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Summary

This paper applies recent results and advances in the field of ambiguity theory to
adverse selection in a delegation process. Our results are the following ones: i) a relevant
second-best contract induces no production distortion considering the efficient agent. This
alike to the standard case. But the principal will pay him an higher information rent
compared 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 (i.e. the first best...); 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.
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0. Introduction

This paper applies recent results and advances in the field of ambiguity theory to
adverse selection in a delegation process'. The question is to know to what extent ambiguity
theory can change the nature of incentives relationships in an asymmetric information
framework. Adverse selection arises when a principal wants to delegate a charge to an agent.
As specialized literature showed it, this choice can be motivated either by the will to benefit
from increasing returns (division of work) or to perform efficiently several tasks. Concrete
examples do not miss. Are concerned all situations that involve contractual relationships
between two entities, (firm, agents or group or agents, etc.). The delegation process generates
information asymmetry because the agents can know private information (true ability, cost
structure and technologies or hidden knowledge). Using efficiently the economic resources
involves making symmetric private information between all parties and the price for this
consists in an information rent allowed to the privately informed agent. Hence as a second
best, the principal has to disburse an informational rent for receiving the desired amount of
merchandise.

We focus on the simplest formulation of the one-shot adverse selection model of
Laffont and Martimort (2002) to study ambiguity in the context of asymmetric information.
One shot means no-repetition, no-adjustment process and the necessity to formulate a
contractual framework. This standard model will help to implement the argument of
ambiguity theory and compare the results. Hence, the main goal of this paper is to
characterize the rent extraction-trade-off process faced by the principal when designing his
contractual offer to the agent under “true” uncertainty. For standard view, both the principal
and the agent are rational and optimize their own individual expected utility. The simplest
representation considers two types of agent the efficient and the inefficient ones. The
principal does not know the agent‘s private information and he cannot distinguish between
them and their proportion (probability distribution) of each is common knowledge.
Considering “real” uncertainty, and as a consequence, ambiguity about it, it appears that
beliefs can no longer be represented by a unique probability distribution. This has been shown
by the early works of Ellsberg and a huge literature, both highly theoretical and empirical that

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



followed the publication of the so called “Ellsberg” paradox in 1961 (See Teitelbaum (2007)
for a huge view about it). In our model, the principal forms beliefs about the probability
distribution about the states of nature. We define the principal’s objective function is a
specific Choquet integral i.e. a“neo-additive capacity” as described by Chateauneuf
Eichberger and Grant (2007), or still, Eichberger, Kelsey and Schipper (2005). This objective
function is substituted to the standard expected utility function and this one is optimized
within the set of incentive and participation constraints. More precisely, this function is
understood as the weighted sum of the maximum value, the minimum one and the average he
can expect from his transaction with the agent.

The adverse selection literature literature considers that uncertainty is described
through Savage expected utility theory in which the distribution of probability of uncertain
events is additive (Savage (1954)). It shows that, as the first best contracts cannot be enforced
under Savage uncertainty, then, second best contracts involve a distortion in the volume of
goods or services due to the payment of an informational rent to the efficient agent. This
deters him to mimic the inefficient agent. Substituting neo-capacity to standard Savage utility
expectation (SEU) involves that the the principal faces ambiguous beliefs and may feel either
optimism or pessimism about the efficiency of the agent.

Then, our main results consist in showing:

- First, that a relevant second-best contract produces no production distortion of
production considering the efficient agent. This is conform to the standard case
and an information rent will be paid to him by the principal. However, the level of
information rent, which depends partly on the remuneration of the inefficient agent
is higher than under the standard case.

- Second, concerning the inefficient agent, the level of transfers is higher than under
the complete information system (i.e. the first best situation...).

- Third, the above results are reached when the agent feels neither fully optimistic
nor optimistic. When, he feels an extreme feeling then, the information rent and
second best transfers are inside bounds similar to the SEU case.

- Fourth, from the above results we deduce that 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. Hence,
introducing a neo-additive capacity as utility function instead of SEU involves that

the principal takes into account opportunity costs linked to potentially irreversible
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choices. The tools of information theory under true uncertainty have to be used to
form the contractual relationship between the principal and the agent.

Obviously, applying ambiguity to adverse selection relationships is not that new. For
instance, Wakker, Timmermans and Machielse (2007) analyse empirically this question in the
field of insurance theory: they test how agents are wary about ambiguity. More theoretical is
the dissertation of Martinez-Correa (2012) who is interested, among others, in testing 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 and the differences in beliefs which are translated by the
ratios of the risk aversion and ambiguity aversion parameters. These works are rather far from
our own purpose which is to study the behavior of a principal endowed with non-additive
utility function when involved in an agency relationship.

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 in the 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.
1. Background

For the last sixty years, the leader uncertainty theory of choice has been the subjective
Savage expected utility theory (SEU) (Savage (1954)). This theory combines de Finetti’s
(1937) calculus of subjective probability and the expected utility theory of von Neumann and
Morgenstern (1947). Since its early formulation, this leadership has always been put into
question from theoretical and empirical basis (Allais (1952)). The critics study violations of
its main rationality axioms and this raised legitimatedoubts about the foundations of SEU. We
recall that in SEU, the decision makers are endowed with personal probabilities defined on
several uncertain states (states of nature). They express preferences on these states and the
SEU axioms show the conditions under which they can be represented by a numerical

expected utility. Subjective probabilities are inferred from their choices.



