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IMPLICIT CONTRACTS AND ASYMMETRIC INFORMATION®

Section 0: Introduction

One of the maip reazons for studving implicit centracts is to
gxamine any informatiom asymmecry between the contracting parties. In
particular it is a widely held belief that moral hazard problems are
prevelant in the labour market. Azariadis Tor example writes in the

introduetion of his elassie 1973 article:

.s..the obvious fact bears repeating that no market exists for
direct exchange of claims on future labour services: the costs
nf momitoring and enforcement and "moral hazard' are some of
the reasens why such markets have not arisen."

Moral hazard can in general be defined as any situation in which the
very fact that an agent is 'insured' against some outcome actually changes
his best course of 'action'. OFf coutse if the insurer can observe the
agent's action then he can stipulate what the insurees action should be,
Then if the insuree deviates - all bets are off. However if the insurer
cannot observe the insurees action, there 1s an information asyvmmetry, then

the insurance coverage will have to be reduced, possibly te zero!

Moral hazard can arise on both sides of the labour market. For
example it {s difficult for an emnlovee to sell his labour services cont-
ingent wpon his own disposition because this is not easily obhservable by

the employver or indeed any other agent. This is not to say that private

institutions will never provide sickness or unemplovmeat insurance vather
such insurance will never be complete that is snough to maintain a constant
marginal utility of income. Anyone who has tried to borrow against their
future labour income will know this to be true. (In the opposite side of

the labour market an employer will usuallv be umable to nurchase labour

services contingent upon say, profits unless these are independently zudited.

%
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Consider a contract § between an emplover and an emplovees which
specifies the labour input, U and the emplovees remuneration, r in each
possible state of mature B, ie, & = {r(9).L(8)]. Although Azariadis
stressed Che problem of moral hazard he analysed a contract where both
the employer and employee could observe @ and thus where there was no
information a:a:ga-:-mvn;rsr.E In fact there is little polnt in studying such
a contract since if both employer and employee can ohserve € contingent
markets can operate. Therefore the purpose of this chapter is to examine
the eptimal 1abour comtract where there is asymmetric information, that is
a contract in which one party canmot observe ©. It is only recently that
Grossman and Hart (1981}, Greem mnd Kahn (1982) and Hart (1983) have devel-
oped a rigorous analysis of the moral hazard problem in the labour comtract
context. Their work builds upon the work of Spence and Zeckhauser (1971).
Harris and Raviv (1979} and Laffont and Maskin (1980) on incentives.

This paper considers two polar cases of information asymmetry. In
the first case the emplovee cbgerves the true state of nature but the
employer cannmot. Such a case is consistent with the state of nature being
indentified with the employees disposition, or indeed @ny factor which
affecrs the emplovees productivity which the empleyer ecannot ochserve, In
the second case the roles are reversed so that it is the employer who has
the superior information. For example the emplover mav have better inform=
ation about randomness in the production prncess.3

Section 1 presents a homely example of the First type of information
asymmetry. The example concerns the relationship between a Ph.D student and
his supervisor. This provides an introduction to section I and emphasis is
placed on intuition rather than rigour.Sectiom 2 is rather more technieal,

it examines the case where the employer has superior {nformation.t is

shown how this informarion asymmetry produces too much emplovment in a sense



to be defined below. Sectionm 3 concludes this chapter,

Before proceeding it is perhaps worthwhile to make a few
caveats at this peint, These should be remembered when reading
sections 1 and 2. Firstly, Arrow has emphasized that in markets
affected by moral hazard some forms of moral behaviour are likely
to evolve to compensate. For example the relationship between the
emplover and the emplovee might be governed by established codes of
conduct or ethical standards different from those predicted by ecomomic
or optimizing behaviour. Secondly and not unrelatedly is the issue of
reputation, Once time is explicitly introduced into the analysis
an agents concern for his reputation becomes important, and the temporal
nature of information flows must be taken into account. These are chorny
problems and no resolution is readily avnilnbler though they are obviously
important to an understanding of labour contracts since there are
predicated upaon a stability in the employer/employee relatiomship.
Section 1 : How to pay for a doctoral thesis

This section asks the question: What is the oprimal grant
award scheme for a doctoral student? It is assumed that cthe students
research ie financed out of his supervisors salary. If the student is
betcer informed about how he conducts his research than his supervisor
then choosing the optimal payment scheme is equivalent to finding the
optimal contract between the student and his supervisor under asymmetric
information. The analysis can be easily reinterpreted in the labour market
context by reading emplovee for student and employer for supervisor.

It will be shown that the optimal grant to the student will be increasing



and convex function of his output.

Consider a student who is enrcled at the Moravian state
university for a course leading to the degree of doctor of philosephy
in the department of economics. The course lasts some fixed periad
of time, say three vears. For tuition the student is aséigne:l To
some eminent and august professor who will act as a supervisor. The
requirements of the course are to produce a short thesis on a
particular topic, or perhaps some articles of inclusion in the learned
journals of the profession.

In order to drastically simplify the problem it will be assumed

that the students outpur ¥y is related to his input g in the following way

¥ Vi y = f(£,8) : [0,1] = (&,b) + R, ; is CZ and bounded above

where fl =0 .fz =0, f]] z 0, f]EE 0 lim f] = m=
E+G

where 8 is a random wvariable defined on (a,b) which has a continuocus
probability demsity function g(f). Some comments are obviously called
for about the assumptiom A.3.1. First notice that v is a undimensional
variable so that the quality and quantity of the students output are
commensurable, and that ¥ can be objectively assessed and is readily
apparent to both the student and the supervisor. Second the students
input or effort or work load again is undimensional. This is not

however the only input. The professor will also provide an input through
his supervision and encouragement of the student. For simplicicy it is
assumed that the professors input is constant and it is therefore
supressed in the notation. Third the random variable & is to be
interpreted as a shock ro the efficiency of the student since a high value
of & is associated with a high value of the students marginal product.

Of course in general & will be a wvector of random variables the components

of which might be luck, the skill or lack of skill of the student, the



degree of difficulty or simplicity of the subject matter, the students
personal circumstances etc,

However again for simplicity it will be assumed thact & is a
single parameter and not a vector of parameters. What is more it is
assumed that the student chooses his labour input afrer the random
variable & has been drawn from g(8) and that the professor cannot
observe this drawing, To motivate these assumptiens suppose that &
represents the easiness of the subject area chosen by the student. *That
is to say a high value of # indicartes rhat the subject area is very easy
and a2 low value of & indicates that the subject is particularly difficult.
Of course to actually ascertasin the true value of 8 requires a
considerable amount of effort and investment of resources. For the
first vear of the degree course the student is devoted almost sclely
to this task, He will then decide on how wuch work or effort to supply
in the following two vears dependent upon the actual degree of difficulty
of the subject. The professor however is far too busy with his own work
or with other students to find out rhe true value of 8. Of course if
the professor can observe L and knows f then he can deduce 8 by inversion
so it will be assumed quice reasonably that the professor does not
observe the students input, &L .

