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Abstract

This paper studies the optimal incentive schemes in a small team managed rm
where the owner of the rm has the option to quit from production and be a pure
residual claimant. The optimal incentive scheme suggests that: 1, the dependence
between earnings and rm's output should be higher for the rm owners when their
actions a®ect the rm’'s output, even if they are risk-averse; 2, the incentive parameter
for the managers should be higher if the owners of the rm do not participate in

decision making and management.



Do not impose others what yourself do not desire.

I 1 | Confucius

1 Introduction

The problem of double (or two-sided) moral hazard was not studied until lately.
Cooper and Thomas (1985) is probably the rst one who studied the double moral
hazard problem through examining he optimal product warranty when the failure
rate of a product is a®ected by both the rm's and the consumer’s privately observed
actions taken on the product. Mann and Wissink (1988), Dybvig and Lutz (1993)
also discussed the same issue. In this literature, the optimal warranty is based
on the notion of Nash equilibrium of the noncooperative game. When arriving at
a conclusion about the level of the warranty jointly, both parties anticipate their
reciprocal pattern of unobserved behavior, they consequently maximize their joint
surplus under the restriction of the Nash equilibrium. The conclusion of the double
moral hazard warranty model is that, rst, parties who feel unobserved when carrying
out their product investments normally agree to a partial warranty; second, this
voluntary agreement solves the double moral hazard problem in a suboptimal manner.
Mann and Wissink (1988) discussed the case of a voluntary money-back warranty.

In their model, the buyer is allowed to return the product within a period speci ed



beforehand. The authors conclude that under extreme conditions the double moral
hazard problem is solved by the rst-best levels of care-taking.

For the form of the optimal compensation schemes, Romano (1994) and Bhat-
tacharyya and Lafontaine (1995) show that a simple linear contract in which both
principal and agent share the output with constant proportions after a certain amount
of transfer is made between them when both the principal and the agent are risk neu-
tral is optimal. When the principal is risk neutral and the agent is risk averse,
Kim and Wang (1998) argue that the optimal contract is generally not linear if ~rst
order approach is valid. Agrawal (1999) models the double moral hazard scenario
between a landlord and a tenant with di®erent levels of farming e+ ciency. The opti-
mal contract maximizes the output net of the risk-taking and agency costs with risk
averse landlord and tenant mutually monitoring each other. The primary nding in
Agrawal (1999) is that the farming ez ciency di®erence is the principal determinant
of the contract.

In an example of Bhattacharyya and Lafontaine (1995) on franchising, it is showed
that with some speci ¢ assumptions?, the optimal share proportion is independent
of market size or competition, franchisees" disutility parameters and the size of the

franchise chain. Lutz (1995) studies the dynamic double moral hazard problem in

2Cobb-Douglas production technology, constant marginal cost of private e®ort for the franchisor

and CARA disutility functions for heterogeneous franchisees.



franchising in which she found that franchising may be the preferred organizational
form when the local manager’s e®ort has a relatively small e®ect on the unit's current
pro t, but a large e®ect on the unit's future pro t.

Many have considered the remedies for double moral hazard. Feess and Nell
(1998) consider a double moral hazard problem in a one-manager-one-auditor game.
They show that an ez cient liability rule without punitive penalties can be solved
through contingent auditing fees and fair insurance contracts where deductibles above
the damages are not required. Demski and Sappington (1991) show that the double
moral hazard problem can be completely and costlessly resolved if both parties have
the option for the risk-averse agent to purchase the rm at a prenegotiated price.
Hence the agent will not be exploited under the buyout scheme, nor will her bear
any unnecessary uncertainty.  However, they noticed that in order to make the
buyout scheme feasible, the agent will have to have sut cient wealth to buy out the
~rm, thus, the model is restricted to the literature on the vertical relations between
manufacturer and retailer. Tsoulouhas (1999) proposed that a piece rate tournament
can eliminate double moral hazard with multiple agents. However this holds only
if two conditions hold: 1. the principal suzx ciently saves in transaction costs by
employing a tournament; 2. the number of agents is sut ciently large.

