) and, in order to maintain budget balance for

2 ‘Swg
type 2 firms, w, to change by A2 + Al Bs (the first term is the amount by

which w% has to be raised, to restore budget balance, from a unit rise in s,

holding wg fixed; the second term is the additional change in w2 required to

2

restore budget balance as a result of the change in wg induced by the unit

, . e . 1.
rise in s). Thus, the second-round cost of raising w, is

1
qu ng qu 5W§ 1
28, | =5 (&) 5=+ 4) +—5 5o (m-w,),
sz 3W3

while the second-round change in saving is

2 §

s 6w§ | 5 6W3
si\T2 @4y 55 T8 Y75 )
3W2 3W3

which induces a third-round change in qi and saving, and so on. Proceeding

, s , . . e 1 .
by induction and summing gives that the total cost of raising w, by one unit

1
s,.D
is P +-I:E for C<1, where
1 2
ds 6W§ 9s 6w§ qu 6W§ aql 6w3 ( l)
et e, r— —— = er——— e +._—.___ =
c_az(A1 S+A2)A+82 —~,D=2 32(Al 65+A2) ) il KLa P
Y2 V3 Y2 3
1 3‘11
and P = 1 + 2(mrw2)-——I .
Bwl

. 1
By an analogous argument, we obtain that the cost of raising L& by

s,D 1 1. %4
fixed, is Q + -:E-for C<1, where Q = (1-ql) + 2(mrw2)

b

one unit, holding wl
. 1 w

S
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Thus, when C<l, the slope of the 'true' budget comstraint is

t s, D
dwl Q +-—££—
1 1-C
__1- == SlD 2 (Az.l)
dw
2/ b.c. P+ 1-C
while the slope of the perceived budget constraint is
P
dwi 0
—_ = = - = A2,
2l B P (42.2)
2/ b.c.

We know that sl>0, 52<O (Lemma 3, Appendix 1), Q>0, and P>0. 1If, as we later

assume, the 'true' budget constraint is negatively-sloped and C<1, then from

(A2.1) and (A2.2) the 'true' budget constraint is flatter (in wz-wl space) than

11
the perceived budget constraint if I?E > 0. This condition has a réady inter-
prétatidn. E%E is the savings multiplier, giving the ratio of the total in-
crease in s (first- plus second- plus third- --- round increases) to the first

" round increase in s. D gives the single-round increase in qi.induced by a
unit increase in s via the change in Wg and'wg it causes. If,i%E > 0, a type
1 firm underestimates the sensitivity of its quit rate td the amount of im-
plicit insurance it provides, and thereby perceives its budget constraint to
be steeper than it actually is. We shall discuss the determinants of the
signs of D and 1-C later. Before doing so, we perform an analogous exercise
to obtain expressions for the slopes of the 'true' and perceived indifference
curves at the c.e. |

B. e 1 firm's misperception of workers' indifference curves
pe P

The slope of the perceived indifference curve at the c.e. is

W

v

1

1
wnlx

’ (A2.3)
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where R = (l—qi)éu'}and S = iu'. To determine the slope of the 'true' indif-

ference curve at the c.e., we trace through the effect on expected utility

by one unit, holding wl

from all firms simultaneously raising wl 2

1 cons tant,

and then from raising wé by one unit, holding wi constant.

The first-round increase in a worker's expected utility from rais-

. . . 1 . . .
u'. The unit rise in w, results in a worker increasing

1 1

Though the type 1 firm fails to recognize it, this change in

. 1 S
ing wy by one unit is
savings by Sq-

saving induces type 2 firms to alter their contracts. Proceeding as before,

we obtain that the second-round increase in expected utility is

~ 6W2 ~ Gwz
s .?_E_g(A ___3.+A)+3_E'1J.____§
1 8w2 1 &8s 2 sz §s J°
2 3
. o 3EU " . . . .
which by (28') equals sl — AZ' And the second-round increase in saving is,
ow

2
from before, le. Proceeding by induction and summing, one obtains that for

c<1 the total increase in expected utility from raising wl by one unit

. oEu\ A2 :
is § + s 2 )1¢ - Similarly, the total increase in expected utility from
3W2 - )
raising wé by one unit is R + s, QE% -Ié% . Letting E = A2 QE% , we get that
ow dw
2 2
the slope of the 'true' indifference curve is
t s,E
dwi R + IgE
_ = - = for C < 1. (A2.4)
1 s, E
YA S + -+
i-C

R, S, and s, are positive, and §9 is negative. 1If, as we later assume, the
"true' indifference curve is negatively-sloped and C < 1, then from (A2.3)

1
and (A2.4), the 'true' indifference curve is steeper. in WZ_Wi space, than the

perceived indifference curve if E%E < 0. This, too, has a straightforward
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interpretation. I%E is again the savings multiplier, while E gives the single-

round increase in expected utility induced by a unit increase in s via the

change in wg and wg it causes. 1If E%E < 0, a type 1 firm overestimates the
sensitivity of expected utility to the amount of implicit insurance it pro-
vides, and thereby perceives the indifference curve facing it to be flatter
than is actually the case.
C. Type 1 firms - overprovision or underprovision?

To simplify the analysis, we assume in the following discussion that

the 'true' budget constraint and the 'true' indifference curve are both nega-

tively—sloped‘and that C < 1.