The professor has to choose how much of his salary, X he is
to give te the student as a grant te fund his research. The grant will
be denoted r., Since the professor cannot observe either € or £ , he will
make the grant r conditional upon the students output y. This is shown
rigorously later on. For the moment notice that the grant r may be
properly interpreted as the amount of patronage. This of course was
a commen form of funding scientific work im previous centuries.

The professer will however not give anything for nothing. He

will not patronize the student unless this increases his utility in some




appropriately defined sense. There are at least two ways in which the
students output may affect the professors utilicy. First the students
efforts may stimulate or encourage the professor in his own work. Second
the professor may derive a certain kudos from his patronage or his students
work. It will be assumed cthat the professors utility v has the following

simple funetional form.

Al

4.3.2 v=vw(I) : R_=+R: V{I) =1 =X]y=-r

where 1 is the professors grose income. Thus it is assumed that the
students output ¥ is commensurahle with the professors net income X-T1,
and that the professor is risk neutral. There is teally no justificatiom
for the former assumption. However if the professor is thought of as an
employer then I represents profits. The professor's risk neturalicy
might be justified if, for example, he supervised a large number of students
for each of whom the drawing of & is independent of any other students
drawing.

The students utility u, depends both on the grant r and effort 1L .

The utiliry function u is assumed ro sarisfy

A.3.3 u=ulr,d) : R, »[0,1] R ; C* and
uy >0, u; >0, u;; <0, U< 0, 8= - uzfu; 20
{ultn * 'u-‘i} = D[Ulzﬁ + uzz} = ] (ulluiz- uir} 4 0.
Before proceeding it is convenient to facilitate the graphical

and algebraic analysis by rewriting the production and utility functioms.

The production y = £(£,B8) can be inverted to give
L =h(y,8)h; = 1/f; > 0, h = = fzul'rf1< 0, hy; = - fué‘lf? = 0,
hys = (=1/6])(f,€,,~ £,,£.) < 0. (3.1)

Using equation (3.1) the students utility funcrion can be rewritten as
u= u(r,y,8) = u(r,h(y,8)) (3.2)

which can alsc be inverted to give



r=r{uh(y,8) ; ry=1/uy;>0r;=852>0 (3.3)

It ie now possible to examine exactly whar is meant by a
contract with asymmetric informaction. In chaprer 1A it was assumed
that the components r and L of & contract could be made contingent upon
the state of nature B . However it is less clear how such 3 contract
can be impmemented if there is asymmetric information. In particular
it might be assumed that the student will have an incentive to lie about
the true state of nature. Wevertheless Dasgupta, Hammond and Maskin
(1979) have shown chat any contract that can be implemented is
implementable by a2 contract in which rhere is no incentive to lie. This
has been demonstrated graphically by Harris and Townsend (1981).

Harris and Townsend's analysis can be adapted to the present
case, First consider the students and the professors indifference maps
in (r,y) space, These are drawn in diagramsi.1md3.2. The professor's
indifference curves are 45° lines and his utility increases towards
the south-east. The students indifference curves are convex to the
south-east and his urility increases towards the north=west, However
the student has a different indifference map for every state of nature.
Suppose for the moment that there are just two states of narture §; and 8; .
That is to say that the students chosen subject is hard or harder still.
Then at any given point in (r,¥) space the students indifference curve
associated with & = 6; has & lower slope than the indifference curve
associated with 6 = &;.

Consider the fixed income contract (cy, ¢;) depicted in diagram

33 where o= (ri{8;), y(8;)) and ¢y = {r(81), y(8,)). Clearly the student
prefers the allocation ¢ to cy which ever state occurs. 1f the state

of nature is & = §; chen the student gets higher utility at the point c,.

Similalry if § = 5 the students utility is lower urility at the allocation cj.



Thus if the supervisor camnor observe f# £he srudent will amnmounce that
the state of nature is & = 6; regardless of the true state of nature
and therefore the contract (cj,c;) is not implementable., This is
quite natural, since the student receives the same remuneration
independent of his output he will always choose Lo produce less output
because this regquires less effort. MNotice that the fixed income contract
(€1,c2 ) is typical of the sort of contract offered to doctoral students
in the U.KE., Therefore it seems quite likely that U.K. students will
always claim that their subject is especially difficult mnd produce
low quality output]

On the other hand consider the alternative contract (e1£7)
where ¢| = (r{&;), y(8y)) and c; = (r'(8;), y'(62)). This contract
is incentive compatible. Tnat s the student will never have any
incentive to lie about the true state of nature. For instance if 6,
is the crue state of nature the student cansot gain by announcing
the true state of nature is 8; and if &, is the true state of narure
he will always benefit by announcing the true state to be %; , Thus
it can be seen that the only contracts that are implementable are
incentive compatible and any incentive compatible contract pan be
implemencted by the student telliog the truth.

Incentive comptaible contracts have some very interesting
propetties. Examination of all of these propertiés must awasit a complete
algebraic treatment but disgram ifindicates that not all first best
contracts are incentiwve compatible, In chapter 1A it wns shown that
the pptimal contract equated the marginal disutility of labour te che
marginal product of labour and left the emplovees marginal urility of
income independent of the state of nature. Such & contract is called &
first best contract because it is pareto efficient. An example of a

first best contract is (c;, ci ) drawn in Diagram * 5 The dotted lines
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Diagram 3.4
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represent lines of equal marginal utility of income. Since labour is

a normal good they have a lower slope than indifference curves. The two
dotted lines through c; and ¢!’ represent the same level of marginal
utilicy but in differemt states, However the comntract (cy,c;’) is not
incentive compatible because the student will always announce the state
to be § = 8 independent of the true state of nature. In fact it

can be shown that the first best contract is only incentive compacible
if labour is neither a normasl nor inferior good. This was the basis

for most of the anslysis in chapter 1.