Recently, Creightney (2000) tries to generalize some properties including optimal

risk sharing in a comprehensive double moral hazard model in a repeated setting.



It is found that the optimal sensitivity is lower than that of a single moral hazard
problem. Also, the marginal utility ratio is changing across periods, suggesting an
history independent dynamic contract.

However the current literature on double moral hazard is problematic in the sense
that double moral hazard is implicitly assumed as the cause of some ine+ ciencies. If,
the conjecture is false or misunderstood, then the remedies o®ered will be naturally
rejected whatsoever. Second, most models are static, therefore any interactions be-
tween the two sides of the relationship due to the repeated nature of the relationship
is ignored, making the model less vigorous and convincing. Third, output of an
agent in the real world does not only depend on the agent's e®ort but also his abil-
ity, especially entrepreneurial for a manager. Therefore the tournament propose in
Tsoulouhas (1999) is not acceptable to us in this sense. Fourth, most models use very
general functional forms on production technology, players® utility, and information
structure etc. This makes the model somewhat convincing but less manipulable and
therefore less capable to capture some insights of a problem.

With the above points in mind, our model di®ers in at least four aspects: 1, the
inex ciency of double moral hazard, if it ever exists, is not presumed before hand;
2, the timing in our model allows learning to nest; 3, the decision to participate the
production or not by the principal is endogenous depending on his own ability, the

information he has and risk bearing; 4, we seek the close form solutions with aggregate



production technology, CARA utility functions and commonly adopted monitoring
technologies. Our major ndings are: the optimal incentive sensitivity is higher for
the principal if her e®ort a®ects the output positively and stochastically, implying
that it is optimal for the principal to have more residual claims; optimal incentive
sensitivity is lower for the agents in a double moral hazard scenario.

The structure of the rest of this paper follows: section 2 introduces the model,
section 3 analyzes the optimal scheme for the second period, section 4 derives the

optimal incentive scheme in the rst period, section5 concludes the model.

2 The Model

The rm is constituted by two agents and one principal. The production is a function

of both agents' and the principal’s labour inputs plus a random shock,

y = f(abe)+" (2.1)

a+tb+e+ "+ 7 +&+"

where a; b; e are the e®ort exerted by agent 1, 2 and principal, respectively, “.; "
& are the abilities to agent 1, 2 and the principal, respectively, and all distributed as
N (mo; %2) a prior with zero correlation and " is a random transient shock, distributed
as N(0; %3). There are two periods in the model, therefore learning about team mates'
ability is involved. Only aggregate output in each period is observable and veri able
to all parties. We use backwards induction to analyze the two-sided moral hazard.
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Consider rst in the second period, output is
Ya=ax+by+e+ T+ HE+"y

where the subscripts denote the period®. Following Holmstrom and Milgrom (1987),

we assume a linear incentive contract in the following form,
Sy =@+ Ly2! (2.2
Therefore agent 1's* and principal's utility maximization problems are
maxE[U 82+ y2) i h(@)]; (2.3)
and
maxEN ((1i 2 2)y2i 202) i 9(e2)l; (2.4)

where U (§; V (¢ are the utility functions of the agents and principal respectively.
h(®; g(® are disutilities of e®ort.

Formally, the principal’s utility maximization problem is
maxE[V ((1i 2 2) (@ +bo+er+ o+ "y +&+") i 202)i g(e2)] (2.5)
subject to

maxe[U (82 + 2¥2) i h(@)l; (2.6)

3The intrinsic abilities do not change over time.
4Because of information symmetry, we take agent 1 as representative agent.
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maxE[U @2+ oy2) i h(b2)]; (2.7)

E[U@2+ )i h(@)], U (2.8)

