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Abstract

We investigate a hierarchical model of regulation in which public buyers
(PBs, henceforth) conduct auctions for public services at the local level, and a
uniform reserve price cap is implemented at the national level. Local PBs are
better informed on territorial conditions and free to fix reserve prices below that
cap. On Italian public procurement for drugs, we first estimate a structural
model of such a hierarchical regulation. We then design and investigate two
scenarios: under full decentralisation, the local PB has complete discretion
to determine the optimal reserve price, while under full centralisation, the
central government imposes a mandatory uniform reserve price. Our results
suggest that full decentralisation would increase total welfare by 5.9% while
full centralisation mostly harms welfare. (120 words)
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1 Introduction

The objective of this article is to evaluate the costs and benefits of decentralization
in a two-tier hierarchical model of government.

Here, the local buyer has more information than the central government on two
main characteristics of the pharmaceutical producers: First, the local authorities
have a better assessment of the surplus generated by local transactions. Second, the
number of participants in each local auction to generally unknown to the central
planner. However, local authorities are potentially captured in the sense that they
might favour firms’ profits in sense to be defined in what follows.

As a result, whether or not a decentralization of the central planner’s decisions
to local governments increases welfare is an empirical question that requires the con-
struction and the estimation of a structural model which captures all the important
ingredients of the industry. In a second step, we consider two counterfactuals: First,
we focus on an alternative model where the central governement organizes local auc-
tions directly. In this case, the same reserve price applies to all regions. Second, the
organization of auctions is fully decenralized in the sense that a national cap does
not bind local reserve prices anymore. This will depend on whether the surplus of
each auction is high or not.

Under full decentralization, local governments set any reserve price as there is no
more cap set by the central planner. If currently the reserve price lies below the cap,
full decentralization should have no effect. On the other hand, if currently the reserve
price is equal to the cap, we might expect an increase of the reserve price under full
decentralization.

Under full centralization, the new reserve price is set by the central government

and is the same accross periods and regions for a given product. If currently the



reserve price is equal to the cap (high surplus), full centralization would entail a
decrease in the reserve price. On the other hand, if currently the reserve price is below
the cap (low surplus), the new reserve price could be above or below the current one.,
which depends on the current preferences of the local buyer regarding firms’ profits
and the local market conditions. However, in any case, welfare decreases.

Under full centralization, the top principal imposes a mandatory reserve price p°
that applies irrespectively of local conditions. Under full decentralization, local gov-
ernments are free to fix the reserve price p*(St, pt) that applies at the local level. The
benefits of full decentralization is that those choices reflect local information. The
cost is that reserve prices might be too high and favor bidders because of the possible
capture that applies at the local level. This is an instance of a familiar rules versus
discretion trade-off that has been pushed forward in the mechanism design literature
on delegation starting with Holmstrom (1984), Melumad and Shibano (1991), Marti-
mort and Semenov (2006), Alonso and Matoushek (2008) and Amador and Bagwell
(2013).

More specific applications to two-tier regulatory models are found in Hiriart and
Martimort (2012), Iossa and Martimort (2016) and Martimort, Pouyet and Staropoli
(2020), Malladi (2021).

ORGANIZATION OF THE PAPER. Section 2 describes the drugs industry in Italy and
how public bodies procure those goods. Section 3 presents our theoretical model
and derive optimal reserve prices under various scenarios (full centralization, full and
partial decentralization). Section 4 then develops . Section 5 is devoted to . Section

6 evaluates . Section 7 provides a summary and some concluding remarks.



2 Institutional Setting

The Italian healthcare system is a national service organised by regions, providing
universal coverage primarily at no cost. Its funding mainly comes from national
and regional taxes, with additional contributions from co-payments for medications
and outpatient services. The system operates at three levels: national, regional,
and local. The national level is responsible for establishing the overall goals and
fundamental principles of the healthcare system. Regional governments, in turn,
oversee the delivery of services through a network of local public health units (Aziende
Sanitarie Locali, ASL) and local public hospitals.

While local public buyers (PBs, henceforth) can still directly purchase drugs (i.e.,
using standard procurement contracts), there has been a recent trend toward cen-
tralising drug purchases at the regional level. This is being done through regional
procurement agencies that manage large, multi-year purchasing contracts. These
contracts come with specific durations and set quantitative or financial amounts that
the supplier must guarantee throughout the contract’s execution (i.e. framework
procuring contracts).!

For a drug to be marketed in Italy, it must obtain Marketing Authorisation (AIC)
from either AIFA - the Italian Medicines Agency (Agenzia Italiana del Farmaco,
ATFA) - or the European Medicines Agency (EMA).? This authorisation is granted
after a scientific evaluation of the drug’s quality, safety, and efficacy, and it is associ-
ated with a unique code that identifies the drug. Once a drug receives AIC, it can be
prescribed at the expense of the national health service, provided two additional con-

ditions are met. First, the drug must be deemed ”essential” or necessary for treating

In a standard contract, the PB commits to purchasing the entire quantity specified in the
contract. Alternatively, in a framework contract, the PB agrees to purchase up to the maximum
quantity outlined in the agreement.

Zhttps:/ /www.aifa.gov.it /; https://www.ema.europa.eu/en/homepage.



chronic diseases. Second, the producer and AIFA must successfully negotiate a price
for the drug.

PBs typically follow procedures that involve aggregating drug purchases into
lots, with a separate tender for each lot. Each procedure is governed by a framework
that outlines common rules for supplier requirements, bank guarantees, and other
conditions. The variation in drug types within each lot is minimal; each lot consists
of either a single type of drug or, at most, a few similar drugs (for example, two
medications with the same active ingredients but different dosages). Lots are awarded
to the lowest-priced bidder. The PB sets a reserve price, which is the maximum
amount the PB is willing to pay for the drugs. This reserve price can be either
binding or non-binding. If it is binding, any bid that exceeds the reserve price is
automatically excluded. If it is non-binding, the PB reserves the right to accept or
reject a winning offer that is above the reserve price.

In the purchase of drugs, PBs must adhere to the specific rules regarding the
pricing of A-C-H Classes. Specifically, PBs cannot pay a unit price higher than the
one established in the ATFA lists and comply with the following definitions and rules:
- A Class: includes (i) Drugs covered by a patent; (ii) Drugs not covered by a patent,
for which no generic or equivalent drug is available; (iii) Drugs not covered by a
patent, for which a generic or equivalent drug is available.A-class drugs must be
prescribed by a healthcare professional at the expense of the National Health Service
(NHS).? All equivalent drugs, categorised by their active ingredients, are also listed
in a separate document known as the "transparency list.” These lists are regularly
updated by AIFA and are accessible online. For A Class of drugs, if no generic

or equivalent drug is available, the unit purchasing price cannot exceed a monotonic

3Patients are typically required to make a small co-payment. If there is an equivalent drug
available on the market at a lower cost, patients can choose to buy that option or stick with the
original drug by paying the price difference between the two.



transformation of the price negotiated between AIFA (Ttalian Medicines Agency) and
the producer. If a drug is not under patent protection and a generic or equivalent drug
is available, then the unit purchasing price must not be higher than the reference price
set in the AIFA’s transparency list. This reference price applies to all drugs with the
same active ingredient, dosage, and pharmaceutical form listed in the transparency
list, and it is generally equivalent to (a transformation of) the lowest price negotiated
by AIFA with various producers.

