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1 Introduction

From neoclassical theory
we know that a perfectly
competitive market mecha-
nism leads to an optimal
allocation of resources in
an economic system, ie the
system turns out to be effi-
cient in a paretanian sense.
This means that by making
the market rules available
to the system and conse-
guently following them we
are assured that individuals
will have the incentive to
behave efficiently. Market
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quences arising from
market failures. If market
rules are not always capa-
ble of leading to an effi-
cient allocation of resour-
ces, it is therefore neces-
sary to try to re-adapt them
or to find *new” ones. The
goal is that of finding diffe-
rent coordination mechani-
sms (with respect lo price
and competitive market
mechanisms) which again
permit to achieve an effi-
cient configuration of the
system. This is the main
issue we address in this

rules have themselves the
“power” to drive indivi-
duals to behave in a certain
way that is also optimal for
the whole system. In doing
S0, cCOnsSumers maximise
their utilities subject to
income constraints, firms
maximise their output
subject to production cost
constraints, etc. At the end
of the day, the ultimate con-
figuration of the system
given by individuals fol-
lowing the market rules
will result in an efficient
allocation of resources.
Nevertheless, we are aware
of the existence of the so-
called market failures.
These are several situations
in which one or more structural and/or behavioral assump-
tions which the competitive market rules are based upon are
violated. If this is the case, market rules are no longer capable
of realizing an efficient configuration of the system. One of
the situations of market failures, the one we will be dealing
with in this paper, is that of information asymmetry. It could
be shown that if the information set is different between, say,
two individuals, that is, they do not have complete and per-
fect information over the variables of the system, the econo-
mic interactions between them based on the market rules will
determine an ultimate inefficient allocation of resources.
Intuitively, this happens because individuals having better
information will behave in an opportunistic way, ie they will
try to exploit the information as a competitive advantage so
as to achieve a higher level of utility at the cost of other indi-
viduals having poorer information set. Globally, vet, the final
configuration of the system will not be a Pareto-efficient one
{Arrow, 1954),

A need arises, then, as to how to tackle the negative conse-

In the paper, the existence of choordination mechanisms capable
of achieving Pareto efficiency under uncertainty conditions
(information asvimmeiry) is investigated. Referring to the deregu-
lation processes under way within the transport system, choordi-
nation mechanisms are modelled as principal-agent relationshi-
ps, public sector being the principal and private operators being
agents. It is shown that optimum incentive-compatible mechani-
sms (Nash equilibria) in a deregulated system leads to an ineffi-
cient allocation of resources unless agents are risk-neutral, It is
also shown that using information as a strategic resource there is
some room for efficiency improvement by monitoring agents and
by repeating the agency relationship over time.
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paper as a theoretical chal-
lenge: to see if there exist
new or adapted rules which
can assure that efficiency
will be achieved anyway.
To summarize we look for:
+ coordination mechanisms
+ which take into accounts
market failures issues by
avoiding opportunistic
behaviors (uncertainty)
and
+ (hopefully) leading the
system to an efficient
configuration,
As said, in this paper we
will be dealing specifically
with the case of informa-
tion asymimetry.

How, then, individuals can have the incentive in an uncertain
environment to behave in such a way as to attain an efficient
allocation of resources? Since theorists have realized that
competitive market rules are no longer the right answer, many
of them have come to define economics simply as the science
of incentives (Myerson, 1999). If market rules are no longer
the panacea for the Pareto-efficiency, it follows that one of
the main theoretical goals of economists turns out to be that
of finding alternative and new ways as to “how"” individuals
should have incentives to behave efficiently. In other words,
they try to device some coordination mechanisms which are
incentive compatible and Pareto-efficient. Neoclassical theory
takes for granted that each individual will behave efficiently-
since this is assured by market rules. One of the theoretical
challenge is that of modelling individual behavior in a way
that, from a normative standpoint, each individual will actual-
Iy follow an efficient behavior.