The well-known “Ellsberg’s paradox in 1961 (Ellsberg (1961)) revitalized the
distinction between risk (known probabilities as for a dice) and uncertainty (probabilities
unknown) made by Keynes and Knight at the beginning of the XXth century. The Ellsberg’s
paper is based on an assessment of the behavior of people placed in a situation similar to the
one analyzed by SEU. Ellsberg analyses the behavior of individuals who have to make a
similar choice under two situations. Considering the first one (A), the probabilities of the
choice are known and, for the second one, these probabilities are unknown (B). He shows
that, that rational individuals will prefer to choose for the known proportion case, rather than
for the unknown one. This matter of fact violates the sure-thing principle of the SEU.
Implicitly, even ignoring the true probability of (B), by their choice in A, they do “as” if the
chance of success in B were lesser. He deduces that such agents feel aversion for ambiguity.
This can be shown in the following example that will introduce our further argument.

We give now a simple illustration of the consequences of true uncertainty on the
choices of a manager (principal). Let us assume that he has the opportunity to hire the services
of an agent in a location A. A priori he does not know whether the worker is skilled enough or

not. If this last one is qualified the principal will gain S, if not, his gain will be limited to S,
with § > S, @, S € R,). The principal knows only the proportion of skilled and unskilled

workers in the A area, i.e. respectivelypandp =1 —p, (1 = p = 0) this proportion. Let us

assume now that he has the opportunity to earn the same amounts {§, §,} in a location B, but,

the proportion (ps) between skilled and inexperienced workers(1 — py) is unknown to him.
We can express the expectation of gain for location A asE[S/A] =pS+ (1 — p)S and for
the location B, [S/B] = ps S + (1 — p;)S .

If the principal chooses A rather than B, that means that E[S/A] > E[S/B] or still:

B§+(1—E)§>Ef§+(1—Bf)gor,§+g(§—§) >§+Bf(§—§)

And, naturally: p > py.

Hence, by choosing A, the principal has implicitly allocated a lower probability to
meet a skilled work in B. He has expressed his aversion for ambiguous situation. This does
not prevent him to meet a non-experimented worker in A. We can go further and consider the
following relationships:

i) E§+(1—B)§>Bf§+(1—gf)§:> (E_Bf)§> (1—Ef—1+g)§and
naturally,
$>S



i) However, if we consider the same relationships under the following side i.e.:
prs+(1-py)S<ps+-pS=(p-p)s<(1-p5 -(1-p)3

(pr-p)s<(1-wS -(1-p)<
vanishes and, S < S.

We are facing a contradiction because S > S, this involves that ii) should be writes as
prS+ (1 - Bf)§ >pS+ (1 - B)§ which means that p, > p. With this result, implicitly,
we describe the situation in which the principal would have chosen B rather than A.

Hence, Ellsberg (1961) shows that beliefs cannot be represented by usual distribution
probabilities: the agents do not use probability in a linear manner as does the expected utility
model. Ellsberg’s paradox highlights the non-additivity of "subjective probability" (or
"beliefs™) attributed to complementary events. Ellsberg shows that agents' preferences do not
respect the principles of the Savage theory of uncertainty (pre-order principle and the sure-
thing principle). This is considered by Schmeidler (Gilboa and Schmeidler (1989), Schmeidler
(1989)) as the "first principle of bayesianism™ i.e. the representation of uncertainty by a single
measure of additive probability. This author 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 and this corresponds to a Choquet integral.

Besides Shmeidler’s approach which generated a proper theoretical trend, Ellsberg’s
paradox gave rise to empirical experiments. Laboratory tests showed distortions between
losses and gains in the mind of people and the importance of the nature of uncertainty.
Nowadays, the literature about uncertainty and ambiguity is huge and several fields are being
studied. One among the more remarkable contribution are the works of Gonzalez and Wu
(1999) who attempt to bring together theoretical and empirical studies in the aim at defining
the effective behavior of individuals facing uncertainty. Their work is largely inspired by the
studies of Kahneman, and Tversky (1979), Tversky and Kahneman (1986) and 1992) or still
Tversky and Fox (1995) or Tversky and Wakker (1995). They try to understand how
individuals distort outcomes and probabilities. They show that agents systematically tend to
overweight low probabilities and underweight high ones. Furthermore they misweight near
the extremes of the probability measure. Hence, this involves that they conform their beliefs
to the well-known inverse-S-shaped probability weighting function. This empirical approach
has been systematized by a trend of theoretical works that simplified also the quite difficult

applicable Schmeidler approach.



