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ABSTRACT

Procurement Favouritism and Technology Adoption*

The design of cost minimizing procurement rules for the selection of
contractors among distinct technological groups requires the favouritism of
inefficient firms. It is unclear whether these policies provide incentives for
inefficient firms to adopt more efficient technologies. In this paper the
inefficient firm may adopt the efficient technology at some cost. Government
policy can be effective for an intermediate range of adoption costs. To induce
adoption, the government should commit to favour the (initially) inefficient firm,
despite both firms eventually having the same technology. Even with limited
government commitment, optimal favouritism provides more incentives for
technology adoption than a symmetric mechanism.
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NON-TECHNICAL SUMMARY

Public procurement has long been a main area of discrimination between
domestic and foreign firms. The issue has been a major concern at the World
Trade Organization. The Agreement on Government Procurement was an
important chapter in the Uruguay round. The countries approved a principle of
non-discrimination, while allowing for a differential treatment of the least
developed countries.

The economics literature has provided some useful results regarding this
issue. Auction theory has shown that, if the firms have different (ex-ante)
efficiencies, the government may gain from discriminating in favour of the
inefficient firms, in the sense that it will sometimes be selected even if it does
not reveal the lowest cost. By doing that, the government increases the
competitive pressure on the efficient firms. In trading-off the two effects the
government reduces the expected procurement cost by imposing some
degree of discrimination. This result has been used to understand government
discrimination in favour of domestic (inefficient) firms relative to foreign
(efficient) firms. But these are static arguments. They do not discuss the
(possibly perverse) incentives that the protectionism of inefficient firms may
have on their incentives for the adoption of more efficient technologies. The
objective of the present paper is to address this concern.

This paper considers a model where an inefficient firm must decide whether or
not to adopt cost reducing technologies. The main conclusion is that the
favouritism of inefficient firms promotes the adoption. Protection of the
inefficient firms increases not only the firms’ expected rents, but also the firms’
gross benefits from the adoption of a more efficient technology. Therefore, the
optimal procurement policy discriminates in favour of the (initially) inefficient
firms.

One interesting issue is to compare the equilibrium adoption rules in the paper
with the social welfare maximizing adoption rule under complete information.
To maximize the social welfare under complete information, adoption should
take place whenever the adoption cost is lower than the expected reduction in
the firms’ minimum cost, and the government should select the firm with the
lowest cost. The government’s costs and benefits from the adoption under
incomplete information differ from those of the social planner under complete
information. The government induces adoption by distorting the selection
probabilities in favour of the inefficient firms. Inducing the adoption has a cost,
as it increases the rents of inefficient firms. However, it also generates
benefits, in that it limits the rents of the efficient firms and it reduces the
expected minimum cost. The Paper shows that the government



overinternalizes the effects of adoption and that there is over-adoption
compared to the first best under complete information.

The issue of commitment is central to any discussion of favouritism in
auctions. It is particularly relevant when the concern is with long-term effects.
In this paper, two versions of the model, with varying degrees of government
commitment, are considered. The conclusion that favouritism may help
adoption is robust to changes on the degree of government commitment.

The paper discusses the protection of inefficient firms. It is useful for industrial
policy, in general. Even though it is not framed in terms of domestic and
foreign firms, the conclusions highlight some issues that are relevant to the
discussion about the protection of domestic firms in public procurement.
Nevertheless, the analysis is developed within a simple theoretical model so
the conclusions should not be read as a complete argument for fine-tuned
protection policies: that would certainly require a much more general analysis.



1 Introduction

Public procurement has long been a main area of discrimination between domestic and foreign
firms.! Many countries have (explicitly or implicitly) implemented clauses that favor domestic firms.
The issue has been a major concern to the WTO. The Agreement on Government Procurement
was an important chapter in the Uruguay round. The countries approved a principle of non-
discrimination, while allowing for a differential treatment of the least developed countries.

The economics literature has provided some useful results to think about this issue. The basic
problem is that of an agent who wants to buy a good from one of two potential sellers (firms 1
and 2), with unknown costs. Auction theory (Myerson, 1981) has shown that, if the firms have
different (ez-ante) efficiencies, the buyer may gain from discriminating in favor of the inefficient
seller, in the sense that it will sometimes be selected even if it does not reveal the lowest cost.
McAfee and McMillan (1989) used this result to understand government’s discrimination in favor
of domestic (inefficient) firms relative to foreign (efficient) firms.?

But, those are static arguments. They do not discuss the (possibly perverse) incentives that
the protectionism of inefficient firms may have on their incentives for the adoption of more efficient
technologies. The objective of the present paper is to address this concern. I consider a model
where an inefficient firm must decide whether or not to adopt cost reducing technologies. The main
conclusion is that the favoritism of inefficient firms promotes the adoption.? Protection increases
not only the firms’ expected rents, but also the firms’ gross benefits from the adoption of a more
efficient technology. Therefore, unless the cost of adopting the efficient technology is low, the
optimal procurement policy discriminates in favor of the (initially) inefficient firms.

The issue of commitment is central to any discussion of favoritism in auctions. It is particu-

larly relevant when one is concerned with long term effects. I consider two versions of the model

!This has extensively been documented in McAfee and McMillan (1989), WS Atkins Management Consultants et
al. (1988), and Commission of the European Communities (1992).

2Other papers have addressed this problem from alternative perspectives. A general preference for domestic firms
can easily be rationalized if the government has better means to receive side transfers from the domestic firms than
from the foreign firms (Laffont and Tirole, 1991), or if the government cares about domestic welfare, which includes
domestic firms’ profits but not foreign firms’ profits (Branco, 1994, and Vagstad, 1995).

3In a recent paper, Naegelen and Mougeot (1998) developed a model with a similar concern but taking a different
approach. It is a model in the spirit of Laffont and Tirole (1987), in which the firms can reduce their cost through a
non-observable effort. They show that cost reduction concerns are not relevant for the determination of the selection
rule. This is so because the government has an additional instrument (the cost target imposed on the contractor)
which is used to induce cost reduction.



with varying degrees of government’s commitment.? The conclusion that favoritism may help the
adoption does not depend on the degree of government’s commitment.®

The model discusses the protection of inefficient firms. It is useful for industrial policy, in
general. Even though, it is not framed in terms of domestic and foreign firms, the conclusions
highlight some issues that are relevant to the discussion about the protection of domestic firms in
public procurement. Nevertheless, the analysis is developed within a simple theoretical model. So,
the conclusions should not be read as a complete argument for fine-tuned protection policies. That
would certainly require a much general analysis.