One of the situations in which there exists information asym-
metry between two agents and one has the goal of avoiding
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opportunistic behaviors and making them behave efficiently
anyway is the one which is modelled as the principal-agent
relationship (agency problems). One individual, the agent,
has to perfom a given economic activity on behalf of another
individual, the principal. The outcome of the agent'activity
must be shared between the two individuals: the agent will
receive a certain amount which is her remuneration for the
effort produced, while the principal will get the rest. Very
often this situation develops in an uncertain environment, ie
the principal can not observe the strategy or action that the
agent chooses to perform her activity. Such an agency rela-
tionship is tipycal in modern logistics and transportation
system since, given the high degree of specialization of eco-
nomic activities, each activity tends to be performed by the
agent who makes it in the best way, therefore achieving the
best efficiency. Many traditional transportation activities, for
instance, are no longer managed in a centralized manner (by
the government for example) rather in a decentralized one. In
this case a problem arises as to how the specialized agent
should have an incentive to perform optimally (ie efficiently)
her activity, given that the principal does not have such a spe-
cialization but she is nevertheless interested in the maximum
level of outcome to be reached by the agent’s performance.
The theoretical issue is that of devicing some coordination
mechanisms so as to pursue a Pareto efficiency of the deregu-
lated system. Note that the need to induce the agent to
perform her activity efficiently strictly stems from the
assumption of information asymmetry: if the information
were complete and perfect there would not be any obstacle to
make the agent perform efficiently. Simply, the principal
would observe and control the best action to be taken by the
agent and pay her accordingly. If this is not the case, ie we are
in an uncertaint environment in which the principal can not
directly observe or monitor the agent’s action, an incentive
problem arises and should be faced by theorists. In this case,
the principal can only observe the effects of the agent's
action, ie the (stochastic) outcomes which can be produced if
an action is chosen.

What is of the utmost importance is that, given the situation
depicted above which is quite realistic, we very much go far
from the traditional neoclassical concepts. In fact, traditional
neoclassic theory mainly models the relationships among
agents (coordination) in terms of a price to be determined in a
perfectly competitive market. In other words, not only are the
complex coordination mechanisms existing in the economic
reality reduced simply to just one type (ie the market), but
more importantly the subject of these relationships is just one
simple variable: the price. On the contrary, by describing the
more realistical situation modelled by the principal-agent
relationship (and the consequent incentive problem) we end
up with determining a more complex subject which is given
by an incentive scheme, ie a contract. In other words, the
main theoretical goal is that of finding the structure and cha-
racteristics of the optimal contract (incentive-based) regula-
ting the relationship between two agents, We are then in a
position of talking about the theory of contracts under uncer-

tainty. This is a significant jump ahead within the economic
theory: even if we keep on studying a market economy we go
beyond the simple concept of price mechanism by modelling
the behaviars of economic agents in a more realistic and
complex way. Indeed, we are interested in studving contrac-
tual relationships. Most notably, all this theoretical develop-
ment stems from the existence of some market failures, speci-
fically in our case that of information asymmetry. It should be
noted. however, that theorists have not yet reached a model-
ling sophistication capable of representing all the complex
and qualitative aspects of contractual relationships. Certainly
though the principal-agent is a decisive step forward and we
now present it in a more formal way as it could be applied to
the transport sector.

Suppose you have a public body traditionally managing some
transport activities. For instance, one can imagine a local
authority managing road public transport, government perfor-
ming rail services, municipalities managing refuse collection
activities, etc. Since recently, such bodies have tended to
deregulate some transport services by assigning them to
specialized transport operators (which can be more or less
private or privatized) through public procedures {auctions,
eic.). The public body can then be seen as the principal, while
the specialized transport operator as the agent. The modelling
framework is as follows. Let us assume that the service has
already been assigned to a transport operator. We therefore
has to deal with the problem of incentive, ie how to induce
the transport operator to perform well.

Each individual has a utility function. The principal’s utility
function is as follows:

Up = Up (X-W) (1]

where:
X consumers 'surplus;
W: incentive paid to the agent.

In other words, her utility level is given by the consumers’
surplus realized by the agent’s activities (X) minus the total
amount of incentives that she has to pay to the agent as her
remuneration for the economic effort. The agent’s outcome is
to be conceived as a “signal” about how well the agent is
performing.

