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Introduction

MOTIVATION AND MAIN RESULTS

» Study repeated interaction between a principal and an agent
with:
i- Moral Hazard.
ii- Adverse Selection.
iii- Self-enforcement.
» Main Results:
i- The optimal contract is stationary (easy to characterize!!!!).
ii- The optimal contract is given by the static solution of moral
hazard or adverse selection with endogenous limited liability.

Jonathan Levin, AEM 2003 Relational Incentive Contracts



Enviroment
Assumptions
Contract

Optimal Contract

The Model

PREFERENCES

> Time is discrete: t=0,1,2, ...
» Two risk neutral agents: a principal and an agent.

> Preferences:
Principal: 7 = (1 = 0)E[> 22, 67 *(yr — W;)]
Agent: up = (1 — )E[ZT:t ST H W, — c(et, 0))]
Where y; =output; W; =total payments; e; = agent effort;f; =
cost parameters in period t.
» Exogenous opportunity cost: 7 for the principal and @ for the
agent.
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Time inside period

» Total payment: Wi = w; + Figure: Time Line
bt(gpt)' Foreacht
agent observes
» Agent's Information Set: agentaccepts piiﬁgpgl};}bsmes
{0, ec, ye }- , @3
| |
» Principal’s Information Set: L d v - |
Principal 3gentobserves ,-F(ie)is
Yt € 0t C {0, €1, 1} proposes 0. and chooses realised
payment &
» OUtpUt Ye ~ F(|e) {“"!=bz(¢r)} {w{jr(;p!)}is

paid
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TWO PROBLEMS

> There is a commitment technology for w;.

» There isn't a commitment technology for b:(y:) .

There are two general frameworks:

Adverse selection and self-enforcement : The information set for
the principal is {et, y+}, but not {6;}. Both players
can refuse to pay {b:(¢+)}-

Moral Hazard and self-enforcement : The information set for the
principal is {0;,y:}, but not {e;}. Both players can
refuse to pay {b:(v¢)}-
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> 0~ P(h).

» ¢(0,0) =0, ci(e,0),cl.(e,0) >0, forall 6

» max. S(e,0) > u+7 > 5(0,0), forall 6. S(e,0) =E,[y|e] —
c(e, 6).

» The information structure of the principal is fixed, i.e. for all t
©e = {yt,0t} or pr = {yr, et} or or = {yt}.
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Contract

> Sot = (9007 "')Spt—lysot)-

Definition

A contract is a sequence of functions {f;}; with

fe(p'1) = (we, be(ipe), ee(6:)).

The utilities are
(") = By, [(1 — 0)[We(pe) — c(ex, )] + Surra(eh)]
me(0' ) == By [(1 = 8)[ye — Walpe)] + 0mera ()]
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Self-Enforcing Contract

Definition
A self-enforcing contract is a contract s.t for t > 0 and all ¢!

(0:) € arg meax{wt(gpt_l) —c(e,0)+ ...
s By [be(9) — uera(@f)lel}  [IC]
be(0)(1 = 0) + dueta(p’) > 0 [SE — A]
—be(¢")(1 = 0) + duera(e) = 07 [SE — P]

A self-enforcing contract is optimal if there is no other
self-enforcing contract with higher expected surplus (7 + u¢)
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Optimal Contract

Let F(U) : [o; C — ] — R be the optimal value of a self-enforcing
contract for the principal when the agent receives a value U.

FU) =, max (B, [(1-0)(y—w—b(e)+0F (U (o)) (6]}
s.t.
F(U'(p)) > 7 [PC — Al

Ule)2a  [PC—P]

U=Egy[(1-0)(w+b(e) - c(e,0)) + 6U(p)le(0)]  [PK]
e(0) = argmax{E,[(1 — 6)(b() + 0U'())le(0)] — c(e, O)}[/C]
(1=0)b(p) + U () [SE — A]

—(1=0)b(p) +3F(U'())  [SE - P]
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F'(U) = —\, where X is the shadow price of [PK] and A =1 (f.o.c.
of w)

Lemma
F(U)=-U+C
Important assumptions:
1. Risk-Neutrality.
2. Perfect enforceable technology for w.

3. No IC for the principal.
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With the previous lemma

F(U) = max {Ee,y[(l ) (y—w)=[(1-0)b(x)+oU ()14 Cle(s
w;b(p),e(0),U

s.t.
C—a>U(p)>u [PC]
U=(1-0)(w—c(e,0) +Egyl(1—0)b(e) + U ()]e(0)][PK]
e(0) = argmax{E, (1 — 9)b(e0) + 0 U (<) e(0)] — c(e, ) }[/C]
00 < (1=0)b(yp) +0U'(p) <o(C—7)  [SE]

Remark
b and U are perfect substitutes.
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Proposition
Let {w, b(p), e(0), U(¢)}(U) be an optimal solution for
Ue[a;, C—7]. Then

{w. () + 1251U(e) — U], e(6), U}(V) ¢y

is a solution, i.e. the contract is stationary.
The full static problem is the MAXIMUM C s.t.

