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Summary

This paper applieso adverse selection theory the advances made in the field of
ambiguity theory. It shows that i) a relevant second-best contract induces no production
distortion considering the efficient agent as in the standard case. But the principal has to pay
a higher information rent compared to the standard case; ii) This is due to the level of
transfer paid to the inefficient agent which is higher than under the complete information
system. The above results are reached when the agent has neither fully optimistic nor
optimistic beliefs. When, he feels an extreme feeling then, the information rent and second
best transfers are inside bounds similar to the SEU case; iv) as a consequence, the principal
has to adopt a flexible behavior consisting in acquiring new information for becoming either
entirely optimistic or pessimistic to minimize transfers and information rent in the proposed
delegation contract.

Keywords. Asymmetric information, agency theory, adverse selection, uncertainty,
ambiguity theory, irreversibility, information arrival.

JEL:D80, D82, D86

* University of Nice Sophia Antipolis, GREDEG,UMR 7321,CNRS.
250, rue Albert Einstein, 06560 Valbonne Sophia Adigpd-rance.
Tel.: + 33-4-93954327-fax:+ 33-4-93653798,
gerard.mondello@gredeg.cnrs.fr



mailto:mondello@gredeg.cnrs.fr

l. INTRODUCTION

The present paper aims at applying to classic adverse selection theory recent
progresses mad@y ambiguity theory. Ambiguous choices appear when agents face
situations characterized bjunmeasurableuncertainties” ? following Frank Knight, i.e.
uncertain events that no probability distributeanpredict.

Adverse selection arises when a principal considers farming out a charge to an agent.
Benefiting from increasing returns (division of work) or performing efficiently several tasks
may motivate the delegation choice. This applies to all varieties of contractual relationships
between two entities (corporate and workers, public utilities and firms, €tgs).process
generates information asymmetries because the agents can easily hide private information
from the principal (true ability, cost structure technologies, knowledge, etc.). Hoveever,
efficient use of economic resources involves restoring information symrbetween all
parties and, the principal must design some incentive schemes to reach this goal. I classica
adverse selection models, this involves allocating rent informégiomost proficient agents,
and then inducing them to provide the first-best level of services (Laffont and Martimort
(2002)).

To study the consequencefintroducing “unmeasurable uncertainty” in the adverse
selection scheme, we use the simplest formulation of Laffont and Martimort (2002), i.e. their
one-shot adverse-selection model This is a contractual framework characterized by no-
repetition, no-adjustment process. Hence, this papeain goal is characterizing the
information rent extraction process untgne” uncertainty.

With the standard view, both principal and agent are rational and they maxmize
Savage Expected Utility function (SEU). In its simplest version, the model considers that the
agent is either efficiendr inefficient and the principal ignores which kind of agent he meets.
However, by assumption, the proportion between efficient and inefficient agent is common
knowledge. Consideringreal” uncertainty involves that a unique probability distribution
cannot summarize the pripai’s beliefs. This view comes from Elisberg (1961) who showed

that Savage’s axioms lead to paradoxical choicésIn our model, the principal forms beliefs

! The references about these advances are presented in the following tbthection and in section 1 and
appendix 1.

2Following the Frank Knight’s terminology (in Knight (1921)).

3 See Teitelbaum (2007) for a review of the following literature.
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about the probability distribution of the states of nature.pfheipal’s objective function is a

specific Choquet integral i.ea“neco-additive capacit’ as described by Chateauneuf
Eichberger and Grant (2007), or still, Eichberger, Kelsey and Schipper (2005). This objective
function is the weighted sum of the maximum value, the minimum one and the average value
that the principal can expect from his transaction with the agent and this function replaces the
standard SEU.

Under information asymmetry, the principal cannot directly enforce the first best
contracts. To deter the efficient agent to mimic the inefficient one and to grasp soere high
level of transfer against some low quality services, the principal accepts to pay him an
informational rentThis is a second-best contract that induces the efficient agent to supply his
first-best service. Substituting neo-capacity to standard SEU comes from the fact that the
principal faces ambiguous beliefs and may feel either optimism or pessimism about the
agent’s efficiency. The paper shows then:

- First, consideringagent’s efficiency, a relevant second-best contract creae
production distortion likewise the standard case. However, unlike this case, the
information rent to pay is much higher.

- Second, paradoxically, concerning the inefficient agent, the information rent due to
transfers is higher than the first-best situation.

- Third, when the agent feels an extreme feeling (fully optimistic or pessimistic)
then, the information rent and second best tranigensside bounds similar to the
SEU case.

- Fourth, from the above results lead to consider that the principal has to adopt a
flexible behavior that consisis acquiring of new information before choosing the
contract terms. The aim is to become either fully optimistic or pessimistic and
minimize both transfers (and information rent). Hence, introducing uncertainty and
a neo-additive capacity asutility function involves that the principal takes into
account the opportunity costs associated with potentially irreversible choices.

Obviously, applying ambiguity for adverse selection is not that new. For instance,
Wakker, Timmermans and Machielse (2007) analyze empirically insurance theory. They test
how weary are agents about ambiguity. In a more theoretical dissertation, Martinez-Correa
(2012) tests the impact of ambiguity on Borch-Arrow insurance markets. He shows that the
level of coinsurance under ambiguity, compared to risk only, will depend on the relative

importance of risk and ambiguity for each party. The differences in beliefs correspond to the


http://econpapers.repec.org/RAS/pei37.htm
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ratios of the risk aversion on the ambiguity aversion parameters. These works are rather far
from our purpose.