Considering the critical approach of Schmeidler and his followers Eichberger, Kelsey
and Schipper (2005) noted that the general CEU model is hard to apply, first because, of its
mathematical complexity and, second, because there are too many free parameters. They
show that a capacity on a set with n elements involves2™ parameters, while n-1 parameters
describe a probability distribution on the same set. Hence, Chateauneuf, Eichberger and
Grant (2007) and Eichberger, Kelsey and Schipper (2005) develop the concept of neoadditive
capacity. This rather new concept is a probability weighting function and “Neo” is an
abbreviation for Non-extremal outcome additive. This approach helps to assimilate the
contribution associated to the inverse-S-shaped probability weighting function (Gonzalez and
Wu 1999). Indeed, under Choquet expected utility with a neo-additive capacity, an agent’s
preferences are represented by a weighted sum of the minimum utility, the maximum utility,
and the expected utility. This links together experimental analysis and theoretical approaches
that were quite disconnected into the literature about decision under uncertainty. Concretly,
preferences are represented by the choice of a concrete act:

V(@) = AM@) +ym(a) + (1 -y —DE,(a)

Where M (a) represents the maximum value of act a, and m(a) the minimum one.
Parameters A and y express respectively the level of optimism and the degree of belief of the
agent in the expected value of a. For instance consider that if y = 0, the agent will assess his
preferences by the expected value of a and the maximum value

V(@) = AM(a) + (1 — DEy(a)

Hence, 1 measures the level of optimism of the decision-maker, while y expresses his
level of pessimism?. As a consequence, the agent will over-weight a number of good and bad
outcomes compared to expected utility theory. Considering neo-additive-capacities only the
best and worst outcomes are over-weighted. In appendix one, we provide a simplified version

of these developments.
2. The basic framework

In what follows we consider that a principal (firm, consumer, regulator) wants to
delegate to an agent the production of g positive units of a good. For the principal the value of
these g units of good is S(q) where the derivatives are the following:

S'(q) > 0, (increasing in g), and negative or null in the second derivative S (q) < 0.

Hence S(q) is assumed to be concave with S(0) = 0. We assume that there are no fixed costs

? See Teitelbaum (2007)
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(because here they add nothing to the model and are eliminated in the following of the
argument). As remuneration, the agent receives a transfer equal to t for having produced g
and supplied a value of S(q) to the principal. As usual under the scope of asymmetric
information, cost productions of agent’s are assumed unobservable to the principal, but, it is
common  knowledge that the  marginal cost belongs to the  set:
= {6, 6} with the fact that 46 = 8 — @ > 0. The index @ points out efficient agent while a
6 index corresponds to an inefficient one. Past experience shows that the Principal will meet
efficient -agent with a probability of 9 and inefficient 8-agent with a probability 1 — 1. We
deduce then the cost function that is assumed linear in q:
- C(q,8) = 9q with a probability 9 or, (1)
- C(q,6) = 8q with a probability 1 — 9. (2)
The linearity of cost will be our working assumption.
2.1.  The contracting sets under complete and incomplete information
A contract is basically defined by a quantity of goods to supply from the agent to the
principal and the transfer as the due recompense (payment) from the principal to the agent.
Let B be the set of feasible contractual allocations where:
B={(qg.t):q eRy, t €R} (©)
A third party can observe and verify these variables (generally authors refer to a court
of law or a specialized agency).
In the usual asymmetric information framework, it assumed that the agent discover his
type, then the Principal offers a contract that will either be accepted or rejected by the agent,
and if accepted, the contract will be accepted. This process is called the timing of the

contractual relationship.
2.1.1. The complete Information Optimal Contract

This case will be used as the benchmark of this agency relationship. As a consequence,
we make the assumption that there is no information asymmetry between the principal and the
agent. The efficient productions levels are get by seeking for the first order conditions of the
social welfare function (W) under complete information:

W< (q,0) = S(q) —C(q,6),6 € V.

We deduce then:

s'(q)=c'(a.8)=0 @)
And,



s'(@)=c'(q,8)=06 (5)
According the nature of the agent, efficient or not, under complete information, the

production level should be q* or @, if their social value W ¢! (q*,g) =S (q*) —-C (q*,Q) or

we (q*,Q) = 5(q") — ¢(g",8) are obviously non-negative.
We have to note that the condition that the social value of production achieved with
an efficient agent is always higher than an inefficient one, i.e. :

S(q) - 6q'25@)~67 257) -7 (6)

This is a direct result of 46 > 0.
An important result for the following is that q-> g, i.e. the optimal production of an
efficient agent is greater than an inefficient one because the principal’s marginal value of

output is decreasing. Implementing the first best production levels entails for the principal to
make a take-it-or leave-it offer to the agent which involves a zero profit opportunity. Then,

the efficient contracts under asymmetric information, BA* = {( t,q") and (E*,E*)} C B,
will have to meet the participation constraints:
t—6q20 (7)
t—-60q=0 (8)
(with equality respected for an optimal contract).
Constraints (1.7) and (1.8) are called “participation constraints of the agent” 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 has to verify thatt* = 6 g* and T = 0q .