E[U @2+ 2y2)i h(b2)] . U (2.9)

where U is the agent's reservation utility, (2:6) ; (2:7) are agents 1 and 2's incentive
compatibility constraints, and (2:8); (2:9) are the agent's participation constraints.
We assume that both the principal and the agents have CARA utility functions
as we do not impose ad hoc assumption on the asymmetry on the two parties risk
aversion. In our point of view, the major di®erence between a principal and an
agent is the authority within the rm. Firms are di®erent sorts of agencies, although
the relationship between the owner and the managers of a rm can be depicted by
principal-agent models, it is di®erent from between a patient and a doctor, or a
defendant and her attorney. The rm owner can supervise or monitor her sta® to
get a less vague picture on her fellow employees’ abilities and e®ort on work while
the reverse is much harder. This is not because the rm owner's activities are less
relevant to the rm's output, but because of three reasons: ~rst, the boss is a worker
who works under the shadow, so it is harder to measure his talent or work that has
been done; second, it is too costly to the agents to measure the owner's e®ort while

the owner could be using information generated from each department of the rm to



measure and evaluate employees, these could be seen as some by-products from the
production process and hence costless; nally, the owner has the authority, or voting
rights to implement his action, using resources within the rm, this implies that even
if monitoring is costly, she can still do it. Therefore, we impose a costless monitoring
technology to the principal where by the end of the rst period she can nd out the
true level of e®ort exerted by the agents with probability %; and with 1 j % she does
not retrieve any information. The principal's conditional variance of estimated sum

of the agents" abilities, %3, is

H oy2y,2 T

Y2 - - - 1 3,2 -1i32 32¢
o Var(“, + "pjy1) =% m"‘/A-- + (1 %) 2% + %

222
B ﬁﬂ(l i) %2 + U2
4 u

3 Second Period Double Moral Hazard

We can now rewrite the principal's utility maximization problem in period 2 into
% - Y

5

_ . 1 _
maxi expiR (Li Z2)Eelali 2851 9(e2)i SR(Li 22 (31

2

where R is the principal's coe+ cient of absolute risk aversion, and ® can be derived

from agent’s participation constraint (2:8),

a —n 1,
03=Ui SEAl2] + h(l) + 515 (3.2

where U = j exp(j ru); superscript * denotes equilibrium level, b is agent 1's second
period equilibrium e®ort level, which is expected by the principal, and the agent's
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posterior belief on randomness, ", + ", + 3; is
g = 2% + U%;

which is equal to the agent's a prior belief since neither of them has monitoring

technology. Therefore (3:1) can be rewritten as

Y% - %

5

- 1 -
max i expiR Eplyli 2ui (Mi 2mo)i 2n(B)i g(e2) i ¥ g¥a i 5R(LT 27)%E

€2, -

(3.3)
where the principal’s posterior belief on “, + "; my; is

W +22%(y1i e Biieid)

— 1
my = 2% 292 + 92

+2(1j Y%)my; 3.9

where decoration ~denotes the associated variable is the actual value that the principal
perceives.

The rst order condition to (3:3) with respect to , implies

0 - @e2 . 2 . 2
e —_— = - = ; 3.5

and rst order condition for the agent's second period utility maximization yields,

1
0 .
a, = ——- 3.6
2 h()g(az) ( )
Therefore the rst order condition to (3:3) with respect to , yields
—L_ + R¥%2
—& 00 P
5= ) @3.7)

-1 2 2 2 :
ey ey + (Y + 2R%2)
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where r is the agents' coezx cient of absolute risk aversion. One can easily verify that
if there is no uncertainly or risk aversion, the optimal incentive parameter, 3; for
this one principal two agent team, is %; because of the symmetry of the relationship

between the principal and the agents.

Proposition 1 In adouble moral hazard scenario, the optimal incentive for the prin-

cipal is (weakly) higher than that of an agent.

Proof. Suppose the agents and the principal have the same disutility function, and

at least one of them is risk averse, then refer to (3:7);1j 2 5> %: [ |

Corollary 2 The optimal incentive for the principal is (weakly) higher if the princi-

pal's information on agents® abilities is more precise or she is less risk reverse.