The structure of the paper is the following. In the next section I present the model, which
generalizes the environment considered in McAfee and McMillan (1989). Section 3 derives the
optimal mechanism under government’s full commitment. I show how favoring the inefficient firms
creates an incentive for their adoption of the efficient technology. A similar analysis is carried out
in Section 4 for the government’s limited commitment case. Section 5 concludes. The proofs and

some examples are provided in the appendices.

2 Modeling Issues

I extend the model used in McAfee and McMillan (1989) to allow for the possibility of technology
adoption. There are three risk neutral agents: the government and two firms (firms 1 and 2).
There is a single representative public project to be completed regardless of the firms’ efficiencies,
because it generates a very large increase in the consumer surplus. The government is interested
in designing an auction to select the firm that will carry out the project in a way that minimizes
its expected procurement expenditure.”

Two technologies are available: technology H and technology L. The costs of the firms are
independently determined according to the technology used. A firm with technology j (j € {L, H})

will have a cost distributed on the interval [¢, ¢], according to a positive density ¢7(-) and cumulative

41 am grateful to a referee that suggested me this approach.

5The government needs only be committed to a mechanism when bids are to be submitted.

6The restriction to two firms is a simplification and the model easily generalizes to a larger number of firms, with
no qualitative impact on the conclusions.

"Which, in this model, is the same as the maximization of expected welfare.



distribution function G7(-). The distribution G¥(-) first order stochastically dominates G¥(-).% In
this sense, I say that technology L is more efficient than technology H. I assume that both
distribution functions are log-concave.

The firms are ex-ante different. Firm 1 is endowed with technology H while firm 2 is endowed
with technology L. Before bidding for the project, firm 1 may, at cost K, adopt the efficient
technology.

The objective of the analysis is the identification of the optimal auction, under these circum-
stances. A fundamental assumption is that the government does not observe firm 1’s technology
choice. Therefore, the rules of the mechanism for the selection of the contractor can not be con-
tingent on the technology of firm 1. This prevents the use of direct subsidies to the adoption of
the efficient technology, which would otherwise trivially solve the problem. Hence, the government
may only select a contractor on the basis of the costs reported at the auction.

As a modeling device I use two alternative extensive form games. In the first extensive form,
which I refer to as the full commitment case, the government starts by deciding and announcing
the rules for awarding the contract, i.e., how will the winning firm be selected and payments be
determined. In a second stage, firm 1, knowing the auction rules, has an opportunity to adopt
technology L, provided it makes a fixed payment of K. Finally, in a third stage, each firm privately
learns its true cost for fulfilling the contract and makes a report to the government, who then
awards the contract according to the rules previously specified; payments take place, and payoffs

are realized. The timing of this game is depicted in Figure 1.

Date 1 Date 2 Date 3 Time
Design of Choice of Auction  Event
procurement technology
rules

Figure 1: Full commitment case: Timing of the decisions.

The second extensive form game corresponds to the limited commitment case. Then, firm 1’s
adoption decision and the design of the auction rules are simultaneous. The timing of the second

extensive form game is represented in Figure 2.

8This means that it is more likely for a firm using technology L to have a cost lower than ¢ € (¢,€) than for a firm
using technology H, i.e., G¥(c) > G (c), for ¢ € (¢, &). The properties of functions throughout the paper will always
be done for ¢ € (¢, €), unless something else is explicitly stated.



Date 1 Date 2 Time

i Auction Event
Choice of Design of

technology and procurement

rules
Figure 2: Limited commitment case: Timing of the decisions.

The analysis is carried out by computing perfect Bayesian equilibria in each extensive form game.
The case of full commitment is studied in the next section, followed by the limited commitment

case in Section 4.

3 The Optimal Mechanism under Full Commitment

The government wants to set up a mechanism that minimizes its expected procurement cost,
without observing the firm’s costs nor the technology chosen by firm 1. I use the Revelation
Principle (Myerson, 1979) to work with revelation mechanisms, that specify selection probabilities
(p1,p2) and expected payments (¢1,t2) as functions of the firms’ reported costs. In the analysis I
will focus on the selection probabilities and the on firm 1’s equilibrium choice of technology.
Given a mechanism, we may compute the profit of firm 1 before it chooses its technology (ez-
ante profit, denoted by H{, with j € {L, H}) or after firm 1 knows its cost and before the auction

takes place (interim profit, denoted by 71(c1)). These profits are given by:?

7T1(Cl) = tl(Cl) — C1 EGL {pl(cl,CQ)} (1)

I = Egi{m(c1)} — K I(j), j € {L,H}, (2)

where I(H) = 0 and I(L) = 1, and the expectation in (1) is computed relative to firm 2’s cost.!
Firm 1 will choose its technology at the ex-ante level. In equilibrium, it will adopt technology L,
if and only if IT¥ > I14.1

The government will infer the equilibrium behavior of firm 1. It will commit to a selection

mechanism that minimizes its expected cost: Eqg;{ti(c1)} + Eqr {t2(c2)} where j (j € {L,H}) is

°T will use the notation E; {-} when the expectation is computed under the distribution function of technology j.

®Usually I will omit the reference to the variable whose expectation is computed. That should be clear from the
arguments of the functions.

M1 assume that in the case of indifference, firm 1 will adopt technology L.



the technology chosen in equilibrium by firm 1.

A solution to the government’s problem is obtained in two steps.'? In the first step, I construct
the minimum cost mechanisms to induce firm 1 to use either technology. In the second step, I
compare the costs of those mechanisms. The government should then implement the less expensive
mechanism of the two.

The minimum cost mechanism to induce firm 1 to keep technology H solves a minimization
problem subject to the standard interim incentive compatibility, individual rationality and feasi-
bility constraints, expanded with the no-adoption constraint, IT{/ > IT¥. The latter ensures firm 1’s
incentive compatibility when choosing its technology. This seems to be a complicated problem.
However, if it is optimal for the government that firm 1 keeps technology H, the no-adoption con-
straint will not be binding.'® So, there is no loss of generality in ignoring the no-adoption constraint
in this analysis. The problem is then the same as in McAfee and McMillan (1989).