In a first part, we remind the theoretical background involved by the using of
neoadditive capacities compared to standard capacities. In a second part, we describe the set
of allocations that the principal can attain in spite of the lack of information he undergoes. He
has to induce the agents to reveal their true nature by defining a set of incentive compatibility
constraints and participation constraints. Then, in a third part, we introduce neo-additive
capacities inthe Principal’s program. In a fourth part, we sketch the features of the
informational belief system corresponding to the acquisition of new information. A fifth part

concludes.

II. Background

For the last sixty years, the subjective Savage expected utility theory (SEU) (Savage
(1954)) ruled the field of uncertainty theory. SEU combine$idetti’s (1937) calculus of
subjective probability and von Neumann and Morgenstern (194xpected utility theory.

Since its early formulation, this leadership empirical and theoretical works qeestios
leadership (Allais (1952)). The critics focus on the violations of the SEU main rationality
axioms In SEU, the decision makers have personal probabilities defined on several uncertain
states of nature. They express preferences on these states and the SEU axioms show under
which conditions is represented a numerical expected utiitym their choices are infex
subjective probabilities.

In the early sixties, Ellsberg (1961) revitalized the distinction between risk and
uncertainty (probabilities unknown) made by Keynes and Krgtiite beginning of the XXth
century. Ellsberg analyses the behavior of individuals who have to make similar choices
facing two situations. In situation (A), an agent makes a choice among an alternative. Both
events can occur under a known probability distribution. In situation B, the alternative is the
same but the probability distribution is unknown. Most of the time, the agents torefake
their choice in situation (A) where the probability distribution is given ratherith@3). This
situation violates the sure-thing principle of the SEU. Indeed, implicitly, even ignoring the
true probability of the alternative in B, by choosingsituation A, the agent és“as” if the
chance of success in B were lesser than in A. Ellsberg explains this by thé agersisn for
ambiguity. The following example shows more precisely the point.

Let us assume that a manager (principal) has the opportunity to hire the services of an
agent in a location A. A priori, he does not know whether the waslsiilled enough or not.



If this last one is qualified his payoff will i if not, he will gainS, (S > S, (S, S € R,)).
The principal knows only the proportion of skilled and unskilled workers in the A area. Let

respectively bepi andp =1-— p,(1=p=0) this proportion. In a different location (B), he
has the opportunity to earn the same amo{ﬁ:@ } but, the proportior@gf) between skilled

and inexperienced workerls— py) is unknown. Hence, the expectation of gain for location A
iSE[S/A] = p S + (1 —p)S and for location B:

E[S/Bl=psS+(1—pp)S.
If the principal chooses A rather than B, that means that he think&[fak] >
E[S/B], or still:

pS+(1-p)S>prS+(1-pHSor,S+p(S—5)>5+p,(s—5)
And, naturally:B > pr.

Hence, by choosing A, implicitly, the principal allocates a lower probability to the
meeting of a skilled wosk in B and he has expressed his aversion for ambiguous situation.

Ellsberg (1961) shows that the usual distribution probabilities cannot represent beliefs
the agents do not use probability in a linear manner, asidtes expected utility model.
Ellsberg’s paradox highlights the non-additivity of "subjective probability” (or "beliefs")
attributed to complementary events. The agents' preferences do not respect the principles of
the Savage theory of uncertainty (pre-order principle and the sure-thing principle). Schmeidler
considers this as the "first principle of bayesianism" i.e. the representation of uncertainty by a
single measure of additive probability (Gilboa and Schmeidler (1989), Schmeidler (1989)).
Schmeidler used Choquet expected utility (henceforth CEU), which involves representing
individuals’ beliefs with non-additive probabilities (or capacities). Following this approach,
individuals maximize the expected value of a utility function with respect to a non-additive
belief. Mathematically, this corresponds to a Choquet integral.

The Ellsberg’s paradox also gave rise to empirical experiments. Laboratory tests
showed no proportional relationships but distortions between losses and gains in the mind of
people. In those yeardeliterature about uncertainty hugely grew. Gonzalez and Wu (1999)
attemped to bring together theoretical and empirical studies to define the effective
individuals behavior facing uncertainty. Kahneman, and Tversky (1979), Tversky and
Kahneman (1986) and 1992) or still Tversky and Fox (1995) or Tversky and Wakker, (1995)
Prelec (1998) deeply inspired their studies. Theytdrynderstand how individuals distort
outcomes and probabilities. Hence, the agents systematically tend to overweight low
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probabilities and underweight high onés trend of theoretical works systematized these
empirical approaats and simplified Schmeidl&r advances. Hence, Eichberger, Kelsey and
Schipper (2005) noted that the general CEU model appliedyhbetause of intrinsic
mathematical complexity and a high numbé&free parameters. For instance, a capacity on a
set with n elements involv28 parameters, while (n-1) parameters describe a probability
distribution on the same set. Consequently, Chateauneuf, Eichberger and Grant (2007) and
Eichberger, Kelsey and Schipper (2005) develop the concept of neoadditive capacity.
Neoadditive capacity is a probability weighting function &heo” is the abbreviation for
Non-Extremal Outcome additive. This approach helps to assimilate the contribution
associated to the inverse-S-shaped probability weighting fun@onzalez and Wu (1999).
Indeed, under Choquet expected utility with a neo-additive capacity, a weighted slen of
minimum utility, the maximum utility, and the expected utility represemtagent’s
preferences. This relationship links together experimental analysis and theoretical aggproach
Concretely, the choice of a concrete acthat yields uncertain outcomes represents his
preferences:

V(@) = AM(a) +ym(a)+ (1 —y—DEy(a)

Where M (a) represents the maximum value of the a@ndm(a) its minimum
E,(a) the expected value. The paramefeasdy express respectively the level of optimism
and the degree of belief of the agent in the expected valmeFafr instance consider thiait
y = 0, the agent will assess his preferences by the expected vatuandfthe maximum
value:

V(@) = AM(a) + (1 — DEy(a)

Hence,A measures the decision-maketevel of optimism whiley expresses his
pessimism degrée So the agent will over-weight good and bad outcomes compared to
expected utility theory. When considering neo-additive-capacities, only the best and worst
outcomes are over-weighted. In appendix one, we provide a simplified version of these

developments.

