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Abstract. Entry may remain limited when firms must incur substantial fixed costs
without assurance that buyers will recognize their quality or that they can reach
sufficient demand. Can governments alleviate these barriers while preserving com-
petition? We study China’s centralized drug procurement program, which requires
bioequivalence (BE) certification for auction participation and guarantees winners
access to a large share of demand. Certification alone raises prices but generates
little entry or quantity expansion; once procurement links certification to market
access, roughly one-quarter of winners are new entrants and prices fall substantially.
We develop and estimate a model of entry, certification, procurement auctions, and
post-auction competition that separates the information, market-access, and fixed-
cost channels. Comparing centralized procurement with a direct entry subsidy, we
show that centralized procurement can promote entry while maintaining compet-
itive discipline: it helps firms recover fixed costs, but allocates valuable market
access through competitive bidding.

1. Introduction

Capable producers do not necessarily become effective competitors. Entering a
market requires substantial upfront investments in product development, production
capacity, and distribution. Recovering these costs is difficult when market access is
uncertain: fragmented purchasing and established buyer relationships make demand
hard to reach. Consumers may also be unable to verify the quality of unfamiliar
products. These frictions can make entry unprofitable even for capable firms: high
fixed costs are difficult to recover when access to demand is uncertain and buyers
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cannot readily assess product quality. Pharmaceutical markets provide a prominent
example, as producers of therapeutically equivalent generics often struggle to displace
established and branded firms. Similar barriers arise in food safety, professional
services, education, and digital platforms.

This paper studies what government policies can overcome barriers to entry while
preserving competition. Standard policy tools address the underlying frictions only
partially. Entry subsidies lower upfront costs but do not ensure access to buyers or
resolve quality uncertainty. Certification can establish credibility, but it imposes an
additional cost and, by itself, provides no assurance of demand. Centralized procure-
ment offers a distinct approach: by aggregating purchases across many buyers, it can
provide suppliers with access to a large pool of demand, while an auction can disci-
pline the prices at which that access is granted. When participation is conditioned on
certification, centralized procurement can also link market access to verified quality.
The overall effects are nevertheless ambiguous. Greater access to demand may en-
courage entry, but competitive bidding compresses margins and certification raises the
cost of becoming eligible. Whether such a policy ultimately expands entry, improves
the composition of suppliers, and lowers prices is therefore an empirical question.

We study this question in China’s pharmaceutical market, a setting in which
each of these frictions has historically been important. Before recent reforms, many
off-patent drugs remained expensive despite the presence of domestic generic manufac-
turers. Consumers and health-care providers had difficulty assessing generic quality,
while recurring scandals and weak regulatory oversight reinforced their skepticism,
allowing established and branded products to retain a substantial advantage. At the
same time, procurement was also fragmented across hospitals and regional purchasing
alliances, so suppliers seeking to expand had to reach many buyers individually and
incur substantial marketing and distribution costs. The combination of uncertain
product credibility and fragmented access to demand made China a natural setting
in which to study how certification and centralized procurement reshape firms’ incen-
tives to enter and compete.

The Chinese government responded with two closely related reforms. Beginning
in 2016, generic manufacturers could obtain bioequivalence (BE) certification, provid-
ing an informative signal that their products were therapeutically equivalent to the
reference branded drug. China then introduced centralized volume-based procure-
ment (CVBP), first through a pilot in 2018 and nationally in 2019. Under CVBP,
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certified generic firms compete in centralized auctions, and winners receive imme-
diate access to a large, guaranteed volume of demand across designated provinces.
Together, the reforms pair a quality signal that reduces informational frictions with
a procurement mechanism that expands market access.

Our analysis combines several data sources covering 2012 through 2025. We as-
semble a panel of quarterly prices and quantities for several thousand off-patent drugs
across 25 Chinese provinces, records of BE certification applications and outcomes,
and procurement data on bids, winners, and province assignments. The sequential
introduction of the reforms creates three distinct regimes: markets initially operate
without certification or centralized procurement, then transition to certification alone,
and, for procured drugs, subsequently combine certification with centralized procure-
ment. Following firms across these regimes allow us to distinguish the informational
role of certification from the market-access and cost effects of procurement.

We begin by documenting several empirical facts that help separate the roles of
information, market access, and cost reductions. First, certification has market value
but only a limited standalone effect on expansion. Obtaining BE approval allows a
generic product to command a higher price than uncertified products, indicating that
certification conveys meaningful information about quality. Yet certification leads to
little expansion in the quantities sold by newly certified firms. This contrast suggests
that certification can increase perceived quality and willingness to pay but, on it own,
does not overcome barriers to market access.

Second, centralized procurement is associated with a sharp increase in entry and
a broad reallocation of demand. Roughly one-quarter of auction winners are new
entrants that had not previously sold the drug. Following procurement, certified
generics account for more than 80% of quantities, while the branded share falls from
about 40% during the certification-only period to about 10%. Because auction partic-
ipation requires BE approval, these patterns are consistent with guaranteed market
access increasing the returns to certification and entry, enabling certified generics,
including new entrants, to challenge established brands.

Third, generic firms bid far below their previous prices: the median bid is just
31% of the price by the same firm before procurement and is well below the pre-
procurement marginal cost implied by conventional markup estimates. The coexis-
tence of low bids and substantial entry suggests that procurement does not promote
entry by shielding firms from competition. Instead, the evidence is consistent with
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procurement reducing the costs of reaching and serving buyers through lower mar-
keting expenses and economies of scale, while the auction induces firms to pass these
savings through in their bids. Procurement therefore makes entry viable by expanding
market access and lowering costs while preserving competitive discipline.

To quantify these mechanisms and evaluate alternative policy designs, we develop
and estimate a model of firm entry, quality certification, procurement auctions, and
post-auction price competition. Potential entrants differ in privately observed quality
and face heterogeneous fixed costs of entry and certification. Firms choose whether
to enter and seek certification, while consumers do not observe underlying quality
and infer it from certification status. Certification is an informative but imperfect
signal of quality. Certified firms then compete for guaranteed market access in split-
award auctions, and procurement may further reduce costs through economies of scale.
A key equilibrium feedback is that procurement changes the returns to entry and
certification, while the resulting entry changes consumer beliefs and the composition
of the bidder pool. The model allows us to separate the information, market-access,
and scale channels through which procurement affects entry, auction competition,
and downstream outcomes.

A key challenge for identification is that product quality is unobserved. We
address this challenge by combining information from firms’ certification applications
and approval outcomes with market data from the periods before certification was
introduced and after procurement was implemented. We do not use the intermediate
certification-only period for identification because firms may have anticipated future
procurement opportunities, and because entry, testing, and certification decisions take
time to adjust. Instead, we use this regime later as a counterfactual benchmark.

Identification proceeds in several steps. Pre-certification demand identifies price
sensitivity and the distribution of perceived product quality before certification con-
veys information. Post-procurement market shares identify perceived quality con-
ditional on certification status and the strength of the demand guarantee. Non-
winners’ downstream pricing decisions identify marginal costs, while procurement
bids and province assignments discipline the economies of scale generated by winning
additional markets. Together, these steps recover the key demand and cost objects
governing downstream competition.

The final step exploits firms’ entry and testing decisions as well as certification
outcomes to recover the latent composition of firms, the certification technology, and
the distributions of entry and certification costs and to separate consumers’ valuation
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of quality from equilibrium beliefs. Certification applications and approval outcomes
provide direct information on firms’ incentives to seek certification and on the selec-
tivity of the certification process. We combine these moments with the demand-side
perceived-quality measures recovered in the previous steps and with differences in
the cost distributions of certified and untested products. The identification strategy
closely mirrors the structure of the model, linking observed entry, testing, certifi-
cation, pricing, and bidding behavior to the underlying primitives governing firm
behavior.

We use the estimated model to evaluate the effects of certification and central-
ized procurement. Certification alone reduces informational frictions but has limited
ability to induce entry when firms still face substantial barriers to reaching buyers.
Linking certification to procurement access raises the return to entry and attracts
firms that had not previously participated in the market. At the same time, allo-
cating access through an auction intensifies competition among both entrants and
incumbent producers. Procurement therefore does more than reallocate demand to-
ward a selected set of firms: it changes which firms enter, which firms invest in
certification, and which firms compete for the market.

We then compare centralized procurement with a direct entry subsidy calibrated
to induce the same amount of entry as procurement. Both policies can increase the
return to entering, but they operate through different mechanisms. An entry sub-
sidy lowers firms’ fixed costs without directly addressing informational frictions or
guaranteeing access to buyers. Procurement instead links verified quality to imme-
diate market access and allocates that access through competition. The comparison
therefore allows us to quantify whether government demand can induce entry more
effectively than a subsidy, while also generating lower prices by expanding and chang-
ing the pool of competing firms. More broadly, the analysis connects procurement to
a pro-competitive form of industrial policy. Rather than selecting firms for protection
or subsidizing entry directly, the government can reduce barriers to participation and
allocate access to demand through competition.