The algebraic analyvsis is most easily understood if it is
assumed that there is a continuum of possible states of nature so that
the density function g(&) is continuous. Now it has been showm that
an inecentive compatible contract can be written é={r(8'), y(&') } in
precisely the same way that the first best contract could except
is thar value of & the student chooses to announce. Given the contract

¢ the student is in a position to announce any state of nature he
perceives to be to his advantage. That is the student will choose to
annpunce thar stare of nature 8" that maximizes his utiliry when
the true state of nature is & . Therefore for each possible value of

¢ the student sovles :

F.3.1 max uw(r(6'). hiy(8’),0) s.t 8’ ela,b]
al

A contract 8 is incentive compatible if the student always announces
the true state of nature, or equivalent if the solutiom to P.3.1 is

8'(8) = 8, The first and second order conditions for P.3.1 are

r{8) = s(r(8), hiy(8),8)) hy(y(e) ,8) y(8) (3.4)

r —shyy - ¥2 (shy; + hi(s s; + 85)) < O (3.5)

Totally differentiating equation (3.4) equarion (3.5) can more conveniently
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be written as

yishjs + sghyhs) 2 O (3.6)

Given assumptions A.l and A.3 equation (3.6) implies that y{&) is

positive. It will be convenient to take y(B) to be strietly positive |
|

in what follpows though it will be shown in section 2 that the resulrs |

are unaifected. Then inverting y = y{8)

=1
=y (y) (3.7
and

r(6) = iy (y)} = vy (3.8)

Equation (3.8) shows that remuneration is dependent upon output. It
also shows that the contract ¢ can be viewed alternatively as choosing
the reward function r{y). This is essentially a piece-rate system of
operation. The student chooses how much output to produce given the
reward scheme t(y). That is in each state of nature the student solves

P31’ max  u(r(y), by, .)) s.t h{y, .) el0,1]
¥

The first and second order conditions for P.3.1 are

r’(y} = s(r(y), biy..) b (y,.) (3.4%)

t" (y) S shyy + hi(sis + 53) (3.5)

Differentiaring equation (3.8) shows that equarions (3.4") and (3.5") are the |
same as equations (3.4) and (3.5) and therefore P.3.1 and F.3.1'

are equivalent. Equarion (3.4') has a natural interprecacion. It

states that the student will equate the marginal rate of substitution

between income andlleiﬁure to the marginal benefit of supplying labour

which is

sr/at = ¢'(y)/hyly,.) (3.9)

Notice that the student can only do this because it is being assumed that
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the professor cammot observe the students labour input. Consequently
in order to induce the student to produce geood quality work the reward
offered must increase as output increases.

Perhaps the most natural way to write the incentive compatible
contract is & = {u(8), ¥(8)} . The output schedule y(#) is the
solution to P.3.1 and is chosen directly by the student. The schedule
u{#) is the maximum value function for P.3.1 . Once u(8) and u(@)
are determined £(6), r(6) and v(6) are determined directly by equation
(3.1) and (3.3) and assumptionm A.3.2.

The contract & must offer cthe student a given level of expected
ucilicy 4 or else the student will enrole ar another university or perhaps
take up a non-academic post, therefore

b
I u(B)g(é)de = u (3.10)
&

1t must also satisfy the incentive comparibility conscrainc (3.4°).

This can be rewritten in terms of y(8) and u(8) as

u(®) = ua(r(u(8), hiy(6),8)), h(y(8),8)).hy(y(0),8) (3.4")

It will also be assumed that the set of contracts satisfying equations
{3.10) and (3.4 ) & is non-empty. The professor's expected uriliry is
b
Ia (X + y(8) - r(u(8), h(y(8),6))) g(8)de (3.11)
The oprimal contract &™ maximizes the professors utility (3.11)
subject to the constraints (3.10) and (3.4" ). This is an optimal
control problem, where y(8) is the control variasble, controlled by
the student and u(6) is the state variable. Lectring 3 be the mulriplier
for equation (3.10) and p(#) be the costate variable for equarion (3.4")

for the hamiltonain equation is
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H{zy(B), u(B),i , p(8)) = (y(8) — rl{u(B), hiy(6),8)) +i ul(B)})g{6)

The optimal contract &% is the solutionm to
P.3.2 max Hi&,h pla))
&

The important point to grasp is the sign of the costate variable.
From equation (3.4'") it is clear that u(8) is positive. However if
the professor could cbserve 8 then rthe oprimal contract is the firsc
best contract in which case u(8) is negative. Therefore the incencive
compatibilicy constraint contrains u(#) from below and therefore p(8)
is negative.

Differentiating the Hamiltomian with respect to the control variable

y{p) pives direcrly

(1 = tzhy) = pusish;; + sszh;hs) /g > Q. (3.13)

Equation (3.13) states that the marginal rate of substitution between
income and leisure r, = 5 is less than the marginal product of labour
£, = 1/h. That is to say in any particular state of nature, or ex
post both the professor and student could be made better of by some
increase in remuneration or effort, To put it more strikingly there is
underemployment. This cannot however be described as involuntary
unemployment since the contract is ex ante optimal, that is there is
no way in which to increase both the professors and the students
expected utility. In this sense the contract is constrained pareto
efficient. It is also clear that the student will not wish te supply
any more labour at the going wage because the wage or the marginal

benefit to supplying labour is equated to the marginal rate of substitution.
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On the other band the professor will always prefer that labour supply
is greater at the going wage but it is less clear how important this
is because the wage is not taken parametrically but varies as the
students effort changes.
Some insigﬁt into this result can be obtained by comparing the first
best contract with the optimal incentive compatible contract. The
first best contract equates the marginal rate of substitution between
income and leisure to the marginal product but both exceed the marginal

benefit to supplying labour. That is
ar/il s s(r,k) = £1(1,8) ¥ B (3.14)

whereas the optimal incentive compatible cemntract

ar/fat = s(r,t) <f£1(%,8) Y B (3.15)

so that at least the divergence between the marginal cost of labour and
the marginal product is preserved.

To conclude, since the professor cannot observe the students input
he is quite likely to under supply and produce low quality output.
These effects are amelioated by making the srudents grant an increasing
function of output. It is tempting to suggest that if welfare is
assessed purely on an ex post basis then an increase in grant and effort
would be bemeficial to all parties.

