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Optirnal Procurernent in Multiproduct Monopoly

1. Introduction
Both in the case of public utility regulation and in the case of procurement
the firm with which the government enters a contractual relationship is often a
multiproduct firm with private information about its technological capabilities.
In these situations an interesting question to answer is whether an optimal
policy for the goverment is to regulate activities, that is each line of product
separately, orto regulate the firm as a single unit. In this paper we study how
and under what circumstances the multiproduct nature of the firm affects the
optimal regulatory policy.
The case in which the regulated firm is a single product monopoly has been
modelled in recent literature as a principal agent game where the government,
behaving as a Stackelberg leader, proposes a (regulatory or procurement) "take
it or leave it" contract to the firm that has private information over a parameter
and/or a choice variable affecting its own benefits as well as the benefits o(the
principal (Baron and Myerson, 1982, Laffont and Tirole 1993). In this paper we
extend the analysis to the case of a multiproduct firm whose private information
on costs is multidimensional, that is involves more than one parameter .1
A similar problem has been analysed in the literature on industriai organization in the case of the pricing strategies of a multiproduct monopolist facing
consumers with private information over their reservation prices. Adams and
Yellen (1976), following a suggestion by Stigler, show that the firm may have
an incentive to package two or more products in bundles rather than selling
1 Models of multidimensional screening have been introduced by Mirlees (1971), (1986) in
the context of optimal taxation; Laffont, Maskin and Rochet (1985) deals with a two dimensionai case and fully characterizes the optimal non linear tariff for a monopolist producing a
single good. McAfee and McMillan (1988) and Armstrong (1996), provide further results and
solution techniques for the problem of multidimensional screening in the case of continuous
types.

l

them separately. In particular, they show ho w bundling can be used as a price
discrimination strategy to extract consumer's surplus when reservation prices
across goods are negatively correlateci. Spence (1980) and McAfee, McMillan
and Whinston (1989) provide further conditions on the distribution of consumers valuations under which a bundling strategy dominates unbundled sales.
In this paper we show that a similar incentive to bundle goods arises for a
government entering a contractual relationship with a multiproduct firm having
private information about some of the parameters affecting its costs. To this
aim we consider a discrete multidimensional screening model where the government faces a monopolistic firm producing two goods. To isolate the problem
from other types of effects we assume that utility and cost functions for each
good are functionally independent from each other. We show that the
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principles established for optimal multiproduct monopoly pricing carry over to
the case of optimal regulation so that the government has an incentive to adopt
multiproduct regulation schemes by making monetary transfers to the firm dependent on quantities of both goods. In the same way as a bundling strategy for
sales allows a monopolist to increase profits when consumer valuations across
goods are likely to differ, in a regulatory setting the government can increase
social welfare by adopting procurement contracts which bundle goods the more
likely are the differences of costs across products. Finally, we apply this result
also to the case in which a verifiable quality index, as well as a quantity index,
can be explicitly contraeteci upon.
Our model draws from Spence (1980) and is similar to Dana (1993). Spence
provides a useful approach to the solution of multidimensional screening problems and applies it to a case of optimal multiproduct monopoly pricing. We
adopt Spence's approach to solve a different but related problem in optimal
procurement.
The paper by Dana concerns the optimal organizational structure of a multiproduct industry and compares an integrated organization, in which control
over both goods is given to a multiproduct firm, with a decentralized organiza2

tion where each firm produces only one good. 2 Although there are similarities,
our paper differs from Dana's in some respects. By allowing fora more generai
specification of cost functions we obtain more generai results. We also derive a
new result concerning the relationship between single and multi-product optiinal
contracts. Moreover, differently from Dana, we discuss the binding constraints
in the regulator's problem along the lines set by Spence (1980); this approach
helps to simplify subsequent proofs. Another difference with respect to Dana is
that we consider a welfare function including the cost of public funding instead
of distributional concerns.
The plan of the paper is as follows: in section 2 we present the model and
discuss the regulator's problem; in sections 3 and 4 we derive a complete characterization of the optimal contract in a symmetric context; section 5 compares
the previous scheme with optimal single product contracts, that is contracts
regulating each line of product separately; section 6 shows an application of the
results to the case of regulation of quantities and qualities, section 7 concludes.

2. The model
Our analysis deals with the case of procurement of non-marketable goods
produced by an existing multiproduct monopolistic firm. The centrai authority,
a benevolent regulator, is allowed to decide the quantities to be produced and
the amount of monetary transfer to the firm. We consider the case of a regulated
monopoly producing two goods, a and b, whose quantities are denoted by q=

(qa, qb), and assume that social benefits from consumption of the goods can be
represented by an additively separable function

where

Uk ( ·),

k = a, b, is increasing, strictly concave an d continuously differen-

tiable. The fixed costs of the monopolist are publicly observable so that, for
2 For more on the comparison between different organizational structures with comple-

mentary products see Baron and Besanko (1992) and Gilbert and Riordan (1995).
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convenience, are normalized to zero; the cost function has the following additive
form

where the cost parameters (h, can take their values in the set {etk> Bk} with

Bk > etk > 0 and the functions Ck(·) are increasing, convex and continuously
differentiable. The cost parameters are private information of the monopolist
and their joint probability, Pr(Ba, Bb), is common knowledge.
From the regulator's point of view there are four types of monopolists. Type
l, the 'low monopolist', has low costs parameters in bot h goods an d his cost

function will be denoted by C1 (q) =C( q; eta, etb)· Types 2 and 3 are the 'mixed
monopolists' and their costs functions are respectively C2(q) =C( q; eta, Bb) and

C3(q) = C( q; Ba, etb)· Finally, type 4 is the 'high monopolist' with C4(q)
C(q; Ba, Bb)· The probability of each type will be denoted accordingly by

The probability of monopolist having a low cost parameter in good a is Pa =
a1

+ a2, t hat is Pa represents the marginai distribution of t9a; similarly, for go od

b, we have Pb = a1

+ a3.

For future reference we also give the formula of the

coefficient of correlation between the cost parameters, which is

Q=

-Vr=P=aP=b::;=(1=-=P=a::;=)(;=l=_=P=;=b)

A procurement contract consists of a set of monetary transfers to the monopolist and the corresponding quantities of the two goods that the monopolist
is required to produce. In accordance with the revelation principle we consider only contracts which are truthful direct revelation mechanisms; therefore,
a contract specifies, for each type of monopolist, a transfer, ti, and quantities

qi

(qai, qbi) to be produced. Under the class of contracts [ti, qi] the profit of
type i monopolist, when he tells the truth, is ti- Ci(qi) and when he reports
=

to be type j

f

i is tj - Ci (qj). Truthfully implementable contracts satisfy (ex

4

post) individuai rationality (IR) and incentive compatibility (IC) constraints,
Le.

an d
for any i and j.
The problem of the regulator is to find, within the set of implementable
contracts, those maximizing the expected social welfare. Social welfare is measured by the sum of consumer surplus and profits and also includes the cost of
public funding. The expected welfare, under truthful revelation, is given by
4

W=

L ai[U(qi)- Ci(qi)- Àti]
i=l

where the fixed parameter À 2:: O is to include the distortionary effects on welfare
of raising public funds. Expected social welfare is maximized subject to IR and
IC constraints so that the regulator's problem can be stated as follows
max

t l, .. . q l ' ...

W

for i = l, ... , 4 an d j

s. to

t. ~

c. (q.) > t . - c. (q .)
~~-]

O, l, ... , 4 with to

=

O, qo

7.]

=

(l)

(0, O) to include IR

constraints.
The crucial point to the solution of screening problems is to derive the
set of binding constraints. When private information is one dimensionai the
agent's types can be completely ranked and standard results shows that the IC
binding constraints are only those between adjacent types and this constraints
bind only in one direction. In the multidimensional case the problem is more
complex since, in generai, the ordering of agent's types is partial; this implies
that IC constraints in all directions and with respect to all types have to be
explicitly taken into account. For example, in our model, we have to explicitly
consider not only the incentive of type l to report to be of type 2 but also the
incentive of type l to report to be of type 3 and 4.
Spence (1980) suggests a generai procedure to identify the subset of potentially binding problems in muldimensional screening problems. Let us define
5

mij =

Ci(qi)- Ci(qj) for given quantities

straints as ti

~ mij

qi and qj ad rewrite IR and IC con-

+ tj. For given quantiti es the ti 's that minimize expected

transfers and satisfy all the constraints are the solution to a linear programming
problem
s. to
Spence shows that 3 the solution is unique, independent from the distribution
of types and satisfies the following condition

for all i and j.

This procedure works for given quantities, but it does not

give yet the binding constraints of problem (1) since optimal transfers and
quantities have to be determined simultaneously.

However, if we introduce

sensible assumptions about quantities in the optimal contract this procedure
turns out to be very useful. Let us assume that in any optimal procurement
contract the quantity of good k produced by a monopolist with low costs on
good k is greater than the quantity produced by the monopolist with high cost
on the same good. More formally we make the following
Assumption 1. The procurement contracts satisfy the following conditions:

min{ qla, q2a} > max{ q3a, q4a}

an d

As we shall see in the Appendix, the procedure of Spence, given Assumption
l, allows us to select a subset of 6 potentially binding constraints out of 16 and

therefore it helps to simplify the analysis of the regulator's problem. In the
following two sections we illustrate this procedure in the simplified setting of
a symmetric model for which we also provide a complete characterization of
the optimal procurement contract. The main results also apply to the general
model considered in this section.
3 See Spence (1980) section 3.
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3. The binding constraints
We assume that the functional forms of social benefits and costs do not
depend on the goods, that is we set uk(-)

ek = efor k = a, b.

