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m TSR RFEAN-RBEAEZREL (principal-agent
model)
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The principal (or uninformed player) is the player who has the coarser information
partition.

The agent (or informed player ) is the player who has the finer information partition.
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Table 1: Applications of the Principal-Agent Model

Principal Agent Effort or type and signal

Moral hazard with Insurance company Policyholder Care to avoid theft

hidden actions Insurance company Policyholder Drinking and smoking
Plantation owner Sharecropper Farming effort
Bondholders Stockholders Riskiness of corporate projects
Tenant Landlord Upkeep of the building
Landlord Tenant Upkeep of the building
Society Criminal Number of robberies

Moral hazard with Shareholders Company president Investment decision

hidden knowledge FDIC Bank Safety of loans

Adverse selection  Insurance company Policyholder Infection with HIV virus
Employer Worker Skill

Signalling and Employer Worker Skill and education

screening Buyer Seller Durability and warranty
Investor Stock issuer Stock value and percentage retained
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The Production Game

Players
The principal and the agent.

The order of play

1 The principal offers the agent a wage w.

2 The agent decides whether to accept or reject the contract.
3 If the agent accepts, he exerts effort e.

4 Output equals g(e), where ¢’ > 0.

Payoffs B
If the agent rejects the contract, then 7, = U and mprincipar = 0.
If the agent accepts the contract, then m,,.,, = Ule, w) and 7, in0ipa = V(g — w).
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The agent must be paid some amount w(e) to exert effort e, where 1w(e) is defined to
be the w that solves the participation constraint

i EREAN

i

Ue,w(e)) =U.

Thus, the principal’s problem is

Mazximize V(g(e) —1(e))

o

(1)

(2)
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The first-order condition for this problem is

Via(e) - (@) (32 - 52 ) =0 ®)

which implies that

Og Ow
— = _ 4
de  Oe )
From the implicit function theorem (see section 13.4) and the participation constraint,
. au
o _ (%) (5)
Oe oL
Combining equations (4) and (5) yields
oU dq ou
dide ~  de (©)

mER:. REAZTFKIMR=MC.
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Linear contract
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1 The forcing contract sets w(e*) = w* and w(e # e*) = 0. This is certainly a strong
incentive for the agent to choose exactly e = e*.

2 The threshold contract sets w(e > e*) = w* and w(e < e*) = 0. This can be
viewed as a flat wage for low effort levels, equal to 0 in this contract, plus a bonus if effort
reaches e*. Since the agent dislikes effort, the agent will choose exactly e = e*.

3 The linear contract shown in Figure 2 sets w(e) = a + fJe, where « and 3 are
chosen so that w* = a + (e* and the contract line is tangent to the indifference curve

U = U at e*. The most northwesterly of the agent’s indifference curves that touch this
contract line touches it at e*.

B 37X
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Figure 3: Three contracts that induce effort e* for wage w*

(&) gyr;wj ((5) ‘TL, m.L;u k) Linecr
Contrect CoNract Contract
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Let’s now fit out Production Game I with specific functional forms. Suppose the agent
exerts effort e € |0, oo|, and output equals g(e) = 100 % log(1 + e). If the agent rejects the

contract, let m,g.,, = U = 3 and 7,,cipa = 0, whereas if the agent accepts the contract,

let Togent = Ule, w) = log(w) — e? and Tprincipal = q(€) — w(e).

11
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The agent must be paid some amount w(e) to exert effort e, where 1w(e) is defined to
solve the participation constraint,

Ule,w(e)) =T, so log(w(e)) —e*=3. (8)
Knowing the particular functional form as we do, we can solve (8) for the wage function:
w(e) = Exp(3 + €?). (9)

This makes sense. As effort rises, the wage must rise to compensate, and rise more than
exponentially if utility is to be kept equal to 3.