1.1. Literature Review. This paper contributes to three strands of literature: cer-
tification and quality regulation, procurement and entry, and auction design.

First, we contribute to work on certification and quality regulation in markets
with imperfect information. Theoretical work shows that disclosure and certification
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can redirect demand toward higher-quality sellers and strengthen incentives to in-
vest in quality, but their effects depend on signal credibility, how consumers interpret
certification, and certifier incentives (Dranove and Jin, 2010). Minimum-quality stan-
dards and licensing can reduce adverse selection, but they can also raise entry costs
or induce excessive investment in credentials (Leland, 1979; Shapiro, 1986).

Empirical work examines how quality signals affect market outcomes in practice.
In pharmaceutical markets, Atal et al. (2022) show that bioequivalence regulation in
Chile increased demand for certified generics and shifted entry toward higher-quality
products, while Ishitani (2025) studies how intermediaries use quality disclosures to
discipline product quality in the generic pharmaceutical market. Evidence from other
markets similarly shows that public and platform certification can change demand:
restaurant hygiene grades shift consumer behavior and improve quality, and eBay
certification is more valuable when sellers lack established reputations (Jin and Leslie,
2003; Elfenbein et al., 2015).

In our setting, BE approval was a relatively new and imperfect signal of quality,
and consumers may have continued to view certified generics as inferior substitutes
for incumbent products. We show that certification has market value, but an im-
perfect signal need not automatically expand the market or fully resolve information
asymmetry. Certified firms may still face limited demand without complementary
market-access mechanisms.

Second, we contribute to work on procurement and entry. Evidence from pro-
curement across various industries shows that bidder participation is endogenous and
responds to entry costs, bidder preferences, set-asides, publicity rules, buyer discre-
tion, and contract complexity (Li and Zheng, 2009; Krasnokutskaya and Seim, 2011;
Athey et al., 2013; Coviello and Mariniello, 2014; Coviello et al., 2018; Bajari et al.,
2008; Kang and Miller, 2022). This literature motivates our treatment of procure-
ment design as a policy that affects both firm participation and prices conditional on
participation.

The pharmaceutical procurement literature shows that centralized purchasing
and competitive bidding can lower drug prices while also affecting supply, selection,
and market structure. Studies of procurement systems that use competitive bidding
or aggregate demand across buyers show that these effects depend on competition,
supplier concentration, buyer heterogeneity, and supply responses (Danzon et al.,
2015; Dubois et al., 2021; Brugués, 2020; Allende et al., 2024). Related work on
China’s centralized drug procurement program documents large price reductions and
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broader market responses, including changes in firms’ sales and marketing incentives
(Cao et al., 2024; Zhang et al., 2025; Liu et al., 2025). We contribute to this litera-
ture by showing that procurement can operate as a market-access policy, not only as
a purchasing mechanism. Because auction eligibility requires BE certification, pro-
curement changes firms’ incentives to become certified as well as their downstream
bidding and post-auction competition.

Importantly, we study the complementarity of quality certification and market
access through procurement in addressing information asymmetry and market power.
Work on quality thresholds and qualification rules shows that screening affects bidder
participation and procurement costs (Cripps and Ireland, 1994; Estache and Iimi,
2012). In our setting, BE approval creates an informative but incomplete quality
signal. Procurement makes this signal payoff-relevant by using certification as an
eligibility requirement for guaranteed demand, while certification determines which
firms can compete for the procurement prize. This interaction is central to our anal-
ysis.

Third, we connect to a large body of literature on auction design. Classic
mechanism-design work studies procurement with private costs and non-price at-
tributes (Che, 1993; Manelli and Vincent, 1995). Scoring and multidimensional auc-
tions can improve outcomes when price and quality both matter (Asker and Cantillon,
2010). China’s design instead screens quality through BE certification before running
a price-focused auction. This separation can be attractive when certification is in-
formative, but it also shifts participation toward firms with stronger incentives to
become certified.

An important feature of China’s CVBP program is its use of split-award auctions.
Split awards can preserve multiple suppliers, but their desirability depends on coordi-
nation, investment incentives, and the efficient number of firms (Anton and Yao, 1992;
Chaturvedi et al., 2014; Gong et al., 2012). Closest to our paper, Zhang (2023) studies
the consequences of split-award procurement in China’s pharmaceutical market. We
extend this literature by linking procurement design to firms’ incentives to invest in
quality certification and enter the market, and by analyzing how procurement-induced
market access affects subsequent competition and prices.

2. Institution and Data

This section provides the institutional and empirical background for our analy-
sis of certification, procurement, and competition in China’s pharmaceutical market.
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The setting is particularly useful because a firm’s access to centralized procurement
depends on obtaining bioequivalence (BE) certification, creating a direct link between
quality regulation and market access. After describing the industry, policy environ-
ment, and data, we document several patterns that guide the construction of our
model, including firms’ certification decisions, participation in procurement auctions,
and the resulting effects on entry and competition.

2.1. Institutional Background. China’s pharmaceutical market is the largest in
the world by consumption volume and the second largest by revenue. A defining
institutional feature is the central role of hospitals in drug distribution: approximately
85% of prescription drugs are dispensed through hospital pharmacies rather than
retail outlets, reflecting a system in which prescribing and dispensing are integrated
within the same institution. Patients receive drugs following physician consultations,
and their choices are largely determined by the products stocked in the hospital
pharmacy. Public health insurance covers drugs listed in national and provincial
formularies, with patients’ out-of-pocket share ranging from approximately 20% to
60% depending on the region, insurance plan, and formulary tier.1

Drug prices in China have been consistently high relative to international bench-
marks. In 2018, pharmaceutical expenditure accounted for approximately 40% of
total healthcare spending, more than double the OECD average of 17%. A primary
contributor is spending on off-patent drugs: despite a large industry with thousands
of domestic generic producers, prices for many off-patent drugs remained elevated —
in some cases far exceeding those in the United States after adjusting for purchasing
power parity (Zhang et al., 2025).

Two structural features of the industry have historically sustained high drug
prices. First, widespread public skepticism about the safety and efficacy of domestic
generics — fueled by lax regulatory oversight and recurring quality scandals — gave
branded originator products substantial pricing power long after patent expiry. Sec-
ond, drug procurement was historically conducted by individual hospitals or regional
alliances. Limited bargaining leverage under a fragmented procurement system, cou-
pled with strong brand preferences and widespread detailing efforts, allowed branded
1The catalog distinguishes two coverage tiers. For tier A drugs, the full cost is eligible for reimburse-
ment at plan-specific rates. For tier B drugs, patients first pay 10% to 20% out of pocket before
coverage applies to the remainder.
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drugs to command large market shares in many therapeutic markets. Generic aver-
sion and incumbents’ institutional ties also deterred entry of high-quality generics,
entrenching market power among established firms.

In response to these challenges, the Chinese government implemented two land-
mark reforms over the past decade. In 2016, it introduced bioequivalence (BE) testing
for quality certification of generic products. In late 2018, it launched the centralized
volume-based procurement (CVBP) program. These two reforms are closely linked
by design: BE certification is a prerequisite for participation in CVBP auctions.

To obtain BE certification, a generic manufacturer conducts a clinical pharma-
cokinetic study — typically involving around 50 healthy human subjects — comparing
the absorption profile of its product against the branded originator. A product passes
if key pharmacokinetic parameters, primarily the area under the concentration-time
curve and peak plasma concentration, fall within an 80–125% equivalence window
relative to the reference product. The test typically costs between 3 and 10 million
CNY and takes one to two years from study initiation to approval. Approved products
carry a BE certification mark on their packaging.

The government launched CVBP in late 2018, beginning with a pilot in eleven
major cities before expanding to a nationwide rollout across all provinces the fol-
lowing year. There have been eleven national rounds between 2019 and 2026. At
the start of each round, the government announces a list of drugs to be procured
— defined at the molecule-dosage-form level — along with quantity guarantees by
province and a reserve price set at approximately the prior-year average market price.
The guaranteed quantity is a fixed fraction of total prior-year procurement, ranging
from 50% to 80% depending on the number of bidders. Manufacturers of branded
and bioequivalent generic products are invited to submit bids. All national rounds
follow a split-award format: the lowest bidder selects a province first, and all bidders
then take turns selecting one province each in ascending bid order until all provinces
are allocated. Contract duration ranges from one to three years, depending on the
number of bidders. The eleven rounds cover a total of 487 molecule-dosage-forms
(Appendix Table A1).