=

u(-), ck(-)

=

c(·), (}_k

= (}_

and

To simplify notation we normalize the difference between

cost parameters to one, therefore we set

e- (}_ =

l. We also assume that the

marginai distributions of cost parameters are the same, i.e. Pk = p, which in
turn implies that the mixed monopolists are equally likely, i.e.

0::2

=

0::3.

Given the symmetric nature of the model we can restrict the analysis to
the following class of symmetric contracts: 4

[t1, ql =(e, e)]

for type l

[t2, q2 =(x, y)]

for type 2

[t3 = t2,q3 = (y,x)]

for type 3

[t4, q4 = (z, z)]

for type 4

Under a symmetric contract the low monopolist produces the same quantities of
both goods and so does the high type, whereas the mixed monopolists receive the
same transfer an d produce symmetric quantities of the goods. Moreover, since
the cost functions oftypes 2 and 3 have the property that C2(qa, qb)

= C3(qb, qa),

it is easy to verify that when IR and IC constraints involving type 2 are satisfied,
then any constraint involving type 3 will hold as well. Therefore, in the following
analysis, we need not consider explicitly type 3.
As a benchmark for future comparison let us recall the solution to the
regulator problem under complete information. In this case only IR constraints
are to be considered, therefore, in the socially optimal contract, transfers ·are
equal to costs and quantities, if positive, must equate marginai utility and
marginai social costs; for example, the socially efficient quantity produced by
the low monopolist, e, satisfies the condition u'(e) = (l+ À)f}_c'(e). To avoid
trivial cases we assume that it is socially optimal to produce positive quantities
of each good even when the monopolist has high costs; therefore, we shall assume
that c, u, e and À satisfy the following condition: u'(O) > (1
4

+ À)ec'(O).

In the Appendix it is shown that the optimal contract is indeed symmetric.

7

Turning back to the case of private information the 9 constraints facingthe
regulator in the symmetric setting are:
Type l:
t1 -

2(:?c(e) 2:: O

t1-

2(:?c(e) 2::

t2-

(:?[c(x)

t1-

2(:?c(e) 2::

t4-

2(:?c(z)

ir(l)

+ c(y)]

ic(1,2)
ic(l, 4)

Type 2:
t2-

(lc(x)- Bc(y) 2:: O

t2

(lc(x)- Bc(y) 2:: t 1

-

t2-

ir(2)
((:? + B)c(e)

ic(2, l)

(lc(x)- Bc(y) 2:: t4- ((:? + B)c(z)

ic(2, 4)

-

Type 4:
t4-

2Bc(z) 2:: O

t4-

2Bc(z) 2::

t1-

2Bc(e)

ic( 4, l)

t4-

2Bc(z) 2::

t2-

B[c(x) + c(y)]

ic( 4, 2)

ir(4)

where ir(i) refers to the IR constraint of type i and ic(i,j) is the IC constraint
of type i with respect to type j.

To determine the binding constraints a t

the optimum we follow the procedure of Spence (1980) and derive recursively
the minimizing transfers starting from type 4. Let us set the transfers t 1 and
t2 at the values equating the respective IR constraints, i.e.

ir(l) and ir(2);

substituting these values into the constraints of type 4 we obtain
t4-

2Bc(z) 2:: O

t4-

2Bc(z) 2:: -2c(e)

t4 -

2Bc( z) 2:: -c( :r)
8

t4 = 2Bc(z).

therefore, the minimum transfer for type 4 is

The next step is the

analysis of type 2 constraints by substituting t 1 and t4, the latter as determined
in the previous step:
t2-

@c(x)- Bc(y) ~O

t2-

@c(x)- Bc(y) ~ -c( e)

t2-

@c(x)- Bc(y) ~ c(z)

elearly the minimum transfer

[@c(x)

+ Bc(y)] + c(z).

t2

t2 =
this value of the transfer still allows t4

must equate the last constraint therefore

Notice also that

to satisfy the constraints of type 4 as can be easily checked. The last step is to
substitute

t4

and

t2

into the constraints of type l; this yields
t1-

2@c(e)

~O

t1-

2@c(e)

~

[c(y)

t1-

2@c(e)

~

2c(z)

+ c(z)]

(2)
(3)

In this case it cannot be said in advance which one of the two re constraints
is binding since this depends on the values of z and y in the optimal contract.
In both cases, however, it can be easily verified that t 1 and the transfers
satisfy the constraints of all types.

t2, t4

5

To summarize the discussion, we obtained the following result: in any ·optimal contract the IR constraint of type 4 and the re constraint of type 2
with respect to type 4 are binding. The optimal tranfers for types 2 and 4 are
therefore given by

t4

and

t2

and can be computed once the optimal quantities

are determined. As for type l, either (2) or (3) or both are potentially binding constraints, therefore they must be explicitly considered in the regulator's
problem.

5 Recall that, by Assumptìon l, we have min{e,x}

9

> max{y,z}.

4. The opti mal contra et
From the analysis of the previous section we know that the optimal procurement contract can be obtained by substituting

t4

and

t2

into the welfare

function and solving the following optimization problem
max

e,x,y,z,t1

a 1[2u(e)- 2@c(e)- Àt1]

+ 2a2[u(x) + u(y)- (1 + À)(@c(x) + Bc(y))

- Àc(z)] + a4[2u(z)- 2(1 + À)Bc(z)]
subject to

t1- 2@c(e)- [c(z)

+ c(y)] 2: O

t1- 2@c(e)- 2c(z) 2: O

IC(1, 2)
IC(1, 4)

The solution satisfies the following first order conditions:

u'(e)

=

@c'(e)

+ /-Ll 2 + f-l 14 {lc'(e)

(4)

al

u'(y)

=

+ À)@c'(x)
12
(1 + À)Bc'(y) + f-l c'(y)

u'(z)

=

(1

u'(x) = (1

20:2

+ À)Bc'(z) + 2Àa2 + /-LI2 + 2f-LI4c'(z)
2a4

(5)
(6)
(7)
(8)

where J-L 12 2: O and J-L 14 2: O are the Lagrange multipliers of the constraints
IC(1,2) and IC(1,4). In addition, there are complementary slackness conditions.
By condition (8) at least one of the multipliers must be different from
zero; also, by substituting the multipliers in (4) and comparing with (5). we
immediately see that e =

.T

and that these quantities equate marginal social

benefits and social marginal costs. Therefore, the monopolists with low costs
on good k produce the same quantity of the good and this quantity is equal to
the socially efficient level. Moreover, it can be noticed 6 that J-L 12 > O, that is,
6 Indeed, suppose that /-L12 =O and thus f.L14 > O; from the first order conditions (6) and
(7) we see that y > z and therefore IC(1,4) cannot be binding, but this in turns implies that
/-L14 =O contrary to the assumption.

lO

the constraint IC(1,2) is always binding. Therefore, the optimal quantities of
the high cast good produced by the mixed and high monopolists, respectively
y and z, satisfy the inequality y 2: z.
Since the multiplier f-L 12 is always positive the characterization of the solution depends on the value of the multiplier /-Ll4· When f-LI4 is positive both the
IC constraints are binding and y

= z.

By equating the righ-hand side of (6)

and (7) and using (8) we obtain the values of the multipliers
a1 +a2
/-LI2 = 2Àa2 - - a2 +a4
, a1a4- a1a2- 2a§
/-LI4 = A
a2 +a4

(9)
(10)

Since f-L 14 is positive it must hold that
ala4
a2 < - - 1- CY4

(11)

Condition (11) is also sufficient1 for f-Lr 4 > O.
Condition (11) turns out to be the crucial point for the characterization of
the optimal procurement contract. If (11) holds then y = z and the optimal
quantity is obtained from one of the first arder conditions by substituting the
multipliers (9) and (10). On the other hand when (11) does not hold we have
y

>

z and the optimal quantities are computed for f-LI2 = Àa 1 and /-LI4 =

O.

In loose terms, condition (11) means that the mixed monopolists are relatively unlikely or, in other words, that the costs of the two goods are highly
and positively correlateci. Indeed, the above result can be stated in terms of
the coefficient of correlation between cast parameters,

Q,

that is f-L 14 > O if and

only if 8

p
1+p
Note that the threshold g depends only on the marginai distribution and lies
A

Q>Q

--

between zero and 1/2. Therefore, if costs are positively and highly correlateci
7

Indeed, suppose that /-Ll4 =O thus /-Ll2 = Àa1. From the first order conditions and y ;::: z
we have al/2a2 ::=; (2a2 + al)/2a4, which contradicts (11).
·
8

Recall that (11) can be written as a2

< p(l- p)/(1 +p)

11

and

(2

=

l - a2jp(l- p).

= z,

the optimal contract sets y

otherwise y > z. Let us summarize the above

discussion in the following

Proposition 1. Let

è = pj(l +p).