[11. Thebasc framework

Now, we consider a principal (regulator) that delegates to an agent the produgtion of
positive units of a good. Its valueS6q) where:
- S'(q) > 0, (increasing irg), and negative or null in the second derivait/¢q) < 0.

Thus,S(q) is concave witl§(0) = 0. As usual in model in this kind, there are no fixed

* See Teitelbaum (2007)
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costs and for payment for the supplySg), the agent receives an amourtransfer).
The agent’s production costs are assumed unobservable from the principal, but, it is
common knowledge that the marginal costs can take values in the following interval:

- w=1{9,6} with§, 6 > 0and48 = 6 — @ > 0. The indexd shows an efficient agenf
Ageni while thef index corresponds to an inefficient orfeAgent). It is assumed that

the Principal meets the efficie@tAgent with a probability of) and the inefficiend-
Agentwith a probabilityl — 9. The cost function that is assumed lineag:in
- C(q,8) = 6q with a probabilitys or, (1)
- C(q,6) = 6q with a probabilityl — 9. @)
The linearity of cost will be our working assumption.
1. Thecontracting setsunder complete and incomplete information
Here, basically, a contract is an agreement by which the agent engages to supply a
certain amount of goods or services to the principal in exchangegpyyment (transfer). Let
B be the set of feasible contractual allocations where:
B={(qt):q€eR,,tER} 3)
A third party can observe and verify these variables (generally, authors refer to a court
of law or a specialized agency).
The usual asymmetric information framework assumes that the agent discovers his
type, and then the Principal offers a contract that the agent can either accept oDngject.

accepted, the principal enforces the contract. iBhise timing of the contractual relationship.
The complete | nformation Optimal Contract

The complete information between the principal and the agent model constitutes the
benchmark of this agency relationship. From the first order conditions of the social welfare
function(W <), W< (q,8) = S(q) — C(q,0), 8 € ¥) the production levels define as:

- For an efficient agens’ (q) =’ (q*,Q) =6 (4)
- For an inefficient ones’(q’) = C'(q,0) =0 (5)
Depending on thexgent’s nature (efficient or not), undea complete information

regime, the production level will be eithgrorg", for non negative social functions:

The condition that the social value of production achieved with an efficient agent is

always higher than an inefficient one, i.e. :



S(q")-04°25(q)-07 25(7") - 07 (6)

This is a direct result A6 > 0.

An important issuen what follows is thag* > 7, i.e. the optimal production of the
efficient agent is greater than the one of the inefficient agent. Bdusyse the principal’s
marginal value of output is decreaginmplementing the first best production levels entails
for the principal to make a takeer leave-it offer to the agent which involves a zero profit
opportunity. Afterward, the efficient contracts under asymmetric information write as
BA* = {( t',q") and (E*,ﬁ*)} = B, will have to meet the participation constraints:

t-0920 ()
t—-60G=0 (8)
(with equality respected for an optimal contract).
Constraints (7) and (8) are called thezent’s participation constraints” and mean that

the principal has to supply that level of transfer which insures to the agent a utility level at

least as high as the agent could obtain without doing anything. Hence an optimal contract

under complete information involves thtat= 6 g* andt = 0q .

The asymmetric information case

We assume now that the efficiency type of the atiest {6, 6} is private information.
It is well known that the set of efficient contra®$™ defined under complete information
cannot be implemented because the efficient type could simulate the behavior of the
inefficient one and, when profitable, to get an informational (ré*n{— 0q). Consequently,
the efficient allocation set under asymmetric informa@d has to satisfy the following
incentive compatibility constraints:
t—8q=t—0q ©)
2t—6¢q (10)
menu is to fulfill the following participation constraints:
=0 (11)
t—0g=0 (12)
Asymmetric information adds more constraints on the allocation of resources and a

menu of contract is incentive feasible if it satisfies the incentive compatibility constraints (9)
and (10) and the patrticipation ones (11) and (12). When adding (9) and (10) we get



o~
|

t—-0q+t—0q=t—0g+t—6qand-Hq—60qg=-6q+—-6q and

1

@ -

|

)q Z (6 — 6)q and, naturally:

929 (13)
This well-known result will be useful in the following. Relationship (13) is an

enforcement condition. Under complete information, the information rent level is null.
Consequently, if respectively;, andU are the efficient and the inefficient agentitility
level, then, U* =t"—6q" =0 and U =t —68g =0. Therefore, the agents cannot
benefit from extra-rents extracted under asymmetric information. This is no longer the case
under asymmetric information. The efficient agent will get the following utility level when he
decides to mimic the inefficient one:

U=t—-0g=t—0q+460q=U+ 407 (14)

This relationship means that the information rent is carried out by the informational
gain of the agent over the principal. Each category of agent can get the following information
rent:

U=t—-04q (15)

U=t-07 (16)

These writings (15) and (16) will be used in the following of the argument.
2. The Principal’s choice under ambiguity

We consider now that the principal has beliefs represented by neo-capacities as
defined above in the background of the study. Neo-capacities play a similar role to a
subjective probability in the expected theory of utility.

