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Abstract. Studies on dynamic optimal incentive contracting are reviewed.
Attention is directed into a few topics including: renegotiation proofness,
convergence to the ¯rst-best, linearity, career concerns, team issues, ratchet e®ect
and comparable performance information.
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Dynamic principal-agent theory, in most cases, is also viewed as an in-
tertemporal moral hazard problem. There are two important distinct fea-
tures compared with static moral hazard problems.
First, the incentive wage that the agent receives at period t, like in the

static case, depends on his e®ort and on a shock that he does not control; it
is therefore a stochastic income stream for him. As any ordinary consumer
who has a concave utility function and receives a random income stream, he
will want to smooth his consumption, if he can, by saving and borrowing .
The study of intertemporal moral hazard therefore should not abstract from
the conditions under which the agent can access credit markets.
Secondly, the repetition of a moral hazard problem can create endoge-

nously generated information, mostly for the agent. This will be the case if
the technology or the preferences of the agent in any given period depend
on his actions in earlier periods. The dynamic moral hazard problem then is
complicated by an intertemporal adverse selection problem too.
A question of both theoretical interest and practical importance is under

what circumstances the principal and agent can then do better by committing
themselves in advance to a long-term contract rather than by negotiating
short-term contracts at the start of each period.

1 A basic static model

Several of the main issues can be illustrated quite simply in the context of
sharecropping. Three standard sharecropping contracts are: wage labor,
which imposes no risk on the agent; crop sharing, which shares risk between
the principal and the agent; and ¯xed-payment land rental, which leaves the
agent with all the crop risk. The classic agency model, which emphasizes
the tradeo® between incentives and insurance, implies that where there is
greater crop risk there should also be more risk sharing - more used of ¯xed
wages and crop sharing rather than land rental. Even if the principal is
risk averse and the agent is risk neutral, at optimal, the principal should still
undertake some risk in order to provide more incentives to the agent. Evi-
dence consistent with this prediction can be easily found in many developing
countries. This intuition about tradeo® between incentives and insurance
e®ect is demonstrated in a simple model below.
The classic model in agency theory involves an agent who takes an action

a to produce output of value x. The principal owns the output but contracts



Dynamic Principal-Agent Theory 2

to share it with the agent by paying a wage contingent on output, w(x). The
production function is linear, x = a + ", where " is a normally distributed
noise term with zero mean and variance ¾2. The incentive contract is linear,
w(x) = s + bx, where the intercept s is the ¯xed payment and the slope b
is the piece rate. The agent's utility function is U(x) = ¡e¡rx, where r > 0
is the agent's coe±cient of absolute risk aversion and wn = w ¡ c(a) is the
agent's net payo® : the realized wage minus the convex disutility of action
c(a). The principal is risk neutral and so he maximizes the expected value
of pro¯t, x ¡ w.
Given a contract w(x) = s+bx, the agent's problem is to choose an action

to maximize the expected utility
Z

"

¡e¡r[s+b(a+")¡c(a)]Á(")d" = ¡e¡r[s+ba¡c(a)]
Z

"

¡e¡rb"Á(")d";

where Á(") is the normal density function. The agent's optimal action, de-
noted a¤(b), solves c0(a) = b. The agent's maximized expected utility is
therefore

¡e¡r[s+ba¤(b)¡c(a¤(b))]
Z

"

¡e¡rb"Á(")d" = ¡e¡rfs+ba¤(b)¡c(a¤(b))¡(12rb2¾2)g;

the agent's certainty equivalent is

CE(s; b) = s+ ba¤(b) ¡ c(a¤(b))¡ (1
2
rb2¾2);

That is, the agent's certainty equivalent from the contract w(y) = s+ bx is
the expected wage minus the cost of e®ort minus the cost of bearing risk.
The principal's expected pro¯t is

E¼(s; b) = (1¡ b)a¤(b) ¡ s;

so the total social surplus depends on b but not on s:
Then the e±cient contract piece rate, denoted b¤, is the slope that maxi-

mizes the total surplus TS(b). If the parties agreed to a contract with some
other slope then both parties could be made better o® by switching to a con-
tract with slope b¤ and choosing an appropriate value of s to distribute the
increased total surplus. The ¯rst-order condition for b¤ is a¤0¡c0a¤0¡rb¾2 = 0.
Because c0[a¤(b)] = b, we have a¤0 = 1=c00 and hence

b¤ =
1

1 + r¾2c00
;



Dynamic Principal-Agent Theory 3

b¤ is smaller if the agent is more risk averse (r is higher) or there is more
uncertainty in production (a0 is higher) or marginal disutility increases more
quickly (c00 is higher).
From this static model, we can see that an incentive contract between the

principal and the agent is a tradeo® between providing incentive to the agent
and insuring him. In other words, if the agent bears too much risk relative to
that of the optimal contract, he would work less hard to counter balance the
disutility from extra risk-taking; however if the agent is insured too much,
he will lose the incentive to work at optimal also because the extra income
from a good outcome is not enough to cover his e®ort exerted to obtain a
possible good outcome.

2 Renegotiation after E®ort

Fudenberg and Tirole (1990) show that even one-period moral hazard prob-
lems can have dynamic aspects. They start from a simple agency problem
and consider the renegotiation proof optimal contract. Assume the technol-
ogy is again x = a + "; where " is an observational noise with mean zero.
At the optimum the Principal announces a wage schedule w¤(x), the agent
makes an e®ort a¤ and expects to get a random wage given by w¤(a¤ + "),
while the principal gets a surplus a¤ + "¡ w¤(a¤ + ").
The function w¤ results from a trade-o® between incentives and risk-

sharing. Now consider a point in time when the agent has made e®ort a¤

but the outcome x has not been observed yet. The function w¤ then has
played its part in providing incentives to the agent, and only risk-sharing
matters now. But if we assume as usual that the principal is risk-neutral
and the agent is risk-averse, the risk-sharing properties of the function w¤

cannot be optimal; the optimum would be a ¯xed wage so that the principal
insures the agent perfectly against the risk represented by the shock. This
argument shows that once the agent has made e®ort a¤, the parties would
gain by renegotiating toward a perfect insurance contract that gives all risk to
the principal. The optimal contract therefore is not robust to renegotiation.
Obviously, if the agent anticipates that his wage schedule will be renegotiated
to a constant wage after he chooses his e®ort, he will choose the least costly
action. The contract w¤ does not play any incentive role any more.
So when renegotiation is permitted, the principal then will have to con-

sider how to prevent renegotiation or how to remove the cost caused by rene-
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gotiation or potential renegotiation. Consider if the time interval between
the choice of action and observation of the outcome is long, this problem
would be serious, the principal and the agent are trapped into a bilateral
monopoly situation.
If this type of renegotiation is possible, then it must be taken into account

when the principal is designing the optimal contract. Consider ¯rst the
simplest case where the action can only take two values, a = 0 and a = 1.
At the renegotiation date the principal faces two possible types of agent:
one who chose a = 1, and one who chose a = 0; he must therefore solve
an adverse selection problem. Like in the insurance model, he will o®er two
di®erent wage schedules. It can be shown, that the wage schedule designed
for the low e®ort agent insures him perfectly.