The optimal procurement contract in the

symmetric case is characterized as follows:
i) e= x and y 2: z. Moreover

u/(e) =(l+ ,\)(Zc1 (e)
ii) if e

> è then

an d

u1 (y) > (l+ ,\)Bc1 (y)

y = z an d

u 1 (z) =(l+ À)Bc1 (z) + À-p-c1 (z)
1-p
t1 = 2(Zc(e) + 2c(z)
iii) Ife

<

[! then y

>z

and

v, 1 (y) = (1

-

al

+ ,\)Bc1(y) + À--c1(y)

l

-

l

u (z) = (1 +,\)Be (z) +
t1 =

2(Zc(e)

2 az
l - a4 l
À
c (z)
2a4

+ c(y) + c(z)

iv) The optimal transfers t 2 and t 4 are given by

tz

=

[CZc(x)

+ Bc(y)J + c(z)

an d

Under the optimal procurement contract the monopolist with low cost on
some good produces the socially efficient quantity of that good. Each type of
monopolist, except type 4, earns positive informational rents which depend on
the optimal quantities of the high cost good produced by the mixed and the
high type, respectively y and z. These quantities, which are in any case below
the socially efficient level, depend on the degree of correlation between cost
parameters. If correlation is positive and sufficiently high then both types of
monopolist produce the same quantity of the high cost good. Otherwise, the

12

mixed type produces a larger quantity than the high type; this is the case, for
example, when there is no correlation between costs.
The main features of the optimal contract extends to the more generai
m o del of section 2.

Proposition 2. Let

g=

}PaPb(l- Pa)(l- Pb)/(1 - PaPb)· The optimal pro-

curement contract for the model of section l has the following properties:

= qa2 and qbi = qb3 and these are the socially efficent quantities.
If (2 > g we have qa3 = qa4 and qb2 = qb4·
If (2 < g we have qa3 > qa4 and qb2 > qb4·

i) qai
ii)
iii)

iv) In any case, qa3, qa4, qb2 and qb4 are below the socially efficient level.
The proof of Proposition 2 is in the Appendix. 9

5. Single-product contracts
In this section we compare the optimal procurement contract derived in the
previous section (which for the sake of brevity we define multiproduct contract)
to the case where the regulatory authority builds on a scheme for the optimal
provision of good a and good b by means of separate contracts (single product
contracts). Unlike the multiproduct contract, where the transfer to the firm
depends on the production level of both goods, in a single-product contract the
firm receives two transfers and each ofthem depends on the quantity produced of
only one good. 10 Since multiproduct include as a special case the single-product
contract we expect the latter to be weakly dominateci in terms of social welfare
9 This proposition is simiiar to Proposition l in Dana (1993), however our resuit is more
generai since Dana assumes constant marginai costs.
10 If the reguiator has the option of choosing the organizationai structure of the industry
the singie-product contract couid be interpreted as the choice of a decentralized organization
with two firms producing different goods, and the muitiproduct contract as an integrated
organization with just one firm. In this reguiatory environment, however, there are aiso
other reguiatory schemes. For exampie, Dana (1993) considers a kind of contract proposed
by Demski and Sappington (1984) and shows that decentraiization is better than integration
oniy when correiation of costs is positive and sufficientiy high.
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by the former. In what follows we show that, under certain conditions, the
optimal multiproduct contract is actually strictly welfare improving.
Let us denote by tk the transfer to the low cost producer of good k when he
supplies the quantity ek and similarly denote by tk and Zk the transfer and the
quantity of the high cost producer. A single-product contract is formally described by [(tk, ek), (tk, Zk)]. In the symmetric model the optimal single-product
contract is the same for each good, therefore we shall drop the subscripts and
assume t hat the pro d ucers of each go od face the same contract [(t, e), (t, z) ].
The regulator's problem is the following
max

i:_,[,e,z

p[2v,(e)- 2@c(e)- 2.\t] +(l- p)[2u(z)- 2@c(z)-

2.\~

subject to the binding IR and IC constraints, 11

t= 1Jc(z)

an d

t= @c( e)+ c(z)

The optimal quantities derived from the first-order conditions are

(1

+ .\)@c'(e)

u'(e)

=

v/ (z)

= (l+ .\)1Jc' (z) +.\-P-c' (z)
1-p

By comparing this result with Proposition l we notice immediately that the
optimal single-product and multiproduct contract are identical when the correlation between costs is positive and sufficiently large. In this case the two
regulatory schemes are equivalent in terms of expected welfare and there is no
way for the regulator to improve upon by tying the transfer to both goods.
However, when (} < [! the two procurement policies differ an d therefore the
multiproduct contract is strictly welfare improving. In particular, we have that

z, the optimal quantity of the high cost producer under the single-product contract, lies in between y and z as determined under the optimal multiproduct
contract.
11

Under the single-product contract the asymmetric information problem with two parameters reduces to the single parameter case of Baron and Myerson (1982); therefore, the
binding constraints are the IR constraint of the high cost producer and the IC constraint of
the low cost with respect to the high cost producer.
·
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Proposition 3. When 12 < {! the optimal multiproduct and single-product contracts differ and we h ave y

> z > z.

Proof. From Proposition l, point (iii), we see that to establish this result it is
su:fficient to show that

First notice, from (11), that 12 < {! is equivalent to

(12)
Substituting 1- a4 = a 1 + 2a2 in (12) yields (ai+ 2a2)a2 > a1a4 and adding
a 1a 2 to both sides gives the first inequality. Next, adding (l - a4)a4 to both
sides of (12) gives, after simple manipulations, the last inequality.

Q.E.D.

The reason of this result rests on the greater fiexibility of multiproduct
compared to single-product contracts which allows the regulator to redistribute
rents and quantities across types or states of nature. In fact, under a multiproduct contract the regulator can differentiate the quantities of the high cost
good produced by the mixed and the high monopolist, respectively, y and z.
By decreasing z and raising y the regulator is able to trade off (i) an increase of
social benefits in states 2 and 3 with a decrease in state 4 and (ii) a reduction
of the mixed monopolists' rent with an increase of the low monopolist's rent.
Clearly, when different costs of production across goods are more likely this
reallocation of quantities in states 2 and 3 and of rents away from states 2 and
3 nets out an improvement in terms of expected social welfare.
On the other hand, when the correlation between costs is positive and
relatively high the regulator has interest to reallocate quantities to state 4 and
rents away from state l.

In this case, however, a multiproduct contract is

not of much use. In fact, let say that we have a contract which sets y > z;
then the regulator has the opportunity of reducing the low monopolist's rent
by decreasing y. But, once y has been set equal to z the regulator does not
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gam anything by further reducing y, since the low monopolist's rent 1s now
determined only by z.
To sum up, the multiproduct is better than the single-product contract
since it provides the regulator with more opportunities to redistribute quantities and rents across types. With this kind of contract when differences of
costs between the two goods are relatively likely the regulator can increase the
expected social welfare by reducing the rents of the mixed monopolists and increasing their production. This is exactly the same principle according to which
a multiproduct monopolist may prefer to sell goods in bundles to maximize the
surplus extracted from consumers with different private valuations across goods,
as was shown by Adams and Yellen (1976) and McAfee, McMillan and Whinston
(1989).

6. A n applicatimi, t o quantity an d quality regulation
In this section we apply the results obtained above to analyze the structure
of the optimal contract when a quality index as well as a quantity index are
included in a procurement contract. The provision of quality by a privately
owned monopolist firm and the regulatory policy to be implemented in this
case have been a very much debated issue since the contrasting results provided
by Schmalensee (1970) and Swan (1970) (see Schmalensee (1979) fora survey).
Schmalensee (1970) and other authors argued that a monopoly would produce
goods of inferior quality than a competitive industry with equivalent cost conditions. On the other hand Swan (1970) argued that this conclusion was too
strong and showed conditions under which the level of quality provided was the
same, independently of the market structure.
In this section we analyze an example illustrating the optimal regulation of
a multiproduct firm operating under demand and technological conditions such
that Swan's independence result holds. The multiproduct firm produces two
goods, a and b, with a level of quality in each product line measured by quality
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indexes

sa

and

sb.

The firm has private information on two cost parameters

19aand 19b which can take the values in {~, B}, with

B>

~- From the point of

view of the regulator there are four types of monopolist, as in section 2, whose
symmetric probability distribution is common knowledge. The inverse demand
function is the same for each good and is given by P= (1-q)s; the cost function
12

for the production of the two goods

is

with c(qk, sk) = qksV2 and k =a, b.
An unregulated multiproduct monopolist would provide the following
equilibrium quantities and qualities for each of the two goods: qm = 1/3,
sm = 2/(319).

A social planner under complete information, just takes into

account the IR constraint of the firm and will induce, for each good, the following mix of quantity and quality q*

= 2/3,

s*

= 2/(319).