The Choquet utility expectation function of the principal

Coming back to considerations about uncertainty, we define the utility function of the
principal as a Choquet expected utility. This utility writes as the weighted sum of the
maximum utility, the minimum utility, and the expected utility:

(@) = AM(a) +ym(a) + (1 —y — DEy(a)

Appendix 1 recalls the conditions that lead to build neo-additive capacities and
adapted Choquet integrals. To apply this to our model, we have to consider the space of states
Y= {Q,@} to which is associated the skills of the agents Consequently, under asymmetric

information the outcome space will be:



X = {M(a), m(a)}. Then, in what follows (by abus&y,= {M(q, 8),m(q,6)}
M(q.0) = S(q)- ¢ (17)
m(6) =5@) -t (18)
The regulator’s beliefs about the nature of the agent are given by a neoadditive
capacityn based on the prior probability distributign={9(8),9(6)}, whered(6) =1 —
9(8) and in the following?(6) =1 — 9 andd(8) = ¥.

() = M (q ) +ym@ + 1A -y — Hp(x) (19)
Where4, y are real numbers such tilag y < 1 and0 <A < 1 —v. The regulator is
optimistic wheny = 0 (and wherk = 1 he is extremely optimistic). Putting it otherwise, he
gives lesser weight to the probability of revealing the inefficient agent and he is pessimistic
wheneveil = 0 (extremely pessimistic with= 1). When\ = y = 0, the capacity is additive
and corresponds to the expected utility function. Then, the Choquet expected utility of the
regulator is:

W) = AM(q)+ym@ + 1 —y = DE,X) (20)
Or sitill,

LX) = 2 (S(g)— g)+y(S(ﬁ)—f)+(1—y—/1)<19(5(g)— §)+

1 -0)(@ -1)) )

With a neo-additive capacity, the Choquet utility is the weighted average of the
minimum, the maximum and the average payoff. For Eichberger, Kelsey and Schipper (2005,
p. 6) “Intuitively a neo-additive capacity describes a situation in which the individual
believes the likelihood of events is described by the additive probability measure: However
(s)he lacks confidence in this belief. In part (s)he reacts to this in an optimistic way measured
by A and in part the reaction is pessimistic, measureg By

The principal’s program

For heuristic reasons, the principglrogram writes as:

Max{(g’g)_(a_;)} {l (5 (g) - E) +y(S@-)+1-y-2 (19 (S (g) -t ) +
a-9(s@-1))} (21)

Under the incentive and participation constraints (9) to (12).
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Using the following change of variable= t — 6 g andU =t -6 g) in (15) and
(16), (Laffont and Martimort(2002)), the program writes now:

a2y (0} =

(o (6@ -29) + (5@ -0+ +a-y-2(s(s5(2) - 20) +

A-DE@-07))-T(r+A-y-D(A-9))-LA+A-y =D} (22)

Under the modified set of constraints:

U ZU+A0g (23)
UzU-A8q (24)
Under the participation constraints:
U =z0o, (25)
Uz0 (26)

In order to solve this program, we note that the number of constraints reduces because
of the ability of thed-agent to mimic the inefficient one. This involves that the participation
constraint (25) is always strictly satisfied. Then, (30) is fulfiled and combining it (@&h
this involves tha(25) is always strictly verified. Indeed, when a set of contracts allows an
inefficient agent to reach his minimum utility levél & 0), consequently the efficient agent
strictly reaches a higher level. The constrdits) is irrelevant: the inefficient agent cannot
claim that he is efficient when obviously he is not. Hence, only two constraints are relevant
(23) and (26) and both are binding. Hence, we get:

U=A0q (27)

And,

U=0 (28)

Replacing these values we get a reduced program:

Max{gﬂ}{l (S(g)—gg)+y(5(ﬁ)—5§)+(1—y—l)(19(5(g)— Qg)+

A-9(S@-87)) - A+ (1 -y - D)D) 467} (29)
Hence, looking for the first order conditions considegrandg gives:
a !
Vg;X) —0>S (ESB) =9 (30)

And,

11



WVp(X)
ag

1(=SB\ _ & _ 1
0=5'(q") =8+80 (-1 + =z mmmm9) (31)

Consequently, it = 0 andy = 0, then,

—SB

S'(7°°) =0 +00 31%)

This last expression corresponds to the solution in which the principal is endowed with
a Savage expected utility function (SEU-Principal in the following). Rewriting the above
equation as(1 — 19)(5’(553) —6) = A8 9, as Laffont and Mortimort (2002) showed it, in this
state of nature, increasing the inefficient agent's output by an infinitesimal adtpraises
allocative efficiency.

The SEU-principal's expected payoff improves by a term equal to the left-hand side of
the equation timedq. Simultaneously, the extremely small change in output also increases
the information rent of the efficient agent and this diminishes the principal's expected payoff
by a term equal to the right-hand side above tiogsAt this level the expected marginal
efficiency cost is equal to the expected marginal cost of the rent brought about by an
infinitesimal change of the inefficient type's output. Consequently, there is a tradeoff between
rent extraction and efficiency. However, under true uncertainty, when the principal forms
beliefs about the state of nature, the efficient rent increases at a higher level than expected in
the standard case. This is the object of proposition 1 :

Proposition 1. Under asymmetric information between principal and agent, when the

principal is a Choquet Expected Utility maximizer, the optimal menu of contracts entails:

)] No output distortion for the efficient agent with respect to the first-best,

q°B =q’, as for a SUE-Principal. Howeveroncerning the inefficient type,

there is an upward distortio@SB > g with

1
1- A+ (—1+y+A)9

—SB

s'(@")=0+00(-1+ ) where(—1+ —————) <0,

1— A+(=1+y+21)9
andg* > ESB > g . This contrary to the SEU case,
i) The efficient agent gets a positive information rent corresponding to:

S —SB

T = 167 (32)

i) The second-best transfers corresponds respectivelyrt efficient agent)
t5F = 0q° + 067" (33)

And, for the inefficient one:

12



—SB
t

I
D
)

(34)
(Proof in appendix 2).