2.1.2. The asymmetric information case

We assume now that the efficiency type of the agent ¥ = {Q, 5} is private information.
It is well known that the set of efficient contracts B! defined under complete information
cannot be implemented because the efficient type could simulate the behavior of the
inefficient one and, if profitable to get an informational rent (E* —0q). Consequently, the
efficient allocation set under asymmetric information BA™ will have to satisfy the following

incentive compatibility constraints:

v

t-6q27-6q ©)

t-6g2t—6gq (10)

v

9



The condition for accepting a menu is to fulfill the following participation constraints:

t—-6g=0 (11)
t—60q=0 (12)
Asymmetric information adds more constraints on the allocation of resources and a

menu of contract is incentive feasible if it satisfy the incentive compatibility constraints (1.9)
and (1.10) and the participation ones (1.11) and (1.12). If we add (1.9) and (1.10) we get

t-0q+t-0g2t-0g+t—6qand-6q—-6g=—-6g+—06q and

|

@ -

|

)q Z (6 —6)g and, naturally:

q=q (13)
We have developed this well-known result, because it will be useful in the following
of our argument, (1.13) is an enforcement condition.

It is also well known that under a complete information system, the level of
information rent is null, that means that if U and U are the utility level respectively the
efficient and the inefficient agent, then, U* =t"—6q" = 0 and U =t —08g =0. That
means that agents cannot benefit from extra-rents extracted under asymmetric information.
This is no longer the case under asymmetric information. The efficient agent will get

U=t—-60g=t—0q+460q="U + 467, (14)
if he decides to mimic the inefficient agent. This relationship means that the
information rent is carried out by the informational gain of the agent over the principal.

The information rent of each category of agent will be denoted as:

U=t-0q (15)
U=t-07 (16)
These writings (1.15) and (1.16) will be used in the following of the argument.

3. 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.

a) the Choquet utility expectation function of the principal

10



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

() = 2M(a) +ym(a) + (1 -y — DEy(a)
In appendix 1 we recall the conditions that lead to build neo-additive capacities and

adaptated Choquet integrals. To apply this to our model, we have to consider the space of
states ¥ = {0,0} to which is associated the skillness of the agents Consequently, under
asymmetric information the outcome space will be:

X = {M(a), m(a)}. Then, in what follows (by abuse), X = {M(q, 8), m(q, )}
M(q.0) = s(q)- ¢ (17)
m(0) =S@) -t (18)
The regulator’s beliefs about the nature of the agent are given by a neoadditive
capacity p based on the prior probability distribution p = {9(8),9(8)}, where 9(6) =1 —

9(8) and in the following 9(8) = 1 — 9 and 9(8) = 9.

u(X) = M (q ) +ym@ + (1 —y = Hp(X) (19)
Where A, y are real numbers such that0 <y <1and 0 <A <1 —1y. Hence, we say
that the regulator is optimistic with y = 0 (and with A = 1 extremely optimistic) . That means
that he gives lesser weight to the probability of revealing the inefficient agent and he is
pessimistic whenever A =0 (extremely pessimistic with y=1). When A =y =0 the

capacity is additive and this correspond to the expected utility function. We define then the

Choquet expected utility of the regulator as

KX = AM(q)+ym@ + (1 —y = DE,X) (20)

Or still,

LX) = 4 (S(g)— g)+y(S(ﬁ)—f)+(1—y—/1)<19(5(g)— t )+

1-9)(E@ -7)) )

We can check that with neo-additive capacity, the Choquet utility is the weighted
average of the minimum, the maximum and the mean pay-offs. We quote 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

11



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, measured by y .”

b) The program of the principal

We can define then the program of the principal that for heuristic reason we write in extenso:

Max{(g,g),(ﬁlf)} {’1 (5 (Q) - E) +y(S@-O)+A—-y—-2) (19 (S (g) —t ) +
1A-9(@ 7))} 21)

This under the incentive and participation constraints (9) to (12).
Using the same change of variable as Laffont and Martimort(2002) in (15) and (16)

(ileU=t—-6qand U =t — 6 ), the program writes now:

{(ﬂ'ﬁl\gigﬂ)}{vp X} =

Max {2 (s(a)-04)+y(s@-F) ++Q -y -1 (o(s(a) - 8)+

A-D(@-67))-T(r+0-y-D(A-9)) UG+ -y-9)} (22)

Under the modified set of constraints:

U ZU+Adq (23)
UzU-A8q (24)
Under the participation constraints:
u=o, (25)
Uzo (26)

In order to solve this program, as practiced by Laffont and Martimort (2002), we focus
on the reduction of constraints due to the fact that the ability of the 8-agent to mimic the
inefficient involves that the participation constraint (25) is always strictly satisfied. Then, as
(30) is fulfilled and combining it with (23) involves that (25) is always strictly verified.
Indeed, when a set of contracts allows an inefficient agent to reach his minimum utility level
(U = 0), consequently the efficient agent reaches a higher level strictly. The constraint(24) 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 =A6q (27)

And,

U=0 (28)

12



Replacing these values in the program, we get a reduced form:

Maxg, o1 (2 (5 (a) - 0.0) + (5@ -7) + =y = D(9(5(a) - 00 ) +

.9
1-9(S@-07)) - A+ 1~y - D)9) 267} (29)
Hence, looking for the first order conditions considering g and g gives:
a"av_g‘):o:y (¢)=0 (30)
And,
avgéx) =0=5(q") =8+80(-1+ m) (31)

We can see that if 1 = 0 and y = 0, then,

—SB

S'(7°°) =0 +100—= (31°)

This last expression corresponds to the solution where the principal is governed by a
Savage expected utility function (SEU-Principal in the following). Rewriting the above
equation as: (1 —19)(5’(553) —0) = A8 9 we can see that as Laffont and Mortimort (2002)
showed it, in this state of nature, the increasing of the inefficient agent's output by an
infinitesimal amount dg increases allocative efficiency.