Since sm

= s*,

Swan's

independence result holds in this example, that is the same quality level is provided in this industry both under monopoly and under perfect competition, i.e.
the only consequence of a monopolistic structure is a positive price cost margin.
When the cost of public funding is included into the regulator's
the optimal solution will be: q*

=

2/3, and s**

=

2/[319(1

+ .\)].

prob~em

We notice

immediately that the presence of costs of public funding, raising the social
marginai cost of quality provision, reduces the optimal quality, since s* > s**,
but leaves unaffected the optimal quantity.
Let us move now to the case of private information and consider first the
optimal regulation based on single product contracts, that is a contract given
by [(t, q_,~), (l, q, s) ]. In this case the regulator will solve the following problem:
max
!:_,t,q,q,!!_,s

p[(q_- q_2 /2)s_- q_l9s 2 /2 - .\t]

+ (1 -p) [(q- q2 /2)s- qBs2 /2 - Xt]

subject to

t- qBs2 /2;::: o,
12 This functional specification is a particular case of the general cost function used by the
authors cited above and necessary to warrant Swan's independence result, see Schmalensee
(1979), p. 180.
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In the optimal contract we have, for each good,

q= q_= 2/3 and

2
s = -:--------:-:-

(13)

[3ft(1 + .\)]'

Under single product contracts, therefore, the quantities produced by a regulated monopolist are the same as in the first best; however, to pursue rent
extraction the regulator will distort the provision of quality. In particular it
will stipulate the provision of the first best quality level to the low cost firm
(no distortion at the top) and will reduce the quality provided by the high cost
firm whose rent is set equal to the value of its outside option (no rent at the
bottom). So private information introduces a trade-off in the regulator choice:
in order to induce the low cost firm to produce the first best quality, it has to
reduce the contraeteci quality to the high cost firm. Let us move now to analyze
how a multiproduct contract may, in this model, relax the trade off faced by
the regulator.
When the regulator exploits the bi-dimensionality of private information
parameters it will offer a multiproduct contract to the firm given by the solution
to the following problem:
4

L

max

ql , . .. ,t;
'

ai

[(qai- q~d2)sai

+ (qbi- q~d2)sbi- Ci(qai

1

qbi, Sai 1 Sbi)] - Àti

000

i=l

subject to the constraints

From the first-order conditions of the problem it can be immediately noticed that any type of firm will be asked to provide the first best quantities of
both goods, i.e. qai = qbi = 2/3, for all i. Substituting these values into the
objective function and the constraints, the above problem turns out to be formally equivalent to a particular case of the symmetric model of section 3, where
the choice variables are now the qualities rather than the quantities. Therefore,
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the results of section 4, i.e. Proposition l, apply directly to this case yielding
the following solution:
Case l: when g < {} the qualities set by the optimal contract for types l, 2
and 4 are respectively
Sal

= Sbl = Sa2 = !i

= 4a2/3[2a2(1 + >-.)7J + Àa1J,
Sa4 = Sb4 = 4a4/3[2a4(1 + >-.)7J + >-.(1- a4)]
sb2

(14)

Case 2: when g

> {} we obtain the same solution as in the case of single

product contracts, that is the contract (13).
First of all we notice that Proposition 3 of section 5 holds; for example, for
good b we have

sb 2

>s>

sb 4

when (} < {}. In other words, when the correlation

between costs is either negative or positive, but not too high, in the optimal
multiproduct contract the quality provided by the mixed type in the high cost
good will be larger than the quality produced by the high cost type; also, the
quality provided by the high costs producers under a single product contract is
set in between the qualities produced by the two types of high costs producers
under a multiproduct contract. In this case it is also true that when g < {} the
expected quality provided by the monopolist under a multiproduct contract is
larger than the expected quality under the single-product contract; for instance,
for good b we have

a2(sb2-

s)

> a4(s- sb4)

if and only if a2 > a1a4j(l- a4).
To summarize, in this section we have considered an example of regulatory policy for the provision of quality as well as quantities of two goods by a
multiproduct firm with private information. Under demand and cost functions
satisfying Swan's independence result the centrai authority will always ind.uce
the production of the first best quantity and, as expected, it will reduce the
quality provided in order to minimize the informational rent of the regulated
firm. We have shown that when the correlation between costs is either negative
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or positive, but not too high, the reduction of the expected quality is lower
when the central authority adopts a multiproduct rather than a single-product
contract.

7. Conclusions
In this paper we have characterized the optimal procurement policy for
a multiproduct monopoly with multidimensional private information about its
costs. We have shown that, unless correlation between costs is too large, the
central authority can increase expected social welfare by considering the regulated firm as a single unit rather than considering each line of product as an
independent activity. Therefore the optimal procurement contract should regulate jointly the production of the various goods even when these goods are not
linked by any technological or demand factor. The economie intuition behind
this result is similar to the rent-extracting argument put forward by Adams and
Yellen (1976) and McAfee et al. (1989) in arder to justify the optimal selling
strategy of a multiproduct monopolist. In both cases a bundling strategy allows
the principal to reduce the informational rents of 'mixed type' agents when they
are more likely.
From the analytical point of view we solved a mechanism design probiem
for an agent with two dimensionai private information. Our solution generalizes
a result of Dana (1993) (Proposition l) since we considera more general specification of agent's payoff. In addition we provided a further result concerning the
quantities of the high cast good produced under a multiproduct and a singleproduct contract (Proposition 3). We have used this result to deal with the case
of procurement of quantities and qualities to show that a multiproduct contract
not only is welfare improving but also implements higher average qualities.
The results derived in the previous sections may have interesting implications in different contractual situations involving a public agency. As we have
seen, in designing the optimal incentive for a regulated multiproduct firm, the
government should not offer separate contracts for each activity, unless correlation between costs is large. Public utilities tend to be regulated by different
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public agencies which often enter contractual relationships with the same private
multiproduct firm (say a conglomerate operating in different lines of business
like locomotives an d biomedical equipment). In this case our result suggests
that there is an economie rationale for centralizing the public procurement activities and therefore there should be a unique public agency delegateci to sign
contracts for the provision of goods and services produced by the private firm.
The reason why this does not occur in practice may be due to political and
administrative constraints distinct from the purely incentive related aspects of
the problem analysed here, and could be the object of further research.

APPENDIX

Proof of Proposition 2.

In the first place we derive the set of binding constraints. By adopting the same
procedure of section 3, let us fix t 1, t2 and t3 so as to equate the corresponding
IR constraints, and verify that t4 = C 4(q 4 ) is the minimum transfer satisfying
type 4 constraints.

Next, pass to type 3 and by substituting the ti of the

other types one notices immediately that t 3 has to be set so as to equate either
IC(3,2) or IC(3,4). If one tries the first route eventually gets to the requirement
qb 2 > q63 , but this violate Assumption l. Therefore, the binding constniint
must be IC(3,4). A similar argument for type 2 shows that IC(2,3) cannot be
binding either. So far, we have that the binding constraints are IR(4), IC(3,4)
and IC(2,4) and the corresponding transfers are given by
t4 = C4(q4)

+ Cb(qb4)
C2(q2) + Ca(qa4)

t3 = C3(q3)

t2 =
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(l)

The next step consists in showing which of the constraints of type l is binding;
using (l) we obtain

+ Cb(qb2)
2:: Ca(qa3) + Cb(qb4)
2:: Ca(qa4) + Cb(qb4)

t1- C1(q1) 2:: Ca(qa4)

IC(l, 2)

t1- C1(q1)

IC(l, 3)

t1- C1(q1)

IC(l, 4)

Any of these constraints is potentially binding at the optimum; indeed, taking
the transfers in (1) and t 1 as determined by any one of the equalities Ie(l,2),
re(1,3) and re(1,4) it is not difficult to show that there are quantities consistent
with Assumption l and satisfying all the 16 IR and re constraints.
In sum, we found that three constraints of types 2, 3 and 4 are always
binding and that any of the re constraints of type l are potentially binding.
The regulator's problem can then be simplified by substituting t 2, t 3 and t 4
into the social welfare function using (1) and then by considering only the three
constraints Ie(1,2), Ie(1,3) and IC(1,4).
The first oder conditions of the regulator's problem are
Àa1 =

J.L12

+ f.Ll3 + f.Ll4

Ual ( qal ) = IlfZaCal ( qal )
Il
v, al ( qbl ) = 'Za
cbl ( qbl )

(2)

+ f.Ll2 + f.Ll3 + f.Ll4 'ZaCal ( qal )
Ll

+

al
/-ll2 + f.Ll3
al

+ f.Ll4 'Za cb
Ll

l (

(3)

qbl )

(4)

u~(qa2) = (1

+ .\)~ac~(qa2)

u~(qb2)

= (1

+ .\)ebc~(qb2) + f-l 12 c~(qb2)

(6)

u~(qa3)

=

+ .\)eac~(qa3) + f.Ll 3 c~(qa3)

(7)

+ .\)~bc~(qb3)

(8)

(1

u~(qb3) = (1

(5)
a2

a3

ua(qa4) = (1

+ Àa2 ca(qa4)
+ À)(}aca(qa4) + f-l12 + f.Ll4
a4

ub1 ( qb4 ) =

+ À Bbcb

1

(

l

-

) -

1

1 (

1

qb4 )

+ Àa3 cb
+ /-ll3 + f.Ll4
a4

1 (

qb4 )

(9)
(10)

where f.Ll2 2:: O, f.Ll3 2:: O and /-ll4 2:: O are the Lagrange multipliers of the corresponding constraints. By substituting the multipliers in (3) and (4) from (2)
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and comparing with (5) and (8) we obtain immediately point (i) of Proposition
2.

