ADVERSE SELECTION IN DYNAMIC MORAL HAZARD*

CHING-TO ALBERT MA

This paper studies a multiperiod moral hazard problem under two assump-
tions: (i) contracts are subject to renegotiations; (ii) the agent’s action has long-term
effects. The action is also interpreted as a choice of characteristic or “‘type.”
Renegotiation-proof contracts that implement various actions, including random
ones, are characterized. Under appropriate conditions, the equilibrium involves the
principal implementing a random action. Therefore, the equilibrium has standard
properties of ‘‘adverse selection” models.

I. INTRODUCTION

In this paper we study a dynamic moral hazard model with
renegotiation. Principal-agent relationships are usually associated
with imperfect information about actions that an agent performs
on behalf of the principal. This typically leads to a conflict between
incentive provision and risk sharing. As a result, incentive schemes
are used to motivate the agent. If the principal and the agent
interact for a long time, it is often advantageous for the principal to
commit to a long-term incentive scheme, specifying all the pay-
ments for the agent as time and events unfold. However, it is likely
that the parties will renegotiate the contract as the relationship
progresses, looking for mutually beneficial gains.

In dynamic relationships the agent’s action may have long-
term consequences. For example, an agent’s current decision may
affect production possibilities in the future. Under such circum-
stances, when parties renegotiate the contract, they must realize
that the project has already been through the early stages and some
characteristics have been decided. Moreover, the principal must
recognize that the agent now possesses some private information
about the action that has been taken. Even if the parties are
initially symmetrically informed, the agent may later (endoge-
nously) acquire some private information. Renegotiation must then
trade off the cost of extracting the agent’s superior information
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with the benefit of insuring her. More important, renegotiation
may affect the action that the principal would like to implement.

In this paper we investigate the effects of renegotiation. Our
model has two crucial assumptions: (i) the agent’s choice of action
affects production for more than one period, i.e., an action has
long-term effects; (ii) the principal offers multiperiod contracts
that may later be renegotiated. In the paper the agent’s action is
regarded as her choice of “type.”

Assumption (ii) reflects our view that the principal’s ability to
commit to long-term contracts is frequently incredible. It is natural
to allow the parties to renegotiate an existing contract, when it is in
their joint interest to do so. In our model long-term contracts are
time-inconsistent, implying that when parties act as the optimal
long-term contract prescribes, they both prefer to renegotiate the
contract later. Hence explicit modeling of renegotiation is neces-
sary.'

Assumption (i) serves as a good description in many interest-
ing situations. In the abstract model the agent chooses an action in
period 1 that induces probability distributions on outputs in period
1 and period 2. One can imagine that the agent is responsible for a
long-term project; her choice of project or the action that she
performs on a given project then influence the characteristic of the
possible outcomes. Alternatively, the agent may be investing in
human capital, the level of which determines productivities in the
future.” In many situations this “spillover” effect is quite common.
For example, the profitability of a firm over a number of years
depends on the initial strategy management adopts. As another
example, the success of a long-term R&D project may be affected by
an investment made when the project begins.

When the principal recognizes (i) and (ii), there are important
questions he has to consider. When the agent is risk averse and the
principal is risk neutral, inducing a costly action (say, working
hard) from the agent requires a departure from optimal risk

1. Fudenberg, Holmstrom, and Milgrom [1987] investigate when a sequence of
short-term contracts performs as well as a long-term contract. Also, Rey and Salanie
[1990] consider multiperiod contracts with renegotiation and other commitment
assumptions. The idea of renegotiation in contracts can also be found in Stiglitz and
Weiss [1983].

2. An alternative assumption that will give rise to the same formal model (with
suitably chosen parameters) is the following. The agent chooses an action in period
1, and she will be constrained to provide the same action in period 2. One
1nterpretat10n is that the agent is selecting a long-term project that demands a
specific in l;;ut in all time periods. Once the project is under way, it is too costly to
change. The real choice for the agent is therefore a supply of a sequence of actions.



ADVERSE SELECTION IN DYNAMIC MORAL HAZARD 257

sharing, and her remuneration varies according to stochastic
production outcomes. At the renegotiation stage, the principal’s
contract revision offer depends on his belief about the unobservable
chosen action. For example, if the principal believes that the agent
has chosen diligence with probability one, he will replace any
(costly) contingent scheme by a full insurance wage. In fact, the
cost of implementation increases as the principal’s belief becomes
more accurate. With almost degenerate beliefs, proper incentives
can only be provided before the renegotiation stage. Our major
result is that the principal may not always want the agent to work
hard. Indeed, we give a condition for a mixed strategy equilibrium
in which the agent is indifferent between diligence and shirking,
and she randomizes between these two options. Thus, in equilib-
rium, at the renegotiation stage, the game proceeds as if there
exists asymmetric information between the parties, and the (contin-
uation) equilibrium has standard features of adverse selection
models. Essentially, a stochastic decision between diligence and
shirking prevents the principal from knowing precisely at the
renegotiation stage what the agent has done. It will then be optimal
for the principal to offer contingent payments in order to screen
different types of the agent. From an ex ante point of view, this
relaxes the action choice incentive constraint, which sometimes
may be the dominating factor.