Define the functions: '

Ji(e)= e+ SO 3)
g’(¢)
which are the expected costs to the government of selecting a firm that drew cost ¢ from technology
j (7 € {L,H}). These are referred to as the virtual costs. Due to the asymmetry of information,
the selected firm is able to extract from the government a payment that exceeds its true cost. It
gets an informational rent. The second term in (3) measures the firm’s informational rent.

From the log-concavity of the distribution functions, the virtual costs are increasing functions.

Hence, I may define 2% (c) as:

ey = TN (TM(e)). (4)

The minimum cost mechanism is described in the following proposition (McAfee and McMillan,

1989, Theorem 1).

2The approach is similar to the two step procedure in Grossman and Hart (1983) for the identification of the
optimal incentive scheme in a moral hazard framework.

13Suppose that, to induce firm 1 to keep technology H, the no-adoption constraint is binding. Consider now the
relaxed problem, without the no-adoption constraint. If the government changes to the optimal mechanism in the
relaxed problem there will be two effects on the expected procurement cost: a direct effect, which reduces the expected
procurement cost even if firm 1 were to keep technology H; and an indirect effect, which further reduces the expected
procurement cost because firm 1 will change to technology L. Hence, in such a situation, it is not optimal for the
government that firm 1 keeps technology H.



Proposition 1 Suppose that the government wants firm 1 to use technology H. This is done at

minimum expected cost by selecting firm 1 if and only if c; < 21 (ca).

I will refer to the mechanism that achieves the minimum expected cost as the minimum cost
no-adoption mechanism. I will denote the probability that firm ¢ (i € {1,2}) is selected under this
mechanism when costs are ¢; and co by pf{ (c1,¢2).

Some of the discussion throughout the paper is about favoritism of firm 1. Given a mechanism,
I will say that it favors firm 1, if the highest cost that leads to the selection of firm 1 exceeds firm 2’s
cost. Thus, the minimum cost no-adoption mechanism favors firm 1 if 2 (¢;) > ¢;. This holds if
and only if GH (¢)/G¥(e) is increasing in ¢ (McAfee and McMillan, 1989, Theorem 3).

The situation becomes more complex if the government wants to induce firm 1 to adopt tech-
nology L. Now the mechanism must be designed to take into consideration the adoption constraint,
I} > T, that can not in general be relaxed.!*

I introduce a new function:

Jen) =t G*(c GE(c) — GH(c)

g9"(¢) gt 7

()

where A is the multiplier of the adoption constraint in the government’s minimization problem.
The function J (-; A) is the adjusted virtual cost of selecting firm 1, after technology L has been
adopted. If the adoption constraint is not binding, A = 0 and j(c; 0) = J%(c). Otherwise, A > 0
and J(c; \) < JE(c).

The expression of J(-; A) can be understood in the following way. The first two terms in (5) are
the virtual cost of firm 1 if it adopts technology L without requiring any distortion in the selection
mechanism. If the adoption constraint is binding, the government will distort the selection rules
to provide an increase in firm 1’s (gross) informational rents and induce the firm to adopt. But
not all the (gross) informational rents will be devoted to the payment of the adoption cost. Only
those in excess of the rents that the firm could retain by exercising its option of not to adopt, i.e.,

G*(-) — GH(-). The (marginal) value of these rents to the government is A (GL(-) - GH()) This

MThere are values of K for which it is impossible to satisfy the adoption constraint. Nevertheless, it is shown in the
Appendix that this does not limit our ability to address the main question. For the relevant range of the parameter
values the problem does not exist.



term must then be reduced from the virtual cost to get the appropriate measure of the government’s
cost from selecting firm 1.

The adjusted virtual cost need not be an increasing function. A full analysis of the problem
would then involve the consideration of two cases: the regular case, if J (+; A) is increasing; and the
non-regular case, otherwise. The solution to the regular case is easy to identify. To the contrary,
to solve the problem in the non-regular case one must apply a standard ironing procedure used to
characterize non-regular optimal auctions (see, for example, Myerson, 1981). This greatly increases
the technical difficulties of the analysis without adding much to our understanding of the problem.
For example, the basic properties of the optimal selection mechanisms, such as those related to the
discrimination between the firms, are similar in the regular and non-regular cases. Hence, to focus
on the essential results, I have limited the analysis in this section to the regular case.!® In this case
I may define Z(c; \) as:

2 N) =T (I"(0). (6)

Proposition 2 Suppose that the government wants to induce firm 1 to adopt technology L. This

is done at minimum expected cost by selecting firm 1 if and only if ¢1 < Z(c2; ).

The proposition covers two cases. If adoption is not too costly, the adoption constraint will
not be binding, so A = 0 and Z(¢;\) = ¢. The two firms will be equally treated, with the lowest
cost firm being selected. Firm 1 adopts technology L, paying K out of its informational rents. On
the contrary, if adoption is sufficiently expensive, the constraint will be binding and A > 0. The
optimal mechanism will then differentiate the two firms. The bias introduced is characterized in

the following proposition.

Proposition 3 If the adoption constraint is binding, the mechanism that induces the adoption of

technology L at minimum expected cost favors firm 1.

The need for favoritism of firm 1 is general and, unlike the minimum cost no-adoption mechanism,
it does not rely on any further assumption. This is so because, if the adoption constraint is

binding, firm 1 can only be induced to adopt technology L if its informational rents (gross of the

15 An example of the non-regular case is solved in the Appendix.



adoption cost) are increased non-uniformly over types. To achieve this target, and given its lack of
information, the government must bias the selection rule towards firm 1.
I may now move to the description of the overall optimal decision, which is done in reference to

the level of the adoption cost.

Proposition 4 There exist values KL and f(H, with 0 < KL < f(H, such that the minimum

expected cost mechanism has the following properties:

1. If K < K%, the government will select firm 1 if and only if ¢1 < ¢, and the latter adopts

technology L;

2. If KL < K < K® | the government will select firm 1 if and only if ¢1 < Z(e2; N), inducing it

to adopt technology L;

s If K > f(H, the government will select firm 1 if and only if c1 < 21 (c2), and the latter keeps

technology H.