Let us consider now the values of the multiplier

/-LI4·

If

JL 14

> O the con-

straint IC(1,4) is binding and comparing it with IC(1,2) and IC(1,3) we notice
that

qa4 ~ qa3

and

qb4 ~ qb2

must hold. By inspection of (7) and (9) we see

> O and similarly, from (6) and
(lO), we see that the second inequality requires f-L12 > O; hence, when JL 14 > O

that the first inequality cannot hold unless

/-L13

implies that all the multipliers are strictly positive. Since all the constraints are
binding must hold

qa4 = qa3

and

must hold. By using these equalities

qb4 = qb2

and equations (2), (6), (7), (9) and (10) we obtain the values of the multipliers
JL12 = À
,

/-L13

Pb

1- Pb
Pa

="' 1- Pa a3

/-L14 = À [al -

therefore

JL 14

a2

Pb

l - Pb

a2 -

Pa

1- Pa

a3]

> O if and only if 13

This condition can be stated in terms of the coefficient of correlation between
the cost parameters 14 as follows

This proves point (ii) of Proposition 2.
To prove point (iii) we notice that if f2 < § then

/-LI4 =

O and from the IC

constraints we have that at least one of the following inequalities must hold:
qa3

>

qa4

or

qb2

>

qb4·

Let us suppose that

qa3

>

qa4

and

qb2 ~ qb4·

means that the only binding constraint is IC(1,3) so that we have
13
14

To derive this formula recall that
Notice that f2

= lPa(l- Pb)-

0:1

= Pa

- 0:2 and 0:3

0:2]/ VPaPb(l-
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= Pb

Pa)(l- Pb)·

- Pa

+ 0:2.

JL 13

This

> O and

> qb 4 and we get a
contradiction. A similar contradiction obtains by starting from qb 2 > qb 4 and
1112

= O; by using (6) and (10) this in turn implies that qb2

qa3 ::; qa4

and this completes the proof of point (iii).

Finally, to prove that the symmetric contract derived far the symmetric
model of sections 2 and 3 is optimal notice that it satisfies all the first arder
conditions far

1112 = /113.

REFERENCES
ADAMS, W. J. AND J. L. YELLEN

[1976] "Commodity Bundling and the

Burden of Monopoly," Quarterly Journal of Economics, 90, 476-498.
ARMSTRONG M. [1996] "Multiproduct Nonlinear Pricing", Econometrica, 64,
51-75
BARON, D. P. AND D. BESANKO [1992] "Information, Contrai, and the Organizational Structure," Journal of Economie and Management Strategies,
l, 237-275.

BARON, D. AND R. MYERSON [1982] "Regulating a Monopolist with Unknown
Costs," Econometrica, 50, 911-930.
DANA, J. D.

[1993] "The Organization and Scope of Agents: Regulating

Multiproduct Industries," Journal of Economie Theory, 59, 288-310.
DEMSKI, J. S. AND D. E. M. SAPPINGTON [1984] "Optimal Incentive Gontracts with Multiple Agents" Journal of Economie Theory, 33, 152-171.
GILBERT, R.-J AND RIORDAN M.-H

[1995], "Regulating Complementary

Products: a Comparative Institutional Analysis", Rand Journal of Eco-

nomics, 26, pp.243-256.
LAFFONT J.J., E. MASKIN, AND J.C. ROCHET, [1985], "Optimal Nonlinear
Pricing with two Dimensionai Characteristics", in Information) Incentives
24

and Economie Mechanisms, ed. by T. Groves, R. Radner, and S. Reiter.
Oxford, Basil Blackwell.
LAFFONT, J. J. AND J. TIRO LE [1993] A Theory of Incentives in Procurement
and Regulation, Mit Press, Cambridge, Massachusetts.
McAFEE, R. P., AND J. McMILLAN [1988], "Multidimensional Incentive Compatibility and Mechanism Design", Journal of Economie Theory, 46, 335354.
McAFEE, R. P., J. McMILLAN AND M. D. WHINSTON [1989] "Multiproduct
Monopoly, Commodity Bundling, and Correlation of Values," Quarterly
Journal of Economics, 103, 371-383.
MIRLEES J. [1986], "The Theory of Optimum Income Taxation", in The Handbook of Mathematical Economics, ed. by K.J. Arrow and M.D. Intriligator,
Amsterdam, North Holland.
SAPPINGTON, D. [1983] "Optimal Regulation of a Multiproduct Monopoly with
Unknown Technological Capabilities" The Bell Journal of Economics, ,
451-463.
SCHMALENSEE R.

[1979], "Market Structure, Durability, and Quality: a Se-

lective Survey", Economie Inquiry, XVII, 177-196
SPENCE, A. M. [1980] "Multy-product Quantity-dependent Prices and Profitability Constraints," Review of Economie Studies, 47, 821-842.

25

"Yoan Viole\ Robinson (1903-

28.

Massimo Matteuzzi e Annamaria
pubblico", pp. 62

Simonazzi

[1988]

"Il debito

29.

Maria Cristina Marcuzzo (a cura di) [1988] "Richard F. Kahn. A
discipline ofKeynes", pp. 118

30.

Paolo Basi [1988] "MICROMOD. Un modello dell'economia
italiana per la didattica della politica fiscale", pp. 34

31.

Paolo Basi [1988] "Indicatori della politica fiscale. Una rassegna e
un confronto con l'aiuto di MICROMOD", pp. 25

32.

Giovanna Procacci [1988] "Protesta popolare e agitazioni operaie in
Italia 1915-1918", pp. 45

33.

Margherita Russo [1988] "Distretto Industriale e servizi. Uno studio
dei trasporti nella produzione e nella vendita delle piastrelle", pp.
157

34.

Margherita Russo [ 1988] "The effect of technical change on skill
requirements: an empirica! analysis", pp. 28

35.

Carlo Grillenzoni [1988] "ldentification, estimations ofmultivariate
transfer functions", pp. 33

36.

Nerio Naldi [1988] '"Keynes' concept ofcapital", pp. 40

37.

Andrea Ginzburg [1988] "locomotiva Italia?", pp. 30

38.

Giovanni Mottura [1988] "La 'persistenza' secolare. Appunti su
agricoltura contadina ed agricoltura familiare nelle società
industriali", pp. 40

39.

Giovanni Mottura [1988] "L'anticamera dell'esodo. I contadini
italiani della 'restaurazione contrattuale' fascista alla riforma
fondiaria", pp. 40

l.

Maria Cristina Marcuzzo [1985]
1983)", pp. 134

2.

Sergio Lugaresi [1986] "Le imposte nelle teorie del sovrappiù", pp.
26

3.

[1986]
Massimo D'Angelillo e Leonardo Paggi
socialdemocrazie europee. Quale riformismo?", pp. 158

4.

Gian Paolo Caselli e Gabriele Pastrello [1986] "Un suggerimento
hobsoniano su terziario ed occupazione: il caso degli Stati Uniti
196011983", pp. 52

5.

Paolo Basi e Paolo Silvestri [1986] "La distribuzione per aree
disciplinari dei fondi destinati ai Dipartimenti, Istituti e Centri
dell'Università di Modena: una proposta di riforma", pp. 25

6.

Marco Lippi [1986] "Aggregations and Dynarnic in One-Equation
Econometrie Models", pp. 64

7.

Paolo Silvestri [1986] "Le tasse scolastiche e universitarie nella
Legge Finanziaria 1986", pp. 41

8.

Mario Forni [1986] "Storie familiari e storie di proprietà. Itinerari
sociali nell'agricoltura italiana del dopoguerra", pp. 165

9.

Sergio P ab a
[ 1986 ]
"Gruppi strategici e concentrazione
nell'industria europea degli elettrodomestici bianchi", pp. 56

IO.

Nerio Naldi [1986] "L'efficienza marginale del capitale nel breve
periodo", pp. 54

Il.

Fernando Vianello [1986] "LabourTheory of Value", pp. 31

12.

Piero Ganugi [1986] "Risparmio forzato e politica monetaria negli
economisti italiani tra le due guerre", pp. 40

40.

Leonardo Paggi
[1988]
"Americanismo e riformismo. La
socialdemocrazia europea nell'economia mondiale aperta", pp 120

13.

Maria Cristina Marcuzzo e Annalisa Rosselli [ 1986] "The Theory
ofthe Gold Standard and Ricardo's Standard Comodity", pp. 30

41.

Annamaria Simonazzi
[1988]
"Fenomeni di isteresi nella
spiegazione degli alti tassi di interesse reale", pp. 44

14.

Giovanni Solinas [1986] "Mercati del lavoro locali e carriere di
lavoro giovanili", pp. 66

42.

Antonietta Bassetti [1989] "Analisi dell'andamento e della casualità
della borsa valori", pp. 12

15.

Giovanni Bonifati
[1986] "Saggio dell'interesse e domanda
effettiva. Osservazioni sul cap. 17 della Generai Theory", pp. 42

43.

16

Marina Murat
[1986]
"Betwin old and new classica!
macroeconomics: notes on Lejonhufvud's notion of full informati an
equilibrium", pp. 20

Giovanna Procacci [1989] "State coercion and worker solidarity in
Italy (1915-1918): the mora! and politica! content of social umest",
pp. 41

44.

Carlo Alberto Magni [1989] "Reputazione e credibilità di una
minaccia in un gioco bargaining", pp. 56

45.

Giovanni Mottura
[1989]
"Agricoltura familiare e sistema
agroalimentare in Italia", pp. 84

46.

Mario Forni [1989] "Trend, Cycle and 'Fortuitous cancellation' a
Note an a Paper by Nelson an d Plosser", pp. 4

47.