Once a contract is in place, winning firms are required to supply the contracted
quantity; failure to do so bars them from participating in future procurement rounds.
Individual hospitals are allocated purchase quotas from the winning firms; meet-
ing these targets is a central criterion in hospital management performance reviews
and in determining future hospital budgets. This mandatory compliance structure
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is consequential for firms’ entry decisions: winning procurement provides immedi-
ate, contractually secured access to a substantial share of the market in assigned
provinces, without the need to establish a brand reputation or hospital relationships
that incumbent firms have accumulated over years.

2.2. Source of Data. We obtain quarterly drug price and sales data at the product-
by-province level from MENET, a leading pharmaceutical market research company
in China. The data covers 25 provinces from the first quarter of 2012 to the second
quarter of 2026. Each product is a stock-keeping unit (SKU) defined at the firm-
molecule-form-strength level. We aggregate the sample to the firm-molecule-form-
province-quarter level, converting quantities into standardized units using the same
conversion factors used by the Chinese government to determine total procurement
quantities. The data are drawn from a panel of over 900 hospitals in partnership
with MENET, which over-represents tertiary hospitals in major cities; our sample
therefore chiefly reflects drugs dispensed at these facilities.

MENET also provides the BE status and evaluation timeline for each generic
product, compiled from public records of the National Medical Product Administra-
tion (NMPA) and the Center for Drug Evaluation (CDE). For each application, we
observe the submission date, the outcome, and the decision date; for a small subset
of products that underwent a revision process, we observe additional intermediate
review milestones. For approved products, we additionally obtain published trial re-
ports, including the number of subjects enrolled and key pharmacokinetic parameters
for both the test and reference products.

We collect detailed information on each auction round from the official CVBP
model, including the procured molecules, quantity guarantees, auction rules, winner
identities, and the provincial assignments of each winner. For the first nine rounds, we
additionally observe all submitted bids, including those of non-winning participants.
For a subset of cases involving outsourced productions, we observe both the bidding
firm and the contracted manufacturing partner.

Finally, we compile several auxiliary datasets. We collect all versions of China’s
Basic Insurance Drug Catalog from 2005 to 2026, recording the national and provincial
formulary status of each drug over time. Formulary status is set at the molecule-
dosage-form level and applies uniformly to all products in that category. Prior to
2017, individual provinces administered their own supplementary tier B catalogs;
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Figure 1. BE Applications and Review Outcomes
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Notes: Panel A uses the full BE dataset. Panel B restricts to the procurement sample.
Both panels plot annual counts of applications, approvals, and denials.

from 2019 onwards, the formulary was unified at the national level. We additionally
obtain province-level average copay rates from Barwick et al. (2025).

2.3. Certification Participation. Figure 1 shows that BE applications rise grad-
ually over time in the full set of drugs after the government launched the BE cer-
tification program in 2016. The increase is more pronounced among procurement
drugs, for which applications and approvals surge around the procurement schedule.
As BE certification is required for procurement eligibility, this surge suggests that
firms respond to procurement incentives when deciding whether and when to apply.

Not all firms apply for BE certification, suggesting that certification is costly
and that some firms self-select out of the process, especially when they know they
do not meet the standard. This interpretation is consistent with anecdotal evidence
that certification requires substantial investment and imposes a real hurdle on firms.
At the same time, denials are not uncommon: in the procurement sample, denied
applications account for 5.1% of resolved applications over 2018–2025.

This pattern suggests that certification is selective but imperfect. If certifica-
tion perfectly distinguished between firms that meet and do not meet the standard,
firms with little chance of approval would rarely apply, and the approval rate among
applicants would be close to 100%. Instead, the observed approval rate of roughly
95% implies that some firms with a nontrivial risk of failure still choose to apply. We
therefore model certification as an informative but imperfect screening mechanism:
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firms possess private information about their likelihood of meeting the standard, yet
certification outcomes remain uncertain.

2.4. Market Structure and Procurement Outcomes. We conclude the institu-
tional discussion with data patterns that provide context for the economic mecha-
nisms studied in the paper. Specifically, we first summarize how market structure
evolves across the three institutional regimes observed in our data, and characterize
participation, bidding, and allocations in the procurement auctions.

2.4.1. Market Outcomes Across Different Regimes. Panel A of Table 1 provides a
descriptive overview of the market outcomes for drugs included in centralized pro-
curement. We organize each drug’s observed history into three periods. The pre-
certification period extends from the beginning of the sample through the quarter be-
fore the first generic firm obtains BE certification. The post-certification, pre-auction
period begins with the first certification and ends in the quarter before procurement
implementation. The post-auction period begins when procurement is implemented.
A generic firm is classified as certified in a given period if it has obtained certification
by the end of that period.

Panel A reveals a marked change in market composition across the three periods.
Before certification, branded products account for 45.7% of quantities. By the post-
certification, pre-auction period, the market contains an average of 4.4 certified generic
firms, which together account for 40.4% of quantities. Nevertheless, branded products
retain nearly 40% of the market, even though their average price is about 80% higher
than that of certified generics. Market composition changes much more sharply after
procurement: certified generics account for 86.2% of quantities, and their average
number rises to 9.2 firms. There price also fall sharply. Meanwhile, the branded
share falls to 11.0%, and uncertified generics account for only 2.8% of quantities.

The best- and worst-ranked winner rows follow the firms that eventually submit
the lowest and highest successful bids, respectively. These firms have relatively small
market shares before procurement. After procurement, both gain substantial market
share: the best-ranked winner accounts for 31.9% of drug quantity on average, while
even the worst-ranked winner accounts for 16.7%.

These descriptive patterns provide an overview of the margins studied in the
remainder of the paper. Certification is followed by a reallocation toward certified
generics before procurement, while the largest changes in market shares and prices
occur after procurement links certification to auction-based market access.
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Table 1. Market and Auction Outcomes

Panel A: Market Outcomes

Pre-Certification Post-Certification, Pre-Auction Post-Auction

Price / Market # Firms Price / Market # Firms Price / Market # FirmsReserve Share (%) Reserve Share (%) Reserve Share (%)

Branded 3.35 45.7 0.8 3.04 39.8 0.7 2.46 11.0 0.7
(6.44) (40.8) (0.5) (6.00) (37.6) (0.5) (5.29) (13.3) (0.5)

Generic, certified – 0.0 0.0 1.66 40.4 4.4 0.45 86.2 9.2
– (0.0) (0.0) (2.50) (33.5) (3.2) (0.63) (15.6) (5.8)

Generic, uncertified 1.76 54.3 14.6 1.77 19.7 7.0 1.61 2.8 3.7
(2.23) (40.8) (18.9) (2.50) (26.0) (10.0) (2.00) (8.9) (6.3)

Best-ranked winner 1.40 9.4 0.6 1.46 10.6 0.8 0.33 31.9 1.0
(1.29) (19.1) (0.5) (2.78) (19.6) (0.4) (0.30) (17.1) (0.1)

Worst-ranked winner 1.76 5.8 0.5 1.69 7.5 0.7 0.56 16.7 0.9
(2.69) (13.2) (0.5) (2.72) (15.3) (0.5) (1.09) (14.4) (0.2)

Panel B: Auction Outcomes

N Mean SD P25 Median P75

Number of bidders 333 6.7 3.8 4.0 6.0 8.0
Number of winners 333 4.6 2.3 3.0 4.0 6.0
Bid/reserve price, all bidders 2,077 0.398 0.270 0.186 0.337 0.501
Bid/reserve price, best-ranked winner 333 0.310 0.243 0.117 0.239 0.438
Bid/reserve price, worst-ranked winner 333 0.455 0.245 0.292 0.415 0.599
Quantity share, all winners (%) 1,543 16.1 10.8 8.3 13.2 21.3
Quantity share, best-ranked winner (%) 333 31.2 9.8 24.8 31.0 35.8
Quantity share, worst-ranked winner (%) 333 13.7 8.5 7.4 12.9 17.9

Notes: Panel A reports outcomes for branded firms, certified and uncertified generic firms, and the best- and worst-ranked auction
winners in each period. Pre-certification runs from the beginning of the sample through the quarter before the drug’s first generic
certification; post-certification, pre-auction runs from that certification quarter through the quarter before auction implementation; and
post-auction begins with implementation. Generic firms are classified by their certification status at the end of each period. Best and
worst winners are the firms with the lowest and highest winning bids, respectively. Standard deviations are in parentheses. Panel B
reports the number of bidders and winners, bid/reserve ratios, and realized winner quantity shares. A winner’s quantity share equals
the procurement coverage rate multiplied by the share of national quantity in its assigned provinces.
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2.4.2. Auction Participation and Outcomes. Panel B of Table 1 summarizes partici-
pation, bidding, and allocation in the centralized procurement auctions. We focus on
rounds 2–9, for which we observe all submitted bids, excluding round 6, which covers
only insulin products for diabetes treatment and follows different auction rules. The
median auction has six bidders and four winners, so the program generally combines a
certification requirement with a split-award auction rather than a single-winner rule.
Across all submitted bids, the average bid is 39.8% of the reserve price; the best and
worst successful bids average 31.0% and 45.5%, respectively. The procurement quan-
tity allocated to the average winner equals 16.1% of the national drug quantity. For
the best- and worst-ranked winners, the corresponding shares are 31.2% and 13.7%.

