
Lecture 3. Multiagent Moral Hazard

Moral Hazard in Teams
The references are BD subsection 8.1.1, and Holmström (1982).1 Consider a situation in which

the output produced by multiple agents is a single aggregate q. This is the case of moral hazard

in teams. In general, agents producing in a team will choose inefficient levels of effort. Holmström

(1982) shows that a third party breaking the budget constraint of the team is sufficient to ensure

optimal effort provision.

Assume there are 2 agents, and they privately choose their respective efforts a1 and a2. The

production function is q = f(a1, a2), where df
dai

> 0, d2f
d2ai

< 0 for i = 1, 2, and the matrix of second

derivatives of f(.) is negative definite.

The utility of agent i is:

u(wi, ai) = wi − ψi(ai).

Where ψ′i(.) ≥ 0, ψ′′i (.) ≥ 0.

The agents share the output: w1 + w2 = q, that is, there is no way to break the budget balance.

First best:

maxa1,a2 f(a1, a2)− ψ1(a1)− ψ2(a2),

FOC:∂f(a∗
1,a∗

2)
da1

= ψ′1(a∗1), ∂f(a∗
1,a∗

2)
∂a2

= ψ′2(a∗2).

We assume that the first order condition uniquely defines the first-best actions.2

Nash equilibrium:

a∗i = arg maxa

{
wi(f(a, a∗j))− ψi(a)

}
.

FOC:
dwi(f(a∗i , a∗j))
df(a∗i , a∗j)

∂f(a∗i , a∗j)
∂ai

= ψ′i(a∗i ).

1“Moral Hazard in Teams”, Bell Journal of Economics, 1982.
2A sufficient condition to ensure that the first order condition uniquely defines the first-best action is (f11 −

ψ′′)(f22 − ψ′′)− (f12)2 < 0.
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So, to get the first best it must be the case that dw1
df

= dw2
df

= 1. This is not possible, as w1+w2 = q

and therefore dw1
df

+ dw2
df

= 1.

A third party acting like a balance breaker can eliminate the inefficiency. Let the third party

be denoted i = 3. The following contract can implement the first-best while keeping the budget

balanced:

wi(q) = q − f(a∗
1,a∗

2)
2 for i = 1, 2.

w3(q) = f(a∗1, a∗2)− q.

So w1(q) + w2(q) + w3(q) = q ∀q.

The third party does not need to observe the individual efforts: the third party is not a supervisor.

Note that on the equilibrium path this third party does not gain nor lose, but out of the equi-

librium path this third party stands to lose as the team performs better. This feature seems at

odds with the real world. However, the contract considered is not the only one that implements

the first best by way of a third party breaking the balance. Here are two more realistic examples:

1) Production bonuses

Say each agent is rewarded with a bonus bi if q ≥ f(a∗1, a∗2) and it is punished with penalty k

otherwise. If bi and k satisfy

bi − k ≥ ψi(a∗i ) for i ∈ {1, 2} ,

then both agents choose the first best level of effort under this contract. Note that by the definition

of first best f(a∗1, a∗2)−ψ1(a∗1)−ψ2(a∗2) ≥ 0, thus this contract does not require a balance breaker

in equilibrium. It nevertheless requires a balance breaker out of the equilibrium path to collect

the penalties.

2) Debt contract

The firm commits to repay total debts of

D = Q(a∗)− b1 − b2,
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where b1 and b2 are the salaries of the employees, and in case the debt cannot be repaid the

employees incur bankruptcy cost k.

One weakness of these schemes compared to the Holmstrom’s one is that with these schemes

there are inefficient equilibria beside the efficient one. One equilibrium has a1 = a2 = 0. This is

not the case for the Holmström mechanism. Suppose the Holmström mechanism is in place and

agent 2 is expect to shirk: a2 = 0. Then agent 1 chooses her effort as follows:

a1 = arg max
a
{f(a, 0)− ψ1(a)}

so the best response to a2 = 0 is some a1 > 0. For a1 > 0 in turn a2 = 0 is not agent 2’s optimal

choice.

Tournaments
The references are section 8.1.4 in BD, and Lazear and Rosen (1981).3 Tournaments are the most

common example of situations in which individuals are evalued in terms of relative performance.