3 In¯nitely Repeated Moral Hazard

When the game is repeated in¯nitely, the classical problem of statistical infer-
ence comes to mind: The principal tries to infer the action a from observing
the outcome x. It therefore seems likely that a law of large numbers should
apply: If the interaction between the principal and the agent is repeated in-
¯nitely, the principal will observe a large number of outcomes; he will be able
to infer the action with great precision and to punish the agent very strongly
if the latter does not choose the optimal action. In the limit the principal
should be able to implement the ¯rst-best optimal action. Rubinstein and
Yaari (1983) show that this intuition is correct when neither the principal
nor the agent has a preference for the present. Assume the technology is
again linear

xt = a + "t

within each period t, where the "t are i.i.d. noises with mean zero and a ¯nite
variance ¾2. Let a¤ be the ¯rst-best optimal action. If the agent chooses a¤

in each period, then by the law of large numbers, the average

1

t

tX

¿=1

(x¿ ¡ a¤)

will go to zero almost surely as t goes to in¯nity. To induce the agent to
choose action a¤ in each period, the principal can then punish the agent if
the absolute value of this average is greater than some positive threshold,



Dynamic Principal-Agent Theory 5

indicating that the agent has deviated relatively often. The di±cult point
is how to choose this threshold: it should go to zero as t goes to in¯nity in
order to take advantage of the law of large numbers, but it should not vanish
too fast; otherwise the agent would be punished too often, which would not
be good for risk-sharing.
The appropriate tool for this problem is the law of the iterated logarithm,

which bounds the large deviations from the law of large numbers. Let ¸ be
any real number greater than 1, and let

±t =

(
tP
¿=1

"¿ )=t

p
2¸¾2 ln ln t=t

;

Then the law of the iterated logarithm states that

Pr( lim
t¡!1

sup ±t < 1) = 1

The policy consisting in choosing ¸ > 1 and punishing the agent at date t if
¯̄
¯̄
¯
1

t

tX

¿=1

(x¿ ¡ a¤)
¯̄
¯̄
¯ >

r
2¸¾2 ln ln t

t
;

This implements the ¯rst-best action if the punishment is harsh enough and
the interaction is repeated in¯nitely. Note that if the agent does choose a¤ in
each period, then he will be punished with vanishing probability. The trouble
with this result is that it rests on two crucial assumptions: the interaction is
in¯nitely repeated and both agents are extremely patient.
If the interaction between the principal and the agent is repeated over a

¯nite horizon. Then the argument developed above fails completely and the
optimum is clearly second-best. We show it next.

4 Finitely Repeated Moral Hazard

Assume that the interaction between the principal and the agent lasts for T
periods. The principal's utility function is

TX

t=1

±t¡1(xt ¡ wt)
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while that of the agent is

TX

t=1

±t¡1(u(ct) ¡ at)

where ct is the consumption of the agent at t and ± is the common discount
parameter. Note wage and consumption are not the same if the agent has
access to a credit market.
Assume that the outcome in period t only depends on the action chosen

in the same period. If, for instance, the outcome in period t also depends
on the action at at¡1, which is only observed by the agent, then the latter
would have an informational advantage on the Principal at the beginning of
period t, since he would have a ¯ner knowledge of the period-t technology.
Chiappori-Macho-Rey-Salani¶e(1994) show that two conditions are neces-

sary for the optimal long-term contract to be implementable via spot con-
tract: ¯rst, the long-term optimum must be renegotiation-proof; second, spot
contracts should provide e±cient consumption smoothing. Availability of
credit to the agents a®ects these two prerequisites.

4.1 No Access to Credit

If the agent has no access to the credit market, would the principal arti¯-
cially smooth up the agent's income in order to improve the tradeo® between
incentives and insurance? Malcomson and Spinnewyn(1988) show that if
e±cient contracting does not require long-term commitment from the princi-
pal, or the agent, then making contracts contingent on previous periods does
not improve the tradeo® between incentives and risk sharing.
For reasons discussed by Sappington(1983), however, courts may not en-

force very high penalties on an agent. In the employment context, for ex-
ample, the penalties an employer can impose on an employee are typically
limited whatever the circumstances.
To overcome this, the principal may use a long-term contract to penalize

the agent for a bad outcome in one period using low payo®s over a number
of subsequent periods. So may commitment by the principal that allows
withholding of payo®s for good outcomes as a hostage to ensure good perfor-
mance in the future, that is, bonding. But limits on enforceability may also
permit the agent to break a long-term contract on payment of some penalty.
Therefore, if that penalty implies a payo® to the agent no lower than the
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lowest enforceable payo® in a one-period contract, then limitations on the
payo®s do not change the above results.
Even without moral hazard, of course, optimal consumption paths un-

der uncertainty exhibit memory in the sense that an economic agent with
a strictly concave, time-separable utility function will smooth consumption
over time. This raises the question of whether the memory result of Roger-
son(1985) arises only because of the consumption smoothing that would oc-
cur even without moral hazard or because it also improves the e±ciency of
incentives in the presence of moral hazard.
By not requiring the agent to consume all compensation right away, Mal-

comson and Spinnewyn(1988) show that, whenever short-term contracts are
as e±cient as long-term contracts, this memory result does indeed arise sim-
ply from the e±ciency of smoothing consumption and not because it permits
an improvement in the tradeo® between risk-sharing and incentives. An op-
timal short-term contract requires no more information about the outcomes
of previous periods than is provided by the agent's wealth. Moreover, it is
independent of whether the agent acquired that wealth from a previous con-
tract or from some other source, for example, inheritance. Thus the memory
result arises from a pure wealth e®ect.
Rey and Salanie (1987) have also showed the equivalence of short-term

and long-term contracts. However in their simple two period model, the
agent still want to save if he could, given the second period wage depends on
¯rst period's outcome. The key is the agent's risk aversion and they show by
applying Jensen's inequality. Themodel also appears in a discussion paper of
Chiappori-Macho-Rey-Salani¶e(1994). In their model, it is assumed that the
agent cannot save or borrow, so his consumption equals his wage within any
period. An immediate application of the dynamic programming principle
shows that full commitment coincides with long-term commitment in this
model: The agent's characteristics are fully known to the principal when
the contract is signed, and the principal therefore can choose the optimal
sequence of wage schedules without ever feeling the need to adapt it to the
arrival of new information. Since the agent has a concave utility function,
he will want to have a smooth consumption over time. If the outcome
xt is particularly high because a favorable shock took place in period t, the
principal therefore will have to spread this positive shock over several periods
so as to smooth the agent's consumption stream. He will do this by increasing
the wage he gives to the agent in all future periods. Thus the wage given
in any period t will have to depend not only on the current outcome xt but
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also on the sequence of past outcomes. This property, which Rogerson (1985)
called the memory e®ect1, therefore is a simple consequence of the need for
the principal to smooth the agent's consumption at the full commitment
optimum. In the absence of commitment the principal cannot spread the
e®ect of a shock on xt over several periods. Therefore the period-t wage can
only depend on the current outcome xt, and the optimal sequence of spot
contracts is memoryless. This clearly involves an important e±ciency loss.
Assume that T = 2, and denote wi the ¯rst-period wage associated with