Section 2 : More on Incentive Compatible Contracts

In this section the employver/employee model is rehabilitared buc
is now assumed that the employer can verify which state of narure has
occurred but that the employee cannot. It is not difficult to think
of examples where this might be the case. For example the firm may
have more information about the demand conditions affecting the firm or
more information about the operation and effecriveness of orther inputs

into the production process. This section examines the optimal incentive
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compatible contract in cthis situatiom.
Assumption A.3.1 - A.3.3 of section 1 are maintained throughout
this section but the information sets of the employer and emplovee

now satisfy

A.3.4 I-v = {ﬂpfvrr“rfﬂrurvtfrg}
Iu {rlmsuiv!flg}

where I' is the employers information set and 1" is the emp lovees
information set. Notice that there is really no contradiction in the
employee knowing the objective probability demsity function g(#)
and not the tealized value of €. For example the employee may be
able to learn the true value of § with a one period lag, then after
some Cime he will be able to deduce g(8) but still as far as
the present contract is concerned be unable to observe the current & .
Alternatively with the important exception of lemma 3 the analysis goes
through if the employeé has a subjective probability demsity functionm
k(8). The coincidence of g(8) and k(8) can be seen as a strong rational
expectations assumption. Equally the fact thar f is included in A
is not rescricrive since any uncertainty about f might be included with
the state of nature 6 . But this explains why ¥ and 7 are not included
in I" since observing either output or profits is equivalent to knowledge
of & through the knowledge of £ and v. This being said the examination
of the optimal incentive can proceed along very similar lines to the analysis
of secrion 1 except that more attention will be paid to specific derails.
In section 1 it was shown that any contract under asymmetric
information could be written as & state contingent contract. 1Im this
section the employer is assumed to be able to observe # but the employee
cannot. Therefore the employer will choose to announce that state of

nature B’ that is in his own best interest, In general the employers



profits will depend borh upon the ttue state of nature 6 and the
state of nature 5’ the employer chooses to announce has occurred.
The employer will choose to announce &' s0 as to maximize his

ex post utility or profits, that is to say he sclves

F.3.3 max n{®’,8) s.t 6'cla,b]
E!

The solution ser for P.3.3 is &' (8) where

a'¢e) = {#'cla bl =(8'.8 2 wi(e”,8) v 8" cla,bl} {3.16)

A contract & is #aid to be incentive comparible if and only if the

employer never has any incentive to lie, that is
8 e 6'(e) (3.17)

There are two points to be made about eouation (3.17). First it is
being assumed thar the employer will report the state of nature honestly
unless he can actually gainm by lying. This is equivalent to saying

that if the employer is indifferent between any two allocatrions he

will always choose the one that the employee most prefers. Second
incentive compatibility implies that the solution set to P.3,3

8'(8) is non-empty. This is guaranteed if w(8',8) is upper semi-
continuous in the choice of variable o',

The maximum value functiom for P.3.3. is

n(B) = n(8,6) (3.18)

which is continuous if ¥(8°,8) is continuous in &’ and @ . 1n fact
the absolute continuity of w(#) will be assumed below but for the moment
suppose that w(8',8) is continuous and twice differentiable. Then the

first and second order condition for P.3.3 can be writren as
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Mge(87,8) = 0 (3.19)

WE,E,(Q'.B} = 0 (3.20)

If equation (3.20) is satisfied as an inequality the solutions of
8'(8) will be a continuous and differentiable function, Then the

following four equations are all equivalent definitions of incentive

compatibility
g'(8) = 8 {3.21)
207(8) /86 = 1 (3.21)
Morgr(87(8),8)+ Ty, (87(8),8) = 0 (3.23)
m(8) = m.,(87(8),8) + m (67(8),8) =n (8,8 (3.24)

Equation (3.22) is obtained by differentiating equation (3.21). Equation
{3.23) is obtained by totaelly differentiating eguation {3.19) and using
equation (3.22). Equation (3.24) is obtained by differentiating

equation {3.18) and using egquation (3.19). Given eguation (3.23)

the second order conditiom equation (3.20) can be conveniently rewritcen

nB,E(E*(B),B} =0 . {3.25)

It is perhaps more helpful to write the profit fumction w(8’,8)

explicitly as revenus minus costs. That is
m(&',8) = £(2(87),08) - r(8’) (3.26)

where r is remmeration and £ is labour inpur. Therefore rewriting
eguacrieon (3.24) incentive compatibilicy implies

n(8) = £,(el8).8) . (3.27)

This will be referred to as the incentive comparibility comstraint. It
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constrains profits to increase with € only te the extent that

output increases with 6§ . Agaiun rewriting eguatiom (3.25)

Targ (87(9),8] 0 o= £12(1(8),8) 1) 2 0 (3.28)

This sugpests yer another interpretation of incentive comparibilicy.
Suppose that £(6) is strictly positive then the functiom = R(8)
can be inverted so that & = t'I(E} and T(g) = r{l-l{ll}- r{l). Thus
remmeracrion is somf function of labour input, there is essentially =a
time-tate system of payments. Choosing a contract is equivalent to
choosing the optimal time-rate system. This does not seem inconsistent
with modern industrial experience. In particular wages usually rise
with hours worked, and the latter is often chosen umilaterally by the
employer. In this sense incentive compatibility is reduced to the
employer choosing the labour input to maximize ex post profits given
the funetion r = r(f). That is te say the emplover solves
B33 max £(L,8) - (L) 5.t £ £00,1]

L

The first and second order condictions for P.3.3 are

ar(2)/3% = fy(L,8) (3.29)

a2r(z)/an? = £,1(2,0) . (3.30)

Equation (3.29) shows thar the employer will equate the marginal cost
of hiring labour to the marginal product of labour. Equarions (3.29)

and (3.30) can be rewritten as

£(8) = £1(L(8),8)L(6) (3.29%)

r(8) = £,;(L(8),8)8(8) + £1(L(6),0) ((8))2 (3.30%)
since £(8) = (ar(L)/52)i(8) (3.31)
and r(8) = (32r(2)/512)2(8) + (3r{L)/5)(i(8))2 (3.32)

Equations (3.28') and (3.30°) are simply equations (3.19) gnd (3.20)
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written explicitly in terms of the remuneration and labour imput
schedules. This shows that P.3.3 and F.3.3" are equivalent. Thus

the incentive compatible comtract cam be thought of in two pessible
ways. Firet the contract may be thought of as nepotiating a

pair of state contingent schedules such as v(8) and L(8) such that

the employer always has an incentive to announce the true state

of mature. GSecond the contract may be thought of as the time rate
payment scheme r(i) where control of the labour input is relingquished
solely to the employer. The second interpretation is perhaps more
natural butc analytically it is simpler to deal with the first. 1In
fact P.3.3' suggests an obvious way to do this. The solution to P.3.3'
iz L= g(8) and the resulting profit function pr maximem value funetien

18

w(e) = £(&(8),8) — r(r(E)) . (3.33)

Given the incentive compatibility comstraint equation (3.27) L(8)
can be treated as the control variable and n(8) as the state variable
in an optimal control problem. That is to say that a contract & 1is
defined as the set of pairs { w(8), L(8)] .

Before proceeding to the analysis of the optimal incentiwve
compatible contract, consider the following utility possibility set
U* = {{E“,Eu}lﬁﬂ 2 0 Eu 2 Eu(0,0), v(8) + w(8) = £(L(8),0),

T(B) = £5(L{8),B) ¥ B}.