Proof. This is to say

<
N o

092

and

@
oR *

N o

0

It can be easily checked by taking partial derivatives on (3:7) with respect to %2
and R: |

Consider now the principal has an option to quit from everyday production but
just turn to be a residual claimant. Therefore the work is left to the two agents in
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second period. The principal will quit if and only if the utility from being a residual

claimant is greater than that from directly participating in production. That is,
_ 1 _
(Li D(ag+by+my) i 207 j gR(l i 2 5)%%3 (3.8)

5

—n o 1 —n
(1i @+b+ex+myi+&)i 20, g(e2)i ER(l i 27 5)%u3;

where superscript B represents the case of no principal participates in production.
To obtain conditions for inequality (3:8) to hold, we solve "2 and ®%: First order
conditions of the maximization over the principal’s certainty equivalent when she

quits from production operation in period two yield,

1 RY% ZE

-B _ + h00£a22 . (39)

2 o 4 DA+2RUZ

h%(az2)

where if no uncertainty or risk aversion, "5 = -;; implying a rental lease.

Lemma 3 Optimal incentive sensitivity for the agent in a double moral hazard sce-

nario is lower than that of a one-sided moral hazard case in teams.
Proof. Just a few algebra to establish
<5 (3.10)

Assuming for the moment that h(x) =g (x) = X—;; then (3:8) can be rewritten as

_ i_g0 iig® 1 _
2771 7 i () MR SR 272)%p (3.12)
%+&i 3P+ 50 r YA %R(li 2 5%

5
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i, a0
where %8 °=%% +%2 <¥%3:

Lemma 4 If the principal's entrepreneurial ability is suz ciently low, i.e., (3:11)

holds, she will quit from the production operation.

i L .- . .
Remark 1 Note that '%E < %% and —5 < 3 the su cient condition (3:11) can

be simpli ed to a further suz cient condition,

¢ i oC
-B. -B"2 02, By2lyB™2  —m2y2.

Lemma 5 If the principal and the agents have the same disutility function, then the

sux cient and necessary condition for the principal from not shirking is
i ¢
r- %30t

Proof. Straightforwardly from (3:7): W

Because uncertainty is reduced, i.e., i3/42% < %%; the trade-0® between insurance
e®ect and incentive to the agents is improved and hence the optimal incentive sensitiv-
ity is higher. Recently, Mario Lemieux, the Pittsburgh Penguins' owner who ended
a 3 1/2-year retirement in December 2000, helped to take his team to the conference
“nals for the rst time since 1996. On the other hand, Lemieux's fellow superstar,
Jaromir Jagr, who is one of the best players in the history of the National Hockey
League, scored only twice during the entire playo®s in 2001. Jagr will also end his
11 years draft with the Pittsburgh Penguins this summer. Our theory may explain
the above story.
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4 First Period Incentive Problem

With the second period optimal incentive problem solved, we advance to the rst

period. In the rst period, the utility maximization problem to agent 1 is,
—ua o} —n 1
max j fexp j rl®; + 1Ealyi] i h(ap) +10; ++ ,EAly2] i h(ky) +Er§ Ao (4.1

where variance §% captures all the uncertainties to agent 1 at the ~rst period per-

spective. The principal’s problem is then

max i fexpi RI(1i 27 1) Ep [yl i 207 i g(es) (4.2)
. . 1
++(Li 23)Eplyal i 283 i g(B) + SREE]0;

where variance § 3 captures all the uncertainties to the principal at the ~rst period

perspective and

, _h s REITN

o e T _ 2#

The rst order condition for (4:1) yields

Y2

0 - .
h'(a;)) = 4 +i%_2%2 vk

To obtain ™ 7; maximize (4:2) with respect to —4; i.e.,
H H

7t B N Y./ LR
0 = |2 1+_23/42+3/4§ ai i 1| 2 11 _23/42+3/42 €1 (44)
- 1_@82
i 2r %2 + = R—LE
1 1A 2 @ 1
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where

1
@§'2°—8‘ 2%% + %% 4u Hon il (uE+%%)q 8%l 27,): (4
. 12U+ )+ 4 e i1 (@) 8L 2 ) (4.9)