¯rst-period outcome xi, and second-period wage wj: A contract is called
memoryless if the second period wage is independent of the ¯rst-period out-
come:

8(i; i0; j) 2 I; wij = wi0j:
The agent chooses (1 + n) contingent actions; let a0 be the action chosen

in the ¯rst period and ai be the action chosen in the second period when
the ¯rst period outcome is xi: Then the contract is characterized by the
following program:

max
(wj );(wij);a0;(ai)

nX

i=1

pi(a0)[h(xi ¡ wi)+
nX

j=1

pj(ai)h(xj ¡ wij)];

which is equivalent to minimizing the wage bill for all i; i.e.,

min
(wj );(wij);a0;(ai)

nX

i=1

pi(a0)[wi+
nX

j=1

pj(ai)wij];

subject to

(a0; (ai)) 2arg max
ea0 ;(eai )

nX

i=1

pi(ea0)[U(wi;ea0)+
nX

j=1

pj(eai)U(wij;eai)];

nX

i=1

pi(a0)[U(wi; a0)+
nX

j=1

pj(ai)U(wij; ai)]> 2U;

1Lambert (1983) and Rogerson (1985) have considered the properties of Pareto e±cient
consumption paths in ¯nitely repeated principal-agent models by analysing the compensa-
tion to the agent when all compensation is used for immediate consumption. Their central
result is that \memory plays a role in every Pareto-optimal contract" (Rogerson) in the
sense that "the agent's compensation in one period depends on his performance in that
period and his performance in prior periods" (Lambert).
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where p is the probability of outcomes as a function of action taken by the
agent, h is the principal's utility, U is the agent's utility and U is the agent's
reservation utility level. The ¯rst-order condition2 for this problem is

1

U 0(wi; a0)

n

=
X

i=1

pj(ai)

U 0(wij; ai)
;

which reveals the memory e®ect. By Jensen's inequality3

nX

i=1

pj(ai)

U 0(wij; ai)
> 1

nP
i=1

pj(ai)U 0(wij; a0)
;

and hence

U 0(wi; ai) ·
nX

i=1

pj(ai)U
0(wij; a0);

2It can be established that the solution is the same under the assumption that the
agent has monitorable access to the credit market. The agent can save and borrow as he
wishes. Assume that the principal can observe the agent's savings. The problem turns to
be

max
(wj);(wij);a0 ;(ai)

nX

i=1

pi(a0)[h(xi ¡ wi ¡ ti)+

nX

j=1

pj (ai)h(xj ¡ wij + ti)];

such that

(a0; (ai)) 2arg max
ea0;(eai)

nX

i=1

pi(ea0)[U(wi ¡ si; ea0)+
nX

j=1

pj (eai)U (wij + si ; eai)];

nX

i=1

pi(a0)[U(wi ¡ si; a0)+
nX

j=1

pj (ai)U (wij + si ; ai)] > 2U ;

This situation where the agent's savings can be monitored is equivalent to a 'no access'
situation where the principal has access to credit. Spot contracts can achieve long-run
e±ciency when the agent has access to a perfect credit market and the principal can
monitor this access. Controlling the agent's borrowing and saving allows the principal to
introduce memory in spot contracts, since the reservation utility u at the beginnning of
second period depends on the agent's ¯rst-period savings.

The principal will implement the long-term optimum by o®ering the wage schedule
ewi = c¤

i + esi and specifying savings esi in the ¯rst period and then o®ering the wage
schedule ewij = c¤

ij ¡ esi in the second period.
3E[f (x)] > f (E [x]) if X is a random variable and f (¢) is a convex function.
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which implies that the agent would like to save if he can or save more than
the contract allows him to4.
Therefore the argument casts doubts on \constrained access" case: it

would be hard to imagine how the principal could constrain the agent's sav-
ings. It might be the case with sharecropping in developing countries where
the sharecropper produces a perishable good only, or in the case of labor
contract where the reward is non monetary. However in general, free access
to credit market in more interesting.

4.2 Free Access to Credit

Assume neither the agent's consumption nor his savings are observed by the
principal at the end of the ¯rst period5.
Let sT¡1 denote the savings of the agent in period (T ¡ 1) (which depend

of course on the whole past history) and r = 1=±¡1 the market interest rate.
Then the utility function of the agent in period T , expressed as a function
of the wage he gets from the principal, is

U(wT ; sT¡1) = u(wT + (1 + r)sT¡1);

which depends on his past savings sT¡1.
Since the adverse selection problem emerges on top of the moral haz-

ard problem6, the full commitment optimum is not renegotiation proof.
Chiappori-Macho-Rey-Salani¶e(1994) show the following striking result: if the
long-term optimum only involves pure strategies, then it can only implement
the cost-minimizing action from the second period onward. To see this,
assume that T = 2 and use the same notation as above, with in addition sj
as the savings when the ¯rst-period outcome is j and a0 the optimal action
in the ¯rst period. Now assume that the optimal contract implements ai
in the second period after the ¯rst-period outcome was i. If ai is not the
cost-minimizing action7, then at least one second-period incentive constraint

4If the agent saves s, then the agent's utility is U(wi ¡ s) +
P

j pj(ai)U (wij + s):
5In the second period, the agent's wealth is his private information. And indeed the

non-observability of savings arises adverse selection.
6The exception is CARA utility which excludes the wealth e®ect and hence eliminates

adverse selection. Fudenberg, Holmstrom and Milgrom(1990) discussed this case.
7It is proved by contradiction.
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must be binding: There exists an a0 such that
X

j

pj(ai)u(wij +
si
±
)¡ ai =

X

j

pj(a
0)u(wij +

si
±
) ¡ a0;

Let s0 be the optimal savings when the agent chooses a0, i.e.,

s0 =arg max
s

u(wi ¡ s) + ±(
X

j

pj(a
0)u(wij +

si
±
) ¡ a0);

Now assume that instead of responding to the optimal contract (wi; wij) with
(a0; si; ai), the agent responds with (a00; s

0
i; a

0
i) where a

0
0 6= a0 unless si = s0i

and ai = a0i. This improves the agent's expected utility.
X

j

pj(a0)(u(wj ¡ sj) ¡ a0 + ±(
X

k

pk(aj)u(wjk +
sj
±
)¡ aj))

=
X

j

pj(a
0
0)(u(wj ¡ sj) ¡ a00 + ±(

X

k

pk(a
0
j)u(wjk +

sj
±
)¡ a0j))

<
X

j

pj(a
0
0)(u(wj ¡ s0j) ¡ a00 + ±(

X

k

pk(a
0
j)u(wjk +

s0j
±
)¡ a0j));

The inequality(generically by de¯nition that s0j is a better choice than sj
given the action taken was a0i) implies that the action the agent will take
tomorrow does in°uence his saving today. Since this inequality violates
the ¯rst-period incentive constraint, the premise that ai was not the cost-
minimizing action must be wrong and this completes the proof. As we can see
from the proof, adverse selection does arise and is easier to manipulate when
the agent has access to the credit market. Then two points emerged: ¯rst,
ex post e±ciency must require that the incentive compatibility be binding
at the beginnning of the second period; second, the level of savings must
vary according to the level of e®ort which the agent plans to choose. The
intuition is that when compensation is also based on previous outcomes, the
agent would save more today to enjoy more leisure and/or against possible
negative shocks tomorrow.