On the other hand, the agent has a utility function such as:
Uy=U4(W-a) a=CT-R  aeA 2]
where:

CT: total cost of agent's activity;

R: market revenues of agent’s activity;

A: strategy space.

Her utility level is given by the incentive she receives (W)
detracted the total cost (CT) she incurs in by her economic
activities (net to market revenues - R7). We assume that the
agent can choose among a sel of possible strategies or actions
(represented by a) in order to generate some outcome.

(]
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The principal-agent relationship can be interpreted in terms of
a game (Radner, 1981; 1985). The principal moves first and
propose a reward function, ie a function linking each proba-
ble outcome level (X) with a given amount of incentive (or
fee) to be paid to the agent: on the basis of this announcement
the agent follows a decision function by choosing some
action ag A. The problem is that of determing the incentive-
action pair such that both utility functions are maximized.

Let us suppose the agent preferring lower economic effort
(represented by a) to higher ones, Suppose also that each out-
come (pay off) X depends not only on the action chosen but
also on a stochastic variable 8 representing the “state of the
world”, The probability distribution about 8 is assumed
known to both principal and agent. This implies that the pro-
blem develops in stochastic terms and we should deal with
expected values. In particular, we assume that the expected
value of outcome due to higher effort is higher than that with
lower economic effort. Technically, higher efforts stochasti-
cally dominate lower ones.

The agent’s choice of action is based upon a maximization
problem of her utility function, Then her decision-making
process is:

max, . 4 EfW-a] [3]

In other words, ene has to choose the “best” action for each
incentive scheme.

As for the principal, she must determine an incentive scheme,
that is, a set of incentives Wi one for each possible outcome
X, on the basis of a reward function. In particular, each set of
incentives is called a contract, specifically an incentive con-
tract. From this standpoint we are dealing with the theory of
contracts under imperfect information. The decision-making
problem for the principal is:

maxy E[X-W] [4]

One has to find an optimum incentive contract, ie a contract
maximising the principal’s utility function.

All in all one must find the (a, W) pair which maximizes both
utility functions. This problem can be posed under condition
of certainty (neoclassical) or uncertainty.

1.1 The case of certainty

In a first-best environment each agent has perfect and com-
plete information over the system variables. In a principal-
agent relationship this means that the principal can observe
the agent's action. It is then quite clear that the agent's remu-
neration will depend directly upon the action chosen, provi-
ded that the principal is interested in the maximum effort
action anyway. In a first-best environment the problem is
then:

maxy E[Up (X, W)] (5]
LA A
E[Uy (Wa)l2k [6]

The principal will choose a contract W so as to maximize her
utility subject to the only constraint (participation constraint)
given by the fact that the agent’s utility level in choosing an
action must be higher than a threshold value. This value is
determined by the reservation price, ie by the opportunity
cost on the market for her activity. In fact one can imagine the
agent having several alternatives on the market in order to
perform the activity and she chooses on the basis of the reser-
vation price. By assumption the actions are observable by the
principal, therefore the optimal incentive scheme she will
offer to the agent will be:

I will pay you the reservation price corrisponding to the
maximum effort action (or in general to a desidered action
a*);

I will pay you basically nothing in other cases.

It should be clear that the first-best solution to the principal-
agent problem (first-best equilibrium) in a certain environ-
ment is guite trivial. The theoretical interest comes out from
the problem in uncertain conditions.

1.2 The case of uncertainty

In such a case, the principal can not observe the action chosen
by the agent. This is the case of hidden action or moral
hazard. The principal can indeed observe the effects of the
agent’action, that is, the outcome. Yet, the agent herself does
not know with certainty the outcome associated with a given
action: in fact there is a stochasticity given by the @ distribu-
tion which is supposed known both to the principal and the
agent. More specifically, the assumption is that there exists a
conditional probability distribution assigning a vector of pro-
bability values (whose summation gives unity) to every possi-
ble outcome. In other words, there exists a function: m: A—45,
with 5=(m; ...... m, ) and Zm; =1.