Appendix Figure A2 provides additional statistics across procurement waves.
Panel A shows that bidder participation varies substantially across auctions. The
number of bidders increases in later waves, indicating that more firms become certified
and actively compete for procurement access. Panel B shows the lowest winning bids
are consistently far below reserve prices across all auction waves.

3. Effects of Certification and Procurement on Competition

This section presents three sets of empirical results that illustrate how certi-
fication and procurement interact to shape competition in China’s pharmaceutical
market. We first show that BE certification affects perceived product quality but has
only a limited effect on market access when firms compete in decentralized hospital
markets. We then document substantial entry around procurement implementation,
consistent with guaranteed market access increasing the returns to certification and
entry. Finally, we show evidence that procurement lowers firms’ cost of serving the
market and allows for steep price reductions. Together, these findings suggest that
certification and procurement are complementary policies: certification determines
eligibility, while procurement creates the market access that makes certification valu-
able. These patterns motivate the structural framework developed in the next section.

3.1. The Limited Role of Certification. We begin by isolating the effect of BE
certification before centralized procurement was introduced. This certification-only
regime allows us to ask whether providing an informative signal of generic quality
is sufficient, on its own, to expand a firm’s presence in the market. If consumers
and health-care providers value certification, approval may increase demand for the
product, its price, or both. The relative responses of quantities and prices therefore
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reveal how much certification alone changes firms’ ability to compete in decentralized
hospital markets.

We estimate how BE approval affects prices and quantities before procurement.
The sample includes all procured drugs in waves 2 through 9. We aggregate sales
and quantities to the national drug(d)-firm(i)-quarter(t) level and focus on the pre-
procurement period for each drug. The treatment variable is BE approval for generic
products. Branded products and generic drug-firm pairs that never obtain BE ap-
proval during the sample period serve as controls.

We estimate a stacked event-study specification. Let c index BE approval cohorts,
defined by the quarter in which a generic product obtains approval. For each cohort,
we stack drug-firm pairs first approved in quarter c (ApprovedInCohortdic = 1) with
the control products described above, and define event time as t− c. We estimate:

Yditc =
8∑

ℓ=−12

βℓ1{t− c = ℓ} × ApprovedInCohortdic + λdic + λdtc + ϵditc, (1)

where we normalize β−1 to zero and include endpoint bins for event times below −12

and above 8. The outcome Yditc is either the log quantity or log price. Drug-firm-
cohort fixed effects (λdic) absorb permanent differences across products, and drug-
quarter-cohort fixed effects (λdtc) absorb shocks common to all products of a drug
in a quarter. The coefficients βℓ therefore compare an approved product’s trajectory
around its approval date with the contemporaneous trajectories of other products of
the same drug. Standard errors are clustered at the drug level.

Figure 2 presents the event-study results. In both panels, the pre-approval coef-
ficients are stable and close to zero, supporting the parallel trends assumption. Panel
A shows little evidence that BE approval expands quantities: the coefficients remain
small and statistically insignificant throughout the two years after approval. This
suggests that certification by itself does not solve the market-access problem faced by
generic firms.

Panel B shows a different pattern for prices. The price response is negligible in
the approval quarter but builds steadily thereafter, reaching an increase of roughly
50 percent two years after approval. This gradual build-up is consistent with BE
certification raising perceived product quality and consumers’ willingness to pay as
information about certification diffuses. Certification nevertheless closes only part of
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Figure 2. Event Studies of BE Certification Effects
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Notes: Event studies are stacked by BE approval cohort and include drug-firm-cohort and
drug-quarter-cohort fixed effects. The coefficient for event quarter −1 is normalized to
zero; endpoint bins are included for event times before −12 and after 8. Standard errors
are clustered at the drug level.

the generic-branded price gap: in the four quarters before procurement implementa-
tion, the median BE-certified generic sells at about 55% of the branded price of the
same drug.

Together, these patterns indicate that BE certification has demand value, but
that this value is expressed mainly through higher prices rather than through a large
standalone increase in quantities in decentralized hospital markets.

3.2. Centralized Procurement and Firm Entry. Our second result is that the
guaranteed market access created by centralized procurement is associated with sub-
stantial entry. For each procured drug, we define year 0 as the first year its centralized
auction takes effect and, in each year relative to year 0, measure the market share of
new entrants and the number of firms selling the drug. An entrant is a generic firm
observed selling the drug for the first time in that year.

Panel A of Figure 3 plots the median volume share of new entrants across drugs
by event year, together with the median share held by the year-0 entrant cohort
in post-auction years. Entry is negligible before procurement: the median entrant
volume share is zero in every pre-implementation year, and the mean is only about
1.4%. Entry jumps sharply at procurement implementation. New entrants capture
14.7% of the median drug’s volume in year 0, and these entrants largely retains
their market shares over the next two years. Entrants also account for a substantial
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Figure 3. Entry Around Procurement Implementation
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An entrant is a non-branded firm-product observed selling the drug for the first time; firms
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Panel A plots the median across drugs of the volume share of that year’s new entrants,
and the median volume share of the year-0 entrant cohort in subsequent years. Panel B
plots the average across drugs of the number of firms selling the drug, expressed relative
to the same drug’s count in year −1, for all firms and for firms with at least a 1% share
of drug-year volume.

share of auction winners: 24.3% of winners first appear at or after procurement
implementation, having never sold the product before. Because auction participation
requires BE certification, these entrants enter already certified—procurement provides
the market access that makes certification and entry worthwhile.

Panel B examines net entry. For each drug, we count the firms selling it in
each event year and calculate the ratio relative to the firm count in year −1, the
last year before auction implementation. The figure plots the average of this ratio
across drugs, with and without excluding fringe firms that account for less than a 1%
share of drug-year volume. The number of firms rises by 39% in year 0, and by 53%
among firms above the 1% threshold. The increase persists through the following
two years, suggesting that procurement is associated with net entry of firms. Firm
counts also rise gradually before implementation even though entrant volume shares
remain negligible (Panel A), consistent with new entrants facing substantial frictions
in gaining market share before the auctions.

3.3. Suggestive Evidence on Procurement-induced Cost Savings. Our third
result compares firms’ auction bids with their own pre-auction prices and with a range
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Figure 4. Bids Relative to Pre-Auction Prices and Implied Costs
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Notes: The sample is incumbent generic bidders (1,052 firm-drug pairs): non-branded
firms that submit a bid and sell the drug before the auction. The pre-auction price is the
firm’s median price across provinces in the two years preceding procurement implemen-
tation. Panel A shows the distribution of the bid divided by the pre-auction price; the
dashed line marks the median (0.31), and ratios above 1.5 (5.7% of bidders) are omitted
from the display. Panel B plots the median and interquartile range across bidders of the
bid divided by the implied pre-auction marginal cost based on a range of mark-up assump-
tions.

of marginal costs implied by markup estimates from the prior literature. The sample
is incumbent generic bidders: generic firms that submit a bid and sell the drug before
the auction (1,052 firm-drug pairs). For each firm-drug pair, we measure the pre-
auction price as the firm’s median price across provinces in the two years preceding
implementation.

Panel A of Figure 4 plots the distribution of the ratio of a firm’s bid to its own
pre-auction price. Bids sit far below the prices the same firms charged before the
auction: the median ratio is 0.31, and three quarters of firms bid less than 56% of
their pre-auction price.

The low bid-price ratios are difficult to reconcile with unchanged marginal costs,
under reasonable assumptions on markups. Panel B plots the median and interquar-
tile range across products of the ratio of bids to the marginal costs implied by a
range of assumptions on markups. Markup estimates for generic drugs in the prior
literature typically range from 10% to 50%.2 Over this range, the median firm bids
2Using provincial procurement prices for lipid-lowering drugs in China, Huang et al. (2026) estimate
a markup of 13% for generic products. Dubois and Lasio (2018) estimate markups of 23–47% for
generic anti-ulcer drugs in France on ex-manufacturer prices. Estimates based on retail prices, which
embed distribution margins, are higher: Chaudhuri et al. (2006) report upper-bound markups of
34–59% for domestic fluoroquinolones in India.
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well below its implied pre-auction marginal cost. The median bid would reach parity
with implied cost only if the markup exceeded 70%.