5 Linearity in the dynamic optimal incentive contracts

In the basic model in section 1, Mirrlees (1974) argued that the best linear
contract, w = s+b¤x, is inferior to various non-linear contracts. In particular,
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a step-function contract 8 can perform very well, approaching the twin goals
of full incentives and full insurance in the limit. The optimal contract then
is linear only under very special assumptions about the utility function and
the conditional distribution of output.
Holmstrom and Milgrom (1987) reinterpreted the classic agency model so

as to rescue linear contracts. In their model, rather than a single action that
in°uences a single outcome, Holmstrom and Milgrom envision a sequence of
actions in°uencing a corresponding sequence of outcomes. There are no
connections across days9 and all past outcomes are observed before the next
day's action is chosen. The output x from the classic model is interpreted as
the aggregate output for the year in the sequential-action model, x =

P
i xi:

Suppose that each day's outcome takes one of two values - say L or H .
Then according to Mirrlees (1974), a one-day optimal incentive contract is
simply a pair of wages, wH is paid if the outcome is H; wL,. if L. Suppose
that the agent labors under the same one-day contract for all the days of the
year. If there are T days in the year and the agent produces H on N of
these days then the aggregate output for the year is x = TL+ N(H ¡ L)
and the aggregate wage for the year is w = TwL + N(wH ¡ wL). Thus,
N = (y ¡ TL)=(H ¡ L) and

w =
T(HwL ¡ LwH)

H ¡ L +
wH ¡ wL
H ¡ L x = s+ bx;

Then it is established that under the same spot step-contract, over time,
the aggregate wage is a linear function of the aggregate output which breaks
the step-contract itself. Given several other assumptions, Holmstrorn and
Milgrom(1987) show not only that it is optimal for the agent to work under
a constant spot step-contract but also that the optimal piece rate in the
aggregate representation of this contract10 is b¤, just as in the static agency
model.
Holmtrom and Milgrom warn us that the linear contract is quite robust in

a dynamic context. Intuitively, a step-function contract of the kind studied
by Mirrlees induces no e®ort once the agent's aggregate output to date passes
the hurdle y0 in a dynamic model. Generally, if the incentive contract for the
year is a non-linear function of year-end aggregate output then the worker's

8the agent earns wH , if y > y0, but wL < wH , if y < y0:
9So the outcomes are series uncorrelated, or in other words, independent of actions

taken in other periods.
10w = s + bx:
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incentives change from day to day, depending on the aggregate output to
date which is hard to meet principal's purpose.
Holmstrom and Milgrom(1987) ¯rst consider a multi-period model in

which the incentive contract repeats T times. The agent's minimum cer-
tainty equivalent is normalized to zero and assured by the principal. The
problem is then

max
fptg;s

Efv(
TX

t=1

¼t ¡ s(XT ))g
j

; subject to

fptg 2 arg maxEfu(s(XT)¡
TX

t=1

c(pt(XT¡1); µt))g:

Efu(s(XT )¡
TX

t=1

c(pt(XT¡1); µt))g > u(0)

where ¼ is the total pro¯t, x is the outcome, v is the principal's utility
and pt is the e®orts privately chosen by the agent and a®ect the probablity
distribution over states of nature. fpt(XT¡1)g is a stochastic process called
strategy. Utility functions are exponential.
To solve it, using dynamic programming, ¯x a compensation rule s(XT )

¯rst and de¯ne a value function

Vt = Efu[s(XT )¡
TX

t=1

c(pt(XT¡1); µt)] j Xtg:

They proved the following theorem on the linearity of the incentive contract.

Theorem 1 An optimal compensation rule is

s(XT ) =
TX

t=1

s(Xt; p¤) = s(p¤) ¢ AT

where p¤ is any single-period optimum, and AT represents the vector (At1; :::; A
t
M)

and Ati is the number of times in the ¯rst t periods the ith outcome occurs.
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The proof is by induction. For exponential utility, the theorem just
restates the de¯nitions of p¤ and s¤:
The sharing rule is a linear function of the aggregate output. The theo-

rem also says the optimal sharing rule in a multi-period environment is based
on the aggregate information AT ; which is not a su±cient statistic for agent's
full strategy, however it is a su±cient statistic for deviations in that class,
and so an optimal compensation scheme can be based on it.
However they addressed that theorem 1 does not say that the optimal

scheme is necessarily linear on pro¯ts. Nevertheless, there is a special case,
that is, two outcomes yielding two di®erent pro¯t levels.
Before going to continuous-time model, several remarks are made. First,

some su±cient conditions were made in obtaining the results: exponential
utility and a history- and time-independent technology. These assure that
the T single period problems faced by the principal are identical and so have
identical solutions; second, availibility of the credit and discounting are not
considered here; ¯nally, the timing of the information is a crucial aspect of
the formulation.
Holmstrom and Milgrom further analyzed the linearity in a continuous

time model. Consider the Brownian motion,

dZ = ¹dt + dB;

where the agent controls the drift rate ¹ and B is a driftless N-dimentional
vector Brownian motion with covariance matrix §: Then it can be shown
that,

Theorem 2 The stochastic process f¹(t); 0 · t · 1g is implemented with
certainty equivalent w by sharing rule only if

s(Z1) = w +

Z 1

0

c(¹(t))dt+ f
Z 1

0

c0(¹(t))TdZ ¡
Z 1

0

c0(¹(t))T¹(t)dtg

+
r

2

Z 1

0

c0(¹(t))T§c0(¹(t))dt:

Now in order to ¯nd the optimal sharing rule, de¯ne the principal's
Brownian problem accordingly, which is, the principal chooses instruction
f¹(t); 0 · t · 1g and a sharing rule s which implements it and maximizes
the principal's aggregate utility subject to the constraint that agent's cer-
tainty equivalent is no less than zero. Then,



Dynamic Principal-Agent Theory 15

Theorem 3 suppose that a ¹¤ 2 M that maximizes principal's certainty
equivalent, then an optimal solution to the principal's Brownian problem is
to instruct the agent to set e®ort at ¹¤; and set

s(Z1) = c(¹¤) + c0(¹¤)T(Z(1) ¡ ¹¤) + r
2
c0(¹¤)T§c0(¹¤):