The result in the proposition is summarized in Figure 3. At low adoption costs, the firm with
the lowest production cost is selected. At intermediate adoption costs there is favoritism of firm 1,
which induces adoption of the low cost technology. At high adoption costs, firm 1 keeps technology

H, possibly being favored.

Firm 1 adopts Firm 1 keeps
technology L technology H
<Non favoritism Favoritism

Low value KL Medium value gH High value K

Figure 3: Equilibrium behavior.

One interesting issue is to compare the equilibrium adoption rule in this model with the social

welfare maximizing adoption rule under complete information.

Proposition 5 Under complete information, social welfare would be mazximized when adoption

would take place if and only if K < KL

To maximize the social welfare under complete information, firm 1 should adopt technology

L whenever the adoption cost is lower than the expected reduction in the minimum cost, and



the government should select the firm with the lowest cost. Under incomplete information, if the
adoption constraint is not binding, the government will select the firm with the lowest cost, and
the benefit of firm 1 from adoption is exactly equal to the reduction in the expected minimum cost.
Firm 1 has the same incentives to adopt, under these circumstances, as the social planner in the
complete information case.

The government’s costs and benefits from firm 1’s adoption under incomplete information differ
from those of the social planner under complete information. Under incomplete information, the
government induces adoption by distorting the selection probabilities in favor of firm 1. Inducing
the adoption has a cost: it increases firm 1’s informational rents. But it also generates benefits: it
limits firm 2’s informational rents and it reduces the expected minimum cost. When K is slightly
above K the cost is negligible while the benefits are bounded away from zero. So the government
overinternalizes the effects of adoption and there is over-adoption compared to the first best under

complete information.16

4 The Optimal Mechanism under Limited Commitment

The optimal mechanism described in the previous section relies on the assumption that the gov-
ernment commits to the selection rules before firm 1 chooses its technology. However, when the
adoption must be induced, the government’s commitment becomes a major issue. Even though
the firms will ez-post be technologically identical, and (in equilibrium) everyone will know it, the
government should discriminate in favor of firm 1. Under limited commitment this mechanism
will not be possible. Just after firm 1 had chosen its technology (having adopted the low cost
one), the government would change the rules. It would want to select the lowest cost firm. An-
ticipating this behavior, firm 1 would not adopt the efficient technology. In this section, I analyze
the problem when the government has limited commitment only. This is modelled by assuming
that the government’s design of the procurement rules and firm 1’s choice of technology are done
simultaneously.

To compute the equilibrium with government’s limited commitment, I describe first the be-

16Similar effects have been detected in adverse selection models where the distortion in other variables may by used
to limit informational rents (McAfee and McMillan, 1986; Laffont and Tirole, 1987; Riordan and Sappington, 1987;
Che, 1993).



havior of the government. Let 6 be the probability that firm 1 keeps technology H and 6 be the
government’s belief about that probability. Then, from the point of view of the government, firm 1
will draw its cost from a cumulative distribution function (1—8)G%(-)4+60GH (-). Let the (believed)

virtual cost of firm 1 be denote by j(c; é), ie.

Jeh) = et (1— éQGL(c) + H:GH(c) _
(1—0)g"(c) +0g"(c)

This function is continuous, satisfying J(c;0) = JE(c) and J(¢;1) = JH(¢). Moreover, T assume
that it is an increasing function of ¢. Hence, I define the function 2(c;6) as:
. ¢ if J(&0) < JE(e),

2(c;0) = ) 7
() J (T (e);0) otherwise. v

Proposition 6 If the government believes that firm 1 keeps technology H with probability é, its

best reply will be to select firm 1 if and only if c1 < Z(c2;0).

This proposition describes a family of government’s best reply mechanisms, indexed by the
belief . When 6 equals 0, it corresponds to a symmetric auction, the optimal one given that both
firms have the same technology. When 6 equals 1, it corresponds to the optimal auction when it is
known that firm 1 has kept technology H. Some properties of the family of best reply mechanisms

are provided in the lemmas that follow.

Lemma 1 The government’s best reply to § > 0 will favor firm 1 if and only if GH(e)/GE(e) is

increasing in c.

This lemma generalizes Theorem 3 in McAfee and McMillan (1989). The condition for favoritism
of firm 1 is unchanged as long as firm 1 is believed to keep technology H with positive probability.
The remaining of the analysis is done under the assumption that the condition in Lemma 1 is
satisfied, so that the government’s best reply mechanisms favor firm 1.

The government’s best reply to él favors firm 1 more than its best reply to éo if Q(CQ;él) >
Z(co; éo).
Lemma 2 Given 6y and 6, in [0,1], the government’s best reply to 61 favors firm 1 more than its

best reply to 6o if and only if 01 > bp.

10



Lemma 3 Given 0y and 01 in [0,1], firm 1’s (gross) benefit from the adoption of technology L is
larger when facing the government’s best reply to 0, than when facing the government’s best reply

to 6y if and only if 01 > 0.

McAfee and McMillan (1989) characterized the optimal mechanism when technology adoption
is not possible. The starting point for this paper was to study whether the optimal favoritism of
an inefficient firm would erode its incentives to become more efficient. Lemma 3 shows that, to the
contrary, among the government’s best reply mechanisms the minimum cost no-adoption mechanism
is the one that provides the largest incentives for firm 1 to adopt more efficient technologies.

Let me now turn to firm 1’s behavior. Suppose that the government is playing a best reply to

0. Let /%(é) be the largest adoption cost that firm 1 is willing to pay, given that mechanism, i.e.,'”

#(6) = /E (1- G (ex30))) (G(er) — G (e1) ) de

c

From Lemma 3, £(-) is an increasing (continuous) function. The best reply (correspondence) of

firm 1 is then given by:

{0} if K < #(6)
9(0; K) = [0,1] if K =#(0) -
{1} if K> #(6)

It follows that, for any K > 0, ¥(-; K) has a unique fixed point. Therefore, there is a unique

equilibrium that is characterized in the following proposition.