The large gap between auction bids and marginal costs implied by pre-auction
prices suggests that firms’ cost of serving the market changes substantially under
centralized procurement. If pre-auction costs remained unchanged, the observed bids
would imply implausibly low or negative margins for many firms under conventional
markup estimates. A more natural interpretation is that winning procurement re-
duces costs that firms previously incurred to reach and serve demand. In particular,
centralized procurement provides direct access to hospitals and patients, reducing
expenditures associated with marketing to individual hospitals and physicians, dis-
tribution, and market development; the resulting certainty of demand may also lower
financing and inventory costs. We allow for these procurement-induced cost savings
in the structural model rather than interpreting low bids as evidence of persistent
below-cost pricing.

4. A Model of Quality Certification, Entry, and Procurement

We develop a model of generic drug entry, certification, centralized procurement
auctions, and post-auction price competition. The model captures three key features
of the institutional environment. First, firms differ in unobserved product quality, and
bioequivalence (BE) certification provides an imperfect signal of quality to consumers.
Second, centralized procurement auctions allocate market access across certified firms
and may restrict consumer choice through demand guarantees. Third, procurement
outcomes affect downstream product-market competition because winning firms must
supply consumers at the procurement price and may benefit from cost reductions as-
sociated with larger market scale. The model links firms’ entry, certification, bidding,
and pricing decisions in a unified framework and highlights how procurement incen-
tives interact with downstream competition and quality signaling.

4.1. Setup. There is one branded incumbent firm and J potential entrants producing
generic drugs. Each potential entrant has a predetermined quality type τ ∈ {H,L},
where a fraction ϕ ∈ (0, 1) of potential entrants are high quality, and the remaining
fraction 1 − ϕ are low quality. Quality is privately observed by the firm but not
by consumers, and affects both the demand side, through consumer beliefs, and the
supply side, through firms’ cost distributions and certification outcomes.
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Each potential entrant draws an entry cost e from distribution Fe and decides
whether to enter the market. Firms that enter produce a drug of their predetermined
quality type τ .

Entrants may choose whether to take a bioequivalence (BE) certification test.
The branded incumbent does not require certification by definition, since the purpose
of the BE test is to verify equivalence to the branded drug. Firm i incurs a testing
cost ηi drawn from distribution Fη. The outcome of this stage is summarized by an
observable status variable

vi ∈ {B,C, U},

where B denotes the branded incumbent, C denotes a certified generic firm, and U

denotes an uncertified generic firm. Consumers observe vi but cannot distinguish
between firms that did not take the test and firms that took the test but failed.3

Let T = 1 denote taking the BE test. We assume that the BE test is informative
but imperfect:

Pr(v = C | T = 1, H) = 1, Pr(v = C | T = 1, L) = ψ ∈ [0, 1). (2)

Thus, high-quality firms pass the test with certainty, while low-quality firms pass
with probability ψ. The parameter ψ captures the imperfection of the certification
technology: when ψ = 0, certification perfectly separates high- and low-quality firms;
when ψ > 0, some low-quality firms may obtain certification.

Certified generic firms participate in the centralized procurement auction.4 For
simplicity, we assume that participation is costless. Auction participants privately
observe a signal c for their marginal production cost drawn from the type-specific
distribution Fc|τ and submit bids in the procurement auction. We assume that the
density fc|τ is log-concave.

Once procurement outcomes are realized, firms then observe their marginal pro-
duction costs and the realization of the product-level demand shocks, after which
they compete in prices within each market. The procurement winner’s price is fixed
at its auction bid, while all other firms choose prices in a Bertrand–Nash equilibrium.
Profits are subsequently realized.
3Equivalently, because test outcomes can be credibly disclosed, firms reveal their test result in
equilibrium only when they pass.
4We assume that only certified generic firms are eligible to participate in the procurement auction.
While branded firms are formally eligible, reserve prices are typically set sufficiently low that branded
firms rarely participate or submit competitive bids. We therefore abstract from branded-firm par-
ticipation in the auction.
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4.1.1. Consumer Demand. We model drug choice as a joint decision of the patient
and the physician: conditional on a molecule, the patient chooses among available
products under physician supervision. Substitution toward other molecules or no
treatment is absorbed into the outside option.

Consumer j’s indirect utility from product i in market m is

uijm = α log(κmpim) + ωµvi + ξi + εijm, (3)

where εijm is an i.i.d. Type I extreme value taste shock. The outside option, whose
mean utility is normalized to zero, includes other molecules or no treatment. The
utility depends on the consumer’s out-of-pocket payment, the list price pim multiplied
by the copay rate κm.5 The term µvi is consumers’ equilibrium belief that product i
is high quality:

µvi = Pr(τi = H | vi).

The branded product is known to be high quality, so µB = 1. For generic products,
the posterior beliefs µC and µU are determined in equilibrium by firms’ entry and
testing decisions and the precision of the certification test.

The term ξi captures product appeal that is unrelated to quality. For generic
products, ξi is drawn independently from a common distribution Fξ, regardless of
quality type or certification status. For the branded incumbent, we leave the de-
mand shock ξB unrestricted, allowing it to capture brand equity — brand reputation,
prescribing habit, and detailing networks accumulated before the reforms — that is
distinct from perceived quality. A generic product that consumers believe to be high
quality with certainty therefore attains the branded product’s perceived quality, but
not its brand advantage. Demand shocks are drawn after entry and procurement
outcomes but before downstream price competition, and their realizations are ob-
served by all firms prior to pricing. This timing preserves symmetry among auction
participants while allowing for ex-post vertical differentiation across products.

We model the quantity guarantee in market m as restricting the choice set for
a fraction λm ∈ (0, 1) of consumers. These consumers may choose only between the
procurement winner and the outside option, while the remaining consumers choose
freely among all available products. This formulation reflects how quantity guarantees
5The copay rate combines the drug’s formulary tier with province-level coinsurance: uncovered drugs
are paid fully out of pocket, tier B drugs carry a 10–20% copay before coinsurance applies, and tier
A drugs are subject only to coinsurance. For covered drugs, the average out-of-pocket share is
approximately 25%. In estimation, we measure the copay rate at the drug-province-year level.
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are implemented in practice: hospitals receive purchase quotas for the winning prod-
uct, some hospitals stock only the winner, and physicians are strongly incentivized to
prescribe it. Because quota enforcement varies across provinces and contracts, we do
not impose the statutory guarantee rates; instead, we treat λm as a market-specific
primitive and estimate it from post-procurement demand.

Let QR
im(p

w
m, ξi) denote the market share from restricted consumers for the pro-

curement winner i, where pwm is the winning price. Let QU
im(pim, vi, ξi,pm,−i,v−i, ξ−i)

denote the market share for product i — winner or not — from unrestricted con-
sumers, which depends on product i’s own price, certification status, and demand
shock, as well as those of competing products in market m.6

4.1.2. Firm Marginal Costs. Let mcim denote the marginal cost of producing product
i to serve in marketm. At the bidding stage, firms do not yet observe realized marginal
costs. Instead, product i’s firm forms expectations according to

mcim =
ci

1 +
∑

m′ γm′1{wm′ = i}
+ δm + ϵim, (4)

where ci is the firm’s private cost signal, observed before bidding, wm′ denotes the
winner of market m′, and ϵim is a cost shock, i.i.d. across products and markets, drawn
from Fϵ with E(ϵim) = 0. After the procurement auction and before the pricing stage,
realized marginal costs become publicly observed.7

The parameters γm ≥ 0 and δm are publicly known and common across firms.
The term

∑
m′ γm′1{wm′ = i} captures the effect of procurement outcomes on pro-

duction efficiency: winning additional provinces may reduce marginal costs through
economies of scale, production complementarities, or distribution efficiencies, and
such effects may depend on province attributes like market size. The parameter δm
captures market-specific cost determinants common to all firms.

4.1.3. Centralized Procurement Auction. The procurement auction is conducted in a
split-award format. Each participating firm submits a bid bi, which specifies the price
the firm commits to charge in any assigned market. Before bidding, the auctioneer
announces a ceiling price p̄ and a market assignment rule {rm}m∈M , where rm denotes
6Restricted consumers choose between the winner and the outside option. Because every procure-
ment winner is a certified generic product, demand from restricted consumers does not depend
separately on certification status.
7This informational assumption is standard in Bertrand–Nash pricing games, although the analysis
can be extended to settings with incomplete information.
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the bid rank (in ascending order) assigned to market m. Firms with bids above the
ceiling price are excluded from assignment.

The split-award structure allows different markets to be assigned to firms with
different bid rankings.8 For example, larger or strategically important markets may
be allocated to the lowest bidder, while smaller markets may be assigned to lower-
ranked firms. We assume that the assignment rule satisfies a monotonicity condition:
firms with better bid rankings weakly prefer their assigned set of markets to the set
assigned to firms with worse rankings. Intuitively, lower bids are rewarded with more
desirable market allocations.

A single bid simultaneously determines assignments across all markets. Because
procurement winners subsequently compete in downstream product markets, bidding
incentives depend not only on the probability of winning markets, but also on how
procurement outcomes affect downstream pricing incentives and production costs.