The similarity of solutions between proposition 1 and the SEU case is only apparent.
Indeed, both of them issue on no-distortion in production considering the efficient agent who

supplies the first-best level. Indeed, the i) of proposition 1 showsthat ¢*. This result

was not a priori intuition. However, things change considerably with respect to the inefficient
agent because the level of production supplied by this agent is higher than under the perfect
information caseg’® > g".

This situation has consequences on the level of transfers that the principal offers in
each state of nature. Indeed, considering these transfers (in (33) and (34)), it appears clear that

they are higher than under complete information, where fiom=¢ — 63" = 0), we get

T =07 <t =0g". From (33) we get*® = 0¢* + 463"" which is higher than under the SEU

case because, under this regime the production supplied by the inefficientsalpelav g 5. This
argument establishes proposition 2:

Proposition 2: Under asymmetric information and true uncertainty, with a Choquet
Expected Ulity maximizer principal, the level of transfers that the principal has to supply is
higher than when the principal is a SEU maximizer.

The proof of proposition 2 comes from the above argument.

Nevertheless, once accepted the methodological change concerning utility functions,
linking the performances of both schemes iBtté interest. Much more attractive is to check
whether the principal could (should) not reduce the amount of the information rent to pay to
the efficient agent. In order to answer to this question, we will examine the cases in which the
principal feels pure or full optimism or pessimism.

Proposition 3: Under asymmetric information, with a Choquet Expectéitity) maximizer
principal, when the principal feels either fully optimistic= 0) or fully pessimisti¢i = 0),
then:

) The quantity supplied by the less efficient agent is less than under complete
information.

i) When fully optimistic, the second-best transfers corresponds respectivielytie(
efficient agent)

£t = 9" + 097" (35)

And, for the inefficient one:
Pt = g™ (36)

> See Laffont and Martimort (2002, chap.2).
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(Whereq? andg®” correspond to the second best solutions when the principal
feels fully optimistig

iii) When fully pessimistic, the second-best transfers corresponds respectiviely to(
the efficient agent)

P = 0q* + 40077 (37)
And, for the inefficient one:
" =g (38)

(WheregP™ andg”*™ correspond to the second best solutions when the principal
feels fully pessimistjc

(Proof of proposition 3 in appendix 2).

Proposition 3 establishes that when the principal forms extreme beliefs such as full
optimism(y = 0) or full pessimism(A = 0), then, as second-best, the production distortion
will be of the same order than for the situation in which the Principal behaves like a SEU-
Principal. Hence, this production level is lower than the first best level, which corresponds to
the complete information case:

7" <qorg”? <7

For the principal this situation is highly preferable compared to the case where
(y # 0) and(A # 0). Hence, with extreme beliefs, the transfers are lesser than with non
extreme ones. The difference expresses the princigah if he could switch from moderated
beliefs to the extreme ones. Consequently from (33) and (34) and from proposition 3 ii) and

iii), we deduce (for the fully optimistic case) that for the efficient agent:
£S5 — 7 = 9q" + 207°" — (8" + 263" ) = 86(5"" —3°) > 0 (38)

And, for the inefficient one:

-SB —SB

-2 =8 (3" -q ") (39)

(The argument is the same for the fully pessimistic case).

When he must define a contract, the principah “moderate” beliefs will incur more
cost transfers compared to the fully optimistic or pessimistic situations. If, however, he could
change his state of mind and move towards onthat “extreme cases”, then he would
restrain these costs. This could be done by waiting and/or acquiring more information. Before
going further we deduce from proposition 3, the proposition 4 that states that:

Proposition 4: Wheny > 1, thens'(g”?) > s'(g""™) andg”” <g™™ and the reverse

fory < A

(Proof of proposition 4 in appendix 2).
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This proposition means that the ratio of pessimism to optimism is fundamental to

determine what situation will bring more advantage. This result is important for the following.

V. THE PRINCIPAL’S CHOICE UNDER IRREVERSIBILITY
POSSIBILITY

As a result, the combination of propositions 1 to 3 issues on the theory of irreversible
choices. Here irreversibility stems from the high transfer costs that the principal caif incur
he proposes to agents an immediate contract rather than waiting for new information and
better opportunities. Consequentlyith ambiguity theory, the principal has the possibility to
wait to get further information and then to propose a contract on better conditibesright
moment.

If, after acquiring new information, the principal becomes either fully optimistic or
pessimistic, that means that he gets better information about the states of nature occurence.
Then, he is able to minimize the efficient agernnformation rent. The arrival of new
information changes on a Bayesian basis the probability of states of nature (Epstein (1980).
This process modifies the value of the neoadditive capacities. Then, the question is whether
there exists a convergence process flioistate of “normal” state of mind (little information)
towards one of the two extreme states. Studying such a convergence process woulddeserve
full article but going further would require too much space.

Consequently, a simple illustration is given. It relies on the location choice previously
developed in the first part of this article. We recall that the principal knows only the

proportion of skilled and unskilled workers in the A area, i.e. respectivetydp = 1 —
p, (1 = p = 0) this proportion. This ratio will be the prior probability on which he forms

beliefs.
Let beA andy respectively the level of optimism and pessimish= y = 0 and

1—y = 1> 0). Therefore, the principal Choquet expected utiliti:

ChE(S)zl§+y§+(1—/1—y)(2§—(1—2)§) (40)
We make the following change variable:

A=aB,y=a(l—-p)and, naturally(1-1—-y)=1—-«a (42)
Then,

CRE(S) = afS+a(l—B)S+(1—a) (Bg—(1—g)§) (42)

15



This writing is conforming with Chateauneuf and alii (2007) and it improves the
understanding of pessimism and optimism which are represented respectigely I8y and
B, wherea represents the preference for ambiguity. The highethe lesser will be the
weight of the linear expectation in the principal opinion. Thdn- a) represents the
aversion for ambiguity parameter.

