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Introduction

@ We consider a two-level hierarchical delegation model with a nested auction:

o At the local level, public bodies run auctions for the provision of public services.
@ At the top, the national layer also imposes a uniform cap on reserve prices.

o Local governments are better informed on local conditions and free to fix
reserve prices below that cap to possibly adapt to local conditions.
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Introduction

@ We study the rules vs. discretion trade-offs between in three reserve pricing strate-
gies:

o Full Centralization: The national authority sets a uniform reserve price across
all regions, limiting local discretion and the risk of local capture.

o Full Decentralization: Local authorities have complete freedom to set reserve
prices based on their specific market conditions, with no national oversight.

o Partial Decentralization: Local authorities can set reserve prices, but within

limits or guidelines imposed by the national authority, balancing local knowl-
edge and central oversight.
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Introduction

@ We estimate a structural model of such a hierarchical regulation in the case of the
Italian drugs industry where partial decentralization applies.

@ We recover the distribution of costs and the distribution of local surplus.

@ We provide an empirical analysis of the costs and benefits of decentralization.
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Introduction

@ In terms of counterfactuals, we simulate two alternative scenarios:

@ Under full decentralization, a local government has full discretion to determine
the optimal reserve price.

o Under full centralization, a central government imposes a mandatory uniform
reserve price.

@ Our results suggest that full decentralization, which guarantees that local market
features are well identified in the regulatory process, would increase total welfare by
5.9% while full centralization mostly harms welfare.
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The Drugs Industry in Italy

The Italian Medicines Agency (Agenzia italiana del farmaco, AIFA) is the key public
institution overseeing pharmaceutical regulations in Italy.

Marketing Authorization

For a drug to be marketed in Italy, it must receive Marketing Authorization from either:
@ AIFA, or

@ The European Medicines Agency (EMA)

y
Conditions for Prescription
Once authorized, a drug may be prescribed at the national health service's expense if:

@ It is essential for treating chronic diseases.

@ A price has been negotiated between the producer and AIFA. )
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Data and the Italian Pharmaceutical Industry

Classification of Drugs

Drugs are classified into three distinct categories based on their eligibility for prescription
under the national health service:

@ C Class: Not covered by the national health service. Prices must be paid in full by
consumers; prices are regulated and may increase only every two years.

@ A (lass: Covered by the national health service. Includes patented drugs, drugs
without generics available, and those with generics. Generally requires a small co-
payment from patients.

@ H Class: Reserved for hospital use only and fully funded by the national health
service.
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Data and the Italian Pharmaceutical Industry

Drug Purchase Procedures

@ Public buyers (PBs) aggregate drug purchases into lots, with separate tenders for
each.

@ Each lot has common rules for supplier requirements, bank guarantees, etc.

@ Lots have minimal drug heterogeneity, often including a single type of drug or similar
drugs (e.g., same active ingredients but different dosages).

@ Lots are awarded to the lowest price bidder.

@ PBs set a reserve price, the maximum price they are willing to pay for drugs.
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Data and the Italian Pharmaceutical Industry

Drug Purchase Procedures

@ PBs must follow specific rules for the prices of C-A-H Classes.

@ C Class: The purchasing price cannot exceed the maximum retail price declared to
AIFA. Wholesale orders usually get much lower prices than retail, so C list prices are
rarely binding.

@ A Class:

o No generic/equivalent: Price cannot exceed a transformation of the price ne-
gotiated between AIFA and the producer.

o Generic/equivalent available: Price cannot exceed the reference price in the
transparency list, common to all drugs with the same active ingredient, dosage,
and pharmaceutical form.

@ H Class: Price cannot exceed a transformation of the price negotiated between AIFA
and the producer. This transformed price, the "ex-factory price,” is reported in the
H list.
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Data and the Italian Pharmaceutical Industry

@ The main dataset includes transcripts from 3,812 drug auctions conducted in the
Italian regions of Lombardia and Veneto from 2016 to 2020.

@ Reserve price set for each auction.

@ Detailed description of the awarded drugs, characterized by: active ingredient,
dosage, dosage form.

@ Total quantity purchased.
@ Number of firms participating in each auction.

@ Winning bid amount.
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Data and the Italian Pharmaceutical Industry

@ Identities of the winning supplier and the Public Buyer (PB) managing the auction.
@ National Caps on Reserve Prices set by the central regulator.

@ Set of potential bidders: count of firms allowed to sell each active ingredient in the
Italian market, sourced from the list of national caps.