C= ma X {Ee,y[yl e(0)] — c(e, 0)}

b

s.t.
e() € argmax{E,[(1 — 0)b(p)[e(0)] — c(e, ) }[/C]
%(c _ G- #) > supb(e) —infb(p)  [DE]
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Moral Hazard Main Proposition

Proposition

If F(y|e) satisfies the monotone likelihood ratio and
F(y|le = c7Y(x, 0)) is convex in x for all 8, then C solves

— / (Ely|e(8)] — c(e(6). 6)}dP(0)

b(8,y),

=K(e,0)

S.t.

T 5(K(e,0) —(m+ 1)) >supb(f,y) —infb(0,y)
Ey[b(¢)L(y, e)le] = cc(e, 0)

Where L(y, e) = ?((;/H:))'
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Moral Hazard Main Proposition

» First Best: E,[yL(y, e(9))|e(0)] = cL(eB(9),0).
» Let b*(p) = e(0) < eB(0).

D) e<e® 5
bie) W, +2(C-r-n)
/___’___b/*'fw'i
w_
»
™ L4
Voo y P
L(v.e)
»
- L4
¥ ¥ ¥

Figure: Optimal wage contract to implement e*

T Ey[b(0)L(y, €)le] =1 ci(e) =T e
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Moral Hazard Main Proposition

Assume that cy(e,#) =0 and

_Jw ify<y
o) ={ % 105 @

Then from the first order condition of IC

(W — w)Ey[L(y, e)l(y > §)le] = c'(e)

Proposition
An optimal contract implements e < efB. If e < efB, then b(y)
satisfies (2), with L(y,e) =0 and w = w + 1%(S(C — pi — 0).
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Assumptions

. Main Proposition
Adverse Selection ¥

> Single Cross Property: c;,(e,0) > 0.
> c)(e, 0) > 0.
| 2

cprea(e,0)icgls (e, 0) > 0.

,62
» P is concave.

v

S(e, 0) is differentiable and concave in e.
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Proposition
Suppose that ¢ = {e,y}, then C solves

0
C = max /9 {Elyle(8)] - c(e(0),0)}dP(0)

=K(e,0)

s.t. e(f) nonincreasing and

0
(K(e,0) — (7 +1)) > c(e(9).9) +/9 co(e(x), x)dx[IC — DE]

o

1-90
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Intuition

If eM — eH = dx

dw = c(eM, M) — c(eM, oM)
= Cé(e(eM),Q/\/j)dX

P e’ av &t

Since b'(e(0)) = cL(e(0), 6)

]
b(e(9)) = H+ c(e(6),0) ~|—/9 cp(e(x), x)dx
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From the first order conditions

Si(e(0). Op(O)1 + 5] = pclole(0)8) + K(0)

Direct effect of IC-DE  decreasing e(6) constraint

Marginal benefit of increase effort

with €'(0) =0 if > 0.

/ S.in=0 -
» If /IC — DE is not active, y = //e,\(&m ’
0 V4 T
» If /() <0, then K() =0 S‘[')_“‘:%/ \(eﬂ)
> If €'(8) = 0, then K(8) > 0. - —,

Figure: Less optimal effort with p >
0
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Assume that ¢ > 0. Two important conclusions:

In the optimal contract, effort

All types are distorted from the )
is constant for low types.

first best

€
8‘ .
P Probability effect
«¢(#)<0 Incentives effect

e(d) *¢'20  Pure cost effect

%(C*E*E}:‘C(Z;Q)Jr.ﬁ[c's(z; e

=

decrease e forlow.a

S (=0 () 5.0)>0  decrease e for highg .
'Y A L#
3 L4 a 7]

Figure:  Decreaser effort is more
cheaper for high 6
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Assumptions
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Adverse Selection

Proposition
If production is possible under a contract with adverse selection,
the optimal effort schedule e(0) takes one of the three forms:

1. Pooling: e(f) is the same for all cost types.

2. Partial Pooling: e(#) is constant on [0, 0] and strictly decreasing
on (6,0].

3. First-Best: e() = eFB(0), where eB(0) solves the problem
without IC — DE constraint.

In either second-best scenario, e(f) < efB(0).
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Conclusion

> A simple framework to analyze incentives. Main features:

» Risk-neutral agents.
» Element to transfer utilities with perfect commitment.

» A model with endogenous liability. The size of the surplus will
affect incentives.
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