We can consider thathE(S) is the expected gain for a given initial level of
information in present timk = 0, let beg, this level we rewrite it aShE (S|¢p,).

Considering the second best optimum level we get the following level of transfers
from (33) and (34)£°% = 6¢" + 467" and T~ =0q"".

Let us assume that the principal has the opportunity of waiting another period (or stage
2) in order to get new information. By assumption, withhe can become either fully
optimisticg = 1 or fully pessimistiqt = 0. His level of aversion/preference for ambiguity
can stay identical (fixed). At stage 2, the informatiop will be considered as either positive
@™ if he becomes fully optimistic, or negatiye (fully pessimistic). Then with the set of

initial informationp® on stage 1, his expected gain is:
af(9®) S+a(l— B S+ (1 -a) (ps - (1-p)5) (43)

At stage 2 the set of information becomes= {¢~, ¢* } and let b5 () the level of the
optimism ratio after the coming of new information with:

1if @2 = ¢+
2) = 44
@D =g e _ o (44)
Then the expected Choquet utility for stage 1, after the arrival of new information is then:
CRE(S|9?) = af(9?) S + a(1— f(@?) S+ (1 - a) (pS - (1-p)3) (45)

Forp? = {97, 0"}

Obviously from proposition 3 ii), for the efficient agaff > t°Pt andtS8 > tPs™
and, the inefficient onet” > t7 andt.” > t°". As a consequence, without any further
assumption, the problem would be very simple, because, as weikfimm proposition 2
and 3, here, it is more profitable to wait because in this case, by proposifibf (3|¢p) >
ChE(S|g,) for ¢? = {¢~, " }. Hence, whatever the relationship betweamd B taking
into account the change of variable (41), it is better for the principal to wait further
information.

However, things change when the information becomes costly, et 0, the cost

of new information, this increases the transfer costs and makes the information waiting
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process more risky (with'(c) <0 and?l(c) < 0). For instance, by assumption we could

have a situation in which:
ChE(SI(p+) > ChE(S|@y) > ChE(S|p™) (46)

Where:
CRE(S|p) = aB(p) S(c) + a(1 = f(@) S(c) + (1 — @) (pS(©) - (1-p)S(©)  (47)

Foro ={p~,¢"}

The problem transforms in a classic problem with irreversibility that can be dealt with
quasi-option theory. As such, it will not be analyzed here. Indeedavesan over-simplified
model drawn from Fisher and Arrow (1974), Fisher and Peterson (1976) or still Henry (1974)
and Freeman (1985). The object is to know whether a positive quasi-option may be defined
from the waiting of new information. Here, this information is supposed costly because we
gave a sure alternative about the convergence of beliefs about a full optimistic situailbn or
pessimistic situation. In fact, the number of stages could be longer knowing that convergence
towards these polar situations is not certain. The gathering of information could be organized
through a Cremer and Khalil (1992) (also Crémer, Khalil and Rochet (1998)) process where
the principal finds it profitable to organize competition between several agents, even though

he has monopoly power and can push a single agent down to his reservation utility.

V. CONCLUSION

Introducing “true uncertainty” and aversion/preference for ambiguity in the specific
context of basic agency relationships leads to two kinds of issues. First, as expected,
ambiguity theory changes somehow the standard results compared to situations that consider
probability additive utility functions. Hence, regarding the second best solutions, there is no
production distortion about the quantity supplied by the efficient agent as in the classic case.
Nevertheless, the level of transfers and the information rent highly increases because the
transfers due to the inefficient agent are higher than the one supplied under complete
information. These transfers form the base of the information rent paid to the efficient agent.
This change in results induces a change in the behavior of the principal and this induces the
second kind of results.

Hence, second, when the principfidels “extremely” pessimistic or optimistic
(respectively, the corresponding degree of optimism (or pessimsm)ll) then the results
are similar to the adverse selection model with a SEU-principal. Consequently, when possible,

the principal could minimize the level of transfer if, some way, he cald“txtreme”
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beliefs. This involves that before designing a contract, it could be better to wait for new
information. Therefore, a principal endowed with a Choquet expected utility has the
possibility to propose an immediate contract to the agent as in the standard scheme, or to
await news for a better knowledge about the future states of nature. This knowledge can drive
him to become either fully optimistic (the probability of finding efficient agents increase) or
pessimistic in the reverse case. If he decides to offer a delegation contract then, he knows that
the level of transfer liemside an acceptable range compared to the complete information
situation. The postponement of the contract formation will depend upon the cost of
information, its rate of arrival, the subjective probability of staying at the same level of
uncertainty, etc.

As a conclusion, the introduction of ambiguity does not invalidate the relevancy of
asymmetric information theory. It leads to consider the possibility of irreversible choices and
writes it in the field of the literature dedicated to the theory of options and quasi-options
because it becomes obvious that the principal has to take into account the opportunity costs of
waiting. The above results apply for the simplest model with linear costs; further research will

extend to situations that are more complicated.
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Appendix 1
NEO-CAPACITIESAND AMBIGUITY

The principal forms beliefs that are represented by neo-additive capacities. Before
giving an understanding of this conceiptis necessary to define the notion of capacity that
plays a similar role to subjective probabilities under Savage uncertainty.