The proof follows from previous theorems and Ito's lemma for the expo-
nential function. Therefore the agent's compensation scheme is a linear in
pro¯ts. Once again, the timing is crucial for the optimality of linearity. A
slight change in the timing of the agent's information reverses the conclusion.
If we assume the agent observes next period's di®usion before choosing e®ort,
the unique sharing rule that induces any particular sequence of pure actions
does not approach the ¯rst-best outcome.
The other main conclusion beside the linearity result is that one need not

always use all of the information available for an optimal incentive contract.
It is linked with the aggregation property, as if the optimal incentive scheme
works with aggregate accounting information, then it would be naturally
useless to spend resources in obtaining detailed information on the agent's
e®orts.
Holmstrom and Milgrom(1987) claims that computational ease gives lin-

earity substantial methodological value. They gave some examples. An
intuitive example that can be treated in team production is relative evalua-
tion. Assume that in addition to z, the principal observes another signal y ,
which can be a market index, or the output of some other agents, and could
be included in the contract, then, straightforward computation illustrates
that observing this additional signal y is equivalent to a reduciton in the
variance of z if they are correlated. Indeed, if they are perfectly correlated,
the ¯rst-best outcome can be attained and the the optimal contract l̄ters
out all uncertainties.
The second example is allocation of e®ort. Consider the agent can allo-

cate his e®ort between two activities, both Brownian motions. If they are
independent and the principal can only observe the total of the two, then the
agent will allocate his e®ort symmetrically. However if the outcomes of the
two activities can be observed separately, the optimal scheme is still linear,
s(z1; z2) = ®1z1 + ®2z2 + ¯, but ®1 need not equal ®2, indeed, the only case
for which the two are set equal is if z1 and z2 have the same variance. As
an example of the case, if the agent can allocate time between reducing costs
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or increasing revenues and is equally e®ective at both, but if the revenue in-
creasing is subject to more exogenous variance than the cost reducing, then
the incentive scheme should not be based on pro¯t alone; it should reward
cost reductions more highly than revenue increases.
The above applications are not ad hoc dynamic models but the underlying

optimal incentive contract, the linear contract, is derived from a dynamic
formulation in the sense that the agent chooses strategy sequentially.

6 Career concerns

Career concerns are the concerns about the e®ect of current performance
on future compensation. The optimal compensation scheme should maxi-
mize total incentives which is the combination of the implicit incentives from
career concerns and the explicit incentives from the wage contract. Intu-
itively, optimal compensation should be stronger for agents who are close
to retirement as career concerns are weaker for those. Fama (1980) ¯rst
addressed this e®ect and argues that incentive contracts are not necessary
because managers are disciplined by the managerial labor market. Holm-
strom (1982, 1999) showed that with the absence of contracts, agents work
too hard in the beginning of their career and not hard enough in later years.
Gibbons and Murphy (1992) derived a model on this and found empirical
support for this prediction between chief excutive compensation and stock
market performance. In a formal model that incorprates career concerns,
they gave an optimal contract which optimizes total incentives.
Consider an agent works for T periods. Output is

yt = ´ + at + ²t:

where ´ » N(m0; ¾20) and ²t » N(0; ¾2² ): The agent maximizes T -period
aggregate exponential utility, with discounting. Assuming a linear contract
wt(yt) = ct + btyt where ct is a ¯xed component of the wage; in a two-
period model, by applying some well-known Bayesian results, the conditional
distribution of ´ given ¯rst period output y1 is then normal with mean

m1 =
¾2²m0 + ¾20(y1 ¡ba1)

¾2² + ¾
2
0

;

and variance

¾21 =
¾2²¾

2
0

¾2² + ¾
2
0

;
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Given exponential utility, using a second-order Taylor approximation to op-
timize agent's utility, one obtains

b2 =
1

1 + r(¾2² + ¾
2
0)g

00[a¤2(b2)]
;

where g(a) is agent's disutility. Given the assumption that g000 > 0; b¤2
decreases with both risk aversion and uncertainty.
For a T -period model, there are three equations that characterize the

labor market.

ct = (1 ¡ bt)Efyt j y1; :::; yt¡1g;

Efyt j y1; :::; yt¡1g = mt¡1 + bat;

mt¡1(y1; :::; yt¡1;ba1; :::;bat¡1) =
¾2²m0 + ¾

2
0

t¡1P
¿=1

(y¿ ¡ ba¿)

¾2² + (t¡ 1)¾20
:

The ¯rst says that because of the competitiveness of the employers' market,
agents receive all the expected surplus. First order conditions yield

g0(a¤t) = bt+
TX

¿=t+1

±¿¡t
@c¿
@at

= bt+
TX

¿=t+1

±¿¡t(1 ¡ b¿)
¾20

¾2² + (¿ ¡ 1)¾20
:

solving a ¯rst order condition similar to a two-period problem yields the
optimal ¯rst-period contract slope b¤1(b2; :::; bT );

b1 =
1

1 + r(¾2² + ¾
2
0)g00[a

¤
1]

¡
TX

t=2

±¿¡t(1¡ bt)
¾20

¾2² + (¿ ¡ 1)¾20

¡
r¾20g

00(a¤1)
TP
t=2
±t¡1Bt

1 + r(¾2² + ¾
2
0)g

00[a¤1]
:

Applying it recursively yields the optimal piece rates (b¤1; :::; b
¤
T ); beginning

with the last period T: And it is easy to prove that b¤t < b
¤
t+1 8 t < T:
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Therefore, in an optimal incentive contract, the contractual incentives
increase monotonically with t and so are the strongest to those about to
retire.
Therefore in their model, explicit incentives play a role to balance un-

desired career concerns and optimize total incentives from the contract and
from career concerns.
Gibbons and Murphy ¯nd further evidence of career concerns for CEOs

from the data on CEOs' tenure. The data they took was by following all
CEOs listed in the Executive Compensation Surveys published in Forbes from
1971 to 1989 which includes 2972 executives serving in 1493 of the naiton's
largest corporations during the ¯scal years 1970-99. In the completed-spells
subsample, the average CEO's salary and bonus has grown by 6.6 percent
per year over the sample period in 1988-constant dollars. Finally, the idea
of optimal incentive contracts which neutralize career concern incentives and
maxmize total incentives can be applied to promotions.

7 Dynamics in teams

7.1 Reputational concerns in teams

Jeon(1996) studies the reputation control on moral hazard in teams. Two
organizational issues addressed here are grouping agents in teams and shar-
ing team output among agents. The main conclusions are grouping junior
team members with experienced team members are bene¯cial or, e±cient to
the team and equal sharing in teams which explains teams normally ignore
obvious di®erences in members' attributes and share equally.
In a simple dynamic multiple agency model with two periods and two

agents, two features are obtained: ¯rst, the incentive provided by reputa-
tional concerns in teams is weaker because of free-riding problem;l and the
second, an agent's reputaional concerns are stronger if his own ability is less
known or if his partner's ability is better known. These results were obtained
from directly applying some results in Bayesian statistical inference. There-
fore the ¯rst organizational suggestion is that an inter-generational grouping
with both younger and older generations in teams, is more e±cient than an
intra-generational grouping with the same generation in teams. This state-
ment reads like a common wisdom however Jeon emphasizes the old's value
as partners for the young not as transferring knowledge and experience, but
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to stimulate the young to work harder to help updating the principal's belief
on his ability.
Another issue Jeon addressed is output sharing arrangement. He suggests

equal sharing in a team disregarding the di®erence in memebers' attributes.
The virtue of equal sharing, is to gain from aligning incentives, even though
equal sharing cannot change the sum of two agents' reputational coe±cients,
it results in reducing the gap and hence increasing the sum of net gains from
two agents' e®orts.

