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Abstract

Regulation models are a special class of contract models that have received a lot of at-
tention from economists in the last few decades. This continuous interest has been motivated
by an increasing need in designing regulatory policies in a world where decentralization and
delegation of public services play an important role. A more recent and less rich strand
of economic literature is devoted to the structural analysis of contract theory models. The
economic setting underlying these models gives rise to complex nonlinear inverse problems
and hence the difficulties in uniquely recovering the primitives of the model from the data.
The novelty of our paper comes from the fact that we globally identify the static version of
a classical adverse selection model and we also provide a quantile estimation procedure for
the parameter of interest along with a discussion of the asymptotic properties of our estima-
tor. We also present two extensions where we allow for semiparametric forms of the cost
function.
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1 Introduction

Contracts are part of our daily life as they are present in any economic activity we might
think about: financial markets (the relationship between a lender and a borrower), labor
market (employer-employee), selling mechanisms (owner-buyer), public utilities (reg-
ulatory agency-supplier), insurance market (brokerage company-customers), corporate
organisation (shareholders-managers) and the list is far from being exhaustive. All these
instances previously enumerated have in common one main feature: they all can be rep-

resented as a principal-agent relation with incomplete information.

In practice, we encounter very often the situation where a local municipality delegates
the task of providing a so-called "public service" (water supply, water management, waste
management, public transportation, energy) to another entity which is usually a natural
monopoly !. We face here a principal-agent relationship > characterised by the presence
of informational asymmetries under the form of adverse selection or moral hazard or
very often a mix of the two (for an extensive description of these issues see Laffont and
Martimort (2001)). The adverse selection arises from the fact that the local municipality
doesn’t have a perfect information about the demand or the costs conditions faced by the
firm. Hence, in order to increase its revenues, the natural monopolist may try to distort
the reality when reporting to the principal. A low cost firm may try to pass for a high
cost supplier in order to be able to fix a higher price for its product or service. Another
informational disadvantage faced by the principal comes from the fact she cannot verify if
the managerial team made enough efforts to reduce the costs of operating in the industry.
This creates the so-called moral hazard problem or "hidden action". For example, the
firm may find it in its own interest not to invest into a new technology, if the revenues

received from the principal depend on the observed costs.

We focus our attention on the public-utilities problem, but our econometric approach

Usually in these sectors of activity, the production features make optimal the provision of the good by
a small number of firms or even one.
>Throughout this paper, we will refer to the principal as "she" and to the agent as "he".



can be extended to other examples. In this paper we take into account only cases of
pure adverse selection (i.e. we assume that the principal doesn’t face an effort shirk-
ing problem). Moreover she is not able to observe the ex-post realisations of the cost
(no possibility of auditing). This could be the case of development countries where the
regulatory agency has a limited regulatory power that leads to a weak, and hence use-
less, auditing system (for an in-debt discussion about the consequences of institutional
failures on the design of regulatory policies in development countries, see Estache and
Wren-Lewis (2009)). In order to account for the informational asymmetries concerning
the cost opportunities, the local municipality must design a regulation policy which will
limit the rents the monopolistic firm can extract thanks to its informational advantage.
The main instruments at the regulator’s disposal for inducing truth telling is the price for
the regulated product and the monetary transfers (taxes or subsidies). Thus, the principal
will offer a menu of contracts that specifies the prices for the good or service at differ-
ent cost realisations and also a payment scheme. These options are designed in such a
manner that the firm will have incentives to report its actual cost. For a survey of the
early literature on regulation see Baron (1989), Armstrong and Sappington (2007) and

for more recent developments in the field see Joskow (2007).

Although the economic theory behind different forms of informational asymmetries
is very well developed, the econometric literature that treats these models is still scarce.
The early empirical applications in the field of economic regulation were conducted us-
ing a reduced-form approach. Moreover, these papers were mainly concerned with the
implications of regulatory policies on the level and structure of prices or on the innova-
tion and production growth, but they were not incorporating the effects of informational
asymmetries on the agent’s behaviour. The first paper that used a structural approach
to account for the presence of private information in a regulator-utility relation is Wolak
(1994). The author used a parametric setting to estimate the parameters of the agent’s

production and cost function for the water supplier in California. Other empirical ap-



plications are in particular conducted by Ivaldi and Martimort (1994), Bontemps et al.
(2010) or Chiappori and Salanié (2002). Perrigne and Vuong (2011) analyse the non-
parametric point identification issues in a static mixed model of asymmetric information
and d’Haultfoeuille and Février (2010) provide a partial identification result for the dis-
tribution of agents types and the cost function. Although the identification issue in the
static problem of contracting has been studied previously in Perrigne and Vuong (2011),
our contribution comes from the fact we present also the estimation issues and compute

the speed of convergence for our estimator.