Proposition 7 There exist values KL and KH, with 0 < KL < KH, such that, in equilibrium:

1. If K < KL, firm 1 will adopt technology L with probability 1 and the government will select

it if and only if c1 < co;

2. If KL < K < KH, firm 1 will keep technology H with probability 0 € 9(0;K), and the

government will select it if and only if c1 < 2(c2;0);

8. If K > KH firm 1 will keep technology H with probability 1, and the government will select

it if and only if ¢y < 28 (¢y).

17"The expression for /%(é) can be obtained replicating the steps for the identification of K* and K% in the proof
of Proposition 4.

11



The main conclusion drawn from this analysis is that, even constraining the government’s
to limited commitment, the optimal favoritism of firm 1 does not eliminate the incentives for
technology adoption. To the contrary, it may promote the adoption of the low cost technology.

From the proofs of Propositions 4 and 7, it follows that KX = KL and K > K1, So, like in the
case of government’s full commitment, there is over-adoption compared to the complete information
first best. However, the excessive adoption is now lower than under government’s full commitment,

because K2 > KH and the adoption probability is now less than 1 for K € (KL, KH)

5 Concluding Remarks

There have been some papers providing arguments to rationalize the widespread favoritism of
domestic firms in procurement contracts. A key argument has been to show that governments
may gain from protecting inefficient domestic firms, because that puts competitive pressure on
efficient foreign firms, reducing the government’s procurement cost. That argument has however
been developed in a short term perspective. One may wonder whether by protecting inefficient firms
the government will erode their incentives to adopt more efficient technologies. If so, a favoritism
policy could be harmful in the long term.

In this paper, I looked at a model in which the decision of technology adoption by an inefficient
firm is explicitly considered. The conclusions were the following. If the cost of switching to the
new technology is sufficiently low, compared to the increase in the firms’ profits, the arguments for
favoring the inefficient firms in the allocation of contracts are lost; indeed the government should
optimally commit not to discriminate in favor of the inefficient firms, pressuring them to become
more efficient. On the other hand, if the adoption cost is sufficiently high, relative to the firms’
profits, the inefficient firms will not have the financial capacity to adopt, even though it would be
in the government’s interest that they do so. In this case, the government should discriminate in
favor of the inefficient firms, letting them internalize some of the benefits of technology adoption.

The previous situation raises some commitment issues. The government would have to favor
some firms, while at the time of the auction all of them would be drawing their costs from the same
technology. Even assuming that the government can not commit to such a strategy, I showed that

the incentives for technology adoption are optimally provided by favoring the inefficient firms.
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The analysis also showed that there will be over-adoption, relative to the full information first
best. The government uses this distortion to limit the firms’ informational rents, and thus the
expected procurement cost. This result relates to conclusions in several papers that show that the
principal may limit the expected procurement cost under incomplete information imposing some
distortion on other variables that are relevant for the fulfillment of the contract.

This paper is a first step towards a more complete analysis of the long run impacts of discrimi-
natory practices in procurement. It opens up the possibility of additional research. For example, a
more general model could allow for the possibility that neither of the firms starts with the efficient
technology, and both could, at some cost, adopt a more efficient technology. Then, the government
will have to balance the benefits of favoring either firm. Which firm will the government favor in
such a setting? Will the government want to favor the least efficient firm, so that over time, firms
alternate in implementing the leading technology? Or, to the contrary, will the government want
to promote technological asymmetry? The results in this and past papers seem to suggest that the
government ought to favor the least efficient firm. But, being at a competitive disadvantage, the
incentives for this firm to voluntarily adopt the most efficient technology are greater than those for
the leading firm. Hence, there may be some need to favor the technologically most advanced firm.

It is unclear which effect will dominate.

Appendix A Proofs

A1l Proof that optimal adoption may be induced in the full commitment case

The adoption constraint under full commitment can be written in the following way:

o {/:Pl(:r) d:z:} — Een {/:Pl(a:) dx} _ / (G (er) — G"(c1)) Piler) des 2 K. (A1)

From the assumption that G (-) first order stochastically dominates G¥(-) it follows that the left
hand side of (Al) is maximized if Pi(c;) = 1, for all ¢;. Thus, the maximum cost of adoption
for which the government may still induce firm 1 to adopt is given by fQE(GL (c1) — GH(c1))dey.
Using such a selection rule implies an expected procurement cost equal to ¢. This is larger than

the minimum expected procurement cost if technology L is not adopted. Hence, given that the
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expected cost of implementing L is continuous and increasing in K, one concludes that the adoption
constraint can be satisfied for adoption costs for which the government may optimally want to induce

firm 1 to adopt technology L.

A2 Proof of Proposition 2

The problem of a fully committed government that wants to induce firm 1 to adopt can be written

as:

min - Egryqr {j(cls A)pi(er, e2) + JL<02>p2<01702)} +AK
{p1,p2,A}

(ci = ) (Piei) = Pilcj)) <0

c1,¢2) +pa(ci,co) =1
- pi(e1, c2) + pa(er, c2) =12,
pi(ci,c2) >0

A>0

Ignoring the monotonicity constraints on P;(¢;), Problem (P1) is linear in the selection proba-

bilities, p;(-, ). Thus the selection rules:

N 1 if J(er;\) < J(e)

pi(ct,ca3A) = (A2)
0 otherwise.

Pa(c1,c2;A) =1 —pi(er,ea3 M), (A3)

are (part of) the solution to the problem. From the fact that J(-;\) and J%(-) are increasing
functions, these selection rules satisfy the monotonicity constraints. Moreover, J(c1; A) < J*(¢c2) <

c1 < Z(ez; A) Finally, A is determined through the complementary slackness conditions:'®

A (K - / (G*(ex) = G"(e1)) Pilens A) dq) —0 (A4)

/ (G5 e) - G (en) Biler N dey > K (A5)
A>0. (A6)

18] use Pp (c1; ) to denote Eqr {p1(c1,c2; N}
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A3 Proof of Proposition 3

Under the regularity assumption, favoritism of firm 1 implies J (¢; \) < JE(c). This condition can be
written as A (GL () —GH (c)) > 0, which holds because A > 0 and G (c) first order stochastically

dominates GL(c).