7.2 Teams with both adverse selection and moral haz-

ard

McAfee and McMillan (1991) consider a tean subject to both adverse se-
lection and moral hazard, where adverse selection here refers to that each
memeber's ability is known only to himself and moral hazard refers to that
e®ort cannot be observed. They suggest a payment scheme that is linear on
total output.
In the case the moral hazard problem can be completely solved, the prin-

cipal would o®er to pay each of the n agents 100 percent of any marginal
increase in team output. It gives each agent appropriate incentive to exert
e®ort but it results in the principals total variable payment being n times
the value of output. To balance it, there must be a negative ¯xed payment
part which is set equal to the expected value of output minus the agent's pro-
duction cost. The agents make zero rents on average. Now when adverse
selection is added to the model, the agents will earn informaitonal rents. The
principal extracts some of these informational rents by reducing the marginal
payments below 100 percent. As the variable payments are reduced, the ¯xed
payments ecome less negative. If the uncertainty about the agents' abili-
ties were su±ciently dispersed, the marginal payment would become so small
that they would sum to less than one, and the ¯xed payments would become
positive and this looks like a more conventional payment scheme of salary
plus commissions.
The reason why the principal pays less than full marginal product is

that he would not be able to distinguish between high-ability and low-ability
agents if he does not do so. McAfee and McMillan illustrate that in order
to induce the agents' correct incentive to work in a team with both adverse
selection and moral hazard, two conditions must hold, that is, agent i's e®ort
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increases with other agents' self-reported ability and the agent's share of
marginal team output (if the payment scheme is based on total output)
increases with his self-reported ability. Then with these two conditions,
they prove that the optimal contract can be based on team output only. The
rationale is the tradeo® between overstate and understate one's ability, for
example, a low-ability agent is not tempted to overstate his ability because
he is then faced with a payment function that is relatively sensitive to his
e®ort.
Surprisingly, the principal is indi®erent when he monitors individual con-

tributions and when he obseves only total output, that is, no free-riding
problem. This is clearly seen in the case of no adverse selection because
no-monitoring contract pays each individudal at the margin 100 percent of
marginal team output. Adding adverse selection does not break this equiv-
alence because the rents that an agent receives as a result of private in-
formaiton are completely determined by the contribution function abd this
function can be induced by either monitored or nonmonitored contracts.
The authours agree that ine±ciencies are undoubtedly inherent in team

production as opposed to this model, however their model suggests that the
source of team problem is not the unobservability of team members' e®orts or
abilities per se. The source must be sought elsewhere like teammembers' risk
aversion or collusion among team members where these features are assumed
away in their model.

8 First-order approach in a continuous-time principal-

agent problem

Continuous time models di®er from their discrete-time counterparts in that
the agent is allowed to control the outcome process continuously during the
contract time period. How would an optimal incentive contract formulation
be in this framework? Su±cient conditions are derived in Schattler and
Sung(1993) within the ¯rst-order approach framework.
With continuous time, the production function is modeled by a stochastic

di®erential equation. The problem is then related to a stochastic optimal
control problem by relaxing the agent's incentive compatibility constraint to
the ¯rst-order conditions. The conditions, similar to the results obtained
by Holmstrom and Milgrom(1987), which are only necessary conditions, take
the form of a \semi-martingale representation" for the wage in terms of the
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agent's optimal control. This representation describes the pay as the sum
of four components which can be interpreted as (i) the agent's opportunity
cost, (ii) compensation for the agent's actual monetary cost of controlling the
drift, (iii) compensation error due to the fact that incentive pay is based on
the principal's observation of the realized outcome rather than on the agent's
control e®ort, and (iv), a risk premium for the compensation error.
Consider a stochastic functional di®erential equation of the form

dXt = f(t;X; u)dt+ ¾(t;X)dBt:

where the agent controls the drift rate but has no control over the di®usion
rate andB is a standard Brownian motion. f and ¾ are unknown functionals,
and depend on the history not on the future. The agent has exponential
utility

E[¡ expf¡r(S(X) ¡
Z 1

0

c(t;X; u)dt)g]:

over all admissible e®ort control u; subject to the stochastic process described
above. Following Holmstrom and Milgrom(de¯ne certainty equivalent), and
apply Ito's lemma, the ¯rst-order necessary conditions for optimality in the
agent's problem allow to derive the following representation for the agent's
incentive pay:

s(X) = w +

Z 1

0

c(t;X; u)dt+

Z 1

0

5uc(t;X; u) ¢D¡1
u f(t;X; u)¾(t;X)dBt

+
r

2

Z 1

0

q 5uc(t;X; u) ¢D¡1u f (t;X; u)¾(t;X) q2 dt:

Using the martingale approach, they outline the model for a general form
of maximization problem which applied to bothe the agent's and the princi-
pal's relaxed problems.
It is shown that every control is implemetable11 with a unique sharing

rule if a certain function, called Hamiltonian, is formed solely from the data
of the problem and is strictly convex in the control. In this case the ¯rst-
order approach is always valid, and the class of compensation function which
implements a given control will be much smaller than that in a static model.

11If the representation corresponding to a speci¯c control is assigned to the agent, and
if the agent actually uses the same control to maximize his utility, then such controls are
called implementable.
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Sung (1995) presents a continuous-time principal-agent model where the
agent can control the mean and variance of outcome. It is shown that the
optimal compensation contract is linear in ¯nal outcome alone even when the
agent is allowed to control variance. Conditions under which no con°icts
between the principal and the agent over the choice of variance due to unob-
servability of variance are characterized. When the principal is risk neutral,
a su±cient condition for his irrelevance of the observability of variance is
that the agent's cost function is convex and additively sparable in mean and
variance. With an additively separable cost function, the agent can control
the variance only to reduce the noise of the compensation without a®ecting
the cost of controlling the mean. But reducing the noise simply leads to
an improvement of the agent's incentives to work, which is what the risk-
neutral principal wants. Thus the principal's and the agent's interests over
the variance are alighned.
Managerial contract serves two goals: to provide incentives for managerial

e®ort, and to induce the manager to choose particular projects. When the
project choice is unobservable, the manager may choose either a riskier high
net present value project or a safer low NPV project than the investors would
desired. Given unobservability, the manager has an incentive to shoose a
safer project at the expense of NPV, because the manager takes all the risk
but is compensated only by a fraction of the realized pro¯t. Thus the in-
vestors would have to reduce the sensitivity of the contract to induce the
manager to take risky projects with higher NPV. Based on these obser-
vations, Sung (1995) tries to explain why optimal contracts have very low
sensitivities documented in Jensen and Murphy (1990) by their empirical
¯ndings.
The derivation is quite technical however it merits the fact that the dis-

tribution of outcomes of the agent's actions cannot be ordered in terms of
¯rst-order stochastic dominance.
In Schattler and Sung (1997), they relate the existing ¯rst-order ap-

proaches for discrete- and continuous-time problems by considering continuous-
time principal-agent problems as limiting cases of multi-period discrete-time
formulations. An important di®erence between the discrete-time and continuous-
time formulations is that the principal in the continuous time can design a
contract based on intermediate outcomes as well as the ¯nal outcome. This
feature in e®ect enables the principal to behave as if the principal could stop
the outcome process anytime before the contact expires to revise the salary
schedule. Because of this feature, salary schedule can be approximated
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by a linear function, the principal will not gain much by considering other
complicated nonlinear salary schedules.
The ¯rst-order approach to the principal-agent problem with the class of

linear contracts is much easier than that with all possible class of functions.
Therefore, the ¯rst-order approach withe continuous-time formulation is eas-
ier to be justi¯ed. For the same reason, the principal-agent problem in a
continuous-time framework can yield a solution even when the discrete-time
counterpart fails.