Our paper is essentially devoted to the analysis of the adverse selection problem (the
"hidden information") in a static interaction between the regulated supplier and his regu-
lator. For this purpose, we will use the economic settings exposed in Baron and Myerson

(1982) and Laffont and Tirole (1993) as follows.

2 Economic model

Let us first present the features of the static model of hidden information a la Baron and

Myerson (1982).

We consider the situation where the private information of the agent consists of the
knowledge of his marginal cost denoted by 0 and in order to simplify notations suppose
that 6 € [0, 1]. The principal cannot observe the 6 but knows that its distribution is given
by F :[0,1] = [0,1] and f(0) = F'(6). The principal also knows the demand function
denoted by X(p), where p is the transaction price. The supplier’s production cost is a

function of his efficiency and the quantity provided and is denoted by C(x, 6).

The following assumptions are the standard ones and come from the economic liter-

ature (see Baron and Myerson (1982)):

F(6)
f(6)

ferentiable with strictly positive support on [0,1]) and is nondecreasing as a function of

Assumption 1. 1(0) =

is a well-defined function on [0,1] (f is continuously dif-



Assumption 2. Cg > 0,Cy 9 > 0,Cy, > 0,Cy9 > 0,Cr99 > 0, Vx, 6.

Using the Revelation Principle 3, the regulator offers the firm the possibility to self-
select from a menu of contracts specifying pairs of price and transfers {p(0),7(6)}. One
can think about the transfer 7'(0) as being a subsidy (in this case, the pricing decision be-
longs to the regulator, but she has to pay a subsidy to the firm when the price doesn’t fully
cover the cost) or as tax (the agent decides the price, but he has to pay a tax corresponding
to different price levels). The benevolent regulator solves a maximisation problem of the
weighted sum of consumer surplus and the profit obtained by the firm. If we denote by S
the surplus and by II the profit of the firm, the principal will maximise S + all, where o
is the importance that the principal gives to the rent left to the agent. The usual assump-
tion is that a € [0, 1) as the principal is more concerned with the taxpayers” welfare. This
hypothesis is quite important as without it the solution to the principal’s problem will be

to simply allow the firm to be the decision maker and to maximise its profit.

We write the decision maker’s problem as follows:
1
J{S(p(6))~T(8)+ alMI(p(6).T(6):0)]} £(6) do

0

subject to the participation constraint and, respectively, the incentive compatibility con-
straint:

I(p(6),T(0);6) > 0*
T(p(0),7(6):0) >TI(p(),T(6);6), V6,6 € [0,1]

After some computations (which can be found in Baron and Myerson (1982)) and

3The Revelation Principle is a powerful tool that tells us the principal can focus without loss of gener-
ality on a direct revelation mechanism that is individual rational and incentive compatible.
“We set the agent’s reservation profit to 0.



X
denoting by V (x) = / P(u)du and P(x) the inverse demand function >, one can write the

0
previous problem in an equivalent way:

0/ {Via(©) - Cla(6).0)~ (1 - ) TG Catx(6).0) | s(6) 00
S.t. |
T(0) = P(x(0))x(8) — C(x(6),6) /Ce (x(ut), ) due
4
p(6) = P(x(6))
and

x(8) = X(p(0)) is weakly decreasing®.

The optimal contract under the presence of asymmetric information is characterised by

the following First Order Condition:

F(6)

P(x(0)) =C(x(0),0)+ (1 — a)m

Cx@(x(e)ve) (1)

One can see from (1) that a higher inefficiency is associated with a higher price (the

benchmark being price equals marginal cost).

3 Econometric model

The econometric model is mainly based on a analysis of the First Order Condition pre-
sented in (1). The data available to the econometrician consists of prices, traded quanti-
ties and transfers. Therefore one can observe the left-hand side variable of the (1) (i.e.

the prices specified in the contract). The unobservables are the cost function and the

38(p) =V (x) — P(x)x.
%The monotonicity of the hazard ratio imposed in Assumption 1 is crucial for the monotonicity of the
quantity with respect to the cost parameter (and thus to avoid pooling)



distribution of the efficiency parameters.

Let us adopt a simple framework where we suppose that the cost function is known
and has the following shape: C(x,0) = 6x ’. Later we will study more complex specifi-
cations of this model.

Thus we observe an i.i.d. sample of the random element p defined by:

p=0+—-= ()

Our goal is to estimate the structural parameter F from the observations (p;)i—1,.. ». Re-
member that the principal knows the distribution from which the costs are drawn, but this

1s unobservable for the econometrician.