- C Class: includes medications that cannot be prescribed at the expense of the
NHS.* Some of these drugs may be sold over the counter, while others require a pre-
scription from a healthcare professional. For prescription medications, manufacturers
must notify AIFA of the maximum retail price, which can only be increased every two
years.” For C Class of drugs, the unit purchasing price cannot be higher than the
maximum retail price declared by the producer to AIFA. However, wholesale orders
placed by public buyers often receive much lower prices than retail prices. Conse-
quently, the prices included in the C list are typically not binding for producers when
determining their bid offers.

- H Class: includes drugs that are paid for by the NHS and can be purchased only
by hospitals, i.e. they cannot be sold directly to consumers. Their unit purchasing
price cannot exceed a monotonic transformation of the price negotiated between AIFA
and the producer. The result of this transformation, referred to as the ”ex-factory

price,” is reported in the H list.

4Although their sale is permitted because they have received AIC, consumers must pay the full
price.

5A drug will be classified in the C class if it meets the criteria for being prescribed at the expense
of the NHS, but the price negotiation between AIFA and the manufacturer ends in disagreement.



3 Theory

We consider the following hierarchical model of government. At the local level (Italian
municipalities, regions), public buyers (referred to as principals, or PB in the sequel)
run procurement auctions for the provision of drugs. As we will see below, those
auctions might be bound to respect a cap on reserve prices. This cap is chosen by
the central level (referred to as the top principal in the sequel). Auctions are indexed
by t € {1,..,T}. The value of the procured service for the principal running auction

t is a random variable S;.

The procedures for procuring drugs that are followed by those local auctions are
first-price auctions with reserve prices p;. There are N potential bidders who could
potentially participate to such auctions. In fact, given the reserve price at auction t
the number N; > 1 (for t € {1,..,T}) of potential service providers that actually bid
below that reserve price maybe lower, N; < N. The number N, of participants at
auction ¢ is thus a random variable. We denote n, = Prob{ N; = k}, being understood

that this random variable depends on the reserve prices p; that pertains to auction ¢.

We assume that all the random variables S; (for ¢ € {1,..,T}) are drawn from
the same common knowledge distribution H. Let the support of this distribution be
R, and let h = H' be the corresponding atomless and everywhere positive density
function. To capture the idea that there may be some underlying correlation between
the buyer’s values of the products, which roughly captures the size of the market,
and the number of bidders participating to a given auction, we allow the distribution

of those valuations to depend on this number.

Bidding firms that come to auction t are indexed by the subscript i, with ¢ €
y ey N¢ }. Firm ¢ incurs a cost 6; for providing one unit of the service in that auction
1,...,N;}. Firm i t 0y fi iding it of th ice in that aucti

for principal t. We consider a private values setting. Those costs are identically and



independently drawn across auctions and firms from the same common knowledge
distribution F' with support © = [Q, 5}. Let denote by f = F' the corresponding
atomless and everywhere positive density. For simplicity, we assume that the cost
distribution is the same across all auctions while draws 6;;, even for the same firm
participating to several such auctions, remain independent. These assumptions allow
us to view each bid in each auction as being made by a different entity; an assumption
which makes sense given that the conditions of the service may vary a lot from one
place to the other and different production-marketing units of the same firm may be
asked to prepare tenders at different places independently.

At the local level, the value of the service S; is common knowledge. Fol-

6 we shall assume that

lowing in this respect most of the existing auction literature,
each firm ¢ only knows the realization of its own cost parameter 6;; at auction ¢ and

remains ignorant of those draws for competing bidders.

To account for the possibility that local governments are captured by the industry,
and although we remain agnostic on the particular mechanism at play on this front,
we follow Baron and Myerson (1982) and assume that the principal running auction
t also gives a weight p € [0,1] to bidders’ expected profits in its objective function.
The case = 0 corresponds to a local government which cares only about consumer
surplus and leaves no influence to bidders. Instead, when pu = 1, extracting the
firms’” surplus is no longer a concern of the local government. This principal only
cares about efficiency and no longer wants to extract the firms’ information rent. For
simplicity, we shall assume that the parameter u is the same for all principals at all

auctions.

FuLL DECENTRALIZATION. Suppose that the top principal does not impose any

6See Riley and Samuelson (1981), Myerson (1981) and Maskin and Riley (1985) for instance.



constraint on the reserve price p; that might be chosen at the local level. This choice

is thus fully decentralized to local governments.

Next proposition summarizes the equilibrium bidding strategy of firms in each

auction and the unconstrained choice of a reserve price.

Proposition 1. There exists a symmetric and non-decreasing equilibrium strategy in

a first-price auction with reserve price p, that satisfies

Dt

(1-F (10m-))N—1 /9 (1—F(y)"'dy Vb, e€o. (1)

bi(01) = O +

The optimal reserve price p*(Sy, p) that would be chosen under full decentralization

satisfies
F (p"(Se, 1))

T (S0)) @

Sy =p"(Se, ) + (1 — p)

The equilibrium strategy displayed in (A.5) is the familiar bidding profile for

first-price auction with a reserve price at p'.

Condition (2) provides the expression of the reserve price in this context where
principals are somewhat biased towards bidders. As well known, in this independent
private value environment, the optimal reserve price does not depend on the number
of bidders at the auctions; a result that carries over in our context.” Because the
principal cares about the bidder’s expected profit, the reserve price is now higher than
what the principal would choose when only concerned by the expected net benefits
of the service. As we will see below, this creates a wedge between the reserve prices

favored by local principals and by the national level respectively.

To understand the expression of the reserve price (A.5), it is useful to understand

the impact of this price on both bidder’s expected profit and the expected surplus.

"Krishna (2002).

10



Given the extant symmetry between bidders, the probability that a given bidder
expresses the lowest bid is (1 — F/(6))V~!. When the reserve price is p;, the winning

bidder’s expected profit can thus be expressed as

Ulp) = [ (0u(6) = 0)(1 = F(0)) 1 (0)d0 = " (1 = F(6) " F(6)ao

where the last inequality follows from integrating by parts. On the other hand, the

overall expected surplus from trading with this bidder is

Stp) = [ (= 0)(1 = F () (0)ab.

The principal’s running auction t cares about a weighted sum between the expected
net surplus and the expected profit of a bidder. Per bidder, the principal’s objective

function can be written as

S(pe) —U(pe) + 1l (py).

Accordingly, the optimal choice of a reserve price satisfies (2).

Intuitively, raising the reserve price p*(Sy, 1) by a marginal amount dp increases

the expected surplus by

S'(pe)dp = (Sy — p“(Se, ) (1 = F(p™(Sy, 1))V 1 f (p"(St, 1) )dp.

On the other hand, raising the reserve price p*(Sy, i) by dp also increases the expected

rent left to the representative bidder by

(1= F(p"(Se, 1)) f (0" (St 1)dp

11



which has an overall cost

(1= p) (1 = F(@"(Se, )V " fF(*(St, p))dp.

Gathering those facts yields the expression for the unconstrained optimal price that
is given in (2). The rent extraction concern of the local principal leads to choose a
reserve price that induces inefficient levels of trade. Of course, this inefficiency is less
significant as the local government gives a greater weight to the firm’s profit in its

objective, (1 — u being lesser).