A4 Proof of Proposition 4

Take ]51(c1; A) as defined in the proof of Proposition 2. Let Z(\) be the largest adoption cost that

firm 1 is willing to pay, given that mechanism:

5 = [ (GHa) = G (e) Pilers N dey

c

2
= [ (6"en = 6en) (1= GH( e V) der (A7)
KT results from (A7) when A = 0; then 2~ (¢1; ) = ¢; and:

jre /E (G (er) = 6" (e1)) (1 - G (er)) der (A8)

Cc

Let M satisfy the following condition:!

2
Eqryar {Z J"(ci) Piler, ea; )\H)} =Equyqr {JH(Cl)P{{(Cl,@) + JL(C2)P§I(01;C2)} , (A9)
=1

i.e., M is the value of A for which the government’s expected cost from the minimum cost mechanism
that induces firm 1 to adopt technology L is the same as that from the minimum cost no-adoption

mechanism. Let KT be given from (A7) when A = M7, i.e
KH = / (G*(e1) = G (en) (1= GH(E " (ens AT)) des (A10)
From (A8), K~ > 0. Moreover, from (A8) and (A10):

K7 & = [ (@) - GHE e ) (GF () — G e) der > 0,

[«

9The left hand side in (A9) is increasing in A¥. Hence, A is unique.
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because 21 (c1; M) < ¢y.
To conclude the proof, I need to show that K™ is not lower than the largest adoption cost that

firm 1 is willing to pay when facing the minimum cost no-adoption mechanism, i.e.,

K" > /E (1= GH(z"(c1))) (GH(er) = G (e)) dex . (A11)

[«

Suppose it is not. Consider the following family of mechanisms: firms report their costs; with prob-
ability 1 — a the government selects firm 1 if ¢; < ¢o and with probability « the government selects
firm 1if ¢; < 2 (cg). As a changes continuously from 0 to 1, firm 1’s (gross) benefit from adoption

changes continuously from K* to f;(l — GE(2H (e)))(GE(c1) — GH(c1))dey, and the expected pro-
curement cost continuously increases up to Equ o {JH(cl)p{{ (c1,¢2) + JE(e2)pt (cq, 02)}. Then,
there would be K > K¥ for which the government would want to induce firm 1’s adoption, which

contradicts the definition of K. Thus, (A11) holds.

A5 Proof of Proposition 5

The adoption of technology L improves social welfare under complete information if K < K * with

K* given by:

K* =Eqn  qr {min{c1, c2}} — Egr e {min{cy,ca}} . (A12)
This equation can be simplified to:

K* =Egnyqr {c2 + min{e; — ¢2,0}} — Egrygr {c2 + min{c; — c2,0}}
= Eqr e {max{ca — ¢1,0}} — Equ o {max{ca — ¢1,0}}
= [ GHer) (1~ GHer)) den —/ G (er) (1 - GH(er)) dex

¢
L
:K7

where the last equality comes from the definition of K L while the others follow from algebraic

manipulations.

A6 Proof of Proposition 6

Firm 1 should be selected if and only if j(cl; é) < JL(¢p), which is equivalent to ¢; < Z(ca;6).

16



A7 Proof of Lemma 1

There will be favoritism of firm 1 if and only if

(1—0)GL(c) +6GH (c) _ GL(c)
(1=0)g-(c) + fgH(c) ~ g™(e)

But, this is equivalent to:

(1= 0)g"(c) +69"(c) _
(1—60)GL(c)+6GH (c) ~ GE(c)
%111((1 —0)GE(c) +0GH () > diln GE(c)

C

(1—60)GE(c) +6GH (c)
%ln GL(O) >0

d (1-6)G"(c) +0GH ()
de GL(0) >0

which proves the lemma.
A8 Proof of Lemma 2

The government’s best reply to 01 favors firm 1 more than its best reply to 0y if and only if:

(1—01)G"(c) + 6,G(¢)

_ - 00)G*(¢) + G ()
(1= 01)g"(c) + f197 (c)

(1= 00)g=(c) + OogH (c)

which is equivalent to:

HC

] (1_él>+é1f;L(<C)>

9 (1 o) + 009 o e
G(c)

Define the function ¢(x) as:
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Its derivative is given by:

do(x) 0, 0o

dr (l—é())—l-éoiv_ (1—@0)4—&01’

For z € (0, 1], we will have ¢(x) < 1, and

dp(z) _ 010
dr — (1—00)4—90.@’

which is positive if and only if §; > 6. It is now sufficient to recall that GH(¢) < GE(¢), and
G (c)/G¥(e) is increasing, to conclude that (A13) is satisfied.

A9 Proof of Lemma 3

Firm 1’s (gross) benefit from the adoption of technology L, when facing the government’s best reply
to 6 is [° (1 - GE(2 ey é))) (GL(cl) - GH(cl)) dey. Given that 271(c; ) is decreasing with 6,
the benefit from the adoption is increasing in 0.

A10 Proof of Proposition 7

Let K~ and K be given as:

A~

KL

#(0) = / ‘ (1= G (e1)) (G"(e1) = G™(e1)) dex (A14)

R(1) = / (1- G ens D) (GH(er) — G (1)) dey

KH

_ / (1= GEE (s 1) (GE(er) — G (er)) des (A15)

We have KX > ( and, from Lemma 3, KL < K1, By construction of K™ and KH, and the analysis
in the text, one may conclude that the proposition describes a government’s best reply to firm 1,

and firm 1’s best reply to the government. Therefore, it describes the agents’ equilibrium behavior.
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Appendix B A Numerical Example

In this appendix I develop a numeric example of the model. The technologies are described by

the densities g(c) = 1 and g*(c) = 2(c — 1), with ¢ € [1,2]. The virtual cost functions are
3c—1

JE(e) =2¢—1 and JY(c) = E——

B1 The optimal mechanism under full commitment
B1.1 Low adoption cost (K < K“)

If K < K%, the government selects the firm that reports the lowest cost, i.e., p¥(cr,co) =1 if and
only if ¢; < ¢o. Figure B1 represents this selection rule in the space of costs.

2.0

1.8
Select
firm 1
1.6

C2

1.4
Select
firm 2
1.2 1

1.0 T T T T
1.0 12 14 16 1.8 2.0

C1

Figure B1: Selection if firm 1 adopts.