@ Data gathered from the Orbis dataset by Bureau Van Dijk: Includes key financial
indicators of firms that have won at least one auction.
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The Model

Full Decentralization

@ The top principal does not impose constraints on reserve prices.
@ At the local level, the value of the service S; is common knowledge.

@ Each firm knows only its own cost 0;;, remaining ignorant of the values of 0 of the
other bidders.

@ At p = 0, the principal prioritizes consumer surplus; at u = 1, focuses on efficiency
without extracting firms' information rent. This implies potential local government
capture by industry without specifying the mechanism (Baron and Myerson, 1982).

@ Local principal weights bidders’ profits in its objective function, with weight u €
[0,1].

@ Local governments have full autonomy and they are unconstrained in setting the
reserve prices p;(Se, i), that depend both on the local conditions and preferences
for efficiency.
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The Model

Full Decentralization

Proposition

There exists a symmetric and non-decreasing equilibrium strategy in a first-price auction
with reserve price p: that satisfies

Pt
O + — 1—F(y)" tdy ifx <p!
b(6r) = 4 T R /@it (L= F)™ " dy i O < pe (1)
0 otherwise

The optimal reserve price p{(St, i) that would be chosen under full decentralization sat-
isfies F (50, 1)
u Pt ty 1
Se =p: (Se, ) + (1 — p) 77—+ 2
t t( t :u‘) ( 'u)f(Pé'(St,u)) ( )

y
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The Model

Full Decentralization

@ Note that the optimal reserve price does not depend on the number of bidders.

@ Because the principal cares about the bidder's expected profit, the reserve price is
higher than what the principal would choose when only concerned by the expected
net benefits of the service.

@ Optimal reserve price p{(St, ) depends on gross surplus S;.
@ Price is non-decreasing in both S; and p.

@ Trade-off leans toward efficiency rather than extracting bidders’ rent.
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Full Decentralization

u

Pt
@ Bidder's Expected Profit: U(p{) = / (b:(0) — 0)(1 — F(0))""1F(6)d6.
6

Pt
@ Overall Expected Surplus: S(pf) = / (St — 0)(1 — F(0))V"1F(0)d6.
0
@ Principal’s Objective: S(p;) —U(pt) + pd(pt).
@ Reserve price pf'(St, 1) affects trade efficiency.

@ Higher weight (1) towards firms' profits leads to less inefficiency.

@ Raising reserve price increases surplus:

S'(pt)dp = (St — pi(Se, 1)) (1 — F(pt (Se, )" £ (pi! (St 1)) dp > 0
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The Model

Full Centralization

Proposition

The optimal reserve price p© that would be chosen by the top principal under full central-
ization satisfies

Es(S) = p° + ’;((5)) (3)

Implications:

Central government chooses a uniform reserve price across all local governments.

o

@ Not captured by the bidders’ interests and aims to minimize bidder profit.

@ Greater emphasis on extracting winning bidders' surplus than local governments.
o

Uniform pricing ignores variation in local service values (Uninformed about local
service values and market conditions.)

@ Downward price distortion is more significant.
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The Model

Partial Decentralization

This is the system implemented in the Italian drug market.

@ Combines local information with central oversight.

Need for a Cap:

o Capture at the local level often inflates reserve prices.

@ Prices below that cap will reflect local information and are likely to come from
a low value of the surplus

@ A cap ensures reserve prices align more closely with national objectives.

@ Constrained Optimum:

pL(Se. 1) = min{pt(St, 1), p°}- (4)
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The Model

Partial Decentralization

@ Threshold Surplus Value, §(u, p*), it's the surplus value at which the unconstrained
reserve price equals the cap:

pe(S(u,p™)p) = p° (5)
@ The threshold is given by:
s F(p")
S(p,p")=p" + (1 - . 6
(m,p")=p"+(1—p) (o) (6)
@ The constrained local optimum becomes:
, . pU(S, 1) if S € [0,5(up")],
(5 oty = { PSS € [0.5080) ™
p if S > S5(u,p*) .

@ If surplus is above §(u, p*), the cap binds, and the reserve price is fixed by the top
principal.
@ If surplus is below, the local principal sets the reserve price, reflecting local informa-
tion.
18/35



Partial Decentralization

The constrained local optimum becomes:

(S, S € (0.5 p)],

s 8
p* if $>5(u,p*) . (®)

p'(S 1, p") = {

@ If surplus is above §(u, p*), the cap binds, and the reserve price is fixed by the top
principal.

@ If surplus is below, the local principal sets the reserve price, reflecting local informa-
tion.