Condition (2) highlights the dependence of the optimal reserve price p*“(St, )
on the realized gross surplus S;. Local information thus matters to determine the
unconstrained reserve price. Observe that, price p*(S;, ) is indeed non-decreasing in
both S; and p. In both cases, the rent-efficiency trade-off is tilted towards efficiency

and extraction of the bidders’ information rent is less of a concern.

It is important to stress that local principals giving different weights to the win-
ning firm’s profit in their objective functions charge different reserve prices only be-
cause the winning firm has private information on its cost parameter. Had bidders’
costs been known by such those principals, the auction would be efficient. The lowest
cost bidder would produce and would be charged a price equal to its cost irrespec-
tively of the weight i as long as this weight remains less than one and rent extraction
remains a concern. The parameter p measures the importance of the rent-efficiency
trade-off at the local level and thus reflects differences in how principals assess this
trade-off. Yet, those differences only matter when the auction mechanism itself is run
under asymmetric information. Of particular importance in the analysis that follows
is the fact that the central level and local levels of the government systematically

differ in their view on the rent-efficiency trade-off. Because of bias towards firms at

12



the local level, local principals tend to choose higher prices than what the top layer
of the government would choose if it had also access to all relevant local information

on local needs.

Furr CENTRALIZATION. Consider now the full centralization scenario. The choice
of a reserve price is now made by a central government. This top principal charges
a uniform reserve price that applies throughout all local environments. Two features
distinguish this top principal from local ones. On the one hand, this top principal is
uninformed. She ignores the local value of the service that pertains to the different
local governments. On the other hand, we assume that this top principal is not
captured, meaning it gives zero weight to the bidder’s profit in her objective function.
This top principal is thus ready to charge lower reserve price so as to extract more

information rent from winning bidders.

Proposition 2. The optimal reserve price p® that would be chosen by the top principal

under full centralization satisfies

F(p°)

Es(S) =p° + )

(3)

In comparison with local governments that are biased towards the firm, the top
principal now wants to extract more of the winning firm’s surplus. The downward
price distortion on the right-hand side of is more significant. On the other hand,
being uninformed on the realization of surplus that prevails at the local level, the
top principal takes expectation over the values of the service across all possible local

conditions.

PARTIAL DECENTRALIZATION AND OPTIMAL CAP ON RESERVE PRICES. The

mechanism design literature on delegation has stressed how caps and floors on actions

13



can be used to limit the discretion of public bodies and that those constraints are
part of optimal delegation mechanisms. In our context, the possibility of capture at
the local level that tends to push reserve prices up suggests that a cap on reserve
prices is certainly useful. Prices below that cap will reflect local information and are
likely to come from a low value of the surplus S;.

Denoting by p* such a cap, the quasi-concavity of the objective function of the local

principal running auction ¢ leads to define a constrained optimum at the local level

as

p"(St, ) = min{p" (S, ), p"}. (4)

For future reference, let us denote S (i, p*) the value of the surplus S such that a
principal in auction ¢ with preference p that would enjoy such valuation for the service
would choose an unconstrained reserve price precisely equal to the cap. Formally, we

have

p(S(up*), 1) = p* (5)

or, expressed in more direct terms

S p") =9 + (1 — ) ).

(6)

From (4) and the fact that p*(S, i) is non-decreasing in S, we immediately get:

p (S, p) if S € [0,S(mp")],

P’ it S > S(u,p) .

(7)

p" (S, p,p*) =

14
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In other words, S(u,p*) is the threshold value of the local surplus above which the
cap on reserve price binds. For higher values of the surplus, the cap is binding and
the reserve price is fixed by the top principal, irrespectively of local information. For
lower values of the surplus, the cap does not bind and the reserve price remains the
unconstrained choice of the local principal. This choice reflects local information.

The delegation mechanism so constructed reflects partial decentralization.

Partial decentralization is key to have local information being reflected in actual
choices. The cost of such decentralization is that the local government puts too
much weight on the winning firm’s profit. This trade-off is controlled by means of

adequately choosing the cap.

Proposition 3. When interior, the optimal cap on local reserve prices, p*, that would

be chosen by the top principal under partial centralization satisfies

Es(S|S > S*) = p* + ];((ﬁ)) (8)
where
R L F)
§ = (=) 9)

The optimality condition (8) is reminiscent of the solution chosen under full cen-
tralization. The right-hand side is similar and highlights the strong concern for rent
extraction that prevails for the top principal. The left-hand side is again an expec-
tation but it is now taken on the upper tail of the surplus distribution, i.e., for all

possible values of the surplus over which the cap binds.

15



4 Nonparametric quantile analysis of first-price pro-
curement auctions with reserve price

Let us suppose we observe j = 1, ..., J first-price sealed bid j = 1, ..., J procurement
auctions with N;+1 bidding companies, a reserve price p;, and Z; a vector of explana-
tory variables. Both the number of players and the reserve price are observed. Let
us denote by 6;; the unobserved cost of i in the auction j, and F(6) its corresponding
cumulative distribution function. We denote the survival function by F =1 — F. We
denote by b;; the bid of firm ¢ in the procurement auction j.

The strategies of the players concern either the choice of the reserve price or the
bids in the auction.

The bids are given by:

D if & > p;(or not observed)
b — b7 BN
ij — /9 F J(u)du

0;; + = 0(0;;]pj, N;) otherwise.

FNi(6;)

The reserve price is given by:

L) =F2+¢ (10)

pi +
T

The parameters of the model are 3 ( the parameters of the reserve price equation)
and F'.
We make the assumption that €; is independent of 8;; which is a necessary condi-

tion for the reserve price to be exogenous.

16



The reduced form model can be written as:
Pr(bi; > x|p;, N;) = Gj(x|pj, N;) (11)

The observations are censured to the right of p; and the distribution is conditional
to p; and N;. The fact that the censuring variable is also a conditioning variable
makes the estimation of G more complicated. When the censoring variable is also
a conditioning variable, there’s a risk that the censoring mechanism could introduce
bias into the estimation of G. The estimator needs to account for the fact that
the distribution it is estimating is conditional on a variable that is also influencing
the censoring mechanism. This situation requires careful adjustment to ensure the
estimator remains unbiased and consistent.

Probably, GG can be estimated through a Kaplan-Meier conditional estimator and
if the support of p; is equal to the support of z, we can estimate G for all z, if
the reserve price is exogenuous. Under this assumption the KM estimator should be
consistent (to be proven).

The structural form model is G = F oo~ ! or:

Gl=coF ' a>1-F(p). (12)
After some computations we have that (see Enache et al.(2023)):

_ FNj Di )P N
Gjl((l/|pj,Nj) — ( ]) J

F(pj) N _ _
N, T oy /a vV T FT (v)do if a > F(p;). (13)

or, equivalently:

G; ' (alp;, Nj) +



Normally, either A.11 or 14 should be enough to estimate F.

4.1 Estimation of the reserve price

Let us denote by ¢(p) =p+ (1 — M)L where ¢(p) is an increasing function in p,
/ac 1—

with F(p) = Ke Jv olu) —u

The model can be written as p = ¢ ' (#'z+¢€) or ¢(p) = 'z +e. U E(]Z) =0

we have the following equation:

[ eohipl)dp = 5z, (15)

where h(p|z) is the density of p|z.
This equation is not sufficient to identify ¢, but gives sufficient informations on
v, and therefore on F. For example is z is a scalar we introduce the Single Value

Decomposition of the joint law of p and z (A, v, ¥y):

dDN<p o >U=), <z > (16)
1=0

1=0
If ¢; is linear (for example if (p,z) are jointly distributed as a normal), we deduce
from this equation that < ¢, ¢, >= 0, for [ # 1 and if there is a constraint on Z and

wo = ct we have that < p, o, >= 0,1 > 2.