Paolo Basi , Roberto Golinelli , Anna Stagni [ 1989] "Le origini del
debito pubblico e il costo della stabilizzazione", pp. 26

48.

Roberto Golinelli [1989] "Note sulla struttura e sull'impiego dei
modelli macroeconometrici", pp. 21

49.

Marco Lippi [1989]
Aggregation", pp. Il

50.

Gian Paolo Caselli e Gabriele Pastrello [ 1989] "The Linkage
between Tertiary and Industriai Sector in the !tali an Economy: 19511988. From an External Dependence to an lntemational One", pp.
40

51.

Gabriele Pastrello [ 1989] "Francois quesnay: dal Tableau Zig-zag
al Tableau Formule: una ricostruzione", pp. 48

52.

Paolo Silvestri [ 1989] "Il bilancio dello stato", pp. 34

53.

Tim Mason [1990] "Tre seminari di storia sociale contemporanea",
pp. 26

54.

Michele L alla [ 1990] "The Aggregate Es cape Rate Analysed
throught the Queueing Mode!", pp. 23

55.

Paolo Silvestri [1990] "Sull'autonomia finanziaria dell'università",
pp. Il

"PC! e

17

Sebastiano Brusco e Giovanni Solinas
[1986]
"Mobilità
occupazionale e disoccupazione in Emilia Romagna", pp. 48

18.

Mario Forni [1986] "Aggregazione ed esogeneità", pp. 13

19.

Sergio Lugaresi [1987]
occupazione", pp. 17

20.

Fiorenzo Sperotto [I 987] "L 'immagine neopopulista di mercato
debole nel primo dibattito sovietico sulla pianificazione", pp. 34

21.

M. Cecilia Guerra [1987] "Benefici tributari nel regime misto per i

"Redistribuzione del reddito, consumi e

dividendi proposto dalla commissione Sarcinelli: una nota critica",
pp. 9
22.

Leonardo Paggi [I 987] "Contemporary Europe an d Mode m
America: Theories of Modemity in Comparative Perspective", pp.
38

23

Fernando Vianello [1987]
'Critique ofSraffa'", pp. 12

24.

Fernando Vianello [1987] "Effective Demand and the Rate of
Profits. Some Thoughts on Marx, Kalecki and Sraffa", pp. 41

25.

Anna Maria Sala [1987] "Banche e territorio. Approccio ad un tema
geografico-economico", pp. 40

26.

Enzo Mingione e Giovanni Mottura
[ 1987]
"Fattori di
trasformazione e nuovi profili sociali nell'agricoltura italiana:
qualche elemento di discussione", pp. 36

27.

Giovanna Procacci [1988] "The State and Social Contro! in Italy
During the First World War", pp. 18

"A Critique of Professar Goodwin's

"A Shorte Note on Cointegration and

85.

Claudio Griroaldi, Rony Hamaui, Nicola Rossi [ 1991 l "Non
Marketable assets and hauseholds' Portfolio Choice: a Case of Study
ofltaly", pp. 38

86.

Giulio Righi, Massimo Baldini, Alessandra Brambilla (1991] "Le
misure degli effetti redistributivi delle imposte indirette: confronto
tra modelli alternativi", pp. 47

Michele Lalla (1990] "Modelling Employment Spells from Emilia
Labour Force Data", pp. 18

87.

Roberto Fanfani, Luca Lanini [19911 "Innovazione e servizi nello
sviluppo della meccanizzazione agricola in Italia", pp. 35

Andrea Ginzburg
(1990]
internazionale", pp. 22

88.

Antonella Caiumi e Roberto Golinelli (19921 "Stima e applicazioni
di un sistema di domanda Almost Ideai per l'economia italiana", pp.
34

56.

Paola Bettolini, Enrico Giovannetti (1990] "Uno studio di 'filiera'
nell'agroindustria. Il caso del Parmigiano Reggiano", pp. 164

57.

Paolo Bosi, Roberto Golinelli, Anna Stagni (1990]
"Effetti
macroeconomici, settori ali
distributivi dell'armonizzazione
dell'IV A", pp. 24

58.

59.

"Politica Nazionale e commercio

60.

Andrea Giommi (1990] "La probabilità individuale di risposta nel
trattamento dei dati mancanti", pp. 13
89.

61.

Gian Paolo Caselli e Gabriele Pastrello (1990] "The service sector
in planned economies. Past experiences and future prospectives",
pp. 32

Maria Cristina Marcuzzo [ !992] "La relazione salari-occupazione
tra rigidità reali e rigidità nominali", pp. 30

90.

Mario Biagioli (1992]
"Employee fmancial participation in
enterprise results in Italy", pp. 50

Giovanni Solinas (1990] "Competenze, grandi industrie e distretti
industriali,. Il caso Magneti Marelli", pp. 23

91.

Mario Biagioli (1992]
"Wage structure, relative prices and
international competitiveness", pp. 50

Andrea Ginzburg (1990] "Debito pubblico, teorie monetarie e
tradizione civica nell'Inghilterra del Settecento", pp. 30

92.

Paolo Silvestri e Giovanni Solinas [ 1993] "Abbandoni, esiti e
camera scolastica. Uno studio sugli studenti iscritti alla Facoltà di
Economia e Commercio dell'Università di Modena nell'anno
accademico l990fl991 ", pp. 30

62.

63.

64.

Mario Forni
(1990]
"Incertezza, informazione e mercati
assicurativi: una rassegna", pp. 37

65.

Mario Forni (1990] "Misspecification in Dynamic Models", pp. 19

93.

Gian Paolo Caselli e Luca Martinelli [ 1993] "!tali an GPN growth
1890-1992: a uni t root or segrnented trend representatin?", pp. 30

66.

Gian Paolo Caselli e Gabriele Pastrello (1990]
Growth in CPE's: An Unsolved Dilemma", pp. 28

94.

Angela Politi (1993] "La rivoluzione fraintesa. I partigiani emiliani
tra liberazione e guerra fredda, 1945-1955", pp. 55

Paola Bettolini (1990] "La situazione agro-alimentare nei paesi ad
economia avanzata", pp. 20

95.

Alberto Rinaldi (1993] "Lo sviluppo dell'industria metalmeccanica
in provincia di Modena: 1945-1990", pp. 70

Paola Bettolini
(1990]
"Sistema agro-alimentare in Emilia
Romagna ed occupazione", pp. 65

96.

Paolo Emilio Mistrulli [ 1993] "Debito pubblico, intermediari
fmanziari e tassi d'interesse: il caso italiano", pp. 30

Enrico Giovannetti (1990] "Efficienza' ed innovazione: il modello
"fondi e flussi" applicato ad una filiera agro-industriale", pp. 38

97.

Barbara Pistoresi [ 1993] ,.Modelling disaggregate and aggregate
labour demand equations. Cointegration analysis of a labour
demand function far the Main Sectors ofthe Italian Economy: 19501990", pp. 45 .

98.

Giovanni Bonifati (1993] "Progresso tecnico e accumulazione di
conoscenza nella teoria neoclassica della crescita endogena. Una
analisi critica del modello di Romer'', pp. 50

99.

Marcello D'Amato e Barbara Pistoresi (1994] "The relationship(s)
among Wages, Prices, Unemployment and Productivity in Italy'', pp
30

100.

Mario Forni
(1994]
"Consumption Volatility and Incarne
Persistence in the Perrnanent Incarne Mode!", pp. 30

lO L

Barbara Pistoresi (19941 ,.Using a VECM to characterise the
relative importance of perrnanent and transitority components", pp.
28

102.

Gian Paolo Caselli and Gabriele Pastrello [ 1994] "Polish recovery
form the slump to an old dilemma", pp. 20

67.

68.

69.

"Service Sector

70.

Margherita Russo [ 1990] "Cambiamento tecnico e distretto
industriale: una verifica empirica", pp. 115

71.

Margherita Russo [ 1990] "Distretti industriali in teoria e in pratica:
una raccolta di saggi", pp. 119

72.

Paolo Silvestri
(1990]
" La Legge Finanziaria.
dell'enciclopedia Europea Garzanti", pp. 8

Voce

73.

Rita Paltrinieri (1990] "La popolazione italiana: problemi di oggi e
di domani", pp. 57

74.

Enrico Giovannetti [ 1990] "Illusioni ottiche negli andamenti delle
Grandezze distributive: la scala mobile e l" appiattiroento' delle
retribuzioni in una ricerca", pp. 120

75.

Enrico Giovannetti (19901 "Crisi e mercato del lavoro in un
distretto industriale: il bacino delle ceramiche. Sez I", pp. !50

76.

Enrico Giovannetti [ 19901 " Crisi e mercato del lavoro in un
distretto industriale: il bacino delle ceramiche. Sez. II", pp. 145
103.

78.

(1990]
"Una
Antonietta Bassetti e Costanza Torricelli
riqualificazione dell'approccio bargaining alla selezioni di
portafoglio", pp. 4

Sergio Paba (19941 "Imprese visibili, accesso al mercato e
organizzazione della produzione", pp. 20

104.

Giovanni Bonifati (19941
capacità produttiva", pp. 30

Antonietta Bassetti e Costanza Tonicelli (19901 "Il portafoglio
ottimo come soluzione di un gioco bargaining", pp. 15.

105.