One gets the following functions:

Eqz {Wf(cl)} = é

Therefore, the cost of adoption must be no greater than:

K' =Bgr {rl(e1)} — Bon {nf(e1)} = 5 (B1)
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and the government’s expected procurement cost is:

5
C& =EqLyar {JL(Cl)ZHL(Cl,CQ) - JL(CQ)Pg(Cl,@)} =3 (B2)

B1.2 High adoption cost (K > K")

If the adoption cost is sufficiently high, firm 1 does not adopt technology L and pi(c1,c2) = 1 if

and only if 3¢y < 4c¢e — 1. Figure B2 represents this selection rule in the space of costs.

2.0

1.8 1

Select

1.6 7 firm 1

€2
1.4

Select

1.2 firm 2

1.0 T T T T
1.0 12 14 16 1.8 20

C1

Figure B2: Selection if firm 1 does not adopt.

One gets the following functions:
7T—3c
Pf!(e1) = Egu {pf(e1,e2)} = —
)

2 —3c1)(2—c
F{I(Cl) :/01 PlH(iL‘)d.CL': (8 3 18<2 1)’

Eqn {77{{(01)} = 4_78

The cost of adoption must be sufficiently high:

K > Be {rfl (1)} = Ban {nll(c1)} = e (B3)
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and the government’s expected procurement cost is:

95
Cl = Egnyee {7 (e0)pl (1, 02) + TH(e2)p (c1,0) } = 3 (B4)

The government favors firm 1. This can be seen from Figure B2 where the boundary between

the regions for selection of either firm is below the diagonal.

B1.3 Intermediate adoption cost (K- < K < K™)

For intermediate values of the adoption cost, firm 1 will adopt technology L but the government

will favor it. The adjusted virtual cost of firm 1 is:

JesA)=2c—1—(2—-¢)(c— 1A, (B5)

which is increasing for all ¢ if and only if A < 2. Otherwise, it decreases for ¢ € [1, (3X — 2)/(2))),
and it increases for ¢ € ((3X\ —2)/(2)),2]. The function J(-; \) is depicted in Figure B3, for several

values of \.

3.0
2.5 1
2.0
1.5+

1.0

0.5 I I I | |
1.0 1.2 14 16 18 20

Figure B3: The function J(-; \).

Consider first that A < 2 (the regular case). Then py(c1,co; A) = 1 if and only if e > ¢; — 2(2—

c1)(c1 — 1)A. Figure B4 represents this selection rule in the space of costs, for a value of A = 1.
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2.0

1.8
_ Select
1.6 firm 1
C2
1.4
_ Select
1.2 firm 2
1.0 T T T T

10 12 14 16 18 20

1

Figure B4: Selection if firm 1 is induced to adopt and A = 1.

One gets the following functions:

Puler; \) = Egu {1 (c1, ea3 \)} = % (2=c) (24 (a1 — DA

Fr(ens ) = /2 Pu(es N = —= (2 — e1)? (6 + (21 — 1) )

12
44+ A
Eqr {mi(c1;\)} = % ’
i ~ ~ 5+ A
R(A) =Eqe {71(c1;\)} — Equ {71(c1;\)} = 0

The government’s expected procurement cost is:

- . 200 + A2
CalN) = Egrxr { I (@)pi(er,e2A) + JE(ea)paler, a5 ) } = =2

120 (B6)

But Cg(2) = 17/10 < 55/32. Therefore, by continuity, if A is slightly greater than 2, the
government will still want to induce firm 1 to adopt. Consider now the case of A > 2 (the non-
regular case). The function J (+; A) is decreasing in a neighborhood of 1. It will be below 1, the
lowest possible value for J%(c), while ¢; < 2(XA — 1)/A\. Thus, pi(c1,co;A) = 1 if and only if
o > max{1,c; — (2 —c1)(c1 — 1)A}. Figure B5 represents this selection rule in the space of costs,

for a value of A = 2.5.
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2.0

1.8+
_ Select
1.6 firm 1
c2
1.4 4
_ Select
1.2 firm 2
1.0 T T T T

10 1.2 14 16 18 2.0

1

Figure B5: Selection if firm 1 is induced to adopt and A = 2.5.

One gets the following functions:

~ 1 if ¢ < 2()‘—)\_1)
Pi(e1;A) = Ege {pi(c1,c25A\)} = ’
1 . 201
—(2—c1) 2+ (c1 —1)N) if e > —+—=
5 A
N3N 42 2(A -1
, 63# e if ) < %
ICRY =/ P Nde =4 2(A-1)
@ (2= )? (6+ (2 = 1)) if e > %

3A3 —6A2 +8\—4

5AY — 2002 + 40\ — 24

RN = Bar {1 (e )} — Bgn {71 (e 1)} = - (7)
The government’s expected procurement cost is:

N P L o 2 (15)% — 10A* 4 15X — 8)

Ca(N) = Eguxar { T (en)pi(er, e ) + T (ea)a(er, i N) } = BE . (B8)

From a numerical approximation, one obtains that this expression is equal to 55/32 when A = A\ =
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2.50891. So, from (B7):2°
- 1
K" = £(2.50891) = 3 (B9)

Figures B6 and B7 plot the relationships between A and K, and Cg and K, in its intermediate
range.

2.509
2.000
1.500
1.000

0.500

0.000 | : : |
0.083  0.095 0.105 0.115 0.125

K
Figure B6: Relation between K and A.

1.7187

1.7100 -
1.7000 -

C
“ 1.6900 4

1.6800 —

1.6667 T T T |
0.083  0.095 0.106 0.115 0.125

K

Figure B7: Relation between K and the Expected Procurement Cost.

20Note that this value of K satisfies condition (B3).
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Bl1.4 Summary

The optimal mechanism is such that:

o If K <1/12: firm 1 adopts and the government selects it if and only if ¢; < ¢g;

o If 1/12 < K < 7/60 firm adopts and the government selects it if and only if co > ¢1 — %(2 -
c1)(e1 — 1A

e 1f7/60 < K < 1/8, firm 1 adopts and the government selects it if and only if ¢ > max{1,¢; —

3(2—c)(er = DAY

o If K > 1/8, firm 1 keeps technology H, and the government and the government selects it if

and only if 3¢; < 4cg — 1.

Figure B8 summarizes this description.