4.2 Introduction of the price cap

If we observe only one price cap, denoted by p*, this will be useful only for the
estimation of the distribution of p conditional on Z. In this case, we would be able

to estimate ¢(p) only for p < p*.

18



We can complexify the model by introducing several years ¢ with a p; as a function
of wy (the explanatory variables that characterize the price cap). We would then have

the following three relations:

NG5 (al Ny, pji) + OZGj_l,(Oé|thapjt) = N~ (@), V), t (17)
u(pit) = B'zjt + wjt, pje < pj (18)
or
/H(pjt < pi)ese) f(sel 25 )dpje = 250,V (19)
wo(py) = 7wy + vy (20)

We therefore have a system of >, J; + T + 1 equations functional equations to

solve in F~', 8 and ~.

5 Econometric Specification

We now turn to the empirical part of our analysis. Our objective is to evaluate
the welfare effects of switching from a centrally imposed national cap (the actual
regulatory organization which serves as our benchmark) to two alternative scenarios:
Full decentralization where a local government is given full discretion to determine
the optimal reserve price, and full centralization, where a central government imposes
a mandatory reserve price irrespective of local market conditions.

Before performing our simulations, we need to recover first the primitives of our

positive model, which assumes that, currently, partial decentralization through an

19



optimal cap on the reserve price is implemented. This task requires in particular
that we estimate the distribution of firms’ bids G(:|V;), and the value S that local
principals assign to the purchased drugs. We also need to estimate the threshold value
S (i, p*) above which the cap on reserve price binds. The identification strategy thus
proceeds in two steps.

First, using our observations on the bids in each auction, we compute the pseudo
private values 0,; that pertain to each firm in each auction. This requires that we
remove the observable differences in the drugs included in our dataset, as we esti-
mate the reserve price that each local government would have set and the bid that

each supplier would have submitted for the purchasing of a standardized drug. The

distribution G(-|Vy) is then derived inverting the bidding function.

In a second step, the cut-off S (1, p*) is identified, based on the discrete choices of
the local principals to set the reserve price p(S, i, p*) either at the cap p* or below,
at the unconstrained reserve price p*(S, ) < p*. We present in the next subsection
our data and the different variables of interest. We also run there some preliminary
regressions. We finally explain throughout each step of the empirical analysis how

we organize our dataset for the estimation.

5.1 Data

We use for our empirical analysis a database assembling three different sources of
information. Our first and most important source is an original dataset containing
the transcripts of 3,812 auctions for drugs awarded in two northern Italian regions,
Lombardia and Veneto, between 2016 and 2020. Our dataset records information
on the reserve price, a description of the awarded drug (identified using the active

ingredient, dosage and dosage form), the quantity being purchased, the number of

20



Table 1: Summary statistics

Name Median  p10 p90 Mean sd N

National cap (unitary)  2.879  0.144 33535 241.74  2193.73 3812
Reserve price (unitary)  1.910  0.049  268.94 3622.12 201031.8 3812
Winning bid (unitary) 1.600  0.036  255.78  193.31  1745.70 3812

Quantity (x1000) 15770 330 551723 1.84-¢" 9.37-¢% 3797
# Potential suppliers 6 1 44 15.659 22.617 3812
# Bidders 1 1 3 1.492 1.049 3812
Veneto region 1 0 1 0.521 0.500 3812
Class H 0 0 1 0.294 0.456 3812

Sales (million euro) 365.321 36.777 1474.92 556.76  514.929 3721

firms entering the auction, the winning bid, and the identities of the winning supplier

and of the Public Buyer (PB) running the tender.

Second, we collect all the caps on reserve price set by the national regulator
(AIFA, see Section 2 above). Caps are product-specific —identified using the active
ingredient, dosage, dosage form, and the supplier identity — and their value is set at
the packet level, i.e., a bundle of unit doses. We convert these values into unitary
caps, as unit prices are adopted in our analysis. We then construct two measures of
market competition. First, we count all firms which are allowed to sell a particular
active ingredient in the Italian market. Such information is included in the list of
national caps, and it defines the number of potential suppliers in an auction for a
drug with that active ingredient. Second, we observe the type of drug, as described
in Section 2. Type-H drugs can be used by hospitals only while type-A drugs can
be sold to both pharmacies and hospitals. Third, we gather information on key
financial indicators of the firms winning at least one auction in our data. Our source

of information is the Orbis dataset from Bureau Van Dijk.

Table 1 presents descriptive statistics on the different variables available in our

database.
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Winning bids are always less than or equal to their national caps, with median
values of, respectively, 1.6 and 2.9 euro. Reserve prices are generally greater (smaller)
than the former (latter), with a median value of 1.9 euro.® Our data highlights a
large heterogeneity in prices. Winning bids, reserve prices and national caps range
from, respectively, 0.04, 0.05 and 1.4 (at the 10th percentile) to 255.8, 268.9 and
335.3 (at the 90th percentile). This variability stems from differences in the drugs;
971 active ingredients are included in our data. The market is concentrated: The
median numbers of potential suppliers and actual bidders are actually equal to 6
and 1 respectively. Bidders are generally producers and sellers. Major international
firms typically sell drugs to the Italian national health service through an Italian
subsidiary. The median value of sales of a winning firm, a key financial indicator, is

equal to 365 million euros.

5.2 Preliminary Evidence

We first investigate whether reserve prices and winning bids change according to the
identities of the supplier and of the PB, and to differences in the drugs purchased.
Then, we compare some common reduced form estimates to find the one that fits
better in describing our data, given the differences in the drugs we observe. We
finally provide descriptive evidence on the relation between national caps, reserve

prices and winning bids.

For the first task, we estimate a set of one-way ANOVA tests. Differences in drugs

are identified using the ATC5 code, classifying the active ingredient.’

8Differently from the winning bids, reserve prices are not legally constrained by national caps,
and a few outliers inflate the mean. Note that public buyers do not observe the identity of the
winning bidder, and the related national cap, when setting the reserve price.

9Drugs in our dataset are categorized using the ATC code (Anatomical Therapeutic Chemical
Classification System). The ATC is a top down digit structure from general to narrow description
of the pharmaceutical properties of the drug. It is made of five levels, and the active ingredient (i.e.
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Table 2: One-way ANOVA tests.

Winning bid Reserve price

bid bid - avg. bid | bid / avg. bid price price - avg. price  price / avg. price
1) (2) (3) (4) (5) (6)

ATCH 36.40 22.32 12.45 291 2,92 2.02
[0.000] [0.000] [0.000] [0.000] [0.000] [0.000]
Producer 3.29 0.03 1.36 NA NA NA
[0.000] [1.000] [0.000]
PB 0.01 1.75 4.13 0.83 1.84 10.81
[0.927] [0.186] [0.042] [0.363] [0.175] [0.001]

Note. “price - avg. price” and “price/avg. price” (“bid - avg. bid” and “bid/avg. bid”) respectively subtract and
divide the reserve price (winning bid) by its average over the two remaining dimensions (e.g. the average by PBand
the average by producer when running the test on the ATC5 dimension); p-values in squared parentheses.