4.2. Equilibrium. We characterize equilibrium by solving the game backwards.

4.2.1. Pricing Strategies. In the final stage, firms compete in prices according to a
Bertrand–Nash equilibrium. This pricing game takes as given the realized marginal
costs mc and demand shocks ξ, certification statuses v, and procurement outcomes in
each market, including the winner identity wm and the winning price pwm. To simplify
notation, define the post-auction state in market m for product i as

Ωim = (vi,mcim, ξi,v−i,mcm,−i, ξ−i, wm, p
w
m).

Given rivals’ prices pm,−i, the post-auction profit in market m for product i is

πm(pm,−i,Ωim) =


(pwm −mcim)

[
λmQ

R
im(p

w
m, ξi)

+ (1− λm)Q
U
im(p

w
m, vi, ξi,pm,−i,v−i, ξ−i)

]
,

if i = wm,

max
pi

(pi −mcim)(1− λm)

×QU
im(pi, vi, ξi,pm,−i,v−i, ξ−i),

if i ̸= wm.

(5)
8In practice, winners choose markets sequentially in ascending order of their bids. We abstract from
this choice by assuming a predetermined assignment rule, which is equivalent to assuming that firms
share a common ranking of market attractiveness. This rules out firm-specific market preferences,
which we do not view as central to our analysis.
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Procurement winners serve both restricted and unrestricted consumers, whereas non-
winning firms serve only unrestricted consumers. Standard logit-demand assumptions
imply existence and uniqueness of equilibrium prices as long as α < −1.9

4.2.2. Bidding Strategies. We focus on symmetric monotone equilibria in which firms
follow a bidding strategy

β(c | nC , nU),

where c denotes the firm’s private cost signal, nC denotes the number of auction
participants, and nU denotes the number of uncertified firms.10 Since auction partic-
ipation is costless, the number of participants equals the number of certified generic
firms. The number of uncertified firms also affects bidding strategies because it in-
fluences the pricing equilibrium in the unrestricted market. Certification outcomes
are publicly observed prior to bidding, so firms observe nC and nU before submitting
bids.

Bids affect continuation payoffs through two channels. First, lowering the bid
changes the probability of obtaining desirable market assignments. Second, con-
ditional on winning, the firm’s bid becomes its downstream market price, thereby
affecting future product-market profits. Moreover, procurement outcomes also affect
firm-wide production efficiency through (4).

Consider product i with cost signal ci. Suppose rival firms follow equilibrium
strategy β(· | ·, ·). Let c−i denote rivals’ cost signals, and let c(k) denote the kth order
statistic of rival costs. Let

πw
m(b, ci,b−i, n

C , nU)

denote the expected continuation payoff for product i in market m conditional on
winning market m with bid b. This continuation value is derived from the post-
auction profit function in (5), integrating over realized marginal costs, product-level
demand shocks, and subsequently equilibrium pricing outcomes. Since the procure-
ment winner must charge its bid price in the downstream market, the continuation
profit depends directly on the submitted bid. The bid also affects winner allocations
across all provinces and, through scale economies, the winner’s effective cost.
9In the data, not all firms participate in every market. The model rationalizes non-participation
through equilibrium demand approaching zero for some products.
10The privately observed quality type τ affects the distribution of cost signals through Fc|τ , but
conditional on the realized signal c, it does not directly affect downstream marginal costs. In
addition, all bidders have vi = C. Hence, bidding strategies depend on the realized signal rather
than directly on τ .
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Similarly, let
πℓ
m(b, ci,b−i, n

C , nU)

denote the expected continuation payoff from product i conditional on not being
assigned market m. This payoff also depends on the submitted bid through scale
economies. Given rivals’ strategies, the expected payoff from bid b for the firm that
produces product i is

πa(b, ci, n
C , nU ; β) =

∑
m∈M

Nm

{
Pr
(
β−1(b | nC , nU) ∈

[
c(rm−1), c(rm)

])
× Ec−i

[
πw
m

(
b, ci, β(c−i | nC , nU), nC , nU

)
− πℓ

m

(
b, ci, β(c−i | nC , nU), nC , nU

)∣∣∣ β−1(b | nC , nU) ∈
[
c(rm−1), c(rm)

]]
+ Ec−i

[
πℓ
m

(
b, ci, β(c−i | nC , nU), nC , nU

)]}
, (6)

where β−1(b) ∈
[
c(rm−1), c(rm)

]
corresponds to bid b being the rm-th lowest bid and

thus getting assigned market m, and Nm is the market size of province m. We adopt
the convention c(0) = −∞ and c(nC) = ∞. In equilibrium,

β(ci | nC , nU) ∈ argmax
b≤p̄

πa(b, ci, n
C , nU ; β). (7)

The equilibrium bidding condition captures a tradeoff between the winning prob-
ability and profit conditional on winning. A lower bid increases the likelihood of
receiving a more valuable bundle of markets and associated guaranteed demand, but
it also reduces the price and per-unit margin if the firm wins. When the market
guarantee is sufficiently large, firms are willing to accept smaller margins to improve
their rank, potentially generating large price reductions. This incentive may be espe-
cially strong when winning also produces scale economies, because losing entails both
forgone guaranteed demand and forgone cost reductions. In the Appendix, we pro-
vide sufficient conditions under which the symmetric monotonic equilibrium bidding
strategy is unique.

4.2.3. Test-Taking Strategies. Let πv,τ denote the expected payoff for a type-τ product
with certification outcome v. For a product that passes the BE test (vi = C), expected
profit is

πC,τ = E(ci,nC ,nU )

[
πa(β(ci | nC , nU), ci, n

C , nU ; β) | τ
]
. (8)
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For products that either fail the BE test or do not have test results (vi = U),

πU,τ =
∑
m∈M

NmE
[
πm(pm,−i, vi = U,mcim, ξi,v−i,mcm,−i, ξ−i, wm, p

w
m) | τ

]
, (9)

where expectations are taken over certification outcomes of rival products, procure-
ment outcomes, realized marginal costs, and product-level demand shocks.

A firm with a type-τ product takes the BE test if and only if expected gains
exceed testing cost:

πC,τ Pr(v = C | T = 1, τ) + πU,τ Pr(v = U | T = 1, τ)− ηi ≥ πU,τ .

Using (2), the equilibrium probability that a firm with a type-τ product takes the
test is

ρτ =

Fη(πC,H − πU,H) if τ = H,

Fη

(
ψ(πC,L − πU,L)

)
if τ = L.

(10)

Firms with a low-quality product take the test with positive probability only when
ψ > 0, since otherwise passing is impossible. Therefore,

Pr(vi = C|τi = H) = ρH , Pr(vi = C|τi = L) = ρLψ. (11)

4.2.4. Entry Decisions. The expected profit from entering for a firm with a high-
quality product is

πH = Eη

(
πC,H − η | η ≤ πC,H − πU,H

)
ρH + πU,H

(
1− ρH

)
. (12)

The expected profit from entering for a firm with a low-quality product is

πL = Eη

[
ψπC,L − η | η ≤ ψ(πC,L − πU,L)

]
ρL + πU,L(1− ρLψ). (13)

The probability of entering for a firm with a type-τ product is

qτ = Fe(πτ ). (14)

Therefore, the probability that an entrant is of high type is ϕqH/(ϕqH + (1− ϕ)qL),

and equilibrium posterior beliefs are

µC =
ρHϕqH

ρHϕqH + ρLψ(1− ϕ)qL
, (15)

µU =
(1− ρH)ϕqH

(1− ρH)ϕqH +
[
1− ρL + ρL(1− ψ)

]
(1− ϕ)qL

, (16)

which enter demand through (3).
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Taken together, an equilibrium consists of entry probabilities by quality type,
certification probabilities, posterior beliefs, a symmetric monotone bidding strategy,
and post-auction pricing strategies such that all decisions are sequentially optimal
and beliefs are consistent with firms’ equilibrium behavior. Given posterior beliefs
about certified and uncertified generics, downstream prices solve the Bertrand–Nash
pricing game induced by certification statuses, realized costs, demand shocks, and
procurement outcomes. Anticipating these continuation payoffs, certified firms choose
bids that trade off a lower procurement price against a higher probability of securing
market access and realizing scale-related cost advantages. These bidding incentives
determine the expected value of certification, which in turn governs firms’ test-taking
decisions. Finally, expected payoffs from certification and non-certification determine
the profitability of entry by high- and low-quality firms, and the resulting composition
of entrants pins down consumers’ posterior beliefs through Bayes’ rule.

The equilibrium therefore captures a feedback loop between information and
market access. Certification affects demand by changing consumer beliefs, but it also
affects supply-side incentives by determining eligibility for procurement. Procure-
ment, in turn, changes both the value of certification and the nature of downstream
competition: winners obtain guaranteed demand and potential cost reductions, but
must commit to the procurement price, while non-winners compete only for unre-
stricted consumers. Through this interaction, the model allows procurement design
to shape not only prices conditional on entry, but also the equilibrium composition
of entrants and the informational content of certification itself.