A capacity is an extension of a probability, and as such is a real valued fuiicjion
that assigns a real value to the set of evénts€ — R, where€ is thec-algebra of events
from the finite set of states of natukgwhich could be assumed to be infinite too in the
general case), (withe€ A, {a} € €).1(.) to be considered as a capacity has to fulfill two
conditions

i) For allE,F € &, andE c F, thent(E) < t(F) as monotonicity condition and,

ii) As normalization conditiong,(@) = 0 andt(A) = 1.

Convexity of a capacity is verified by the following relationships:

T1(EUF) = t(E) + 1(F) — ©(E n F) (and concave in the opposite situation).

Choquet integrals are used to integrate capacities. To do that is considered a simple
functionf ( where simple means of finite range such fhat - R, f is £-mesurable) that
takes valueg, =, ... = p_.

Hence, Choquet integral of a simple functiowith respect to a capacity.) is
defined as:

V(f/1) = [ fdt = Tyerrlr({s/f = u) — t({s/f > ud)] (16)

The neo-additive capacity is a special kind of capacity and it is called as such because
it is additive on “non-extreme” outcomes (Neo) as defined by Chateauneuf Grant ...( 2007).

These authors consider that a neo-capacity and its Choquet integral are a particular
parametrization of the Choquet Expected Utiliffico-additive capacities may be viewed as a
convex combination of an additive capacity and a special capacity that only distinguishes
between whether an event is impossible, possible or certain” (CEG p.540.

To build the neo-additive capacity they consider that the set of evénisartitioned
into three subsets :

)] The set of null event®”, where@ € V' and forG c H, andG € V' if H € V.

1)) The set of “universal events” W, in which an event is certain to occur,
(complement of each member of the 38t W ={E € £&:A—E € N}

i) The set of essential even&,, in which events are neither impossible nor
certain. This set is composed of the followin§: = € — (V U W).

We can define now the neo-additive capacity:

Definition (Chateauneuf and alii (2007)

A neo additive capacity(.) is defined as a linear combination of

)] An additive beliep(.), that corresponds to a finite additive probability where
p(E)=0ifEeN andp(B) =1if Be W,

i) A non-additive belief! wheret!(E) = 0 if E € IV and 1 otherwise,

i) A non-additive belief® wherer®(E) = 1 if E € W and 0 otherwise,

Then, fory = 0 andA > 0 such thaty + 1 < 1, a neo-capacity writes as:

p(E) =y t°(E) + At (E) + (1 —y — Dp(E)

This for allE € E.

Then, we can define the Choquet integral of a neo-capacity as a weighted sum of the
minimum, the maximum and the expectation of a simple funét®nr> R such that

z = inf ()ifz =fYx:x=2z)eWandfory >zz =f"1(xxx>y)¢ Wand a
similar argument is developed for= sup (f)if z = f"1(x:xx > z) € Vand fory > z,z =
f~1(x:x > y) € V. Hence, we draw the following relationship:
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V(f/p,AYy) =Asup(f) +yinf(f) + (1 —y — DE,(f) ()

WhereE, (f) is the expected value of the welfare function taking into account the type
of agents, and from the linearity of the Choquet integral with respect to the caﬁéﬁly,
vo(.)) = inf(f) andV( f/ v;(.)) = sup(f), (proof see CFG(2002, 3).

From the definition of the Choquet integral, we can derive the following results:

)] If y,A =0, thenp, 1_o(E) = E,(f) (the expected utility),

i) A =0, then p;_o(E) =y inf(f) + (1 — y)E,(f) (pure pessimism),

iii) y = 0,thenp, _o(E) = Asup(f) + (1 — D E,(f) (pure optimism),

iv) Y +4=1,p,1=1(E) = L. sup(f) + v inf(f) (Hurwitz criteria).

All that means that the Choquet integral of a neo-additive utility may be represented as
a weighted average of the expected utility, the maximum utility and the minimum one. That
means that neo-additive capacities allow to take into consideration situatios in which the
probability of events is described by the additive probability distribyt@), however the
agent lacks confidence in this belief and he may feel either optimistic, (measutgdoby
pessimistic (measured k.
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Appendix 2:
PROOFS OF THE PROPOSITIONS

Proposition 1: Under asymmetric information between principal and agent, when the
principal is a Choquet Expected Utility maximizer, the optimal menu of contracts entails:

)] No output distortion for the efficient agent with respect to the first-best,
q°% = q*, as for a SUE-Principal. Howeveroncerning the inefficient type,
there is an upward distortio@SB > g with
"(aBY=109 1y 1y r

§$'(a7)=6+46 ( 1+ /1+(—1+y+/1)19) where( 1+ /1+(—1+y+/1)19) <0,
andq* > 7°% > g". This Contrary to the SEU case,

i) The efficient agent gets a positive information rent corresponding to:

(A2.1)

i) The second-best transfers corresponds respectivelyrtthe efficient agent)

t5% = 0q" + A6q (A2.2)
And, for the inefficient one:
F = 9g°° (A2.3)

Pr oof:
This proof requires several steps:

Proof of i)

- Concerning the efficient agentonsidering’ (QSB) = 6, we verify immediately that
$'(¢%) =5'(a7) = ¢ theng™ = ¢".
- Concerning the inefficient typdrom, S(ﬁSB) =0 +A8 (—1 + ;) we

1— A+(~1+y+A)9
can verify that that:

/(=SB\ _ = 1 —=
(@) =8+80 (-1 + ) <0

1
1- A+(=1+y+2)9

> 1orstill, 9 <

To show this point, let us assume titag: A0 (—1 + ) > 6. Developing this

A
(—14y+2)°

expression, recalling thah — 8 = Af, we getm

. A .
Let us notice thm < 0 becaus€y + 1) < 1then(—1+y+ 1) < 0. However is a
probability andd € [0,1] and the above relationship is impossible. Then,

— 1 —
s'(@°%) =8 AB(—I )se
(@) =6+ T2+ lvy+ 0

That means, because by assumption$tg is a decreasing functiof’((q) < 0), that
s'(7°%) <5'(7"), theng”® = 7.