The tests shown in columns (1) in Table 2 (with p-values in square brackets) reject
the null hypothesis of no-variation for ATC5 and producer, showing that winning bids
change according to these two dimensions, and that variation is stronger for the ATC5
(as suggested by the higher value of the test). As shown in Column (5), the latter is

also the only dimension that affects the reserve price.”

We then clean the winning bids (reserve prices) of their averages in two (one)
dimensions, and we check if we still detect variations in the third (other) one. For
example, in one case, we consider the difference between the winning bid and its av-
erages by region and by producer, and we check if this difference varies according to
the ATC5. We also consider (in columns 3 and 6) the ratio instead of the difference
(in columns 2 and 5). Our results highlight that, whatever the model used, winning
bids and reserve prices are determined by the active ingredient of the awarded drug,
and that identifying the contribution of that dimension to bids and prices is possi-

ble. Differently, when considering the contribution of the other two dimensions, the

the chemical substance used in the drug) is identified in the last level.
10Note that we do not control for variations in the reserve price due to the producer’s identity, as
the reserve price is chosen by the PBbefore observing the name of the winning supplier.
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multiplicative model must be preferred.

For the second task, we compare different linear and log-transformed models ex-
plaining winning bids as a function of the characteristics of the drugs, of the quantity
purchased and measures of market power and competition. As our drugs are clas-
sified using the ATC5 code, a vector of dummies one for each code in our dataset
is a good proxy for their characteristics, together with variables identifying different
dosage forms and drugs sold only to hospitals. For market power and competition we
use, respectively, the number of potential suppliers authorized to sell that particular
active ingredient in the Italian market, and a set of binary variables taking value 1
for auctions with 1, 2, 3, or 4 and more participants. This latter set of variables is
not considered in models explaining reserve prices, as those are set before the auction
takes place. Instead, we include a variable for the PB’s identity, as she chooses the

reserve price.

Results are reported below in Table 3 —for winning bids and Table 4 for reserve
prices. For each table, panel A identifies linear and panel B log-transformed models.

Using, in column (1) - Table 3, a linear model we obtain, on the one hand, a
high fit, R? = 0.93 ; on the other hand, only 31% of the ATC5 dummies the most
important source of variation in the winning bids, as shown by the ANOVA results
are significant at a 10% confidence interval. Moving, from column (1) to (4), to a
log-transformed model, the fit is similar (R? = 0.92) but the number of significant
ATC5 FEs increases to 75%. We also estimate two different specifications. First, the
variables measuring the number of bidders may be affected by endogeneity. For this
reason we do not include them in columns (2) and (5). Columns (3) and (6) add two
interactions: between potential supplier and actual bidders, and between the quantity

purchased and whether the drug can be sold only to hospitals. In all cases, results
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Table 3: Winning Bid

Panel A Panel B
(1) ) 3) (4) (5) (6)
bid bid bid Ln(bid) | Ln(bid)  Ln(bid)
Potential suppliers 0.010 -0.060 -0.339 Ln(suppliers) -0.524%F*  _0.612%F*  -(0.548%**
(0.360) (0.359) (0.357) (0.146) (0.160) (0.149)
Bidders (Baseline: 1) Bidders (Baseline: 1)
2 -7.940 -21.10%* 2 -0.346%** -0.580
(7.019) (10.03) (0.116) (0.356)
3 -25.09%* -48.19%** 3 -0.361%* -1.840%**
(9.716) (16.97) (0.165) (0.485)
4+ -26.33%** -55.35%** 4+ -0.722%* -1.267
(8.717) (17.40) (0.340) (1.186)
Pot. suppliers X Bidders Ln(pot. suppliers) X Bidders
2 0.495%** 2 0.086
(0.169) (0.143)
3 0.761*** 3 0.484***
(0.262) (0.153)
4+ 0.766%** 44 0.173
(0.214) (0.414)
H-Class 30.33 29.68 29.37 H-Class 0.704%** 0.638** -0.391
(20.83) (20.92) (20.99) (0.253) (0.259) (0.510)
Quantity -3.06e-09 -4.41e-09 -3.19e-09 Ln(quantity) -0.199%*%*  _0.215%F*  .(0.220%**
(3.45¢-09)  (4.03-09)  (3.38-09) (0.031) (0.033) (0.035)
H-Class X Quantity 0.116** H-Class X Ln(quantity) 0.116**
(0.045) (0.045)
ATC5 FE YES YES YES ATC5 FE YES YES YES
Dosage form FE YES YES YES Dosage form FE YES YES YES
Constant -10.24 -11.00 -6.723 Constant 4.901*** 5.072%%* 5.329%%*
(26.76) (27.08) (27.28) (0.855) (0.886) (0.896)
Observations 3,797 3,797 3,797 Observations 3,796 3,796 3,796
R-squared 0.926 0.926 0.926 R-squared 0.917 0.916 0.917
Number of ATC5 FEs 971 971 971 Number of ATC5 FEs 971 971 971
of which, p < 0.1: 301 256 357 of which, p < 0.1: 728 732 753
Asterisks denote

Note. OLS models. Robust standard errors, clustered for the winning supplier ID, in parentheses.
significance levels (*p j 0.1, **p | 0.05,***p | 0.01).
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Table 4: Reserve Price

Panel A Panel B
(1) 2) (4) (5)
price price Ln(price)  Ln(price)
Suppliers 253.4 253.7 Ln(suppliers) S0.471F%*  _0.454%%*
(211.8) (212.1) (0.118) (0.119)
H-Class 4,318 4,321 H-Class 0.571%** -0.252
(3,605) (3,608) (0.196) (0.382)
Quantity -3.21e-06 -4.78e-06 Ln(quantity) -0.206%**  -0.224%**
(3.31e-06)  (4.62¢-06) (0.019) (0.022)
H-Class X Quantity 1.91e-05 H-Class X Ln(quantity) 0.085**
(1.65¢-05) (0.033)
Region: Veneto 8,085 8,099 Region: Veneto -0.481%**  _0.457***
(6,919) (6,933) (0.060) (0.061)
ATC5 FE YES YES ATC5 FE YES YES
Dosage form FE YES YES Dosage form FE YES YES
Constant -11.203 -11.219 Constant 5.123*** 5.415%**
(9,882) (9,899) (0.679) (0.624)
Observations 3,797 3,797 Observations 3,796 3,796
R-squared 0.499 0.499 R-squared 0.879 0.879
Number of ATC5 FEs 971 971 Number of ATC5 FEs 971 971
of which, p < 0.1: 8 8 of which, p < 0.1: 711 762

Note. OLS models. Robust standard errors in parentheses. Asterisks denote significance levels (*p j 0.1, **p i
0.05,%**p ; 0.01).