Proposition

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>8)=p" + ';((Z)) (9)

where
S=p"+(1-p)




Structural Econometric Model

Bid and reserve price homogenization

@ The dataset includes different drugs, categorized by their active ingredient (the ATC5 code).
@ The number of observations is too small to compute the conditional distribution of reserve
prices and bids for each active ingredient.
@ We assume that the cost of each bidder i to produce a drug d in auction t can be separated
into two components:
@ A drug-specific, supplier-invariant, and publicly known component.
@ A parameter 0y, which is privately observed by each bidder and defines their produc-
tion efficiency.

Uitg = [(24)0;t

z is a vector of drug-specific covariates capturing all the observed heterogeneity in the drugs
purchased by the local PBs.
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Structural Econometric Model

Bid and reserve price homogenization

@ Multiplicative separability is preserved by equilibrium bidding (Haile, Hong, and
Shum, 2003).

@ Let B:(ue, Ni, z) be the bidding function of a bidder with valuation u; and N, bidders:

ﬁt(ut, Nt7 Z) = r(z)ﬁt(ut, Nt, ZO).

@ This property allows us to control for covariate effects on valuations using a regres-
sion of bids on covariates (Athey and Haile, 2005).
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Structural Econometric Model

Bid and reserve price homogenization

In by = Ina(Ne) + InT(z) + &4

@ [(z) is a vector containing fixed effects (FEs) at the ATC5 level and for different
dosage forms.

@ We include a binary variable for drugs sold only to hospitals (typically more expen-
sive) and log-quantity purchased.

@ We model a(N) using:

@ Actual competition: binary variables identify auctions with 1, 2, 3, or 4+
bidders.
o Potential competition: number of firms authorized to sell a specific active

ingredient in ltaly and
o Interaction between actual and potential competition.

In Italy, drug contracts are awarded through sealed bid auctions where bidders do not
observe ex ante the number of entrants.
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Structural Econometric Model

Bid and reserve price homogenization

~

I(z4) is a consistent estimate of [(z4),

@ Let 7y be defined as:

r(Zo) =1.
@ The normalized bid is:
0 by
bti = = )
M(za)
representing the bid that bidder i would submit for a good with valuation z instead

of Zd.

@ Using the coefficients F(zd) estimated from the bids ,we apply the same transfor-
mation to reserve prices.

23/35



Estimating Production Efficiency

@ Using the standardized dataset, we calculate firms' production efficiency following
Guerre, Perrigne, and Vuong (2000).
@ Our goal is to recover the distribution F(0) using information from the homogenized
bids bZ..
@ Our estimator involves:
@ Estimating the distribution G(b|N;) and density g(b|N;) of b2, conditional on
the number of auction participants. We estimate these distributions separately
for auctions with Ny =2, N; = 3, andANt > 4.
@ Computing the pseudo private values 0y;:

Ne 11— G(bY|N:)

0 = bY —
T N -1 g(bYN)
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Non-Parametric Density Estimation:

The pseudo sample of private values @,- is used to estimate non-parametrically the density
f(0) and the distribution F(6) of private values.

2.59

Non-parametric —- Normal

1.51

0.57

0.6 0.3 0 03 0.6 0.9 12
Density theta
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Structural Econometric Model

Parametric Assumptions:

@ In subsequent steps of our empirical analysis, we use a normal parametric approxi-
mation of f(0):

N(D,6),
with estimated values:
e 1 =0.1
e ;1 =0.21

@ Both estimates are significant at the 1% level.
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Structural Econometric Model

Conditional distributions of the reserve prices

@ Once f(0) is known we can recover

G(O|Ne) =1 — (1 — F(6)™

and
g(0INe) = NeF(0)(1 — F(0))" .

@ This allows us to compute g(p“(St, 1)|N:) and G(p“(St, p)|N:) in Equation (2),
conditional on the number of participants in each auction.
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Structural Econometric Model

Recovery of the distribution of the consumer surplus

@ There are two regimes : S; < 5,(-) and S; > 5:(").

@ We match the theoretical probabilities of the two observed bidding regimes with
their empirical probabilities.

First Regime: R R
Pr(Se < Se(Ne, p, pi)) = H(Se(Ne, i, pr))-

@ Local regulator t sets a reserve price p; below the cap p; when S; < §t(Nt,;L,pt*).

Second Regime:

Pr(Se > Se(Ne, 1, pi)) = 1 — H(Se(Ne, 11, p7)).

@ The local regulator t sets a reserve price p: equal to the cap p; when S; >
St(Ntvll»P:)-
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Structural Econometric Model

Recovery of the distribution of the consumer surplus

° §t() depends on explanatory variables X; (characteristics of bidders and local reg-
ulators) and a vector of parameters 3 to be estimated.