We shall say that type 1 firms provide too much insurance in their
contracts (relative to the constrained optimum), which results in excessive
3 . '
labor turnover, if at the c.e. the 'true' budget constraint is flatter

(less negatively-sloped) than the 'true' indifference curve; i.e;,

t t
dwl dwl
.__i > ._l b4
dwl d 1 —
2/ b.c. Y2/ G

which from (A2.1) - (A2.4), noting that the perceived slopes are equal, is
equivalent to
DS EP D E

1-C ~ 1-C ® °F

(A2.5)

where A =-§ is the reciprocal of the marginal utility of period one income.

We now investigate the signs of D, E, and D-AE. Let us first treat
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day 83 qu S .
Now, D=2 — (Al Ss + AZ) + 5 3s (m—wz)
dw ow
2 3
o L a’i a‘i cSwg a'e‘}
= 2f[61] (nrwz) ——E-Al + — ] 55 + A2 —
sz 8w3 BWZ

We know that (eré)>O (Lemma 1, Appendix 1), A, <0 (Lemma 2, Appendix 1),

2
aei : 38 a@i
— >0 ((17a) and (17b)), while 5 Al + 5 is negative for quadratic
3W2 awz 3W3 '

utility functions, but generally of uncertain sign (Lemma 5, Appendix 1).
5w§
55 is obtained from total differentiation of (14a), (14b), (20), and (28).

The resulting expression involves terms with third partials of the utility
function, and is therefore of ambiguous sign. Recall that D is the single-

. o1, A ; N . 2 -
round increase in 4 induced by a-.unit increase in s via the change in W, and
w3‘it.causes. The increase in s causes cg either to riseé by less than the

33 In either event, cg and cg rise by equal amounts.

. 3 2
T > . .
Since 34 34 3u rises by more than 34> which

from (14b) implies that the quit rate from type 2 firms increases. This

rise in s or to fall.

3

' (Lemma 1, Appendix 1), then

causes type 2 firms to run at a deficit. To restore budget balance, they

must adjust the wages they offer; specifically, w2 is changed by

3
ng 2 6w§ sl
7§;~and v, by A1 5 T A,. The indeterminacy of the sign of —5s 1s not sur-

prising. The increase in s is equivalent to a lump-sum increase in income at
the beginning of period 2 for type 2 firm workers. Whether this will result
in type 2 firms offering more or less insurance in their contracts depends on

how worker risk-~aversion changes with income, which explains the presence of

2
Sw
third partials in the expression for 55 Furthermore, whether an increase

. 1.,
in the implicit insurance offered in a type 2 contract raises or lowers q is
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a priori ambiguous.

Now we turn to E = A2

~

9EU _ ., 1,2, .
awz = Aqu Hu ). Since A2<O (Lemma 2,

Appendix 1), E is unambiguously negative. Recall that E gives the single-

" round increase in expected utility induced by a unit rise in s via the
change in w% and wg it causes. We have shown that this unit rise in s
initially causes type 2 firms to run at a deficit. To restore budget
balanée, they have to offer a less favorable contract, which will lower
expected utility.

Next we consider

9s 6W§ ds 6W§
R B PR A
2 3
6w§
= e (s3hyts,) + Apss.

Proceeding as in the proof of Lemma 3, Appendix 1, we obtain

! e L
q; EU 9 f(EUS u')
s3 = o Al, which is

—fEU -2f

of indeterminate sign, while

l A ~ ~ .
-q (EU  , A} +EU ) f(EUS-(]Z'u )
S W S, W
SqAts, = S
-£(EU , A, + EUWZ) -2f
b 3

which is also of indeterminate sign. C is the single-round change in s caused

: . . 2 ., . .
by a unit increase in s via the change in wg and LA it induces, and is of ambi-
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guous sign. While C > 1 appears to be a possibility, we have ruled it out

by assumption since it is inconsistent with stability of equilibrium.

PE =

DS-PE

Finally, we consider the sign of D-AE, which has the same sign as

L N LA 387 \ 6w 3]
- =9 1 — — ] —— —_—
DS-PE. Now DS=2(;u") (m-w,)f[67] S At 5ot A, —5( » and
dw ow ow
2 3 2
—1
36
1 =1, 1.2,
1+ 2(m wz)f[el]a 1 Aqu(zu Thus,
Y1
L oo 5 96 a@i 6w§
== — ' ——— e — ——
2 (m wz)f[el] (lu ) > Al + > | 53
) sz ow
3
=1 =1
96 36
1 1 2,°%%1 1 2 4\ 1
A QY7 QU =T ap g - Aa(u gy s
2 1

" which

1)

ii)

iii)

is of indeterminate sign.

To summarize (with C<1):
In wé—wi space, the 'true' indifference curve is steeper than the indif-
ference curve perceived by type 1 firms.
The 'true' budget constraint is flatter/steeper than the perceived budget
constraint if D >/< 0.
i) and ii) imply that type 1 firms provide too much insurance if D>0.
In'general, however, one cannot say whether type 1 firms provide too
little or too much insurance, and therefore whether there is too little

or too much labor turnover from these firms. Which way the market

failure goes depends, in a very complicated way, on workers' risk-
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aversion characteristics, the size of turnover costs, and the properties

of the quit rate functions.
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