The set U* 1is the ser of possible levels of expected utility that
can be achieved by the employer and the employee when the emplovee cannot
obrserve the true state of nature. This is to be contrasted with the

ucilicy possibility set when the employee can wverify #

i =-[{E“,Eu}|Eﬂ2 0 E, 2 Eu(0,0),r(8) + m(B) = £{2(8),8), V&) -

Lemma 1 The set U* is a subset of U and is convex.
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Proof: 1. U< U, To show this consider points on the boundary of L.
In chaprer A it was shown rchat:

(i) u(B) = 0 wich strict inequalicy if labour is a normal good,

(i1) w(8) = (~u(e)/u(e))+ £,(8) = f,(6) with strict inequality if
labour is a normal good. Therefore U* will include the boundary points
of u only if labour is neither normal nor inferior.

2. U* is convex. To show that U%* ig convex it suffices to show
that randomnized contracts are never optimal. Consider the randommized
contract 8 ={;{B'}. £(8°)} . This contract determines profit and
labour input by some appropriate lotrery if the employer announces

that the stare of nature is B’ . Then the non-random comtract

£ ={m(8),L(8)] can be defined by
n(g’) = E‘i m{e’) E(a(p"),B) = Emf{;.{ﬁ'}.ﬁ} va .

Then the contract & is incentive compatible if and only if & is
incentive compatible because they yield the same level of (expected)
profits in each state, 1If & is incentive compatible then 8" = § and
therefore

Ell(ﬁ) 2 (@)

£(1(8),6) = E;£(i(0),08) s £(E;L(6),0)
by concavity and therefore using the concavity of the utility function
E; u(£(2(8),8) - 7(6), U6)) < u(Ezf(i(e).0) =~ E;7(e) ,
E;R(8)) € u(£(n(0),8) = m(8), £(8)) .

That is to say the non-random contract & offers the same level of
(expected) profits im each state as the random contract § and also no
less (expected) utility. Therefore the random contract weakly (strongly)
dominates the random contract and hence U% is weakly (strictly) coovex .
Thus the optimal incentive compatible contract is non-random. The

optimal incentive compatible contract &% = {=%(g),t*(8)] maximizes



the employers expected profics subject to three constraints. The first
of these is quite familiar, namely that the ewployer must offer che
employee his reseérvation price, U . The second constraint is the
incentive compatibilicy constraint equation (3.27) and the third
constraint is the second order condition for F.3.3, that is £(6) = O,

Thus the optimal contract is the solution to

b
P.3.4 max ] n(a)g(o)de
[ a
§.T r w(£(2(e),8) =v(8),L(6))g(a)de = u (3.34)
]
7(8) = £,(1(5),8)  almost everywhere (3.27)
L(g) z 0 almost everywhere (3.35)

It will be convenient to ignore the constraint i(8) 2 O inicially

and examine
P.AA max rr(ﬁ}:{u}dﬂ
é a
s.t ru{flI(B].ﬂ} = v(8),L{8))g(a)de = .IEI (3.34)
a
®(8) = £5(L(6),6) almost everywhere. (3.27)

This can be done without any loss of generality because the solurion
to P.3.4" will apply to those states where i(8) > 0 in the solutien
to P,3.4. These issuves are taken up again below,

There is a problem with P.3.4" as it stands since z solution may
not exist, This is true even if u is chosen so that the comstamt
contract & ={n(6),L} is feasible, in addition to being incentive
compatible. However if the following additional assumptions are made

then it can be shown that a solution to P.3.4" exists.

A.3.5 i) n(6) and (@) are absolutely continuous om [a,b]
ii) There exisrs & number k s.¢ L(8) < k almost everywhere

iii) The reservation price u utilfin;s{mpl'.ujiu gt} :
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Assumptions A,3.5(i) and (ii) are technical conditions, any control
system cthat satigfies these conditions is called an inmertial contreol
gystem because it Tules out 8 large number of discrete jumps. This
would not appear to be unduly restrictive in the present context.
Assumptiom A,3.4 (iii) guarantees that at least one feasible contract
EX1ELS.
Llemma 2: Given A.3.1 : A,3.5 an optimal control &% s{a%{8),L*(8))
for P.3.4 exists,
Proof: The functions, u, f and f, are continuous and (8,n(8))
can be restricted to a compact set. Therafore the conditions of
theorem V 2.1 in Berkovicz (1274) are satisfied,

To show that the optimal contract is unique requires a further

assumpt iom

A.3.6 i) wu(r,t) is strictly concave in r and 1
ii) f£(£,8) is strictly concave in i
iii} f(k,8) is scrictly cancave in 1
Assumption A.3.6(i) and (ii) simply strengrhen A.3.1 and A.3.3. Assumption
A.3.6 (iii) will chen be automatically satisfied if uncertainty is

multiplicative that is

y = #(8) £(L) ¢’ (8) > 0. (3.36)

1f A is the mulicplier for equation (3.34) and p(8) is the costate

variable for equation (3.27) then the Hamiltonian function for P.3.4' is
B(n(8),L(8),p(8),2) = (n(8) + Ju(£(L(8),8) - w(8),L(8)))g(8) + p(B)E,(L(H),E)

The first order or necessary conditions for P.3.4' are therefore
-ple) = (1 - auy(f(e(e),8) = nia),ela)))gla) (3.37)

Aup (F(ele) 8} —nled,20e)) Eo(n08),8) + u(E(elp).p) = wig),e{aala)

== p(B)fy, (1 (8),8) (3.38)
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pta) = p(b) = 0 . (3,39)

lemma 3. Given the assumptions A.3.1 - A.3.6 the necessary condictions
equations (3,37) - (3.39) are sufficient and the oprimal contract
g = {na(0),L*(e)] is umnique.
Proof. Given A.3.,1 - A.3.6 all the conditions of theorem B.c.s. of
Takayama (1974) are satisfied except p(&) =2 0. Thus it is only
necegsary to show that p{g&) = 0.
To do this suppose p(8) = 0 over some interval (&',8" ).