The principal therefore can not infer the agent’s action by
observing an outcome but she can nevertheless (subjectively)
assign a probability value to each outcome conditional to the
action chosen. In other terms, the relationship between
actions and outcomes (pay offs) is not a deterministic one'.,
rather it is stochastic in nature,

The problem can then be posed as follows;

maxy E{Up (X,W)] 71
5.l

E[Uy (Wa)]zk (8
E[U, (Wa*)] 2 E(U, (Wa)] TasA [9]

The second constraint is called “incentive compatibility” con-
straint. It is due to the fact that the principal has to make sure
that the agent will actually choose the action at the maximum
effort. In other words, the principal must induce the agent 10
the maximum effort. Given that she can not observe the
agent's choice but she wants the agent to choose the deside-
red action a* (that of maximum effort), she has to device ap
incentive scheme so as the agent will choose a*, In other
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words, the level of utility associated to the a®'s choice must
se the highest level with respect to all ac A.

By solving this optimization problem one finds the optimum
vector of incentives to be offered to the agent, ie the optimal
:ontract. Since she is not able to observe the agent’s choices,
he principal will offer the agent payments which are depen-
fent on the pay offs, in contrast with the certainty setting.
This means that the agent will have to share some part of acti-
/ity’s risk. An extreme case is found when one individual
loes not have to share any risk, since she receives a costant
‘emuneration not dependent on the outcomes, and the other
eceives a remuneration given by the total outcome minus the
‘ostant remuneration to the other agent, therefore taking all
he risk. In the main, a problem arises as to how to divide the
otal outcome between the two individuals on the basis of the
rade-off between incentives and risk, The optimization pro-
slem solves this problem and identifies the optimal contract,
hat is, the optimal risk-sharing. The total outcome is then
hared between the agent, who receives W*, and the princi-
nal, who receives X-W

A\ pay off-dependent incentive scheme is a crucial result of
he so-called principal's problem. It can be generalized in
malytical terms as follows (Ross, 1973). We start with the
woblem (7)-(9) and consider the constraint (9) satisfied by
he first-order conditions (Grossman and Hart, 1983). In other
vords we assume that the pay off function is differentiable
wo times and the agent chooses an optimal action given an
ncentive scheme by the following:

HUL W' X')=0 [10]

vhere upperscripts indicate derivatives. By using the
Agrange method we obtain:

raxy E(Up + WUy W X'+AU)) [11]
/here and are the Lagrangean multipliers associated with

1e second and first constraint respectively. This optimization
roblem shows a solution given by:

'rF d d x‘ﬂ
— =4 - W —|—
Ty dé \ Xb

1 other words, the solution is given by a constant plus a term

apturing the incentive compatibility constraint which is
nposed to the principal by the need to motivate the agent.

[12]

Ve go deeper into the analysis and note that the optimization
roblem (7)-(9) and the generalization answer the question
oout the existence of an equilibrium of the game (Nash equi-
brium). They show that given some game rules (goals, stra-
:gies, pay offs, etc.) an equilibrium exists, ie there exists a
rategy pair of the two individuals such as both utilities are
wximized. There is yet another crucial question to be asked:

)

is this equilibrium efficient with Pareto? If yes, is it always
507

It can be said that the Pareto-efficient contract family is deri-
ved by the assumption that both principal and agent cooperate
in the choice of the contract (Ross, 1973). This means that we
should maximize not the principal’utility alone rather a wei-
ghted sum of the two individuals'utilities, that is:
mexy E[Up (X-W)+1tU, (W-a)] [13]
where 7 is a weigh. This problem can be solved by maximi-
zing the internal functional to the exptected value (Borch,
1962), We obtain:

Up (X-W)=AU} (W-a) [14]
The utility function classes (Up , U, ) satisfying (14) are
linear utility functions, from whom one can show (Ross,
1973; Wilson,1968) that linear incentive schemes in the pay
offs are derived.