9 The Ratchet e®ect and performance comparisons

Earlier research12 shows that comparative performance information (CPI)
can improve incentives and e±ciency in the principal-agent relationship. The
intuition is that since the comparison increases the precision of the estimated
e®ort and therefore improves the terms of the tradeo® between insurance
and e±ciency in designing incentives for a risk-averse agent. In a dynamic
setting, implicit incentives, namely, the ratchet e®ect, can be important even
when explicit incentives are provided. To see it, ¯rst start from a two period
model.
Consider one risk-neutral agent who works two periods and has the utility

function

U = w1 ¡ C(e1) +w2 ¡ C(e2):

The ouput in period t is

xt = et + a+ ut:

where a is a time invariant characterisitc of the agent, say, ability, and ut is a
transient shock. et is the e®ort level that privately is chosen by the agent.
Solving the model by backward induction, we know e2 = 0: Therefore,

w2 = E [x2 j x1] = E [a j x1]: A standard result shows that

w2 = ¿ (x1 ¡ be1)

where be1 is the labor market's conjecture about period 1 e®ort and ¿ =
V ar(a)

V ar(a)+V ar(u)
: Therefore ¯rst-order conditions show that the equilibrium ef-

fort level is lower than the ¯rst best.

12Holmstrom(1982), Mookherjee (1984).
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Now introduce CPI, it remains true that e2i = 0 and w2i is still equal to
the conditional expectation on a. Given the assumptions, the variables a;
x1i and x1j have a multivariate normal distribution with covariance matrix
proportional to

0
@

¿ ¿ ´¿
¿ 1 ·
´¿ · 1

1
A ;

where ´ = corr(ai; aj) and ½ = corr(uti; utj) and · = (1¡¿ )½+´¿ : Bayesian
updating yields

w2i = E(ai j x1i; x1j) =
¿

1¡ ·2 [(1 ¡ ´·)(x1i ¡ be1i) + (´ ¡ ·)(x1j ¡ be1j)]:

The ¯rst-order condition yields

C0(e1i) = ¿ (
1¡ ´·
1¡ ·2 ) ´ ª · 1:

Proposition 4 In managerial career concern model, e®ort incentives and
e±ciency are greater with performance comparisons than without i® ·(´ ¡
½) < 0:

Proof. By comparing with the no CPI case.
The ratchet e®ect is illustrated in a model of implicit and explicit incen-

tives below. Assume that there are one principal P and two agents Ak as
before: Output of Ak; k = i; j; in period t = 1; 2; at any ¯rm, is

xtk = etk + ak + utk:

where

ak » N(0; ¿¾2); utk »N (0; (1¡ ¿)¾2); k = i; j:
corr(ai; aj) = ´; corr(uti; utj) = ½

therefore

var(xtk) = ¾2; k = i; j:

var(xti j xtj) = (1¡ ·2)¾2
var(x2i j x1j) = (1¡ ¿ 2)¾2
var(x2i j x1i; x1j; x2j) = (1¡ ¿ )(1 + °)(1 ¡ ½2)¾2
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where

° = ¿[1 + 2(1¡ ¿)N
D
] 2 [0; 1]

and

N = (½¡ ´)(½+ ´¿ );
D = (1¡ ½2)(1 + ¿) + 2¿N:

Before deriving optimal incentive contracts, two assumptions are made:
1. only one-period contracts are enforceable; 2. one-period contracts take
the linear form13

wti = ®t + ¯txti + ²txtj:

First consider the e®ect of CPI in a static world, the principal minimizes the
welfare loss relative to the ¯rst-best, which under exponential utility, is

l = 1=2[(1 ¡ ¯)2 + rvar(¯xi + ²xj)]
= 1=2[(1 ¡ ¯)2 + r¾2(¯2 + ²2 +2¯²·)]

the optimal ¯ is then given by

¯ =
1

1 + r¾2(1 ¡ ·2)
and for any given ¯, the optimal ² minimizes the variance of wi;

² = ¡¯[cov(xi; xj)
var(xj)

] = ¡¯·;

then it can be easily shown that the welfare loss under the wage schedule
based on both agents' outputs is reduced. This is the improvement in
the tradeo® between insurance e®ect and incentive e®ect: with CPI in the
contract, the principal can ¯lter out some of the uncertainty, either about
ability of the agents or the transient shocks, and hence lower the risk cost of
providing incentives to the agents.
Now, consider the two-period model. The conditional expectation of x2i

can be written in the form

E(x2i j x1i; x1j; x2j) = be2i + °(x1i ¡ be1i) + ±1(x1j ¡ be1i) + ±2(x2j ¡ be2j);
13see section on linearity of the dynamic incentive contract in this survey.
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Principal chooses ²2 to minimize var(w2i j x1i; x1j); therefore

²2 = ¡¯2[
cov(x2i; x2j j x1j; x1i)
var(x2i j x1i; x1j)

] = ¡¯2±2;

and it yields

var(w2i j x1i; x1j) = (¯2)
2var(x2i j x1i; x1j; x2j)

= (¯2)
2(1 ¡ ¿)(1 + °)(1 ¡ ½2)¾2;

Then by minimizing expected welfare loss by the principal, the optimal e®ort
incentives in period 2 are given by

¯2 =
1

1 + r¾2(1¡ ¿ )(1 + °)(1¡ ½2) ;

Constructing the agents' certainty equivalent, and deriving the variance of
w1i +w2i; one obtains principal's loss function as

l = 1=2f(1¡ b̄
1)
2 + (1¡ ¯2)2 + r¾2[(b̄1 + ¯2°)2(1¡ ·2)

+(¯2)
2(1 ¡ ¿ )(1 + °)(1 ¡ ½2)]g:

Meyer and Vickers show that if one introduces a bargainning power pa-
rameter b 2 [0; 1] to the agents which generates the reputation e®ect14, al-
though a change in b alters the strength of reputation e®ect, the welfare
impact of this change can be costlessly o®set by approperiate changes in ¯1
and ²1 which leave total incentives unchanged. However unlike the reputa-
tion e®ect, changes in the ratchet e®ect ¯2° do a®ect welfare. Because when
¯2° changes, the adjustments to ¯1 would be costly though feasible.