The SEU-principal's expected payoff improves by a term equal to the left-hand side of
the equation times dg. Simultaneously, the extremely small change in output also increases
the efficient agent's information rent and this diminishes the principal's expected payoff by a
term equal to the right-hand side above times dq. At this level are equated the expected
marginal efficiency cost and the expected marginal cost of the rent brought about by an
infinitesimal change of the inefficient type's output. Under this result, it is clear that there is a
tradeoff between rent extraction and efficiency. However, with a principal that feels
ambiguity, if this result goes on to be correct, it involves an increment of the efficient rent at a
higher level than expected in the standard case.

This is the object of proposition 1 :

Proposition 1: Under asymmetric information between the principal and the agent,
with a principal governed by a Choquet Expected Utility function, when costs are linear, the
optimal menu of contracts entails:

i) As for a SUE-Principal, no output distortion for the efficient agent with
respect to the first-best, QSB = g*. Conversely to the SEU case, concerning the
inefficient type, there is an upward distortion, 653 > g with
"(a°8) =g 14— 1+

J (q ) =0 +A0 ( 1+ 1- /1+(—1+y+/'l)19) where ( 1+ 1- A+(—1+y+/1)19) <0.

13



—SB

However,¢* > q° 27 .

i) The efficient agent gets a positive information rent corresponding to:
T = 067" (32)
iii) The second-best transfers corresponds respectively to( for the efficient agent):
t5° =0q° + 067" (33)
And, for the inefficient one:
tF =9g°t (34)

(Proof in appendix 2).

The similarity of this proposition with the equivalent one in the SEU case is only an
appearance. Without doubt, it is a noticeable result that, under a Choquet Expected Utility, as
for the SEU case, one can verify the lack of production distorsion regarding the efficient

agent. Indeed, i) of proposition 1 shows that QSB = q". This result was not a priori intuitive.

Things change considerably with respect to the inefficient agent. Here, the level of production
supplied by this agent is not only higher than the agent of a SEU-principal, but, furthermore,
the second best production level is such that, g°° > g°, that is to say, it is higher than under
the perfect information case.

This state of matter 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 that

they are higher than for the complete information case, respectively: ( U* =t*— 6 ¢" = 0 and

U =t —8q =0). This establishes our proposition 2:

Proposition 2: Under asymmetric information between the principal and the agent,
with a principal gifted with a Choquet Expected Utility function, when costs are linear,then
the level of transfers that the principal has to supply, taking into account the information rent
of the efficient agent is higher than under the complete information case.

Proof: The proposition is drawn from the above argument.

The question here, even if important, is not to compare this result with the situation of
a SEU-principal. Indeed, once accepted the methodological change in utility functions, the
question to relate the performances of both scheme is of few interest once showed that results
are different. Much more interesting is to see here whether the principal is ready to accept the
situation of having to pay more in uncertainty than under complete information. Putting the
terms as such is somewhat absurd because one may answer that the agents cannot choose the
kind of universe they are living in... In fact, the effective question is to know if the principal
could act in such a way that he has not to pay such an amount. To give an answer to this

question we will examine the cases of pure optimism and pessimism.
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Proposition 3: Under asymmetric information between the principal and the agent, with a
principal gifted with a Choquet Expected Utility function, when costs are linear, and when the
principal is either fully optimistic (y = 0) or fully pessimistic (A = 0), then:

1) the level of quantity supplied by the less efficient agent is lesser than the one
offered under complete information.
i) In the fully optimistic case, the second-best transfers corresponds respectively to(
for the efficient agent):
toP" = 6q" + 065" (35)
And, for the inefficient one:
7" = gg°" (36)

(Where q°P and g°? correspond to the second best solutions when the principal

feels fully optimistic),
i) In the fully pessimistic case, the second-best transfers corresponds respectively to(
for the efficient agent):

P = 0q* + A0g"" (37)
And, for the inefficient one:
" = ggm (38)

(Where gP*™ and g”°™ correspond to the second best solutions when the principal
feels fully pessimistic).

Proof of proposition 3 in appendix 2.

Proposition 3 establishes that if the principal forms extreme beliefs such as an absolute
optimism or pessimism (y =0) or (A= 0), then, under a second best situation, the
production distorsion will be of the same order than for the situation where Principal is a
SEU-Principal. Hence, this production level is lower than his first best level (complete
information case):

7" <q org? <7q.