@ Since p is unknown, we assume it depends on covariates: region where the auction
occurs and the type of drug auctioned.

@ Other covariates considered:
@ Number of potential producers of the drug.

@ Volume of sales by the winning bidder.

The equation for the threshold surplus:

S = Po + B1 Msizejj + 32 Sales;j + 33 Venetojj + f4 Class Ajj + 0; + ejj.
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Structural Econometric Model

Recovery of the distribution of the consumer surplus

Log-Likelihood Function: Assuming that the distribution H is normal with mean p and
standard deviation o:

L, (Xtaﬁvyba-%ej?gij) = A |Og (Ht (gt(XtvﬂvebsijLV?vO?))

+ IM; log (1 — H; (§t(Xt,,B, 0;,€ij), 12, 02)) .

where {A;, M} 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(Xt7ﬂ71/270-279j75ij) = Z Lf (Xt,ﬁ7l/2,0'2,9j,€ij) .

i=1
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Recovery of the distribution of the consumer surplus

We compute the estimated §:(X:,B) and u (Veneto, ClassA, 33, 34) for each one of the
observations in our dataset.

Table 6: Structural Estimation Results

Name 1
Msize 0.162*
(0.079)
Sales 0.048*
(0.023)
Veneto 0.510*
(0.250)
ClassA 0.197*
(0.107)
vy 0.710*
0.378
23 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%.
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Structural Econometric Model

Recovery of the distribution of the consumer surplus

Table 7: Surplus threshold and local goverments preferences

Variable Average # of observations
8,(X:, B) 1.571 3,721
(0.322)
Sy 0.710 3,721
(0.378)
S,if0 < S, < 8,(X,, B) 0.771 2,439
S,if S, > Su(Xe, B) 2117 500
W 0.322 3,721
w if Lombardia and Class A 0 1,261
wif Lombardia and Class A 0.197 524
wif Veneto and Class A 0.510 1,359
wif Veneto and Class A 0.707 577
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Structural Econometric Model

Counterfactuals

@ Counterfactual I: switching from the benchmark situation described below to Full
Decentralization:

o Benchmark: Focuses only on auctions where p, = p* (high surplus, S; >

S(u,p)).

e Simulates new reserve price p; = py.

@ Counterfactual Il: switching from the benchmark situation described below to Full
Centralization.

@ Benchmark: Focuses on all current auctions (high and low surplus).
o Simulates uniform reserve price p = p°.
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Structural Econometric Model

Counterfactuals

Welfare Function:W, (p;) for local principal in auction t.

We(p) = (: = p)GlpN) + 1 [ GOl

(11)

Individual surplus quantities S; are challenging to compute for high-surplus auctions and
we compute average values at the level of an average auction.

Table 8: Welfare: Benchmark versus Alternative Scenarios

Auctions, S; > $,(X,, B)

All auctions

Variable B, CF, % change By CFi; % change

Surplus S 2117 2117 1121 1121

Reserve price Dt 0.512 0.572 +11.7 0422 0.256 -39.3
Lowest cost prob. (p,lN,) 0.915 0.999 0.866 0.827

Weight 0.348 0.348 0.455 0.455

Net surplus (St pt)G(pt\Nt) 1.469 1.543 +5.0 0.605 0.715 +18.2
Firm profit fp‘ (6| Ny)do 0.429 0.489 +13.9 0334 0.176 -47.3
Total welfare We (p) 1.618 1713  +59 0.757 0.715° 5.5
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Preliminary: Nonparametric structural approach

Quantile approach

Pr(B < b) = Pr(op(6) < b) = Pr(6 < o7'(b)) = G(b) = F o o7 (b), where G(b) =
Pr(B < b) is the cumulative distribution of the data.

The cdf approach from above can be written in a quantile way: G~ 1(a) = oF o F~1(a),
where o € [0, 1].

The bidding equation

ENe N [Fee) _ _
G, Y alpe, Ne) = # - — / vNeTLE=N (V) if o > F(py), (12)
alVt alVt |,
where F = 1 — F.Equivalently:
_ o __y __ _
G (alpe, Ne) + -G Y(alpe, Ne) = F~ (), a > F(pe). (13)

The optimal reserve price equation

u _ F(p"(St,1)) _ H & *
Pr(57ﬂ, P*) _ P (51‘7#’) + (1 :u‘) f(pu(Se,m)) — 90(21‘) + ety If S < ‘?(iu’Vp ) ) (14)
p* if S > S(u, p*) .
We estimate F, p and ¢ using the joint system of equations above. ¢; independent of 6
is a necessary condition for the reserve price to be exogenous.
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