12
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The principal’s problem is
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Mazimize V(g(e) —@(e)) = 100 * log(1 + €) — Ezp(3 + %)

' (10)
The first order condition for this problem is
dg Ow
Vv’ — — —— | =0 11
ate) — (@) (52 - 5] =o. (11
or, for our problem, since the firm is risk-neutral and V' =1,
11—51 _ 2e(Exp(3 + €)) =0, (12)
We can simplify the first order condition a little to get
(2e + 2¢*)Exp(3 + €?) = 100, (13)

but this cannot be solved analytically. Using the computer program Mathematica, I found
that e* =~ .77, from which, using the formulas above, we get ¢* ~ 100 log(1+.77) ~ 57.26
and w* ~ 36.50.

e
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1 The forcing contract sets w(e*) = w* and w(e # .77) = 0. Here, w(.77) = 37
(rounding up) and w(e # e*) = 0.

2 The threshold contract sets w(e > e*) = w* and w(e < €*) = 0. Here, w(e >
77) =37 and w(e < .77) = 0.

3 The linear contract sets w(e) = a + (e, where o and 3 are chosen so that w* =
a + (Be* and the contract line is tangent to the indifference curve U = U at e*. The slc-pe
of that indifference curve is the derivative of the w(e) function, which is

o (e)
Oe

At e* = .77, this takes the value 56. That is the J for the linear contract. The a must
solve w(e*) = 37 = a + 56(.77), so a = —T.

= 2e x Exp(3 + €%). (14)

14
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In this version, every move is common knowledge and the contract is a function w(e).
The order of play, however, is now as follows

The order of play

1 The agent offers the principal a contract w(e).

2 The principal decides whether to accept or reject the contract.
3 If the principal accepts, the agent exerts effort e.

4 Output equals g(e), where ¢’ > 0.

W L R A I 7

e
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In this game, the agent has all the bargaining power, not the principal. The partic-
ipation constraint is now that the principal must earn zero profits, so g(e) — w(e) > 0.
The agent will maximize his own payoff by driving the principal to exactly zero profits,
so w(e) = g(e). Substituting g(e) for w(e) to account for the participation constraint,
the maximization problem for the agent in proposing an effort level e at a wage w(e) can

therefore be written as
Mazimize U(e,q(e))

' (15)

16
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The first-order condition is

ou U\ (0q
— = (. 16
8E+(3q) (8&) (16)
Since ‘3—‘3 = % when the wages equals output, equation (16) implies that
oU Oq ou
dwde de (a7)

Comparing this with equation (6), the equation when the principal had the bargaining
power, it is clear that e* is identical in Production Games I and II. It does not matter who
has the bargaining power; the efficient effort level stays the same.

B B—FHERABHESRMNZ IR, XEF
B (Coase, 1960) HJED, HEREREETLLE
R 8 R A S ) 7043
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Now the principal picks not a number w but a function w(g). His problem is not
quite so straightforward as in Production Game I, where he picked the function w(e), but
here, too, it is possible to achieve the efficient effort level e* despite the unobservability of
effort. The principal starts by finding the optimal effort level e*, as in Production Game
[. That effort yields the efficient output level ¢* = g(e*). To give the agent the proper
incentives, the contract must reward him when output is ¢*. Again, a variety of contracts

could be used. The forcing contract, for example, would be any wage function such that
Ue*,w(g*)) = U and Ule,w(q)) < U for e # e*.

m B RN
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q(e, 0).
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B AR RZ) A DALk KA 8 AR EE N\ SEi st (first best)
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A first-best contract achieves the same allocation as the contract that is optimal when the
principal and the agent have the same information set and all variables are contractible.

A second-best contract is Pareto optimal given information asymmetry and constraints
on writing contracts.

B 25 H ‘sl ZEERESSRE R,
BE 2 “mfE” (optimal) .

B SRR Z R B B RA, B R
7 R K — 8B 73
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ﬂzfcz:ciﬂ}m'ze EV(q(€,0) —w(q(E,f)))

|

(18)

subject to

AT g

ée= e FEU(e,w(g(e,#))) (incentive compatibility constraint) (18a)

EU(g,w(q(€,0))) > U (participation constraint) (18b)

A WS an e i AR R T A LT B4R ?
lﬁk EHBERDRERB AN (13) .
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