This situation is for the principal highly preferable compared to the case in which
(y # 0) and (A # 0). Indeed, that means that when beliefs are extreme, the level of transfers
is less than when they are not. The difference expresses the gain that would feel the principal
if he could switch from the situation of moderated beliefs to the extreme one. Consequently
from (33) and (34) and from proposition 3 ii) and iii), we deduce (for the fully optimistic
case) :

£58 — 7 = 9q" + 207°" — (8g" + 4657 ) = 86(5" - 7) > 0 (38)
And, for the inefficient one:
£ -7 =837 -7 (39)

(the argument is the same for the pessimistic case).
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That means that, when he has to define a contract for the efficient agent, if the
principal cannot change his beliefs when he feels not fully optimistic or pessimistic, he will
incur more costly transfers compared to the fully optimistic or pessimistic situations. If,
however, the principal could change its state of mind and move towards these “extreme
cases”, then he could incur less transfer costs. This could be done, if possible, by waiting for
more information. Before going further we deduce from proposition 3, the proposition 4 that
states that:

Proposition 4: When y > 1, then 5'(g°") > S'(g"”"™) and g°” <g™™ and the reverse
fory < A

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.

4. The principal’s choice under irreversibility possibility

The situation described above is very similar to the one where an economic agent has
to make choices under uncertainty with irreversible consequences. This agent has to take into
account the opportunity costs linked to the impulsive decision to choose immediately rather
than to wait better chance in the future. Here irreversibility lies in the fact that the principal
can incur higher transfers cost if he proposes an immediate contract rather than to wait to
reach a better information structure. Hence, implicitly, we admit that the principal has the
opportunity to wait further information and to choose the right moment to propose a contract.
This moment can be the situation under which he becomes either fully optimistic or fully
pessimistic knowing that in these situations the level of transfers will minimize the level of
information rent of the efficient agent. Compared to the “usual” irreversible choice literature,
the difference lies in the fact that reducing uncertainty means becoming either fully optimistic
or fully pessimistic. The arrival of new information changes the probability of states of nature
on a Bayesian basis (Epstein (1980)) and, thus, this process modifies the neoadditive
capacities and the question is then the convergence process towards either one situation (full
optimism) or the other one (full pessimism). To study the full implication of such a process
deserves to write a full article about it and this is not the goal followed here. We limit
ourselves to underline the specificity and the condition for convergence.

Reaching this point, we can only sketch the information arrival process, which is not
very far from the theory of choices facing irreversibility. To give an illustration rather than a

full discussion, which would require too much space, we come back to our earlier example
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about the location of an activity. We recall that the principal knows only the proportion of

skilled and unskilled workers in the A area, i.e. respectivelypandp =1—p,(1=p = 0)
this proportion. This ratio will be the prior probability on which he forms beliefs.
Let be 4,y respectively the level of optimism and pessimism with as before 1 >y > 0

and 1 —y = 1 = 0. Then the Choquet expected utility of the principal is then:

ChE(5)=,1§+y§+(1—/1—y)(3§—(1—g)§) (40)
To deal with this question we operate a variable change where:

A=af,y=a(l—-p)and, naturally, 1 —2—-y)=1—-« (41)
Then,

ChE(S) = af S+a(1—f)5+(1-a)(ps—(1-p)3) (42)

This writing is conforming to the publication Chateauneuf and alii (2005) that in their
early writing used (40) rather than (42). The meaning of these writings improves the
understanding of pessimism and optimism which are represented respectively by (1 — ) and
B. Then, a represents the preference for ambiguity. The higher «, the lesser will be the weight
of the linear expectation in the principal opinion. Then, (1 — «) represents the aversion for
ambiguity (see Teitelbaum (2007) for a more complete analysis).

We can consider that ChE(S) is the expected gain for a given initial level of
information in present time k = 0, let be ¢, this level we rewrite it as ChE (S|¢@,).

Considering the second best optimum level we get the following level of transfers

from (33) and (34), t2 = 8q" + 467" and % = 67°%.

Let us assume that the principal has the opportunity waiting a second period (or stage)
for getting new information. By assumption, with this information arrival, he can become
either fully optimistic § = 1 or fully pessimistic § = 0. Its level of aversion/preference for
ambiguity can stay identical (fixed a). At stage 2, the information will be either positive ¢,
that means that he becomes fully optimistic, or negative ¢~ (fully pessimistic), (let us note
that the terms “positive” or “negative” are only conventional). Then the set of information in

stage 1, is then:
aﬁ§+a(1—ﬁ)§+(1—a)(2§—(1—2)5) (43)

@ ={p~,* }and let be B(¢) the level of the optimism ratio after the coming of new
information with:

1if ¢ = @t

Blo) = {0 ifop=¢~ (44)
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Then the expected Choquet utility for stage 1, after the arrival of new information is then:
CRE(S|9) = ap(@) S+ a(l - B@) S+ (1-a) (ps — (1-p)3) (45)

Foro ={p~, 9"}
Obviously from proposition 3 ii), for the efficient agent t58 > t°Pt and t58 > tPs™

and, the inefficient one: © > t7 andt > T Asa consequence, without any further
assumption, the problem would be very simple, because, as we know from proposition 2 and
3, here, it is more profitable to wait because in this case, by proposition 3, ChE(S|¢) >
ChE (S|@y) for @ = {¢~, @* }. Hence, whatever the relationship between a and B taking into
account the change of variable (41), it is better for the principal to wait further information.
Things change if the information becomes costly. Let ¢,c > 0, the cost of new information,
this increases the transfer costs and makes the information waiting process more risky. For
instance, by assumption we could have a situation in which:

ChE(S|¢p™) > ChE(S|@py) > ChE(S|@™) (46)

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

Foro ={p~,¢"}

The problem is transforming in a classical problem of option value and as such it will
not be dealt here. Indeed, we give an 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 situation or full 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.