26



Table 5: National cap, reserve price and winning bid

Cap > RP Cap = RP Cap < RP Tot.
WB < Cap WB=Cap WB<Cap WB=Cap | WB<Cap WB=Cap | WB<Cap WB=Cap
Obs. 2,835 (74.4%) 48 (1.3%) 174 (4.6%) 455 (11.9%) 223 (5.8%) 77 (2.0%) | 3,232 (84.8%) 580 (15.2%)
By region
Lombardia | 1265 (69.3%) 0 (0.0%) 151 (8.3%) 198 (10.8%) 157 (8.6%) 54 (3.0%) | 1,573 (86.2%) 252 (13.8%)
Veneto | 1570 (79.0%) 48 (2.4%) 23 (1.2%) 257 (12.9%) 66 (3.3%) 23 (1.2%) | 1,659 (83.5%) 328 (16.5%)

By drug class

A | 2069 (76.9%) 34 (1.3%) 103 (3.8%) 255 (9.5%) 175 (6.5%) 54 (2.0%) 2,347 (87.3%)

H 766 (68.3%) 14 (1.3%) 71 (6.3%) 200 (17.8%) 48 (4.3%) 23 (2.0%) 885 (78.9%)

Potential suppliers

mean 17.6 6.7 9.1 5.6 20.8 9.4 17.4
(sd) (24.3) (10.2) (13.6) (9.2) (22.9) (12.0) (23.8)
Prob(Sup=1) 0.11 0.33 0.23 0.25 0.04 0.22 0.11

343 (12.7%)

237 (21.1%)

6.2

(9.8)

Note. Total number of observations is 3,812. "Cap” , "RP” and "WB?” stand, respectively, for the national cap, the
reserve price and the winning bid. Suppliers measures the mean number of potential suppliers authorized to sell
that particular active ingredient in the Italian market (standard errors in parentheses); Prob(Sup=1) measures the
share of observations where the number of authorized suppliers is equal to 1.

remain similar. Moving to Table 4, we estimate two specifications, with and without
interactions. Similarly to the results gained studying winning bids, we obtain that a
log-transformed is better suited than a linear model in describing reserve prices.

For the third task, Table 5 below shows descriptive evidence of the relation be-
tween the national cap, the reserve price and the winning bid.

It turns out that, in 86.6% of cases, there are only 2 possible outcomes. In the
first and most likely (74.4%), the national cap is strictly greater than both the reserve
price and the winning bid. In these auctions, the number of potential suppliers is
on average equal to 17.6, and the probability that the awarded drug has only one
producer is 11%. In the second most likely outcome, the national cap, the reserve
price and the winning bid are all equal. These auctions are characterized by a low
number of potential suppliers, 5.6 on average, and a high probability (25%) of having
a single producer. This outcome is more likely to be found in drugs available only

to hospitals (type H), while we do not detect particular differences between the two
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PBs (Veneto and Lombardy).

5.3 Step 1: Drugs Heterogeneity and Firm’s Production Ef-

ficiency

Our dataset includes different drugs, which are categorized by their active ingredient,
the ATC5 code. Unfortunately, the number of observations is too small to compute
the conditional distribution of reserve prices and bids for each active ingredient. To
address the issue, we assume that the cost of each bidder 7 to produce a drug d in
auction ¢ can be separated into two components: a drug-specific, supplier invariant
and publicly known component, and a parameter ;; which is privately observed by
each bidder and defining his or her production efficiency. Specifically, and in line
with the preliminary evidence of Subsection 5.2 suggesting that reserve prices and
bids are well described using a log-transformed model, we assume that the marginal

costs for producing a drug d are given by the following equation:

Uid = F<Zd)9ti (21)

where z is a vector of drug specific covariates capturing all the observed heterogeneity

in the drugs purchased by the local PBs.

Then, we exploit the observation that multiplicative separability is preserved by
equilibrium bidding (Haile, Hong and Shum, 2003). Let 3;(u;, Ny, z) be the bidding

function of a bidder with valuation u;, and with N, bidders:

Bi(ug, Ny, z) = T'(2) By (ug, Ny, 20)- (22)

This preservation of multiplicative separability is useful, because it implies that the
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effects of covariates on valuations can be controlled for using a regression of bids on

covariates (Athey and Haile, 2005). Specifically, we estimate:

In bti =1In CL(Nt) + In F(Zt) + E4- (23)

where I'(z;) is a vector including FEs at the ATC5 level and for different dosage
forms. We add to the regression specification a binary variable equal to 1 for drugs

only sold to hospitals (on average, more expensive), and the log-quantity purchased.

We model a(N) using the actual competition —a set of binary variables identifying
auctions with either 1, 2, 3 or 4 or more bidders—, the potential competition in the
market —the number of firms that have been authorized to sell in Italy that particular
active ingredient— and the interaction between actual and potential competition. The
choice of this specification is driven by a specific characteristic of our institutional
setting: in Italy, drugs contracts are awarded using sealed bid auctions, where bidders

do not observe ez ante the number of firms that will enter the auction.

Let I'(z4) be a consistent estimate of I'(zy), and let z be such that:

Then —%4—— is an estimate of bY;, = B;(us, N, 2), i.e. the bid i would have
exp(In D(z4)) i
submitted in an auction for a good with valuation z, instead of z4. Therefore, bids’

homogenization is done by replacing each observed bid b;; with

by

A —
ti = = -
exp(InT'(zy))

Finally, exploiting the coefficients f(zd) estimated from the bids, we apply the

29



same transformation to reserve prices. The result is a dataset including winning bids
and reserve prices which would have been offered/set in auctions for an homogeneous
drug s.t. I'(29) = 1.

Using this standardized dataset, we can calculate the firms’ production efficiency:
following the approach of Guerre, Perrigne and Vuong (2000), we attempt to recover
the distribution F' () using information on the individual homogenized bids b%;. Our
estimator works as follows. We first recover the distribution G (b|V;) and the density
g (b|Ny) of Y., conditional on the number of participants to the auction.''Second, we
compute the pseudo private values 0;; as follows:!2

N, 1—G(DY|N;)

B = b2 —
' " Ny —1 g(bgi|Nt)

(24)

This pseudo sample of private values 6,; is then used to estimate nonparametrically
the density f (6) and the distribution F' (#) of private values. Figure 1 below shows the
estimated non-parametric density f (). In the next steps of our empirical exercise,
we use instead a normal parametric approximation of f (), N (fi, ). The estimated
i1 and & are equal to 0.1 and 0.21 respectively, and are significant at the 1 percent

level.

Figure 1: Density of ¢

H'We estimate separate distributions of bY; separately for auctions with Ny = 2, N; = 3 and
N, > 4.
12The derivation of Equation 24 is presented in Appendix B.
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As suggested previously, once we know f (6), the distribution G(0|N;) =1 — (1 —
F(0))Nt and density g(0|N;) = Ny f(0)(1—F(0))™~! can be recovered. This allows us
to compute g(p“(St, )| NV;) and G(p" (S, 1)|V;) in Equation (2), conditional on the

number of participants in each auction.

5.4 Step 2: Consumer Surplus

We recover now the distribution H of all S; by matching the theoretical probabilities
of the two observed bidding regimes described in Equation (2?) , S; < S(-), or

S, > S,(+), with their empirical probabilities.