Giuseppe Marotta [ 1994 l "Credi t vie w an d trade credi t: evidence
from Italy'', pp. 20

106.

Margherita Russo [ 19941 "Unit of investigati an for local economie
development policies", pp. 25

107.

Luigi Brighi (1995] "Monotoni city and the demand theory of the
weak axioms", pp. 20

108.

Mario Forni e Lucrezia Reichlin (19951 "Modelling the impact of

77

79.

Mario Forni [19901 "Una nota sull'errore di aggregazione", pp. 6

80.

Francesca Bergamini
(19911
"Alcune considerazioni
soluzioni di un gioco bargaining", pp. 21

81.

Michele Grillo e Michele Polo [ 1991 l "Politica] Exchange and the
allocation of surplus: a Mode! of Two-party competition", pp. 34

82.

Gian Paolo Caselli e Gabriele Pastrello (1991] "The 1990 Polish
Recession: a Case ofTruncated Multiplier Process", pp. 26

sulle

"Progresso tecnico, investimenti e

technological change across sectors and aver time in manufactoring",

pp. 25

83

Gian Paolo Caselli e Gabriele Pastrello
Pricate Vices Pubblis Virtues", pp. 20

"Polish firrns:

109.

Marcello D'Amato and Barbara Pistoresi [ 1995] "Modelling w age
growth dynamics in Italy: 1960-1990", pp. 3 8

84.

Sebastiano Brusco e Sergio P aba [ 1991 l "Connessioni, competenze
e capacità concorrenziale nell'industria della Sardegna", pp. 25

IlO.

"INDIMOD. Un modello
Massimo Baldini
(1995]
microsimulazione per lo studio delle imposte indirette", pp. 37

(19911

di

llL

Paolo Bosi [1995] "Regionalismo fiscale e autonomia tributaria:
l'emersione di un modello di consenso", pp. 38

112.

Massimo Baldini [ 1995] "Aggregati o n Factors and Aggregation
Bias in Consumer Demand", pp. 33

113.

Costanza Torricelli [1995] "The informati an in the term structure of
interest rates. Can stocastic models help in resolving the puzzle?"
pp. 25

137.

David Avra Lane, !rene Poli, Michele Lalla, Alberto Roverato
[1996] "Lezioni di probabilità e inferenza statistica- Esercizi svolti"pp. 302

138.

Barbara Pistoresi [1996] "Is an Aggregate Error Correction Mode!
Representative ofDisaggregate Behaviours? An example" pp. 24

139.

Luisa Malaguti e Costanza Torricelli [l 996] "Monetary policy and
the term structure of interest rates" , pp. 30

140.

Mauro Dell'Amico, Martine Labbé, Francesco Maffioli [1996]
"Exact solution ofthe SONET Ring Loading Problem", pp. 20

141

Mauro Dell'Amico, R.J.M. Vaessens [ 1996] "Fio w an d ape n shop
scheduling an two machines with transportation times and machineindependent processing times in NP-hard, pp. l O

114.

Margherita Russo
[1995] "Industriai complex, p6le de
développement, distretto industriale. Alcune questioni sulle unità di
indagine nell'analisi dello sviluppo." pp. 45

115.

Angelika Moryson [1995] "50 Jahre Deutschland. 1945 - 1995" pp.
21

116.

Paolo Bosi [1995] "Un punto di vista macroeconomico sulle
caratteristiche di lungo periodo del nuovo sistema pensionistico
italiano." pp. 32

142.

M. Dell'Amico, F. Maffioli, A Sciomechen [l 996] "A Lagrangean
Heuristic for the Pirze Collecting Travelling Salesman Problem", pp.
14

117.

Gian Paolo Caselli e Salvatore Curatolo [ 1995] "Esistono relazioni
stimabili fra dimensione ed efficienza delle istituzioni e crescita
produttiva? Un esercizio nello spirito di D.C. North." pp. li

143.

Massimo Baldini [ 1996] "Inequality Decomposition by In come
Source in Italy- 1987- 1993", pp. 20

144.

118.

Mario Forni e Marco Lippi [1995] "Permanent
heterogeneity and the error correction mechanism." pp. 21

Graziella Bertocchi [1996] "Trade, Wages, and the Persistence of
Underdevelopment" pp. 20

145.
119.

Barbara Pistoresi [ 1995] "Co-movements an d convergence in
intemational output. A Dynamic Principal Components Analysis"
pp. 14

Graziella Bertocchi and Fabio Canova [1996] "Did Colonization
matter far Growth? An Empirica! Exploration into the Hisloncal
Causes of Africa's Underdevelopment" pp. 32

146.
120.

Mario Forni e Lucrezia Reichlin [1995] "Dynamic common factors
in large cross-section" pp. 17

Paola Bertolini [1996] "La modernization de l'agricolture italienne et
le cas de l'Emilie Romagne" pp. 20

147.
121.

Giuseppe Marotta [1995] "Il credito commerciale in Italia: una nota
su alcuni aspetti strutturali e sulle implicazioni di politica monetaria"
pp. 20

Enrico Giovannetti
[1996]
"Organisation industrielle et
développement !oca!: le cas de l' agroindutrie in Emilie Romagne"
pp. 18

148.
122

Giovanni Bonifati [ 1995] "Progresso tecnico, concorrenza e
decisioni di investimento: una analisi delle determinanti di lungo
periodo degli investimenti" pp. 25

Maria Elena Bontempi e Roberto Golinelli [1996] "Le determinanti
del leverage delle imprese: una applicazione empirica ai setton
industriali dell'economia italiana" pp. 31

149.
123.

Giovanni Bonifati [1995] "Cambiamento tecnico e crescita
endogena: una valutazione critica delle ipotesi del modello di
Romer'' pp. 21

Paola Bertolini [1996] "L'agriculture et la politique agricole
italienne face aux recents scenarios", pp. 20

150.

Barbara Pistoresi e Marcello D'Amato [1995] "La riservatezza del
banchiere centrale è un bene o un male? ,Effetti dell'informazione
incompleta sul benessere in un modello di politica monetaria." pp. 32

Enrico Giovannetti [1996] "Il grado di utilizzo della capacità
produttiva come misura dei costi di transazione: una rilettura di
'Nature ofthe Firm' di R. Coase", pp. 75

151.

Enrico Giovannetti [1996] "Il ! 0 ciclo del Diploma Universitano
Economia e Amministrazione delle Imprese", pp. 25

Barbara Pistoresi [1995] "Radici unitarie e persistenza: l'analisi
univariata delle fluttuazioni economiche." pp. 33

152.

Paola Bertolini, Enrico Giovannetti, Giulia Santacaterina [1996] "Il
Settore del Verde Pubblico. Analisi della domanda e valutazione
economica dei benefici", pp. 35

153.

Giovanni Solinas [1996] "Sistemi produttivi del Centro-Nord e del
Mezzogiorno. L 'industria delle calzature", pp. 55

154.

Tindara Addabbo [1996] "Married Women's Labour Supply in Italy
in a Regional Perspective", pp. 85

155.

Paolo Silvestri, Giuseppe Catalano, Cristina Bevilacqua [ 1996] "Le
tasse universitarie e gli interventi per il diritto allo studio· la prima
fase di applicazione di una nuova normativa" pp. 159

156.

Sebastiano Brusco, Paolo Bertassi, Margherita Russo [l 996]
"L'industria dei rifiuti urbani in Italia", pp. 25

157.

Paolo Silvestri, Giuseppe Catalano [1996] "Le risorse del sistema
universitario italiano: finanziamento e governo" pp. 400

158.

Carlo Alberto Magni [1996] "Un semplice modello di opzione di
differimento e di vendita in ambito discreto", pp. IO

159.

Tito Pietra, Paolo Siconolfi [ 1996] "Fully Revealing Equihbna m
Sequential Economies with Asset Markets" pp. 17

124.

125.

incarne,

126.

Barbara Pistoresi e Marcello D'Amato [1995] "Co-movements in
European rea! outputs" pp. 20

127.

Antonio Ribba [1996] "Ciclo economico, modello lineare-stocastico,
forma dello spettro delle variabili macroeconomiche" pp. 31

128.

Carlo Alberto Magni [1996] "Repeatable and una tantum rea! options
a dynamic programming approach" pp. 23

129.

Carlo Alberto Magni [1996] "Opzioni reali d'investimento e
interazione competitiva: programmazione dinamica stocastica in
optimal stopping" pp. 26

130.

Carlo Alberto Magni [1996] "Vaghezza e logica fuzzy nella
valutazione di un'opzione reale" pp. 20

131.

Giuseppe Marotta [ 1996] "Does trade credi t redistribution thwart
monetary policy? Evidence from Italy" pp. 20

132

Mauro Dell'Amico e Marco Trubian [1996] "Aimost-optimal
solution oflarge weighted equicut problems" pp. 30

133.

Carlo Alberto Magni [ 1996] "Un esempio di investimento industriale
con interazione competitiva e avversione al rischio" pp. 20

134.

135.

136.

160.
Margherita Russo, Peter Borkey, Emilio Cube!, François Léveque,
Francisco Mas [1996] "Local sustainability and competitiveness: the
case ofthe ceramic tile industry" pp. 66

Tito Pietra, Paolo Siconolfi [1996] "Extrinsic Uncertainty and the
Informational Role ofPrices" pp. 42

161.