The question is then: what are the situations in which the
equilibrium condition and the efficiency condition are equiva-
lent, s0 as the optimal contract found by solving the princi-
pal’s problem (Nash equilibrium) is also Pareto-efficient? The
answer is when y=0, ie when the incentive compatibility con-
straint is not binding. This is for instance the case we find in a
certain environment in which there is no need to “induce” the
agent to choose a given action. But in a uncertain environ-
ment when this is the case?

Stating that the incentive compatibility constraint is not bin-
ding means that the agent surely chooses the principal's most
desidered action. This is the case when the agent chooses an
action so as to maximize the principal’s utility function, that
is, by the first-order conditions:
Up (1-W)X?, =0 L15]
If one wants the action to be optimal both from the principal’s
and the agent’s standpoints one must assure the equivalence:
Up(l-W)=UW [16]
from which it can be shown (Ross, 1973) that a linear incenti-
ve scheme (in the pay off) is obtained. But we know that a
linear incentive scheme together with efficiency conditions
implies linear utility functions.

Therefore we can state:

Propesition: A Nash equilibrium is Pareto-efficient iff the uti-
lity functions are linear

What do linear utility functions mean? Recalling some
notions of choice’s theory it means that both individuals are
risk-neutral. If, by contrast, we assume that the agent is risk-
averse (which is quite reasonable) we end up having a conca-
ve utility function and most notably the equivalence between
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equilibrium solution and Pareto efficiency no longer holds.
Therefore:

Proposition: If one of the individuals is risk-averse then Nash
equilibrium is no longer Pareto-efficient

The proof can be easily and intuitively given: suppose you
have a simple case in which the principal must find an opti-
mal incentive scheme given by two values only (Radner,
1985)%. Given an eguilibrium contract W*=(W,; , W, ), the
contract W = (W , W) in which W = E (W) is Pareto-superior
in so far as it produces a higher utility level for the agent. In
other words, the expected value of income for the agent
remains the same but since she is risk-averse she values an
income given by constant incentives with a higher level of
utility with respect to an income that is (stochastically) pay
off dependent. At the same time, the principal is risk-neutral
and she evaluates the two alternatives equally.

To summarize, we state that in an uncertaint environment if
we ask an equilibrium be Pareto-efficient, the answer is gene-
rally negative. This is because, since the agent is realistically
risk-averse her utility level correspondent to a constant vector
of fees is always higher than her utility level with respect to a
pay off-dependent contract. In other words, she always pre-
fers a certain income instead of an expected one.
Mevertheless, a constant remuneration is feasible in a certain
environment only (that is, with complete information) in
which agent’s action is observable. With uncertainty she
clearly does not have any incentive to “work hard” and the
equivalence between equilibrium solution and Pareto effi-
ciency exists just in specific situations, that is, when utility
functions of both individuals have some characteristics.
Specifically, they are linear meaning individual are risk-neu-
tral. We can state, therefore, that only if we remove the risk-
aversion condition for the agent, then we can obtain an equili-
brium solution which is also Pareto efficient.

In a more general and normative sense we state that in decen-
tralized svstems the existence of uncertainty (incomplete
information) implies, on one hand, the need of risk-sharing
between principal and agent (otherwise agent is not induced
to perform well) but, on the other hand, this determines an
unavoidable system inefficiency unless agent is risk-newtral.

1.2.1 The problem of information quality

The conclusions of the last paragraph give a non positive jud-
gement about the possibility of coordinating and efficiently
managing a deregulated system in a decentralized way.
Indeed, the certainty and uncertainty situations represent,
from the standpoint of the information economics, two extre-
me views. That is, the former is the case when information is
complete and perfect, the second happens when principal has
a sort of complete ignorance in information terms. One can
easily imagine a number of in-between situations in which the
information about the agent's choices can be acquired by the
principal at a given cost. The bigger the information set by
the principal is, the more he can approach a first-best situa-

tion in which agent’s choice can be inferred directly. The
attainment of a first-best condition in which the equivalence
between equilibrium solution and Pareto efficiency happens
will therefore depend on the quality of information by the
principal.