Then by the continuity of the costate wvariable

p(8') = p(8*”) = 0 (3.40)

and subscituting inco equaction (3.38)

6(8) - £1(8) < O 8¢ (8",8") (3.41)
where

s(8) = = uy (£(L(6),8) = w(B) R (8))/uy(£(R(8),8) = n(8),L(8)) = — uy(8)/us(B)

and £,(6) = £1(2(8),6). Therefore

uyp(8)E3(8) + uys(8) < uypg(8)s(l) + uy(8) s 0 @& e{a’,8" (3.42)

because labour is @ normal good. Hence

8(1 - Aup(8)) /88 = ~a(uy  (B)E£3(8) + v1(B))L(6) > 0 6 e (6°,86") (3.43)

This is important because integrating equation (3.37)

El' E"
- p(s”) = [ (1 - Jup(8))gla)de + J (1 = Auy(8))gle)ae
| B‘" Er
= p(a’) + f (1 = huy(8))g(e)de (3.44)
E!

and substituting equation (3.40) inte this giwves
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g'f
I (1 = AdugiBligig)ds =0 ‘ (3.45)
al

From equation (3.45) and equation (3.43) it can be seen that there

exists a unique €'%(8",8" ) such that

1= 40 (8") =0 . (3.46)

Then consider some B e(8’,0"" )
] ¢ = oz
- p {8) = ~pfe) + [ ‘(1 = Auy(®))g(s)de
g
g . PR
= J (1 - aup(@))gle)de <0 Ve e(p’,8” ) (3.47)
B ;
where equation (3.47) follows via equations (3.40) and (3.43). However
equation {3.47) shows that p(8)> O for all 68 € (8",8™ )}
which contradicts the initial assertion that p(8) < 0. Similarly

consider some & ¢ (8™ ,8" ) then

'E" " . =
- p(8) = - p(a") - J (1 - Auj(®))g(e)ds
EJI‘ B
= -f {1 - hy(8))gl{Brde < 0 8 (8™ ,87) (3.48)

f
again using equations {3.40C) and (3.43). Therefore taken together
equations (3.47) and (3.48) imply that p(8) > 0 for all & e(8',8")
which contradicts the initial assertion that p(8) < O for all
B e(8”,8” ), Since the choice of the interval (8°,8" ) is arbitrary
this completes the proof.

Lemma 3 is of some independent interest because of its similarity
to the proof given in Seade (1982) that the optimal marginal rate of
income taxationm is positive. The following series of remarks or
corollaries are meant to illustrate the sensitivity of the result.
Corollary 1 : 1If labour is a strictly normal good, that is u;;s + u;<0
then plE) > O for all 6 e{a,b).

Proof: Suppose p(8) = 0 for all & e(8’,8" ). Then working chrough
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the arguments of Lemma 3, equation (3.41) becomes

s(8) - £;(8) = 0 6 e (8',8") (3.417)
and equation (3.42) becomes
upg(B)£4(8) + upa(8) = uy(B)6(B) + uvyz(8) <0 g e(n',8") (3.427)

but the remainder of the analysis is umaltered.

Corollary 1 is most important result, Since p(8) » D for all
8 cla,b) it follows directly from equation (3.38) that the marginal
product of labour is less than the marginal rate of substitution
between income and labour. Thus the optimal incentive compatible
labour contract is productively inefficient. In particular
it is possible to reduce employment in any one state and increase bhoth
profits and utility in that state. Incentive compatibility howewver
must mean that utilicy or profits are decreased in some other state.

This result needs some careful interpretation. Since the marginal
rate of substitution exceeds the marginal rate of transformatiov there is
overemployment. This does not however mean that the employment level
for any particular state im the incentive compatible contract exceeds
what it would be if the first best contract was operative. Equally
it is difficult to say what this overemployment is involuntary even
in En ex post sense., The employer is hiring labour exactly up to
the point where the marginal cost of hiring labour services is just
equal to the marginal product of these services, i.e. f,(%,.) = 3r/af.
For the employee however the marginal benefit to supplying labour
is less than the marginal disutilicy of labour, s{r,L) = dr/al.
Thus the emplovee wishes to reduce his labour input at the going wage
rate. This all sounds racher Keynsian and indeed the optimal incentiwve
compatible contract has done away with the second classical postulate
namely that s(r,f) = dr/8f , bur maintained the first which is what

Eevnes sugpested should be dene, However this interpretation is
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inappropriate in this context. The employee takes, u as given
ex ante and r(l) as given &x post bur not che wage rate.
The first best contract also dissassociares the marginal rate
of substitution frow the marginal rate of remuneration. In
particular in the first best contract fy(L,.) = s(r,L) 2 3r/oL
but this io no way reflects suboptimal levels of employment. Notice
that in the first best contract the marginal product of labour exceeds
the marginal :usf of hiring labour. Therefore if it is attempted to
implement the first best contract when the employee cannot observe
the true value of € the employer will wish to hire labour up teo
the maximum level and hence overemployment will result. The optimal
incentive compatible contract may be seen as amelinratinﬁ but
not 1lliminating this effect.
Consider again equation (3.35)., It is difficult te know how
the divergence between the marginal product and the marginal rate of
substiturion varies as & varies because of the complicated relationship
between p(&) and g(#8). However at the endpoints of the distribution
there is no productive inefficiency. This is obvious 1f g(a) = g(b) > O.
However, if g{a) = g(b) = 0 l'hepitals rule can be appliedatn show that
fi(a) - s{a) = £,(b) = s(b) = O providing that £,,(%(8),8) is bounded.
Corollary 2 : 1f and only if labour is neither &2 mormal nor inferior
good, i.e. u;y6 4+ ujp» = O then the oprimal incentive compatible
contract &% for P.3.4 is a first best contract.
Proof: MNecessity: Given (u;;s 4+ ujp) = 0, proceed along the lines
of Lemma 3 to show that both p(8) > 0 or p(B8) < 0 gives a contradicrion.
Buffieciency: GCiwven [uI]B + Uy,) ¥ O, proceed along the lines of
Lemma 3 to show that p(e) = O gives a contradiction.
Therefore p(g) = O for all § ¢(a,b) so that the incentive

compatibility constraint does not bind. Hence i* ig a first best contract



Notice that if labour is neither a normal nor inferier

good the smployees utility function can be written as
ulr,b) = uir = h(k}) (3.49)

where u is concave and h is convex, Corollary 2 provides the
justification for the assumption made in chapter 1 that the employee
utility function belonged to this class of functions. Hence the
incentive compatibility problem could be conveniently ignored in that
chapter,

Corellary 3: Given the assumptions A.3.] and A.3.6 then the optimal
incentive compatible contract #** that solves P.3.4 is unique. In

addition if L(#) = 0 over the interval (8',8" ) then
E"
[ (£4¢8) = 8(8))g(B)dE + p(E™) (£ (8")—s(8"))-p(E ) (£1(8T)-8(8")) = O
al
(3.50)

Proof 1 ¢ Teo show that ¢** is unique it is necessarv to show that
p{@) = O for all b e(a,b). Let g{(%) be the multiplier for equation

(3,35) in P.3.4 then the first order conditioms for P.3.4 are

- p(8) = {1 = dup(£CL(8),8) = »(8), {8)))g(s) (3.37%)

- g(8) = A(uy(£{2(8),8) = w(0),R(8))E4(L(B),8)