We concentrate our analysis on equation (2) which is a particular case of a general
class of game-theoretic models characterized by a relation between an observable vari-
able p and an inobservable variable 6 of the form p = or(0). The oF is the structural
element of the model and is assumed to be a Bayesian Nash Equilibrium. The strate-
gic component of the game is formalized by the fact that ¢ depends on 6 and on its
distribution, F'. As remarked by Florens et al. (1998) and Florens and Sbai (2010), the
dependence of o on F modifies the structural properties of the model (identification and

estimation). This paper illustrates the importance of this dependence relation.

3.1 Global identification

The first step in any econometric analysis is to check if the model is identified, i.e., if
there is a one-to-one mapping between the distribution of the latent variables and the
distribution of observables.

The distribution of primitives and the distribution of observables in our simple model

of adverse selection are related by the following functional relation:

"We also suppose that the weight on the firm’s profit, «, is 0.



G(p) =P(P < p)=P(or(0) < p)=F(o;'(p)) (3)

where G denotes the cdf of p and oF(-) is an increasing function of its argument. One
can note that G(-) is identified by the data. From (3) we obtain the implicit relationship
between F and G:

FOGEIZGOI‘F:GOGF 4)

G is identified and can be estimated by a natural estimator G. The equation of interest is
thus the following

G=Foo;'+U

where U is the estimation noise.

The previous equation can be written in a quantile version:
Gl=opoF '=Gl=0poF 4V

where again V is the estimation noise. This paper is based on the analysis of this quantile
equation. G~! is estimated by the quantile function of the observables and F~! is the
solution of an inverse problem.

The identification of the model can be easily assessed by solving the quantile equation
G~ ! = oroF~! (as we are in the identification stage, the population distribution of
the observable is supposed to be known and therefore there is no noise). The model is
identified if the equation G~!(a) = F~'(at) + aF V() has a unique solution in F~".

This is a first order differential equation whose solution is

/ G () du 5)

Therefore the model is non parametrically globally identified and without any over iden-



tifying restriction. Proposition (1) below summarises this finding:

Proposition 1. In a pure classical model of adverse selection, the distribution of cost
parameters F(0), is globally nonparametrically identified without any restrictions and

the quantile function corresponding to it, F~1 (), is described by the following relation:
/ G~ () du ©6)

where o € [0,1], F~ () is the quantile function of the productivity/cost parameters and

G! (@) is the quantile function of prices.

3.2 Quantile estimation

The estimation of the quantile function of types is conducted by using the order statistics
of the data, in our case the prices. Thus if X(;,,) denotes the i"" order statistic of the sample
. T u i—1 J . .
of size n, we know that G~ (u) = ZX(i:n) 1 {— <u< ! } If we plug this expression
i=1 n n

into (6), we get that:
p—— I o i
/G Hu)du = %; L{— < 0} X(im) (7

We conduct different configurations of simulations to check that our estimator performs
well in small samples (n=100 and the types are drawn from Beta distributions with dif-

ferent parameters).
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MC simulations, adverse selection, Beta(2,5), n=100

0.8

Quantile of types
0.4

3.3 Asymptotics properties

Our main tool is a general theorem on the asymptotic behaviour of linear functions of
order statistics (see Moore (1968), Stigler (1969), Stigler (1974)) 8. We will first define
the "L-estimators". Thus if P;,,) denotes the i"" order statistic of an iid sample of prices
of size n and drawn from the cdf G , with P(l:n) <. < P(,m), then a L-estimator is a

linear function of order statistics with the following shape:

1 & i
I, = ZZ,’J (;) P(i:n)

where J is a well-behaved function defined on [0, 1].

—

The idea is to write the F—! as a L-estimator and to show its asymptotic normality. In

8The so-called "L-estimators".

11



IN

] 1
our particular case J (i> = a]l < OC) and therefore we have:
n

It has been showed (see Moore (1968), Stigler (1969), Stigler (1974) ) the following

result:

1 & ]
Theorem 1. The linear functions of order statistics, T, = — ZJ (i> Pii.n) is asymptoti-
ns n

cally normal

/J o)da | ~ N(0,6?)

where
o2 =2 / / J(G (M)(G(p A r) — G(p)G(r)) dpdr

- / /J(a>J(ﬁ>(aAB—aﬁ)G1<da)G1<d/3>
00

if P; have finite mean, 6% < oo and J is continuously differentiable s.t. J' has bounded

variation on |0, 1] (possibly except at a finite number of points).
Using Moore (1968)’s theorem we obtain the following proposition for our model:

Proposition 2. In a static adverse selection model, the empirical process of the quantile
function of types converge in distribution to a gaussian process in L[O,l} at the parametric

speed of convergence, \/n:

—_—

Vi (F1() = F7'(6)) ~ N(0,E) (8)

12



where ¥ denotes the asymptotic variance and has the following form:

1 1
o (s,1) = //]l(u < )1 < 1)(uAv—uw) G (du)G (dv)
00

For the estimation of the cdf function, the approach is quite straightforward:

F(o) = %sup{iuﬁ (i) < e}

Another way of estimating the cdf would be to construct a smooth version of F~! and
then compute the usual inverse function.