In order to improve the information set so as to approach a
first-hest condition (Pareto efficiency) two ways have been
proposed:

e todevelop a monitoring system;
e to repeat the agency relationship through time.

As for the first point, we note that the principal can find it
convenient to develop a monitoring system in order to get
information about the agent's strategies. This system has a
cost. The prablems then are:

e when actually this happens to be convenient:
e which are the effects on the contract's structure and form.

It can be shown (Harris and Raviv, 1979) that given an equili-
brium solution (optimal contract) (W.a), ie an incentive sche-
me and an optimal action by a non monitored agent, then
another (W,a) pair exists that is Pareto-superior. This implies
that it is convenient for the principal to bear a cost of monito-
ring in so far as there is room for efficiency improvement.
This improvement exists, in particular, when (Harris and
Raviv, 1979) the agent is risk-averse, while there is no room
for improvement when the agent is risk-neutral. Specifically.
one can show (Shavell, 1978: Holmstrom, 1978) that when
efficiency improvements are possible, one can realize them
by incorporating monitoring into the incentive contracts. A
problem then arises as to how monitoring affects the structure
of such contracts, that is a problem of optimal monitoring
contract. Indeed, this seems to be quite natural: in the princi-
pal-agent relationship one look for contracts such that one
individual's utility level can not be increased without decrea-
sing others'utility levels given a level of information in the
system. The last qualification is important in that the level of
information in the system clearly affects the optimal contract.
One has then to study the optimal contract problem under dif-
ferent information structures (Harris and Raviv, 1979).

Harris and Raviv (1979) have shown that when monitoring is
convenient the optimal contract is a dichotomous one: if on
the basis of the monitoring results the agent's action is judged
to be satisfying, then she is rewarded with a predefined incen-
tive scheme which is outcome dependent. Otherwise, she
receives a constant, very low remuneration which gives her
less utility. Situations in which there exist incentive schemes
for the agent provided that her performance is judged to be
adequate can be easily found in the real world.

As for the repeatition of the agency relationship through time.
we note that the general agency problem is posed as a single-
period relationship. That is, the relationship lasts for no lon-
ger than one period. In reality, very often such relationships
last for more than one period or they are periodical. The intul

()
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tion is that of analyzing if the repeatition of the relationship
can bring about some information improvements. The pro-
blem can again be posed as a game (Radner, 1981, 1985), in
particular as a repeated game or supergame. This is the case
in which the one-period game is repeated a finite T number of
times (Radner, 1981) or infinitely (Radner, 1985), It is assu-
med that each player’s utility in each period is given by the
average expected utilities of the periods up to that moment,
One has then to find a sequential strategy for each player
which is given by a sequence of functions’ one for each
period such that the function at period ¢ determines the
player’s strategy as a function of the information set available
to the player up to that period. In other words, the repeatition
of the games makes it possible for the principal to exploit the
“information history™ so that to infer if the agent chooses an
appropriate action and indeed to device some punishment
mechanism if she is judged to be negligent. An efficient equi-
librium of the game is given by a sequential strategy pair such
that no one can increase her utility level at the cost of the
others,

Moreover, under reasonable restrictions, it can be shown that
the repeatition of the game produces an efficiency improve-
ment of the system, that is, the supergame equilibrium is
Pareto-superior to the one-period game equilibrium. This
conclusion can be viewed in the sense that the existence of
durable agency relationships can induce efficiency improve-
ments by means of spontaneous cooperative behaviors
without being forced by a centralized control and manage-
ment system to top-down behavioral constraint.

To conclude, it seems reasonable to say that if in very broad
terms we come to non positive conclusion about decentrali-
zed coordination mechanisms characterizing deregulated
systems, there is nevertheless some room to attain relevant
efficiency gains. In any case, what has to be noted is the cru-
cial role of information.
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NOTES

! Otherwise, we would not be far from the certainty case in that knowing
the action or the owtcome would be equivalent

* For instance, she pays the agent in case of “high” and “low" output, or
for “success™ and “failure™.

' Reward functions for the principal, decision functions for the agent.
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