+ ug (E(RCO),8) = n(6),R(0)))g(B) + p(B)Fyo(L(8),8) (3.38")
p(a) = p(b) = qla) = q(b) = 0. (3.39")

By the complementary slackness conditionm, for those intervals of (a,b)
for which £(8) > O, q(8) = 0 so that the analysis of Lemma 3 applies
unammended to these regions. Suppose then there is some typical region
(8',8" ) for which &(#) = 0. It has already been shown that p(86’) 2 0

and p(6"” ) 2 0. In addition

(1 - Auy(8))/38 =0 Ye c(8',8") (3.51)
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Therefore let (1-3u;(B)) = ¢ for all &c(8’, 8™ ). Suppose that

p(e’™ ) < 0 for some @™ e(8’,8” ) then integrating equation (3.37)

p(B™ ) = p(8’) = ¢ (8" ) = G(B"))< 0 (3.52)

and p(8™ ) =p(8"” ) « p{Gig"™) - C(B™ }) <D {5.53)

where G is the distributien function. Since G is monotone increasing
equation (3.52) and (3.53) imply ¢ > 0 and ¢ < 0 vespectively, which
is a contradiction. So p(8) z D for all B eg(a,b) and &%* ig unique.

2. To show that egquation (3.50) holds integrate equation (3.38 }

for 8 c(8',8" )
B

- q(8) -f (M(uy (8)£108) + up(8))g(B) + p(8)£15(0))dE (3.54)
8" 4 y i : : . . o
= J Jl(fﬂﬂ) - s(8))g(8) + p(AI(F (B) — s{B)) + p(B)E,;-(8))db

g
(3.55)
where equation (3.55) is obtzined from eguation (3.54) by using equation
(3.37'). The term p(8)(fy(8) — s(B)) can be integrated by parts

remembering that L{8) = 0. Therefore
&

- q(e) = J:r[flfé) - $(8))B(REE + p(B)(£,(8) - 5(8)) N R
Since q(#"™ = O by the complementary slackness condition, equation
(3.50) follows directly from equatiom (3.56) .

Corollary 3 shows that the only difference between P.3.4 and
P.3.4" occurs when E{B} = 0. It is shown that the contract &** is
unique but it capnot be concluded that there is overemployment in
every state, There may be underemployment for some states for which

L(8) = 0. Indeed if L(8) = O for all 6 c(a,b) equation (3,50) shows that

there is some unique % such that

f1(8) -~ s(8) <0 8 ela,B*®) {3.57)

fi(6) - a(8) 20 B e(B%,b) (3.58)
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8

Thus for the constant contract § = {[ £-(L,8),% ). there will be
‘a

undecemployment at high values of & and over employment at low

values. Notice however that the comstant comtract § allocates
risk efficiently because the marginal utility of income is
maintained at s constant level, as is total urilicy.

Until.now ir has been assumed thar the employer is

risk neutral. Suppose hwoever that A.3.] is modified so that

A.3.2' vevwir) iR=R, is C* and v'(s) > O v" (v) <0

Assumption A.3.2' states that the employer is strictly risk averse.

Then the optimal contract 6“* solves the following programming problem.

b
P.3.4" max J vin(8))gto)de
[ a
b
8.t J ulf(L(@),8) = n(B),L(B))p(B)dE = U (32.34)
a
n(B) = fo(L(8),8). (3.27)

Notice that the incenctive compatibility constraint is unchanged because
any monotonic transformation leaves the maximum the same in P.3.3.

Then the following interesting result has been proved by Grossman and
Hart.

Corollary 4. GCiven assumptions, A.3.1, TP Py N s A.3.3=A.3.6 and 1f labour
is neither a normal nor inferior good then §*** is unique and f,(f) > s(0)
for all & e(a,b).

Proof: The first order conditions for F.J.J:a are
“p(8) = (v (s(8)) = Auy(£(a(8),8) - w(8),1(8)))g(p) ¢3.3797)
Auy (E(e(e),8) = w(8),2(8))f e(2),8) + u(flr(e),e) - v(0),2(8))gla)
= - ple)iy,(2(a),8) (3.38" )

p(a) = p(b) = O . (3.39")
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Then let p(#) 2 0 pver some interval (&’',8"), This implies £,(8) 5 s(8)
via equation (38" )}, Therefore uy (B)E (@) + ujz(8) > uy (E)s(8) + uy;(8) = 0

since labour is neither normal nor inferior. This then implies

BV (8) = Aug(8))/38 = v* (8)£2(8) — Aluy((B)E1(8) + uya(8)) E(8) < O

: 8 c(a',8") (3.59)

Then upon integration eaquation (3.37")provides a contradiction. Therefore
p(8) < O for all @ e(a,b) and hence f,(6) > s{8) for all & =(a,b).
The uniqueness of 4*** follows because p(€) is umiformly signed which
is all cthat is required in Takayma's theorem

Corollary 4 shows that if labour is neither a mormal nor inferior
good and the employer is risk averse then the marginal product of
labour will exceed the marginal rate of substitution between income
and labour in each state. In other words there is underemployment.
1t is interesting to compare and contrast Corollary ] with Corollary 4.
Equation (3.59) explains the difference between the two results. In
Corollary 4 equation (3.59) is assumed to be positive. In fact, in
general the sign of equation (3.59) is very complicated and it may
also change sign. Equally equation (3.59) does not directly determine
the sign of the costate variable p(8) which also depends onm the normality
of labour. It is clear for example that Corollary &4 still obtains if
labour is an inferlor good. Hence it is best to think of Corollary
1 and Corollary 4 as delineating circumstances when an unambiguous
result can be obtained. One's choice can be made upon taste and
situation.

The risk neutralicy of the employer is usually justified by
an appeal to a Knightian distinction between entrepreneurs and workers
or by appeal to casual empirism that suggest emplyars are more wealthy
or have better access to financial markets tham workers or that firms

are widely held by diverse individuals. However firms do take part im rtisk
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reducing activities and their purchases of insurance do not seem less
than for individuals or workers. Equally firms canmot diversify
against collective risks such as a 'world recession’ or perhaps

even against sectoral risks. This seems to suggest that employers
should be modelled as risk averse. On the other hand the contract
market is stil]l a comperitive marker, and will tend to drive outr risk
averse employers. By the same token the normality of leisure as a
good is widely acceprable. If for example tifere is no income effect
in the supply of labour, the labour supply curve will always be upward
sloping. Conclusions based on such an assumptiom can clearly be erroneous.
Therefore it is perhaps true that Corellary | has wide applicability.

A simple example of an incentive compatible contract is given
below. It illustrates the results of Lemma 3. In particular it is showm
how the optimal incentive compatible contract responds to changes in
the distribution of the ser of states.