Firm 1 adopts Firm 1 keeps
technology L technology H

<Non favoritism—~ Favoritism

0 1/12 1/8 K

Figure B8: Equilibrium behavior in the full commitment case.

B2 The case of limited commitment

The optimal mechanism under government’s limited commitment differs from the one under its full
commitment only for intermediate values of the adoption cost. If K < KL = 1/12, firm 1 will
adopt technology L for sure. If K > KH = 5/48, firm 1 will not adopt for sure. In either case
the government will respond optimally and there is no difference between the full and the limited

commitment cases.

B2.1 Intermediate adoption cost (K" < K < K™)

For intermediate values of the adoption cost, firm 1 will keep technology H with probability 6,
and the government will respond optimally to this adoption strategy. The adjusted virtual cost for

firm 1 is given by:

T (c=1)(1—-(2-0)f)
Teb) =a+—rn "5
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This function is increasing in ¢ and decreasing in 6. It is presented in Figure B9 for several values

of 6.

3.0
0=05
2.5 -
J(c;0) 2.0
0=0
1.5 2

Figure B9: The function J(-; ).

It follows that pj(ci,co;0) = 1 if and only if ¢p > %(1 +c + W). Figure B10

represents this selection rule in the space of costs, for a value of 8 = 1/2.

2.0

1.8
Select
firm 1
1.6

C2

1.4 1
Select
firm 2
1.2 1

1.0 T T T T
1.0 12 14 16 1.8 20

€1

Figure B10: Selection if firm 1 is induced to adopt and 6 = 0.5.

One gets the following functions:

R X 2(2 —e1) — (3¢F — 12¢1 + 11)0
Pi(e1;0) = Egr {p1(c1, ¢2;0)} = ( 2(>1 +((2é1 ~3)9) ’
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(1—6)%1n _ 140
20c1 — 30 + 1 +3w%+u—1wxy+%%—1)
1662 86 ’

2 A
71(c1;0) :/ Py (z;0)dx =
ca

1—6
1—6)21
( ) n<1+9

>+29@w2—39+1)

Eqr {f1(c1;0)} =

3265 ’
a1—m4m(lif) 20 (246° — 196? + 120 — 3)
. 1-6

1446

1-0
3u—eﬁu+9nnC——>+29@w3+w—60+®
192604 '

The government’s cost will then be:

Ca(9) = Ba_p)crrocmxar {jL(Cl; 0)p1(c1, c2;0) + " (ca)pa(en, e2; 9)}
4, (1-0 2
_(1—9)1n(TI§ +20 (1136 — 40 + 1)
B 128603 ’

(B10)

Figures B11 and B12 plot the relationships between 6 and K, and Cg and K, in its intermediate
range.

1.00

0.75 7

6 0.50

0.25

0.00 I I I |
0.083 0.090 0.095 0.1000.1042

K
Figure B11: Relation between K and 6.
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1.7188

1.7100 -
1.7000 -

C
“ 1.6900 4

1.6800

1.6667 | | : |
0.0833  0.090 0.095 0.1000.1042

K

Figure B12: Relation between K and Expected Procurement Cost.

B2.2 Summary

The optimal mechanism is such that:
o If K <1/12: firm 1 adopts and the government selects it if and only if ¢; < ¢o;

e If 1/12 < K < 5/48 firm adopts and the government selects it if and only if 2 > $(1 4 ¢1 +

(a—D{A=(2-c)f).
1+(2¢—3)0 )

o If K > 5/48, firm 1 keeps technology H, and the government selects it if and only if 3¢; <
402 — 1.

Figure B13 summarizes this description.

Firm 1 adopts Firm 1 keeps
technology L technology H
<Non favoritism—~ Favoritism

0 1/12 5/48 K

Figure B13: Equilibrium behavior in the limited commitment case.

28



References

Branco, F. (1994). “Favoring Domestic Firms in Procurement Contracts,” Journal of Interna-

tional Economics, 37(1/2), 65-80.

CHE, Y.-K. (1993). “Design Competition Through Multidimensional Auctions,” Rand Journal of
Economics, 24(4), 668-680.

COMMISSION OF THE EUROPEAN COMMUNITIES, (1992). “Report on United States Trade and

Investment Barriers,”. Services of the Commission of the European Communities.

GROSSMAN, S. AND O. HART (1983). “An Analysis of the Principal-Agent Problem,” Economet-
rica, 51(1), 7-45.

LAFFONT, J.-J. AND J. TIROLE (1987). “Auctioning Incentive Contracts,” Journal of Political

Economy, 95(5), 921-937.

LAFFONT, J.-J. AND J. TIROLE (1991). “Auction Design and Favoritism,” International Journal

of Industrial Organization, 9(1), 9-42.

MCcCAFEE, R. P. AND J. MCMILLAN (1986). “Bidding for Contracts: A Principal-Agent Analysis,”
Rand Journal of Economics, 17(3), 326-338.

MCAFEE, R. P. AND J. MCMILLAN (1989). “Government Procurement and International Trade,”

Journal of International Economics, 26(3/4), 291-308.

MYERSON, R. B. (1979). “Incentive Compatibility and the Bargaining Problem,” Econometrica,
47(1), 61-73.

MYERSON, R. B. (1981). “Optimal Auction Design,” Mathematics of Operations Research, 6(13),
619-632.

NAEGELEN, F. AND M. MOUGEOT (1998). “Discriminatory Public Procurement and Cost Reduc-

tion Incentives,” Journal of Public Economics, 67(3), 349-367.

RIORDAN, M. H. AND D. E. M. SAPPINGTON (1987). “Awarding Monopoly Franchises,” American

Economic Review, 3(77), 375-387.

29



VAGSTAD, S. (1995). “Promoting Fair Competition in Public Procurement,” Journal of Public

Economics, 58(2), 283-307.

WS ATKINS MANAGEMENT CONSULTANTS, AND EUROEQUIP SA-ROLAND BERGER & PARTNER-
EUROEQUIP ITALIA (1988). The Cost of Non-Europe in Public Sector Procurement: Research
on the Cost of Non-Europe, Basic Findings, Vol. 5 (Parts A and B). Commission of the
European Communities, Office for Official Publications of the European Communities, Lux-

embourg.

30