Therefore some algebra manipulations from (4:4) imply that
5 J

— . ooy . +Y%2 .
o= Ty T2RHI(Li 2wyt ey weew TR H)% +3/43).
' T =+ (1 + 2R)(202 + TR) -

(4.6)

The st term in the numerator of (4:6) is similar to that of (3:7); the second term

is the e®ect of principal’s estimation error on agents' rst period e®ort; the third term
is to balance out the career concerns of the agents and the last term in the numerator
is similar to that of (3:7); an appropriate risk aversion adjuster. Once again, if there

is no uncertainty or the players are risk neutral, ;] = %:

Lemma 6 The principal will not shirk relative to the agents if and only if

2r(li 2 5)¥%4.

A
5 32 i)
g + 2

where %3 = 2%2 + %2

Proof. First order conditions to (4:2) and (4:1) show that

+,9,2

09y — & . ___— "~ .
h(al)_ l+23/42+3/4g’

and

o A  —a 2£A%?_
g(el)_ll 11 _23/42_'_3/42-
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Suppose g (§ =h (¢); then h'(@]) , o’(e) . aj . €; which is equivalent to

. 1 ) +1,%,2
1= 31 252+ 92

which in turn is equivalent to

2r(l i 27 )44

7
© A+ 2

Lemma 6 says that a risk averse principal should have an advanced monitoring
technology to convince her subordinates that she will not shirk if she ever participates

in production operation.

Lemma 7 The optimal explicit incentive for the subordinates increases ina rm with

o}

double moral hazard, i.e., 5. " i:

Proof. Some algebras in (4:6) and (3:7) yield the result. W

The above lemma implies that a risk averse owner of the rm will work harder in
later career if he ever decides to stay in production operation. This result is against
the common sense as it seems an owner quits from business as time goes. Note the
analysis here assumes ability does not change over time and there is no interaction
between e®ort and ability. Many of the facts attribute to the ability, for instance, a
chair of a department, commonly a productive senior faculty, usually does not always
painstakingly stay in ot ce or lab overtime to produce good research, instead, much
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of her late work is due to her superior academic ability that she gained from previous

years. Same thing happens in a business world>.

5 Conclusion

In this paper, we study the double moral hazard problem in a rm's optimal incentive
scheme design. We suppose the relationship between the rm owner and the salaried
managers are repeated; and the owner's decision to stay in board or quit for retirement
is endogenous; managerial team size is small. We do not adopt lump sum transfer
or buyout as options to improve the risk sharing as the relationship considered in our
model is between a rm owner and professional managers where the managers' wealth
is constrained.

Our model nds that there is no inex ciency in the sense of double moral hazard in
a team managed rm because any inezx ciencies in an organization caused by double

moral hazard will be adjusted by the optimal incentive scheme and the principal’s

SRecently, Lee lacocca, the legendary former chairman of Chrysler, is now on the board of
San Diego-based Online Asset Exchange, a commodities-like exchange for used corporate assets.
Though selling used machine tools might not sound as glamorous as launching the original Mustang
or bringing the “rst minivan into market or saving one of America's Big Three automakers from
bankruptcy, lacocca is pretty successful especially given that fact that about 20 dot com companies
go bankruptcy every day in the Sillicon Valley alone. Je®rey Bezos claims in a TV show that he

works extremely hard to keep Amazon.com alive while Lee lacocca is taking time in his part.
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strategic decision on participation and hence any remedy to it is not necessary. Some
properties that the optimal incentive scheme exhibits are consistent with commonly
observed facts. These properties include: a rm owner's salary is more powered than
a manager's in the contract; the sensitivity of the incentive is higher for a publicly

held rm than a privately held ones with block shareholders.