Next if we apply the delta method, we can easily see that the empirical process of the cdf
of the types converges to a Gaussian process in L[z(m. Before checking the convergence

of the pdf, we need to compute the derivative of the quantile function:

o
/ 1 1
F Y a)= ——/G—1 dut -G (a
(@)=~ [G Wdut G (@)
0
One can easily show that \/n (F - F ’1/> also converges to a Gaussian process (as

F~" is a function of G~! and of an integral of G~!). Moreover, the probability distribu-

tion function can be written as:

1 .
“FEe) T PR

f—

f(6)

Using again delta theorem, we get that \/ﬁ(]?— f) ~ to a Gaussian process.

Note that the estimation of f at a \/n speed is not in contradiction with the minimax
speed of convergence of a density. Actually this result applies if f is the density of the
observed data, which is not the case in our example. The density f is not the density of
the data. The speed of convergence of fis due to the strategic feature of the game model

which may improve or diminish the speed of convergence.
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4 Extensions

In this section we will present two extensions of the previously described model. Both
extensions will relax the assumption about the linearity of the cost function by allowing
for two semi-parametric specifications of the agent’s cost functions.

We assume the cost function as being given, but we just adopt a more flexible form

of it.

4.1 First functional form

Let us first consider the following semiparametric specification of the cost function C(x, ) =
2
% + (1 —¢@(0))x. Then the equation (1) becomes:

x—p+1=<p<e>+§—<p ()

We denote x — p+ 1 =y and then our observations become y. We suppose that y is
distributed with H and H~! is the quantile function associated to the data. We have that

G ' = o oF!, which in this case leads to:

equivalently to:

or

14



The solution to this equation is:

Let us suppose that one can have from the data an estimation for ¢!, therefore a straight-

forward estimator for the quantile of latent variables is:

—_— —_— 1 —_—
Fl(a)= g1 a/H—l(u)clu
0
Using the Fréchet derivatives we have that:
1 04 (04
F(a)-F (a)=¢" a/(G—I—G—l)udu +<<p—1—<p—1) —/G_l(u)du +o(1)
0 0

The first term converges at speed /n and therefore the speed of convergence for F (a)—
F~!(a) depends on the speed of convergence of the second term (i.e. whether we use

nonparametric or parametric methods of estimation for @ —1).

4.1.1 A second functional form

A second approach assumes that C(x, 0) = 6C(x) and in this case the FOC (1) becomes:
P(x(6)) = 6C'(x) + f—C'(X)

or equivalently

P(x(0)) =C'(x) <9 + %)

This can be written under the quantile form as:
1 1 '
G (o) =C' () (aF- (a))

15



The solution to this equation is simply:

F ()= %é/Gl(u)du
0

If we denote = a(x) and we suppose that there is available an estimation of a

C'(x)
denoted with a we have the following result:

—_

Fl—F'=(@-a) é/aGl(u)du t+a é/a(g\l—Gl)(u)du +o(1)
0 0

This formula shows that if a is estimated at a parametric speed, this will also be the case
for F~! — F~!. Therefore the first term is the one that dictates the speed of convergence

1

of our estimator, as G—! — G~! converges at a parametric speed.

5 Conclusions

The presence of asymmetric information between the regulator and the agency leads to
the implementation of a less efficient outcome (the so-called "second best") than the
benchmark outcome (the "first best") achieved in case of symmetric information. Pro-
viding estimates for the primitives of supplier’s production process is crucial as it guides
the regulator in the rate-setting process. Besides this, one can test the optimality of the
contracts being implemented and also conduct counterfactuals to see under which pay-
ment schemes the consumer surplus would be increased. Once one has estimated the
distribution of supplier’s costs and the cost function, another policy simulation that can
be envisioned is to check what are the effects on the level of prices and quantities of

letting another supplier enter the market for the public service.

In this paper we provide a framework for the identification and estimation of the

distribution of agent’s types in a static case of pure adverse selection where the cost

16



function is known. We find that the distribution of costs is globally identified without any
restrictions (except those underlying the economic model). Next we provide a quantile
estimation for the quantile of types and using the order statistic theory we show that the
estimation of the density function of the types is done at a root-n speed of convergence.
We also briefly present two extensions where we allow for semi-parametric forms of the
cost function. We show that in this latter case, the speed of convergence of the density
of latent variables is not necessary root-n, but it depends on the speed at which the cost

function is estimated.
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