Example : The production, utility and density function satisfy

a if 6= B
u(r,k) = 2vVF - 1: £(L,8) = 8L : g(B) = (3.60)
1-a B = 8y

Thus the density function has a Bernoulli distribution where
E6 = aB) + (1-a)b, = L. (3.61)
Varé = a(l-a)(61-65)% = (a/(1-a) (1-6;)2 (3.62)

Then if W and €, are taken as given an increase in a represents a mean

preserving increase in variance, that is
3(Varg)3a = (y=67)[/(1-a)? z 0 . z (3.63)
This will be used to examine how the contract changes as the variance

of the distribution changes but with the mean held constant. Such a

procedure is only meant to be illustrative since the Bernoulli distributiom
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i{s not really suited ro a mean-variance treatment.
There are two incentive compatibility comstraints for this
distribucion namely, that the employer canmot increase his profits

by misreporting # = 6y when in fact 6 = B8, and vice-versa

81y = 2 = Eli"z = L= {3.64)

622’2 = Ia = 'BER"']. =Ty {3-65)

where T and lj are the remuneration and labour input levels in state

j =1, Z. Notice that if equation (3.64) holds as an equality then
equation (3.65) holds as an inequality and vice-versa. That is only
one of the incentive compatibility constraints binds at any one time.

It will be shown that only equation (3.64) binds. Intuitively this is
plausible because the first best contract will automatically satisfy
equation (3.63) but not equation (3.64).

The optimal incentive compatible contract &* solves the following

problem,

P.3.5 max a(eyty -~ ry) + (1-a)(6; = 13)
& -{rl.r3,£1|£z}
s.t a(2vky = L)) + (1-a)(2/%; - &p) = u

B1(81 = £3) = (xry = 1z) 20

Bzl - L1) = (r3 —ry) 20 .

Let the Lagrangian multipliers for the three comstraints be 4, p; and

p; respectively. Then the first order condirions for P.3.5 are

a) = ha + p18) - pgby; = 0 . (3.66)
(1=-a)éy; = A(l=a) = p18; + pp; = 0 ., (3.67)
-a+ Ju.ar;l - P+ Py = 0. (3.68)
= (=) * A{I‘ﬂ}r-i +p1 -pa =0, {3.69)
Py(Bylay = 23) = (ry; =1 45)) 2 Owith c.s. {3.70)

Py(6;0ks = 13) = (r, =T, )) 2 O with e.s. (3.71)
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Nocice from equations {3.66) and (3.67) that A= U which is ser egual
to unity for convenience. Since eguation (3.70) and (3.71) imply
Pl . Pz ¢ O with complementary slackness it is evident Erom equation

(3.66) or (3.67) that p; = 0 and

P, = a(l-81)/6; = (1-a)(var6)/(1=-6;)6,

= (var8) /8, (B;—8y) {(3.72)
Therefore using equations (3.66) and (3.68) and (3.67) and (3.69)
r] =E%
(8250-1) = = play=8y) /(1-a)

= - (varg)/(1-a)8, (3.74)

The L.H.S5. of equation (3.74) represents the divergence between

the marginal product of labour @5, and the marginal rate of substitution
between income and labour ri, in state two. Ir shows that the

marginal product is less than the marginal rate of susbstitution

or that there is overemployment in state two. Equation (3.73) on the
other hand shows that the contract is productively efficient in state
one, Differentiating the L.H.5. of equation (3.74) for a fixed value

of p and 8; with respect to a gives
E(BzI;i - 1}3381u g = ~L(l-a)(bvar(6)/3a) + varg]/(1-a)%6y s 0. (3.75)

This shows that the deviation between the marginal product and the
marginal rate of substitution decreases as the probabilicy that state one
occurs increases. At first sight this result seems rather counter-
intuitive. It might be expected that as the probability cthat starte two
occurs decreases the employees income in that state is raised

to maintain a constant level of expected utility, hence raising the

marginal rate of substitution still further above the wmarginal product.
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In fact it is known that in the general case, the transversality
condirions, equartion (3.39) ensure that the optimal incentive compatible
contract is productively efficient at the end points of the distributiomn.
The reason for thie appears to be that by definicion, the contract at
the end points is constrained by incentive comptaibility om only one side.
But the only reason the contract is productively inefficient is to meet
the incentive comptaibility constraints. Therefore any inefficiency
at the endpoints is simply 8 dead—weight loss. The same principles
may apply to equation (3.75). For example as the probability that
gtate two occurs falls the incentive compatibility constraint becomes
less important so that productive inefficiency can be reduced. This is
all very tentative and the really important point to notice is that the
optimal incentive compatible contract actually depends on the probabilicty
density function g(®). This is important because the first best comtract
does not depend on g though it may depend upon the parameters of the
distribution through the expected urility constraint. The dependence
of the optimal incentive compatible contract upon the density function will
be important in any macroeconomic or general equilibrium context,

The next section presents some concluding remarks.
Section 3 : Conclusions

This chaprer has shown how the oprimal labour contract is affected
if the contracting parties have asymmetric information. It has been
shown that the optimal incentive compatible contract will be borh
productively inefficient and also share risk inefficiently. In general
if the employee has better information there will be underemployment
and if the employee has better information there will be overemployment.

It was shown that the oprimal incentive compatible comntract
depends ipon rthe distribution function of the state of nature. This is
important because the first best contract does mot depend upon the demsicy
function. This feature of the optimal incentive compatible contract will be
used in chapter 4 to examine optimal contracts when there is imperfect

information.
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The two cases of asymmetric information studied in this chapter
are not the only instance of information asymmetry in labour comtracts,
For example when considering a potential employee, the employer might
not know the distribucion function g(8) that indicates whether the
employee is on average a good or bad worker. To be more specific the
density function may be parameterized g(6,a) where o is known to the
potential employee but not to the employer. A situation of this
type has been studied by Rothschild and Stiglitz (1976) in the context
of an insurance market, Alternatively the situation might be reversed
so that the employer knows a but the employee does npt. This would
appear to be a fairly typical and interesting information asymmetry

which would make an interescing extension to the present model.
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Notes

1. A result of this kind is given by Akerlof (1970},

2. Sueh a cantrace is paretn efficient,

3. Green and FKahn only examine the second case. The first case has
alsc been studied by Cooper (1981).

h. See Holmstrom (198l) for a preliminary investigation.

5. It is at this point that a concern for reputarion becomes
important.

6. 1t is assumed that the non-negativity constraint on the supervisors
income ig not binding, or alternatively X is sufficiently large.

1. Again profits are always assumed to be non—negative. An
examination of this comstraint is givem by H., Grossman (1977).

8. See Stiglitz (1977).
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