5. Conclusion

In the specific context of basic agency relationships as described in the paper, taking

into account “true uncertainty” and the concomitant aversion/preference for ambiguity leads
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to two kinds of results. Concerning the first one, as expected, compared to situations that
consider probability additive utility functions, ambiguity theory changes somehow the
standard results. Hence, in view of the second best solutions, if one can check no production
distortion about the quantity supplied by the efficient agent (equal to the first best level),
nevertheless, the level of transfers and the information rent is highly increased. This is due to
the fact that the transfers due to the inefficient agent are higher than the one supplied under
the complete information case. This increases the level of information rent. This change in
results induces a change in the behavior of the principal. This matter of fact induces the

second kind of results.

Indeed, it has been put into evidence that when the principal feels “extremely”
pessimistic or optimistic, that means that there is no balance between optimism and
pessimism, then the classical result are found again notwithstanding their size-order compared
to a SEU-principal. As a consequence, if possible, the principal can minimize the level of
transfer if by a way or another one, he could feel “extreme” beliefs. This could be made by
getting new information. Hence, under our scheme, 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 wait news in the aim at excluding one feeling (optimism for instance)
to keep exclusively the other one (pessimism here). If he decides to offer a delegation contract
then, he knows that the level of transfer is kept in 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 in the context that has been described here. 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 have been reached for the

simplest model with linear cost, further research will extend to more complicated situations.
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Appendix 1 Neo-capacities and ambiguity

The principal forms beliefs that are represented by neo-additive capacities. Before
giving an understanding of this concept, it is 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 function t(.)
that assigns a real value to the set of events €, 7: £ — R, where £ is the c-algebra of events
from the finite set of states of nature A (which could be assumed to be infinite too in the
general case), (with a € A,{a} € €). 1(.) to be considered as a capacity has to fulfill two
conditions

I) Forall E,F € £, and E C F, then t(E) < t(F) as monotonicity condition and,

ii) As normalization conditions, t(@) = 0 and t(A) = 1.

Convexity of a capacity is verified by the following relationships:

7(EU F) = t(E) + ©(F) — t(E n F) (and concave in the opposite situation).

Choquet integrals are used to integrate capacities. To do that is considered a simple
function f ( where simple means of finite range such that f: A — R, fis £-mesurable) that
takes values p, =, ... = p .

Hence, Choquet integral of a simple function f with respect to a capacity t(.) is
defined as:

V(f/v) = [ fdr = Zpermrlrs/f = u}) —({s/f > u})] (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 Utility. “Neo-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 events € is partitioned
into three subsets :

i) The set of null events V', where ® € V- and for Gc H,and G € V' ifH € V.

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

iii)  The set of essential events, £*, in which events are neither impossible nor
certain. This set is composed of the following: , £* = & — (W UW).

We can define now the neo-additive capacity:

Definition (Chateauneuf and alii (2007)

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

) An additive belief p(.), that corresponds to a finite additive probability where
p(E)=0ifEeNandp(B) =1ifB €W,

i) A non-additive belief t* where t1(E) = 0 if E € V" and 1 otherwise,

iii) A non-additive belief t° where t°(E) = 1 if E € W and 0 otherwise,

Then, fory = 0 and A > 0 such that y + 4 < 1, a neo-capacity writes as:

p(E) =y °(E) + At (E) + (1 —y — Dp(E)

Thisforall 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 function f: £ - R such that

z =inf (f)ifz =fYx:x=2)eWandfory >zz =f"1(xxx>y) ¢ Wand a
similar argument is developed forz = sup (f)ifz =fl(xxx>z)e N andfory > z,z =
f~1(x:x > y) & V. Hence, we draw the following relationship:

V(f/p.Ay) = Asup(f) +vyinf(f) + (1 —y = DE,(f) ()
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Where Ep(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 capacity, V( f/
vo(.)) = inf(f) and V(f/ v;(.)) = sup(f), (proof see CFG(2002, 3).

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

i) Ify,A =0, then p, ;-0 (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,then p,_o(E) = Asup(f) + (1 — DE,(f) (pure optimism),

V)  y+21=1,py=1(E) = A sup(f) +y 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 distribution p(E), however the
agent lacks confidence in this belief and he may feel either optimistic, (measured by 4), or
pessimistic (measured by y).
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Appendix 2: Proof of the propositions

Proposition 1: Under asymmetric information between the principal and the agent,
with a principal gifted with a Choquet Expected Utility function, when costs are linear, the
optimal menu of contracts entails:

i) As for a SUE principal, no output distortion for the efficient agent with
respect to the first-best, g5 = q*. Conversely to the SEU case, concerning the

inefficient type, there is an upward distortion, 653 > g with

1(=SB\ _ 7 _ ; _ ;
S (q ) =0+ AH( I+ 1- A+(—1+y+/1)ﬁ) where ( I+ 1—/1+(—1+y+7t)ﬁ> <0.
However, ¢* > 3" > 7.