Tournaments are useful incentive schemes in situations in which the principals cannot be trusted

completely in reporting the absolute performances of the agents, for example in the case of

managers reporting on the performance of their employees. In these cases incentive schemes

based on relative performance are more reliable.

We go over 3 cases:

1) If the agents’ outputs are uncorrelated and the agents are risk-neutral, a tournament can

implement the first best while leaving all surplus to the principal. In this case, a tournament is

not necessary: the same outcome can be implemented with individual incentive schemes.

2) If the agents’ outputs are uncorrelated and the agents are risk-averse, individual incentive

schemes can implement any levels of effort that can be implemented with a tournament while

3“Rank-Order Tournaments as Optimum Labor Contracts,” Journal of Political Economy.
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ensuring a strictly larger payoff to the principal than a tournament.

3) If the agents’ outputs are perfectly correlated and the agents are risk-averse, a tournament can

implement the first best, while individual incentive schemes cannot.

1) Risk-neutral Agents + Uncorrelated Output

Assume there are 2 agents, with production functions: qi = ai + εi, for i = 1, 2. εi are indepen-

dently and identically distributed with cumulative density function F (.), mean 0 and variance σ2.

Moreover a1 ≥ 0 and a2 ≥ 0.

A risk-neutral principal observes q1 and q2. Agents have identical convex cost of effort ψ(ai) and

outside option u.

First best requires a1 = a2 = a∗ where a∗ satisfies 1 = ψ′(a∗).

The following individual incentive scheme implements the first best and leaves all the surplus to

the principal:

wi(qi) = u− a∗ + ψ(a∗) + qi,

In a tournament, agents get a fixed wage z and each agent that produces the largest output also

receives W . So agent i’s expected payoff is:

z + p(ai, aj)W − ψ(ai)

where p(ai, aj) = Pr(qi ≥ qj) = Pr(ai−aj ≥ εj− εi) = H(ai−aj). H(·) is the cumulative density

function of εj − εi. As ε1 and ε2 are not correlated, εj − εi has mean 0 and variance 2σ2.

The FOC of agent i is:
∂p(ai,aj)

∂ai
W = h(ai − aj)W = ψ′(ai).

Where h(.) is the probability density function of εj − εi.

It is sufficient to look at symmetric equilibria, in which the two agents choose the same level of

effort. The following tournament implements the first best level of effort:

W = 1
h(0) ,

z = u− H(0)
h(0) + ψ(a∗).
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2) Risk-averse Agents + Uncorrelated Output

Assume now that agents have utility functions: u(wi)− ψ(ai), where u(·) is strictly concave.

Let’s assume that there is a tournament characterized by (z,W ) that implements (a∗i , a∗j). Then

the principal can implement the same levels of effort, at a lower cost, by offering to each agent

the following individual incentive scheme:

wi(qi) s.t.: u(wi(qi)) = u(z) + [u(W + z)− u(z)]Pr
(
qj < qi|a∗j

)
.

This incentive scheme amounts to offering “insurance” to the two agents.

This incentive scheme ensures the same expected payoff to agent i as the tournament. As the

tournament implements (a∗i , a∗j), so does the mechanism.

The mechanism is cheaper to the principal, as:

- under the tournament the principal pays: 2z +W

- under the individual incentive scheme, each wage satisfies:

u(wi(qi)) = u(z)(1− Pr(qj < qi|a∗j)) + u(W + z)Pr(qj < qi|a∗j).

As u(.) is strictly concave, Jensen’s inequality ensures that :

wi(qi) < z × Pr(qj > qi|a∗j)) + (W + z))× Pr(qj < qi|a∗j).

So wi(qi) + wj(qj) < 2z +W .

Idea: in this setting a tournament imposes unnecessary risk on the agents.

3) Risk-averse Agents + Perfectly Correlated Output

Suppose qi = ai + ε: here the shock is the same for the two agents.

Then a tournament can implement the first best. Let:

z = u+ ψ(a∗)− δ

W = δ

where δ satisfies δ > ψ(a∗)− ψ(0).

This tournament implements the first best and leaves all the surplus to the principal so it is

(weakly) better than any individual incentive scheme. The idea here is that a tournament in this
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case filters out all the risk, and it is therefore better for the principal than individual incentive

schemes.

It is left to you to check that in general no individual incentive scheme implements the first best.
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