On the one hand, Equation (?7) suggests that the local regulator t sets a reserve

price p; below the cap pj when S; < St(Nt, i, p), which occurs with probability:

Pr (S, < Se(Neop})) = H (Si(Ni, 7)) - (25)

On the other hand, the local regulator ¢ sets a reserve price p; equal to the cap

p; when S; > gt(Nt, i, p;), which occurs with probability:

Pr (S = Si(Ne, i) = 1= H (SN, 7)) (26)

EsTiMATION.  We expect St() to depend as well on a set of explanatory variables
X; which account for the characteristics of the economic environment under scrutiny,
and a vector of parameters [ to be estimated. Explanatory variables are related to
bidders’ and local regulators’ characteristics. In particular, as p is unknown, we need
to assume that p is a fonction of covariates such as the identity of the region where
the auction takes place and the type of drug auctioned. We also account for the
number of potential producers of one particular drug as well as the volume of sales

realized by the winning bidder. Hence, each individual cut-off S;(-) specific to an
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auction ¢ and a winning bidder j is defined as follows:

Sij = 6() -+ 51 MSiZ@ij -+ 62 SCLZ@SU + 63 Venetoij + 64 CZCLSS Aij + Hj -+ Eij,

where 6; is a bidder fixed effect, and ¢;; is an error term. Assuming that the dis-
tribution H is Normal with mean g and standard deviation o, the log-likelihood of

observing one specific pricing arrangement ¢ over period ¢t can be written as:

Ly (X, B, p,0,05,€i5) = Alog (Ht (gt(Xt,ﬁ, b;,€i5), 1t a))—l—Htlog (1 — H, (S’t(Xt, B,0;,€ij), 1, a)) ,

where {A, II;} are two dummies taking value one if the observed pricing arrangement

is of type {p", p*} respectively, and zero otherwise.
Observations being independent, the log-likelihood for our sample is just the sum

of all individual log-likelihood functions:

N
L(XtaﬁvlLvU? 9]'782']') = ZLt (Xt7ﬂvﬂao-7 ejagij)'

=1

REsuLTS. The results are presented in Table 6 below.

We can then compute the estimated S’t(Xt, B) and p (Veneto, ClassA, 33, B4> for
each one of the observations in our dataset. Table 7 below present the results for the

average auction.
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Table 6: Structural Estimation Results

Name I
Msize 0.162**
(0.079)
Sales 0.048**
(0.023)
Veneto 0.510**
(0.250)
ClassA 0.197*
(0.107)
12 0.710*
0.378
lop 1.012**
0.491
Bidders fixed effects yes
Log-likelihood —0.488
Number of observations 3,721

Note: Standard errors in parenthesis. ***: Significant at 1%, **: Significant at 5%,
*. Significant at 10%.

Finally, it is of interest to test whether our structural model is useful and ap-
propriate. To do so, we test our model against a simple probit specification where
the two pricing arrangements are chosen with probabilities Pr (p*) = ® (=X ), and
Pr(p*) =1— ®(—0X); ¢ being a vector of parameters to be estimated, X being the
set of the operator’s characteristics described above, and @ (.) being the c.d.f. of the
normal distribution. Since the two models are non-nested, we use a test proposed
by Vuong (1989). The null hypothesis is that both models are equally far from the
true data generating process in terms of Kullback-Liebler distances. The alternative
hypothesis is that one of the two models is closer to the true data generating process.
When the Vuong statistics is less than 2 in absolute value, the test does not favor

one model against the other.
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Table 7: Surplus threshold and local goverments preferences

Variable Average # of observations
Si(Xy, B) 1.571 3,721
(0.322)
Sy 0.710 3,721
(0.378)
S, if 0< S, < 8,(X,,5) 0.771 2,439
S, if S, > S,(X,, B) 2.117 500
1 0.322 3,721
w if Lombardia and Class A 0 1,261
w if Lombardia and Class A 0.197 524
w if Veneto and Class A 0.510 1,359
w if Veeneto and Class A 0.707 577
TO BE DONE

6 Counterfactual Simulations

We evaluate now the welfare effects of switching from a centrally imposed national
cap (the actual regulatory organization which serves as our benchmark) to two al-
ternative scenarios. The first scenario, entails full decentralization in the sense that
the local government is given full discretion to determine the optimal reserve price
(Conterfactual I). The second scenario corresponds to full centralization; in which
case the central government imposes a mandatory reserve price irrespective of local

market conditions (Conterfactual I7).

We then consider two switching regimes. A first one (Benchmark I - Counter-
factual I) focuses on all current auctions for which p, = p*, i.e., those with a high
surplus Sy > S (1, p*). In this case, the simulation exercise consists in computing an

alternative reserve price p; = p}, following equation (2) for each one of these obser-
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Table 8: Welfare: Benchmark versus Alternative Scenarios

Auctions, S; > gt(Xtvﬁ)

All auctions

Variable B, CF; % change By CFrp o % change

Surplus Sy 2117 2117 1.121  1.121

Reserve price Dy 0.512 0.572 +11.7 0.422  0.256 -39.3
Lowest cost prob. G(pe| Nt) 0.915 0.999 0.866 0.827

Weight ! 0.348 0.348 0.455 0.455

Net surplus (St — p)G(pe|Ny)  1.469 1.543 +5.0 0.605 0.715 +18.2
Firm profit PCGOIN)O  0.429 0489  +13.9 0.334 0.176  -47.3
Total welfare - Wi(pe) 1.618 1.713 +5.9 0.757 0.715* -5.5

vations. The second switching regime (Benchmark 77 - Counterfactual I7) focuses
on all current auctions, namely those with a high surplus S > $ (u, p*) for which
pr = p*, and those with a low surplus for which p, = p}’. The simulation exercise
consists then in computing an unique reserve price p; = p°, following equation (?7)

for all the observations.

To compare the different regimes, our main indicator of interest is welfare W (p;)
for local principal in auction t as a function of the reserve price p;. This objective

writes as follows:

Wi (p) = (St = p)GpudN) + 1 [ G(OIN)ab. (27)

In practice, we are not able to compute individual surplus quantities S; for auctions
with a high surplus. However, we can work at the level of the average auction, and

thus compute average values for each one of the terms in (27).

7 Conclusion
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Appendix A: Proofs of Theoretical Results

Proof of Proposition 1. Consider bidder 7 in auction ¢ whose cost realization for that
auction is ;. Denote also by b;(+) an equilibrium strategy at a truthful Bayesian-
Nash symmetric equilibrium at auction ¢ with N potential bidders and reserve price

p¢. Bidder i’s expected payoff when adopting the strategy bt(éti) while N — 1 other
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bidders at that auction bid b;(6;;) (j # i) then writes as
(bt(éti> — Qti)PTOba{bt(ém) < bi(05), 5 # i}
or
(bt(éti) - 9ti>PTOba{bt(étz‘) < bt(eij)J #1} = (bt(éti) — 0y)(1 — F(étz‘))N_l

where the second right-hand side equality follows when b;(+) is strictly increasing and

thus invertible.

Let denote by U,(6;;) bidder i’s expected payoff at the truthful Bayesian-Nash

symmetric equilibrium of this auction when his type is 6;;. By definition, we have:

Ui(0) = g}g}é(bt(éﬁ) — 04) (1 — F(0))N (A1)

and the max above is achieved at ém- =0y, i.e.,
U(01i) = (01(01) — 0)(1 — F(0,:))" 1. (A.2)
From the Envelope Theorem (Milgrom and Segal, 2002), we get
Up(6) = —(1 — F(0,:))V L. (A.3)

Integrating (A.3) and taking into account that the reserve price in that auction is

p¢ (which means that the bidder with type 65, = p; (resp. 0y > p;) bids b,(6};) = py
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(resp. by(6y) = 04) ) gets no surplus, yields an expression of this payoff as

Ve = [ (1= F(6))"~"db. (A4)

Taking into account (A.2) and (A.16) yields the expression of the equilibrium strategy

as

bi(0ri) = O + /:: (11__FF(SL)>> _ dy. (A.5)

Differentiating (A.5), this equilibrium strategy actually solves the following first-order

differential equation:

. 0,
b (8 = (¥ = DL b6 — 1) (A6)
with the boundary condition
bt(Pt) = Dt (A-7)

Because the right-hand side of (A.5) is non-negative, we have b,(6y;) > 6 for all
0;; < p; and thus the equilibrium strategy in (A.5) is strictly increasing in 6;; for

01 < pr.