4.3. The Role of Certification and Procurement. We now describe the no cer-
tification and no procurement benchmark and use it to clarify the roles of BE certi-
fication and centralized procurement in the model. In this benchmark, generic firms
cannot signal product quality, and consumers cannot distinguish high- and low-quality
generic drugs. Generic quality is therefore pooled from consumers’ perspective. Let
µ0 denote the probability that an entering generic firm is high quality. While the
branded incumbent is perceived as high quality, all generic firms share the common
belief µ0.

Consumer utility in market m is therefore

u0ijm = α log(κmpim) + ωµ0
i + ξi + εijm,

where µ0
i = 1 for the branded drug and µ0

i = µ0 for generic drugs. Since there is
no procurement, all consumers choose among all available products and the outside
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option. Given realized marginal costs, firms compete in a Bertrand–Nash pricing
game.

Let π0
τ denote the expected operating profit of a type-τ entrant in this regime.

Entry satisfies
q0τ = Fe(π

0
τ ).

The equilibrium belief µ0 is determined by Bayes’ rule:

µ0 =
ϕFe(π

0
H)

ϕFe(π0
H) + (1− ϕ)Fe(π0

L)
.

Because consumers cannot condition their beliefs on any observable signal of quality,
high-quality generic firms receive no direct demand advantage relative to low-quality
generic firms. As a result, the incentive to enter as a high-quality producer is limited
by the fact that quality is not separately rewarded in the downstream market.

BE certification changes this environment by introducing an observable signal
of quality. Once certification is available, consumers can condition beliefs on certifi-
cation status. Certified generics are perceived to be higher quality than uncertified
generics, with posterior beliefs determined by the testing technology, the composition
of entrants, and type-specific testing probabilities. Certification therefore creates an
information channel: it allows high-quality firms to separate themselves from low-
quality firms, though imperfectly, raises demand for certified products, and changes
entry and testing incentives.

Centralized procurement introduces a second channel. In addition to shaping
consumer beliefs, certification determines eligibility for procurement auctions and
subsequent access to the downstream market. Without procurement, the market
power of incumbent branded products may limit the returns to entering with a high-
quality product, particularly because such products typically have higher marginal
costs. Procurement places certified firms on a more level playing field. Winning
a procurement contract can provide guaranteed demand and generate scale-related
cost advantages, thereby affecting firms’ incentives to enter, obtain certification, and
compete in downstream markets. Thus, certification and procurement interact in the
model: certification provides information about product quality, while procurement
changes the returns to certification by linking it to market access.
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5. Identification and Estimation

This section describes how the model primitives are identified from the data
and how the parameters are estimated. The data consist of a panel of off-patent drug
markets observed before and after the introduction of BE certification and centralized
procurement. For each drug, we observe the identities of firms that enter and remain
active, the identities of firms that take the BE test, and the identities of firms that
obtain certification. For drugs included in centralized procurement, we observe all
bids submitted in the auction, the identity of the winners, the winning prices, and
the market assignment induced by the procurement rule. We also observe firm-level
prices and quantities across markets over time, allowing us to trace how certification
and procurement affect downstream market shares, prices, and entry.

The data span multiple policy regimes. All drugs begin in a regime with neither
BE certification nor centralized procurement. This pre-certification period, covering
2013 to around 2016, provides information on market outcomes when generic quality
is pooled from consumers’ perspective. Starting in 2017, most off-patent drugs gradu-
ally became subject to the BE certification requirement. A subset of these drugs were
subsequently included in centralized procurement beginning in 2019, across multiple
procurement waves. Thus, some drugs transition from no certification to certifica-
tion and then to procurement, while others transition only from no certification to
certification.

Because the model is static, we interpret each regime as a long-run equilibrium
under a fixed policy environment. We therefore use the pre-certification and post-
procurement periods as the primary empirical counterparts to the model’s long-run
equilibria. The intermediate certification-only period is less suitable as a direct empir-
ical counterpart to the certification-only regime, because firms may have anticipated
future procurement waves and because entry, testing, and certification decisions take
time.11

5.1. Observables. For each drug, we observe annual product-level market shares by
province during both the pre-certification and post-procurement periods. Let simt

denote the observed market share of product i in province m and year t. We allow
observed market shares to be measured with multiplicative error. In particular, let
11We instead treat the certification-only regime primarily as a model-based counterfactual that
isolates the information role of BE certification absent procurement-induced market access.
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s∗imt denote the true market share and suppose that

simt =
s∗imt exp(eimt)∑Nmt

j=0 s
∗
jmt exp(ejmt)

, (17)

where j = 0 denotes the outside option and Nmt is the number of products available
in province m and year t.

Defining the measurement error in the log-share ratio relative to the outside
option as

uimt ≡ eimt − e0mt,

we obtain
log

(
simt

s0mt

)
= log

(
s∗imt

s∗0mt

)
+ uimt. (18)

We assume that uimt has conditional mean zero given the observed product and mar-
ket characteristics.12 Because the log-share-ratio errors share the common component
e0mt, we allow uimt to be correlated across products within the same province-year.

In addition to market shares, we observe the price pimt, the copay rates κmt, and
certification status vit of each product. We also observe the procurement assignment
rule {rm}m∈M and the procurement auction outcomes, including the identity of the
winning product in each province, wm, and the corresponding winning bid, pwm, as
well as the bid bi submitted by each participating product. For each product, we
observe whether it underwent bioequivalence certification testing and, conditional on
being tested, whether it passed or failed. Finally, we assume that the set of potential
entrants J is observed, allowing us to construct the sample entry probability.

5.2. Model Primitives. The primitives of the model consist of: (i) the entry envi-
ronment, including the entry-cost distribution Fe and the fraction of high-quality firms
among potential entrants, ϕ; (ii) the certification technology, including the testing-
cost distribution Fη and the probability that a low-quality firm passes the BE test,
ψ; (iii) demand-side parameters, including price sensitivity α, quality sensitivity ω,
the distribution of product-level demand shocks Fξ, and the market-specific demand-
guarantee rates λm; and (iv) supply-side parameters, including the type-specific cost-
signal distributions Fc|τ , the scale-economy parameters {γm}m, market-specific cost
shifters {δm}m, and the distribution of idiosyncratic cost shocks Fϵ.
12The primitive measurement shocks need not individually have conditional mean zero. Their con-
ditional means need only be common across products within a province-year.
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We parameterize Fξ by its mean and variance, and assume that the idiosyncratic
quality component has the same conditional mean across certification statuses and
the pre-certification regime

E(ξi|vi = C) = E(ξi|vi = U) = E(ξ0i ) = ξ̄, (19)

and the same conditional variance σ2
ξ . In addition, we parameterize the testing- and

entry-cost distributions by their respective means and variances, θη ∈ R2 and θe ∈ R2.
Lastly, we also parametrize province-specific scale effects, γm, by:

γm = θγsizem,

where sizem represents province size tiers and we require θγ ≥ 0.

5.3. Identification Strategy. The main challenge is that we do not observe the
quality type of each generic firm. As a result, the consumer’s belief µv is not observed
and is in equilibrium determined by testing error ψ and two other equilibrium objects,
the type-specific entry probabilities and testing probabilities, neither of which are
observed. Our identification strategy exploits our auxiliary data on BE testing and
the fact that we observe the market equilibria before and after the introduction of
the centralized procurement auctions. Our strategy proceeds in four steps, and the
estimation closely follows each step. Except for the common price coefficient α,
which is identified from pooled pre-procurement variation across drugs in Step 1,
the remaining identification argument does not rely on variation across drugs. We
therefore present Steps 2–4 for a single drug.

5.3.1. Step 1: Price elasticity. We identify the price coefficient α from pre-procurement
data. Although procurement induces large price changes, they cannot be used to es-
timate the price elasticity: procurement price cuts coincide with the imposition of
the demand guarantee, so the demand response to prices cannot be separated from
the effect of restricted choice sets. We therefore rely on pre-procurement variation,
using changes in insurance coverage to instrument for out-of-pocket prices.13, 14

13We instrument the out-of-pocket price κmtpimt with the drug’s insurance-formulary tier in China’s
Basic Insurance Drug Catalog, and we exclude the years in which a drug’s tier changes. Before
2017, provinces supplemented the national catalog with their own tier B lists; from 2019 onward,
the formulary is unified at the national level. Both national revisions and provincial supplements
generate tier changes during our sample period.
14Controlling for product-province fixed effects ensures that α is identified only from changes in a
product’s insurance tier within the same province over time.
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5.3.2. Step 2: Demand guarantee enforcement and product quality. Given α, we invert
market shares in the post-procurement regime to recover product qualities and the
demand-guarantee rates. Define the composite product quality

ξ̃i ≡ ωµvi + ξi,

for the post-auction period, and

ξ̃0i ≡ ωµ0
i + ξi,

for the pre-certification period. Using Equation (18), the observed log share ratios in
the post-auction period satisfy

log(simt/s0mt) = α log(κmtpimt) + ξ̃i + 1{i ̸= wm} zmt + uimt, (20)

where
zmt = − log

(
s∗0mt + s∗wmmt

s∗0mt + s∗wmmt − λmt

)
. (21)

Non-winners sell only to unrestricted consumers, so their observed shares fall short
of the logit benchmark, and the common shortfall is the wedge zmt. The wedge thus
measures the severity of the restriction: when λmt = 0, zmt = 0 and non-winners
face no disadvantage; as λmt → 1, zmt → −∞, as the entire market is restricted and
non-winners retain no demand.