Paolo Bertella Farnetti [ 1996] "Il negro e il rosso. Un precedente non
esplorato deli 'integrazione afroamericana negli Stati Uniti" pp. 26

Margherita Russo [1996] "Camionetta tecnico e relazioni tra
imprese" pp. 190

162.

David Lane [1996] "Is what is good for each best for all'i Learnmg
from others in the informati an contagion mode!" pp. 18

David Avra Lane, !rene Poli, Michele Lalla, Alberto Roverato
[1996] "Lezioni di probabilità e inferenza statistica" pp. 288

163.

Antonio Ribba [1996] "A note on the equivalence of long-run and
short-run identifying restrictions in cointegrated systems" pp. l O

164.

Antonio Ribba [1996] "Scomposizioni permanenti-transitorie in
sistemi co integrati con una applicazione a dati italiani" pp. 23

165.

Mario Forni, Sergio Paba [ 1996] "Economie Growth, Soci al
Cohesion and Crime" pp. 20

166.

Mario Forni, Lucrezia Reichlin [1996] "Let's get rea!: a factor
analytical approch to disaggregated business cycle dynamics" pp. 25

167

Marcello D'Amato e Barbara Pistoresi [ 1996] "So many Italies:
Statistica! Evidence on Regional Cohesion" pp. 31

168.

Elena Bonfiglioli, Paolo Bosi, Stefano Toso [1996] ''L'equità del
contributo straordinario per l 'Europa" pp. 20

169.

Graziella Bertocchi, Michael Spagat [1996] "Il ruolo dei licei e delle
scuole tecnico-professionali tra progresso tecnologico, conflitto
sociale e sviluppo economico" pp. 37

170

Gianna Boero, Costanza Torricelli [1997] "The Expectations
Hypothesis of the Term Structure of Interest Rates: Evidence for
Germany" pp. 15

171.

Mario Forni, Lucrezia Reichlin [1997] "National Policies and Local
Economies: Europe and the US" pp. 22

172.

Carlo Alberto Magni [1997] "La trappola del Roe
tridimensionalitàdel Van in un approccio sistemico", pp. 16

173.

Mauro Dell'Amico [1997] "A Linear Time Algorithm for
Scheduling Outforests with Communication Delays on Two or Three
Processar" pp. 18

e

189.

Fabio Canova [ 1997] "Does Detrending Matter !òr the
Determinati an of the Reference Cycle and the Selection of Tuming
Points?" pp. 35

190.

Fabio Canova e Gianni De Nicolò [1997] "The Equity Premium and
the Risk Free Rate: A Cross Country, Cross Maturity Examination"
pp. 41

191.

Fabio Canova e Angel I. Ubide [1997] "International Business
Cycles, Financial Market and Household Production" pp. 32

192.

Fabio Canova e Gianni De Nicolò [1997] "Stock Returns, Term
Structure, lnflation and Rea! Activity: An International Perspective"
pp. 33

193.

Fabio Canova e Morten Ravn [ 1997] "The Macroeconomic Effects
of German Unificati an: Rea! Adjustrnentsand the Welfare State" pp.
34

194.

Fabio Canova [1997] "Detrending and Business Cycle Facts" pp. 40

195.

Fabio Canova e Morten O. Ravn [1997] "Crossing the Rio Grande
Migrations, Business Cycle and the Welfare State" pp. 37

196.

Fabio Canova e Jane Marrinan [1997] "Sources and Propagation of
International Output Cycles: Common Shocks or Transmission?" pp
41

197.

Fabio Canova e Albert Marcet [ 1997] "The P o or Stay Poor: NonConvergence Across Countries and Regions" pp. 44

198.

Carlo Alberto Magni [1997] "Un Criterio Strutturalista per la
Valutazione di Investimenti" pp. 17

199.

Stefano Bordoni [ 1997] "Elaborazione Automatica dei Dati" pp. 60

200.

Paolo Bertella Farnetti [ 1997] "The United States an d the Origins of
European Integration" pp. 19

201.

Paolo Bosi [ 1997] "Sul Controllo Dinamico di un Sistema
Pensionistico a Ripartizione di Tipo Contributivo" pp 17

la

174.

Paolo Bosi [1997] "Aumentare l'età pensionabile fa diminuire la
spesa pensionistica? Ancora sulle caratteristiche di lungo periodo
della riforma Dini" pp. 13

175

Paolo Bosi e Massimo Matteuzzi [1997] "Nuovi strumenti per
l'assistenza sociale" pp 31
202.

176

Mauro Dell'Amico, Francesco Maffioli e Marco Trubian [1997]
"New bounds for optium traffic assigrunent m satellite
communication" pp. 21

Paola Bertolini [1997] "European Union Agricultural Policy·
Problems an d Perspectives" p p 18

203.

Stefano Bordoni [ 1997] "Supporti Informati ci per la Ricerca delle
soluzioni di Problemi Decisionali" pp30

Carlo Alberto Magni [ 1997] "Paradossi, inverosimiglianze e
contraddizioni del Van: operazioni certe" pp. 9

204.

Carlo Alberto Magni [1997] "Paradossi, Inverosimiglianze e
Contraddizioni del Van: Operazioni Aleatorie" pplO

Barbara Pistoresi e Marcello D'Amato [1997] "Persistence of
relative unemployment rates across italian regions" pp. 25

205.

Carlo Alberto Magni [1997] "Tir, Roe e Van: Distorsioni
linguistiche e Cognitive nella Valutazione degli Investimenti" pp 17

Margherita Russo, Franco Cave doni e Riccardo Pianesani [ 1997] "Le
spese ambientali dei Comuni in provincia di Modena, 1993-1995"
pp. 23

206.

Gisella Facchinetti, Roberto Ghiselli Riccr e Silvia Muzzwh [ 1997 J
"New Methods For Ranking Triangular Fuzzy Numbers An
Investment Choice" pp 9

Gabriele Pastrello [1997] "Time and Equilibrium, Two Elisive
Guests in the Keynes-Hawtrey-Robertson Debate in the Thirties" pp.
25

207.

Mauro Dell'Amico e Silvano Martello [1997] "Reduction of the
Thiee-Partition Problem" pp 16

208.

Carlo Alberto Magni [1997] "IRR, ROE and NPV: a Systemic
Approach" pp. 20

209.

Mauro Dell'Amico, Andrea Lodi e Francesco M affi oli [ 1997]
"Solution of the cumulative assignment problem with a wellstructured tabu search method" pp. 25

210.

Carlo Alberto Magni [1997] "La definizione di investrmento e
criterio del Tir ovvero: la realtà inventata" pp.l6

211.

Carlo Albero Magni [ 1997] "Critica alla definizione classrca di

177.

178.

179.

180.

181

Luisa Malaguti e Costanza Torricelli [1997] "The Interaction
Between Monetary Policy and the Expectation Hypothesis of the
Term Structure of Interest rates in a N-Peri od Rational Expectation
Mode!" pp. 27

182.

Mauro Dell'Amico [1997] "On the Continuous Relaxation of
Packing Problems- Technical Note" pp.

183

Stefano Bordoni [1997] "Prova di Idoneità di Informatica Dispensa
Esercizi Excel 5" pp 49

184.

Francesca Bergamini e Stefano Bordoni [ 1997] "Una verifica
empirica di un nuovo metodo di selezione ottima di portafoglio" pp.
22

185.

Gian Paolo Caselli e Maurizio Battini [1997] "Following the tracks
of atkinson and micklewright the changing distribution of incarne
and earnings in poland from 1989 to 1995".pp 21

investimento: un approccio sistematico" pp 17

212.

Alberto Roverato [ 1997] "Asymptotic pnor to posteri or analysis fòr
graphical gauss ian models" pp. 8

213.

Tindara Addabbo [1997] "Povertà nel 1995 analisi stati ca e dinamica
sui redditi familiari" pp 64
Gian Paolo Caselli e Franca Manghi [1997] "La transizione da piano
a mercato e il modello di Ising" p p 15

186

Mauro Dell'Amico e Francesco Maffioli [ 1997] "Combining Linear
and Non-Linear Objectives in Spanning Tree Problems" pp. 21

214.

187.

Gianni Ricci e Vanessa Debbia [ 1997] "Una soluzione evolutiva in
un gioco differenziale di lotta di classe" pp.l4

215.

Tindara Addabbo [ 1998] "Lavoro non pagato e reddito esteso
un'applicazione alle famiglie italiane in cui entramb1 i comugi sono

lavoratori dipendenti" pp 54
188.

Fabio Canova e Eva Ortega [1997] "Testing Calibrated Generai
Equilibrium Mode!" pp 34

216.

Tindara Addabbo [1998] "Probabilità di occupazione e aspettative
individuali" pp 36

217.

Lara Magnani [1998] "Transazioni, contratti e organizzazioni: una
chiave di lettura della teoria economica dell'organizzazione pp 39

218.

Michele Lalla, Rosella Molinari e Maria Grazia Modena [1998] "La
progressione delle carriere: i percorsi in cardiologia" pp 46

219.

Lara Magnani [1998] "L'organizzazione delle transazioni di
subfornitura nel distretto industriale" pp 40

220

Antonio Ribba [ 1998] "Recursive VAR orderings and identification
of permanent and transitory shocks" pp 12

221.

Antonio Ribba [1998] "Granger-causality and exogeneity in
cointegrated Var models" pp 5