The paper is organized as follows. Section II presents the
model. We work with a simple model of dynamic moral hazard that
satisfies (i) and (ii). In Section III, to provide a benchmark, we
establish the corresponding static (one-period) optimal scheme and
discuss briefly the optimal multiperiod scheme under full commit-
ment. We study in Section IV the dynamic game between the
principal and the agent under the assumption that contracts may
be renegotiated. Renegotiation-proof contracts that implement
various probability distributions on the action set are character-
ized. Section V proves that for appropriate parameter values, the
principal implements a random action. In this equilibrium ‘ad-
verse selection” is the feature in period 2. The last section
concludes.

II. THE MODEL

We study a simple principal-agent model with “hidden action”
or “moral hazard.” The relationship between the principal and the
agent lasts two periods. The principal has a stochastic production
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process; in each period there are two possible, publicly observable
states, x, and x,. We identify them as outputs and assume that x, <
x,; prices are normalized so that x, and x, also denote revenues. For
simplicity, we assume that parties do not discount future payoffs;
all results generalize straightforwardly to the case where both
parties have the same discount rate. The principal, who never
observes the agent’s action, is risk neutral and maximizes total
expected profits (revenues minus agent’s compensations). The
agent, having no access to a capital market, is unable to save or
borrow. She is strictly risk averse with respect to incomes from the
principal, and has a von Neumann-Morgenstern utility function
V(y,) + V(y,) — 2 G(a), where y, is her income in period ¢, = 1,2
and 2 G(a) is the disutility of action a.®> There are two available
actions, ¢, and a,, where G(a,) < G(a,). Sometimes, we find it
convenient to say that she works hard (respectively, shirks) when
she selects a, (respectively, a,), even though we also interpret her
action as a choice of characteristic or type. At the beginning of
period 1 the agent has a reservation utility U that represents her
utility payoff if she does not take part in production; U is
normalized to zero. In the sequel it is useful to imagine that the
principal pays the agent in utility units. With the notationv = V(y)
and A = V!, the term utility-payment (v) means an equivalent
income (h(v)). Notice that h is strictly convex since V is strictly
concave.

For a given action each period, there is a probability distribu-
tion on (x,,x,). Thus, our model differs from the standard principal-
agent model in that the agent’s action has long-term effects on
productions. It is further assumed that for each action the
distributions are identical and independent across periods. In the
paper we use the following simple technology:

Prob X, X,
a, 1 0
a, I-y v

That is, in each period the high output level occurs with positive
probability +y if and only if the agent is diligent. For future use we
lete=1/yand G, = G(a,), j = 1,2.

3. The reason why we write 2 G(a) rather than G(a) as the utility cost of action
will become obvious when we define the corresponding one-period model in the next
section.
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It is useful to discuss briefly the first-best (full information
solution) when the agent’s choice of action can be monitored.
Because the agent is risk averse, it is optimal for the principal to
give her a constant payment independent of the (random) outputs
in each period. Also, due to risk aversion and her inability to
borrow and save, the principal tries to smooth the agent’s income
across periods. Clearly, it is enough to pay her an amount such that
she obtains U (=0). Therefore, the first-best utility-payments in
each period that induce the agent to perform a, and e, are,
respectively, G, and G,.

III. ONE-PERIOD AND FULL COMMITMENT CONTRACTS

In this section we first define a corresponding one-period
model and then discuss the full commitment two-period optimal
contracts. To define the corresponding one-period model, we take
the model introduced in the last section but let the relationship
terminate at the end of period 1. The agent’s choice is between a,
and a, for one period with respective utility costs G(a,) and G (a,).
(An action now has half the utility cost compared with that in the
two-period model.) A contract promises utility-payment u, condi-
tional on output level x,, i = 1,2. We say that a contract (u,,u,)
implements action ¢, if the agent optimally selects a; given the
contract, and this action gives her at least the reservation utility.

The form of these utility-payments depends on the objective of
the principal. First, since a, minimizes the agent’s utility cost
among her choices, the principal can use the first-best utility-
payment G, to implement a,. Second, the implementation of action
a, requires an incentive contract. Formally, an optimal contract
(v,,v,) for action a, is a solution to the following program: Choose
(v,,0,) to minimize

A = Ph(v,) + vh(vy),

subject to
1) (1 =y, + y, — Gla,) = 0
(2) (1 = yv, + y, — Gla,) = v, — G(a,).

Inequality (1) guarantees the agent at least zero when she works
hard, while (2) says diligence is preferred to shirking. The objective
function represents the principal’s expected cost. At a solution to
the above program, the two constraints (1) and (2) must be