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

T = 205"

iii) The second-best transfers corresponds respectively to:

£58 = 9q* + 467°" for the efficient agent and tF = 97"

Proof:
This proof requires several steps:

Proof of i)

- Concerning the efficient agent, considering S’ (QSB) = 6, we verify immediately that
S’ (QSB) =5’ (g*) = 6§ then QSB =q".
. . . . —SB\ _ 7 _ 1
- Concerning the inefficient type, from, S(g°°) =0 + Ae( 1t /1+(—1+y+l)19) we
can verify that that:

1

1- /1+(—1+y+l)19) =90.

S'(@°)=0+n0(-1+
1

m) > 6. Developing this

: : LT _ 1 : A
expression, recalling that: 6 — 6 = A6, we get: —————— T Cians > Lor still, 9 < Ay

To show this point, let us assume that: 6 + A6 (—1 +

Let us notice that (_JW < 0 because (y + 1) < 1then (=1 +y + 1) < 0. However, 9 isa
probability and 9 € [0,1] and the above relationship is impossible. Then,

1(=SB\ _ & 1 ) =
— — <
$(@™) =0+ (-1 45— it ity +n9) =°
That means, because by assumption that S'(q) is a decreasing function (S"'(q) < 0), that
S'(@°) <8'(q) theng”” =7".
- It remains to show that ¢* > g°°
We apply the same argument than previously and we examine the conditions for
which here

sy = 1
s’ -7 A9<—1 )<e
@) =6+ T At ity 09 =8

Developing this expression, recalling that: 6 — 6 = A8, leads to study:
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1

A6 + 40 (_1 + 1- A+(-1+y+A)9

)<0,or,

( AO ) <0
1— 2+ (-1+y+ 1)
As the numerator is always positive, we have to study the conditions for a negative
denominator: 1 — A+ (—1 4+ y + A)9 < 0. Putting it otherwise, the condition becomes:
a-4
—<9
1-0+4d
Obviously this cannot hold, because (1 — (y + 4) < (1 — A) that involves that
a-2 o1
1-0+4d
This is contradictory with the fact that ) is a probability then,
_a=h
1-0+4d

That means that 5"(7°") > ¢, and consequently, ¢*>7"", 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 between the principal and the agent, with a
principal gifted with a Choquet Expected Utility function, when costs are linear, and when the
principal is either fully optimistic (y = 0) or fully pessimistic (A = 0), then:

1) the level of quantity supplied by the less efficient agent is lesser than the one
offered under complete information.
i) In the fully optimistic case, the second-best transfers corresponds respectively to(
for the efficient agent):
£t = 0q" + 267" (35)
And, for the inefficient one:
P = gg°Pt (36)

(Where q°P and g°? correspond to the second best solutions when the principal

feels fully optimistic),
iii) In the fully pessimistic case, the second-best transfers corresponds respectively to(
for the efficient agent):

tP™ = 0q* + A6 (37)
And, for the inefficient one:
" =g (38)

(Where gPs™ and g”°™ correspond to the second best solutions when the principal
feels fully pessimistic).

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.
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a) Pure optimism

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

z{w@}c{z (s(a)-2q)+a-n(s(s(q) - q)+ 1 - (@ -77))

a.q
— (A + (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 considering g and q give:

v, (X)
iq =0=5'(q?) =8
And,
Vp(X) —op _
T_0=>s( ) = ¢9+—)(1 A)A0+—A9

Where ¢° and g°” correspond to the second best solutions when the principal feels
fully optimistic. Naturally concerning the efficient agent we can see that, as in the general
case there is no distortion in production ands’ (q"p) = ¢, and as a consequence, ¢°P = q~.

We can check immediately that 46 > 0 and —AH and, as a consequence

)(1 )
g7 <q because S'(q°") >S'(7") = 9 + ﬂ4119 The first term of the proposition 3 is

proved. This result means that under amblgmty 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) Pure pessimism

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

Max fs@-19)+a-n(2(s(0)- 29) + 1-) @ -07))
_ - (a-y9) a6q)

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

MV, (X) :
And ,
V(X — 9(1 —y)AG
&) _ S S(@™) =7+ (1-v)
daq 1+9(-1+y)

Where gPs™ and g"*™ 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
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distorsion in production and S’ (qpsm) = @, and as a consequence, gP*"™ = q*. However,
(1-y)AO

Trocim -~ Ot
appears immediately that naturally, 9(1 — y)A8 > 0, then then to verify the relationships, we
must have 1 + 9(—1 +y) > 0. Let us assume that 1 + 9(—1 + y) < 0. That means that

1 < (1 —y) 9 which is a contradiction because 0 <y < 1and 0 <9 < 1. Hence,

9(1-y)A6
Tra1sy, > 0 and, consequently

concerning the inefficient agent, distorsion exists and we have to check if

S'(@™) >5'(q") and g”"™ < q . 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 : When y > 4, then S'(3°") > S'(§”°™) and §° < g”*™ and the reverse
fory < A
Proof in appendix 2:
Let us assume that S'(g°") > S'(g""™) or

0+ d A6 + A 46 >0 + i b
1-v)(1-24) 1-2 1+9(-1+7y)
After simplification we get:

S A
% —

This is true for y > 4. When, y < 2, then S'(¢°") < S'(g”™) QED.
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