Consider now the choice of a reserve price by the principal running auction t. We

observe that the per bidder expected payoff of that principal writes as

[ s = w0 - FO) @@+ [C U000 (AS)

or, using (A.2),

L7 (S =00 =P = (1= wUi®)) f(O)av. (A9)

39



Using (A.16) yields

/ept U(0)f(0)do = /ept (/ept(l _ F(é))N—ldé) F(6)do

Integrating by parts, we obtain

/9 " U.0)£(6)d0 = / "(1 = F(@)) ' F(0)de. (A.10)

S

Inserting (A.10) into (A.9) yields the expression of the overall expected payoff of the

principal running auction t as

Dt o B @ B N1
n/e (5} o (1 “)f(0)>(1 F(0)N1£(0)de. (A.11)

When given full discretion in choosing the reserve price, the principal in auction ¢
would thus choose a reserve price that maximizes (A.11). Finally, optimizing (A.11)

with respect to p; yields (2) O

Proof of Proposition 2. The symmetric equilibrium strategy in all first-price auctions

t with reserve price p° satisfies

(e

1
T F G

by(0,) = 0, + 1-F@) " 'dy Vb, e€®. (A.12)

The bidders’ rent in auction ¢ is also given by

(e

U(01) = /0 p (1— F(0))N'dp. (A.13)

Consider now the choice of a reserve price by the top principal. Proceeding as in

the Proof of Proposition 1, we compute the expression of the overall expected payoft
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of the principal per auction as

Es (n /:C (s 6 ];:((g))> (1- F(@))N—lf(e)cm) ,

or
o [ (Bsts) -0 - 58 ) - Foy oy e
Finally, optimizing (A.17) with respect to p° yields (3) ]

Proof of Proposition 3. The symmetric equilibrium strategy in all first-price auctions

t with reserve price p” (S, u) satisfies

" (St, 1)

1-F (19&))N—1 /0

by(0yi) = B4 + (1-F)" 'dy Vo, €0. (A15)

The bidders’ rent in auction ¢ is also given by

v = [ 0= o) s (A16)

Consider now the choice of a cap p* on the reserve prices by the top principal.
Proceeding as in the Proof of Proposition 1, we compute the expression of the overall

expected payoff of the principal per auction as

Es <n /:T(S’”) (S . ?éﬁf) (1- F(@))le(e)cm) ,

or

n / > ( /9 re (s —6- FW)) (1— F(6))N! f(@)d9> dH(S)

s f(0)
+n [SS </9p (s —0— ?8;) (1- F(@))N*f(@)d@) dH(S) (A.17)
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with p“(S*, u) = p*. Finally, optimizing (7) with respect to p* (or S*) yields (8) and
(9). O

Appendix B: Estimation for the Private Values Model

This section shows how the Guerre, Perrigne and Vuong (2000)’s approach which estimates
marginal costs using bids in first-price buyers-auctions needs to be adapted for a procure-

ment setting, where the firm offering the lowest bid wins.

Define now G (b|N;) the cumulative distribution function of all bids b that might be
observed at auction ¢ which has N; bidders bidding below the reserve price p; = b(p¢),
with g (b|Ny) being the corresponding density function. As noticed by Guerre, Perrigne
and Vuong (2000, Section 4), with a binding reserve price, the distribution of realized bids

below that price satisfies

G (b (0) [Nt) = Pr(byi = be (0i) < b (0) |b:(0) < b(pr) =pr) =Pr (0 <610 <p) =

where the last-but one equality follows from b;(-) being increasing.

Observe also that the probability that IV; bidders bid below the reserve price is given
by the binomial formula (where the dependence on the reserve price is made explicit for

future references)

N
proba(N¢|p:) = N (1-— F(pt))N_NtF(pt)Nt. (B.2)

From this and the fact that the bidding strategy b; (f) defined in (A.5) is strictly in-

creasing and differentiable, it follows that the density function § (b|/N¢) which is defined for
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all b in the range of the equilibrium strategy [b:(8), p¢] as

(b (0)|N,) = Vo € ©. (B.3)

Thus, the ordinary differential equation (A.6) can be rewritten as:

1-— F(pt)é (bm|Nt)

(9,57; = bti - (N _ 1) F(pt)g (bm’Nt) '

(B.4)

A further difference with Guerre, Perrigne and Vuong (2000) is that we observe winning
bids only. In Athey and Haile (2002), winning bids are considered equal to the minimum
order statistics of G (b|Ny) given the level of actual competition Ny, i.e., the number of
bidders bidding below the reserve price. Here, since we consider procurement auctions they
should be considered equivalent to the first-order statistics with cumulative distribution

function G (b|N;) and density function g (b|N¢) equal to:
- N
G(BIN) =1~ (1= G 0]N)) (B.5)

and

~ N¢—1
g (BIN;) = Nig (BINy) (1= G (BIN)) (B-6)

Inserting (B.5) and (B.6) into (B.4) yields the structural equation (B.7):

(B.7)

_ 1
0s: = by — Ny 1—=G (bu|Ne) [ (1 =G (bii|Ny)) ™ 1
BTN g (bul V) F(py) '

which is (24) in the text Text to be modified. Observe that this equation depends on
the number of active bidders Ny and the reserve price p; that pertain to auction ¢. This

reserve price may itself be equal to the cap p* chosen at the national level.

Condition (B.7) allows to recover the truncated distribution of types F (6| Ny,p;) for

0 < p; from the distributions of winning bids in auctions with V; participants and a reserve
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price p;. Integrating over realizations of Ny and the possible values yields the following

unconditional distribution of 6 as

N
F(0) =Es (Z proba(N|p" (S, u,p*))F(H\Nt,p’"(S,u,p*))F(p’"(S,u,p*))) (B.8)

Ne=1
where
p"(S, 1, p") = min {p"(S, ), p*} (B.9)
with
_ _  E eS8 )
S=p*(Sp+(1 'u)f(p“(S,,u)) (B.10)
Eg(S|S > %) = p* + 1;((5)) (B.11)
and
§* =+ (1= ) 20D (B.12)

The unknowns are the distribution F' for 6, the distribution H for S and the parameter
p. What is deduced from observations are the distributions F' (8| Ny, p" (S, i, p*)), the dis-
tributions of non-binding reserve prices as in (B.12) that should allow us to recover the
conditional distribution H(S) = %, the (empirical) probability 1 — H(S*) that this cap
is binding and thus its complementary probability H (S*) that this cap is not binding. The
cap p* determines the upper bound S* by (B.12), so that knowing how the distribution of

H is shaped above S* does not really matter. (More precisely, (B.11) is not really useful.)
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