- It remains to show that* > ESB
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We apply the same argument than previously and we examine the conditions for
which here

—SB a 1
s'(@%) =19 A8<—1 )<9
(@) =0+ M e ey ) A

Developing this expression, recalling that— 6 = Ag, leads to study:

1
A + MG (—1 +m) <0, or,

( AO ) <0
1—A+(=1+y+ 219
As the numerator is always positive, we have to study the conditions for a negative

denominatorl — A+ (—1+ y + 1)9 < 0 . Putting it otherwise, the condition becomes:
(1-2

—_— <9
Q-+
Obviously this cannot hold, because— (y + 1) < (1 — 1) that involves that
-4
— >
A-@+d
This is contradictory with the fact thétis a probability then,
a-2
———2>9
1-+d

That means that'(7°") > ¢, and consequentlyg* > g, QED.

Proofs of ii) and iii):

Calculus are made on the definition of information rents and the level of constraints in
a similar mode achieved by Laffont Martimort (2002) chap.2 section 2.

Proposition 3: Under asymmetric information, with a Choquet Expectéitityy maximizer
principal, when the principal feels either fully optimistic= 0) or fully pessimisti¢i = 0),
then:

i) The quantity supplied by the less efficient agent is less than under complete
information.
i) When fully optimistic, the second-best transfers corresponds respectivielytie(
efficient agent)
toPt = 9q* + 207" (B 2.1)

And, for the inefficient one:
7 =g (B 2.2)

(Whereq®P andg’? correspond to the second best solutions when the principal
feels fully optimistig

i) When fully pessimistic, the second-best transfers corresponds respectiviely to(
the efficient agent)

™ = 6g* + A6 (B 2.3)
And, for the inefficient one:
" = gt (B 2.4)
q
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(WheregPs™ andg”*™ correspond to the second best solutions when the principal
feels fully pessimist)c

Proof of proposition 3:

Concerning point i) we proceed in two steps. The first one analyzes the situation in
which the principal feels fully or purely optimistic and the second one in which he is
pessimistic.

a) Pureoptimism

A Principal purely optimistic means that= 0 (then, becausg < 1 — v, 4 can take
values between 0 and 1). We keep the same program, constraints and simplification over
constraints as before and we get:

ax{a (s(a) -0+ (-0 (o(s(0) - £a)+ A~ 0)(s@ ~77))
i — (1 + (1 - 1)) A6

Looking for second best solutions under the assumption of a pure optimistic principal
leads to the following results. Hence, the first order conditions considgandq give:

61/;,(X) o

— ) —

7 =0=5(q7) =0

And,
an(X)_ 1 (—Op __ v A
?—0:>S(q )_9+—(1—v)(1—A)A9+_1—/1A9'

Whereq°? andg®” correspond to the second best solutions when the principal feels
fully optimistic. Naturally concerning the efficient agent we can see that, as in thelgenera
case there is no distortion in production $ d[OP) = #, and as a consequengé? = q".

We can check immediately th%ﬂ@ >0 andﬁﬂ@ and, as a consequence

g7 <q becausss'(q) > S'(q) = §+%Ae. The first term of the proposition 3 is
proved. This result means that under ambiguity and pure optimism the level of informational
distortion considering the inefficient agent is higher than under the lack of ambiguity of the
standard result. The above relationship means that when the principal feels fully optimistic, he
expects that the inefficient agent is more inefficient than under SEU.

b) Purepessimism

We proceed alike as above and we consider that the principal is now absolutely pessimistic
(A = 0).The objective function becomes then:

M fs@-19)+a-n(2(s(a)- 29) + 1-D)C@-07))
_ - (@ -vg) aeg)

Looking for second best solutions under the assumption of a pure optimistic principal
leads to the following results. The first order conditions consideriagdq give:
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0
aq

0= 5" (q»m) =9

And ,
AV, (X) — 91 —-y)Ab

2 =0=>5(d") =0
daq (q ) +1+19(—1+y)

WheregP*™ andg”*™ correspond to the second best solutions when the principal feels fully
pessimistic. As previously and the general case, concerning the efficient agent there is no
distorsion in production ansf (qpsm) = 0, and as a consequengé&’™ = q*. However,

concerning the inefficient agent, distorsion exists aathave to check i{% > 0.1t

appears immediately that natural}(1 — y)A8 > 0, then then to verify the relationships, we
must havel + 9(—1 +y) > 0. Let us assume that+ 9(—1 + y) < 0. That means that

1 < (1 —y) 9 which is a contradiction becauge< y < 1 and0 <9 < 1. Hence,

9(1-y)A6
T9-11r) > 0 and, consequently

S'(@°™) > 5s'(q") andg™™ < §". The second term of the proposition is then proved.

i) Concerning the proof of ii) and iii) we proceed in a similar way as for
point iii) of proposition 1.

Proposition 4 : Wheny > 4, thens’(g°) > §'(g""™) andgq”” < g"*™ and the reverse
fory < A
Proof in appendix 2:
Let us assume th&t(g””) > s'(g”™™) or
—_ v
“ra—wa-n
After simplification we get:

20+ ng > 7+ L —V)A
1-2 T+0(-117)

S A
v —

This is true fory > 1. When, y < 2, thens'(g°") < S'(g”™"™) QED.
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