14By approperiately constructing the agent's certainty equivalent, the second period
wage can be written

w2i = cons tan t + bE(ai j x1i; x1j ) + ¯2[x2i ¡ E(x2i j x1i ; x1j; x2j )];

hence the overall wage w1i + w2i is given by

ē
1 = ¯1 + b

@

@x1i
E(ai j x1i ; x1j ) ¡ ¯ 2

@

@x1i
E(x2i j x1i; x1j ; x2j)

= ¯1 + bª ¡ ¯2°:

where the term bª is interpreted as bargainning power/reputation e®ect which is the ¯rst
type of implicit incentives, and the term ¯2° is understood as ratchet e®ect which is
another well-known implicit incentive documented in the literature.
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So by introducing sequentially optimal explicit contracts and risk averse
agents, the reputation e®ect no longer has signi¯cance: only the ratchet e®ect
will have in°uences on agents' e®ort levels and welfare15.
Finally welfare loss minimization yields a result which says the larger the

ratchet e®ect, the mosre costly it is to provide ¯rst-period incentives and the
larger the ¯rst period's share to the overall welfare loss.
To summarize, in the simple career concern model, no explicit incentives

are designed and CPI in°uences incentives and henceforth e±ciency only
through implicit incentives, speci¯cally, only the reputation e®ect. Depend-
ing on the correlation between agents' intrinsic characterisitics relative to
that between the transitory shocks a®ecting their performances, CPI can
raise or lower the e±ciency.
In a two-period model in which explicit incentives are choice variables and

contracts are sequentially optimal, given contracts take the linear form and
risk averse agents, CPI can signi¯cantly in°uence the ratchet e®ect, which
in this case16, is the only determinant of overall incentives and so of welfare.
If the correlation between the transitory shocks to agents' performances is
not too great relative to that between their intrinsic characterisitcs, then
CPI reduces the ratchet e®ect. However, the cost of reducing the ratchet
e®ect might outweigh the the bene¯t from the improvement of insurance and
incentives by introducing CPI in an explicit contract. Then, if the principal
cannot commit ex ante on not readjust the contract terms in the future, it
would be essential to evaluate the impact of CPI on ratchet e®ect before
declaring an explicit contract with a CPI term.

10 A dynamic job matching model

There are three distinct features in labor market in a dynamic context: (1).
wages rise with tenure in general, (2). quits are negatively correlated with
tenure, in other words, people quit with a higher probablity in their earlier
careers, (3) the subsequent quit is negatively correlated with the current
wage. Jovanoiv (1979) tries to explain these features within a dynamic

15Where is in the pure implicit CPI incentive model discussed in the beginning, repu-
tation e®ects, or career concerns, can increase incentives and welfare under certain condi-
tions.

16When explicit contracts can be designed.



Dynamic Principal-Agent Theory 28

programming model.
Consider in¯nite horizon, letQ denote the expected present value of wages

who was unemployed last period and who behaves optimally. The output in
each period is

x = µ + ";

where " is a random shock and µ is the agent's ability. Labor market is
perfectly competitive on the employers' side, so the agent receives wage

E[µ j (µ + ")];

µ and " are i.i.d. random variables, both are normally distributed as

µ » N(¹; ¾20); " » N(0; 1):

After the ¯rst period outcome, both principal and agent are about to make
inferences on µ, using Bayes' law: Then the posterior distribution of µ is
normal, with mean and variance

m1 = ¹+
¾2

¾2 + 1
(x ¡¹);

¾21 =
¾20

¾20+ 1
:

It follows

m1 » N(¹;
¾40

¾20 +1
):

and since

¾40
¾20 +1

< ¾20;

therefore both agent and principal make more precise inference on agent's
ability over time.
The agent maximizes the expected present value of wages. The Bellman's

functional equation is

V (µ) = maxfµ + ¯V (µ)g;



Dynamic Principal-Agent Theory 29

The solution is

V (µ) =

½
µ + ¯V (µ) for µ > µ
¯Q for µ · µ

:

The optimal policy is a reservation wage policy: accept o®ers µ > µ; and
reject o®ers µ · µ: where µ solves

µ

1 ¡ ¯ = ¯Q:

Since rejections exist, the second period Bellman's equation becomes

V (m1) = maxf(m1 + ¯
Z
V (µ)dF (µ j m1; ¾21); ¯Qg:

where m1 is the current wage o®er. From the solution to the program one
can show

m1 + ¯
µ

1 ¡ ¯

Z µ

0

dF (µ j m1; ¾
2
1) +

¯

1¡ ¯

Z 1

µ

µdF (µ j m1; ¾21)

=
µ

1¡ ¯ =
µ

1¡ ¯

Z µ

0

dF (µ j m1; ¾21)

+
µ

1¡ ¯

Z 1

µ

dF (µ j m1; ¾
2
1)

and it implies

µ¡m1 =
¯

1¡ ¯

Z 1

µ

(µ¡ µ)dF (µ j m1; ¾
2
1)

therefore

µ > m1:

So the agent turns to be selective over time.
Other results are: the probablity that a previously unemployed agent

accepts an o®er is

Prfm1 > m1g =
Z 1

m1

dG[m1 j ¹; ¾40=(1 + ¾20)]:

where G[m1 j ¹; ¾40=(1 + ¾20) is normal distribution of m1:
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The mean wage of those who were hired in the ¯rst period is

w1 =

R 1
m1
m1dG[m1 j ¹; ¾40=(1 + ¾20)]R 1

m1
dG[m1 j ¹; ¾40=(1 + ¾20)]

:

whereas the mean wage of those who are in the second period of tenure is

w2 =

R 1
m1

R1
µ µ1dF (µ jm1; ¾21)dG[m1 j ¹; ¾40=(1 + ¾20)]R 1

m1

R1
µ dF (µ jm1; ¾21)dG[m1 j ¹; ¾40=(1 + ¾20)]

:

and it can be proved that

w1 < w2:

so that tenure salary increases over time.

11 Conclusion

We covered a wide range of issues associated with compensation and incen-
tives in a broad context of dynamic setting in this survey. The past two
decades have witnessed the progress towards understadning two limited as-
pects of employment relationships: incentive pay in a long run relationship
and careers in organizations. Several other concrete questions are also anal-
ysed, including payment scheme, sharing and grouping in a team, robustness
of linearity, incentive pay when project selection is involved. Theoretical
models aim to explain or comply empirical ¯ndings such as low sensitivity of
the incentive contract, increasing incentive pay (sometimes promotion) over
time, equal sharing in a team despite the fact that team members's ability
widely spread, and alike. Most models do gain insights in those issues.
Much of the theory starts from a conventional story and subjects to usual

assumptions. However some fundamental questions need work: what are
the exact jobs an agent entitled with? Do the agent's abilities increase
substantially over time? How does the job market really a®ect the agent's
incentive(rather than focusing only on what goes on inside the ¯rms)? If
these areas can be carefully explored, then we would have a better picture of
optimal labor contracts.
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