19



References

. Agrawal, Pradeep (1999), Contractual Structure in Agriculture. Journal of

Economic Behaviour and Organization, 39(3): 293-325,

. Alchian, Armen and H. Demsetz (1972), Production, Information Costs,

and Economic Organization, A.E.R. 62:777-795,

. Al-Najjar, Nabil (1997), Incentive Contracts in Two-sided Moral Hazards

with Multiple Agents, J.E.T. 74: 174-195,

. Bhattacharyya, Sugato and F. Lafontaine (1995), Double-sided Moral
Hazard and the Nature of Share Contracts, RAND Journal of Economics 26(4):

761-781,

. Cooper, Russell and T. Ross (1985), Product Warranties and Double Moral

Hazard, RAND Journal of Economics 16(1): 103-113,

. Creightney, Cavelle (2000), Risk-Sharing Contracts Under Repeated Double
Moral Hazard, Working Paper, Department of Economics, University of War-

wick,

. DeGroot, Morris (1982), Optimal Statistical Decisions, NewYork: McGraw-

Hill,

20



10.

11.

12.

13.

14.

Demski, Joel and D. Sappington (1991), Resolving Double Moral Hazard
Problems with Buyout Agreements, RAND Journal of Economics 22(2): 232-

240,

Dewatripont, Mathias, I. Jewitt and J. Tirole (1999), The Economics
of Career Concerns, Part I: Comparing Information Structures, Review of Eco-

nomic Studies 66:183-198,

Dybvig, Philip and N. Lutz (1993), Warranties, Durability, and Mainte-
nance: Two-sided Moral Hazard in a Continuous-time Model, R.E.S. 60: 575-

597,

Feess, Eberhard and M. Nell (1998), The Manager and the Auditor in a
Double Moral Hazard Setting: Ex ciency Through Contingent Fees and Insur-

ance Contracts, Working Paper, University of Frankfurt,

Holmstrom, Bengt (1982), Moral Hazard in Teams, Bell J. Econ. 7, 324-340,

——(1999), Managerial Incentive Problems: A Dynamic Perspective, Review

of Economic Studies 66:169-182,

and P. Milgrom (1987), Aggregation and Linearity in the Provision of

Intertemporal Incentives, Econometrica 55, 303-328,

21



15.

16.

17.

18.

19.

20.

21.

22.

Jeon, Seonghoon (1996), Moral Hazard and Reputational Concerns in Teams:

Implications for Organizational Choice, In'l J. Industrial Ory., 14: 297-315,

Jewitt, lan (1999), Information and Principal-Agent Problems, unpublished

manuscript, University of Bristol,

Kim, Son Ku and S. Wang (1998), Linear Contracts and the Double Moral

Hazard, J.E.T. 82:342-378,

—— and ——- (1995), The Optimality of Linear Contracts Under Double Moral
Hazard, unpublished manuscript, Hong Kong Uniwversity of Science and Tech-

nology,

Lutz, Nancy (1995), Ownership Rights and Incentives in Franchising, Journal

of Corporate Finance, forthcoming,.

Mann, Duncan and J. Wissink (1988), Money-back Contracts and Double

Moral Hazard, RAND Journal of Economics 19(2): 285-292,

McAfee,Preston and J.McMillan (1991), Optimal Contracts for Teams,

Int'l Econ. Rev. 32,3:561-577,

Meyer, Margeret and J. Vickers (1997), Performance Comparisons and

Dynamic Incentive, J.P.E. , 105: 547-581,

22



23.

24,

25.

26.

27.

Rasmusen, Eric (1987), Moral Hazard in Risk-averse Teams, Rand J. Econ.,

18: 428-435,

Romano, Richard (1994), Double Moral Hazard and Resale Price Mainte-

nance, RAND Journal of Economics 25(3): 455-466,

Sherstyuk, Katerina (1998), E+ ciency in Partnership Structure, Journal of

Economic Behavior and Organization, 36: 331-346,

Tsoulouhas, Theofanis (1999), Do Tournaments Solve Two-sided Moral Haz-

ard Problem? Journal of Economic Behavior and Organization 40: 275-294,

Veen, Thomas (1995), Optimal Contracts for Teams: A Note on the Results

of McAfee and McMillan, Int'l. Econ. Rev., 36: 1051-1056,

23