Since uimt represents measurement error in observed shares rather than an eco-
nomic demand shock observed by firms, we assume that it is mean-independent of
the equilibrium price vector and the variables entering the demand-guarantee wedge.
Under this assumption, Equation (20) identifies {ξ̃i}i and {zmt}m,t, provided that
the product–province network is sufficiently connected. Winner observations anchor
product quality because their demand inversions do not contain the wedge zmt.

Having identified α, {ξ̃i}i, and {zmt}m,t, we can recover the true outside-option
share s∗0m and winner share s∗wmm in each province from the corresponding market
share equations for the post-auction period. In particular, the identified demand
parameters determine the winner’s relative attractiveness, while the province-specific
wedge adjusts the relative attractiveness of all non-winning products. Substituting
these recovered shares and the identified wedge zmt into (21) then identifies each λmt.

Lastly, using the identified composite product qualities, {ξ̃0i , ξ̃i}i, we recover their
mean and variance in the pre-certification period and conditional on certification
status in the post-auction period. The conditional variances identify σ2

ξ , the variance
of the idiosyncratic quality component ξi.
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5.3.3. Step 3: Marginal costs. We next recover realized marginal costs, mcim, from the
downstream pricing first-order conditions of products that do not win the procurement
contract in a given province. Winners are required to charge their winning bids,
whereas non-winners remain free to choose their downstream prices. The non-winners’
pricing first-order conditions therefore provide an inversion from observed prices and
market shares to marginal costs.

We then decompose marginal cost into a product-level component, a province-
specific cost shifter, and a product–province-specific cost shock. Define

c̃i ≡
ci

1 +
∑

m′ γm′1{wm′ = i}
,

where ci is product i’s cost signal and the denominator captures the reduction in
marginal cost generated by the set of provinces won by product i. Marginal cost in
province m and year t can then be written as the sum of c̃i, the province-specific cost
shifter δm, and the idiosyncratic cost shock ϵim. The pricing inversions for non-winners
identify c̃i and δm, subject to a normalization that

∑
m δm = 0.

To identify the scale-economy parameters θγ, we use the optimality of firms’
procurement bids. A firm’s bid affects not only the price it receives if it wins, but
also the set of provinces it is awarded and, through the scale-economy term, its
marginal costs in all downstream markets. For any candidate value of θγ, we can
therefore compute the continuation profit associated with each possible procurement
outcome and solve for the corresponding equilibrium bidding strategy. The scale-
economy parameters are identified by requiring the observed bids to satisfy these
bidding optimality conditions.

Having recovered θγ, we can invert the scale-economy adjustment and recover
each product’s underlying cost signal ci from c̃i and its observed set of winning
provinces. We then identify the cost-signal distributions of certified and uncerti-
fied firms, Gc|v for v ∈ {C,U}. Because a failed certification test reveals that the firm
is a low type, and because we observe post-test cost signals or pricing information for
firms that fail, these observations identify Fc|L.15 In addition, the residuals from the
cost decomposition identify Fϵ.

5.3.4. Step 4: Testing, entry, and type distributions. The remaining objects to be
identified are: (i) the parameters governing entry and testing, θe, θη, ψ, and ϕ; (ii) the
15This interpretation relies on the model timing under which ci is realized after the testing decision,
so that test participation does not select firms on their realized cost signals.
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demand-side parameters, ξ̄ and ω; and (iii) the cost-signal distribution of high-quality
firms, Fc|H . The last object is pinned down once the finite-dimensional parameters in
(i) and (ii) are identified. In particular,

Fc|H(c) = Fc|L(c) +
Gc|C(c)− Fc|L(c)

µC

, (22)

for any c in the support of the cost signal. Step 3 identifies Fc|L(·) and Gc|C(·), while
µC is the equilibrium object determined by the model parameters. Thus, it remains
to identify eight parameters.

We have eight corresponding moment restrictions: the entry probabilities in the
pre-certification and post-procurement regimes; the testing probability conditional
on entry; the certification probability conditional on testing; the relationship be-
tween the cost-signal distributions of certified and uncertified firms; and the three
mean-quality moments given by the mean of ξ̃i in the pre-certification period and
its post-procurement means conditional on certification and non-certification.16 The
equality between the number of parameters and the number of moment restrictions
is only a necessary condition for identification. Our identification argument is there-
fore conditional on the corresponding moment Jacobian having full rank at the true
parameter values.

A practical complication is that the type-specific entry and testing probabilities
and consumer belief are equilibrium fixed points: expected profits depend on these
objects through the distribution of competitors, while the probabilities and belief
themselves are determined by expected profits. To implement the identification argu-
ment, we therefore use a nested procedure. For each candidate value of the structural
parameters, we first recover the type-specific equilibrium probabilities and quality
parameters from the observed moments, then compute the corresponding expected
profits and model-implied probabilities, and finally choose the parameters so that the
recovered and model-implied probabilities coincide.

5.4. Estimation. We estimate the model sequentially, following the identification
argument above. We first estimate the price coefficient using pooled pre-procurement
data and then, separately for each drug, recover composite product qualities, demand-
guarantee rates, marginal costs, and scale-economy parameters from the demand,
pricing, and bidding conditions. In the final step, we estimate the remaining parame-
ters using a nested minimum-distance procedure. We then obtain standard errors by
16The cost distribution restriction is functional, so we summarize it by a single moment.
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bootstrapping the full multi-step estimator. Appendix A provides the detailed mo-
ment conditions, inversion formulas, equilibrium-profit calculations, and numerical
implementation.

6. Estimation Results

This section reports estimates of the demand-side objects: the price coefficient
from Step 1 and the demand-guarantee rates from Step 2. Estimation of the remaining
supply-side objects — marginal costs, bidding, and the entry and testing primitives
— is in progress.

6.1. Price Sensitivity. Table 2 reports estimates of Equation (A.1). In the baseline
sample of procured drugs, the price coefficient is −1.418. Demand becomes slightly
less elastic when we include never-procured drugs, and the estimates are robust to
the inclusion of therapeutic class-province-year fixed effects, which capture disease-
specific time trends. The instruments are strong, with first-stage F statistics above
1,200 in all specifications. The implied own-price elasticities average slightly above
one in absolute value, consistent with prior estimates of prescription-drug demand in
China (Barwick et al., 2025; Cao et al., 2024).

Obtaining BE certification raises a product’s mean utility by the equivalent of
a 15% price reduction. This result is consistent with the reduced-form evidence in
Section 3 that certification carries market value.

6.2. Demand-Guarantee Enforcement. We next apply Step 2 to the post-procurement
annual panel. Figure 5 shows the distribution of the estimated demand-guarantee
rates. The market-by-market inversion is noisy: non-winner shares are small and
measured with error, and the naive inversion can yield values outside the unit inter-
val — a negative λm, for example, arises when a non-winner’s observed share exceeds
the level implied by its estimated quality in a market without restriction. In our
sample, 12% of the inverted values fall outside the unit interval. We therefore dis-
cipline the estimates with the logistic projection on market observables described in
Step 2 and use the fitted values in the remainder of the analysis. The fitted distribu-
tion tracks the raw inversions while shrinking the estimates into the range of sensible
values.

The estimates imply that demand guarantees are strongly enforced: the aver-
age fitted λm is 0.85, so in a typical post-procurement market, the large majority of
demand is effectively restricted to the procurement winner. Enforcement also varies
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Table 2. Demand Estimates: Price Coefficient

(1) (2) (3) (4)
Log OOP price -1.410 -1.418 -1.361 -1.384

(0.074) (0.073) (0.034) (0.034)
Passed BE 0.211 0.175 0.273 0.254

(0.027) (0.027) (0.021) (0.021)
N 167,170 167,168 518,318 518,318
KP rk Wald F 1331.1 1279.1 5617.1 5235.1
Product-province FE Yes Yes Yes Yes
Province-year FE Yes Yes
Class-province-year FE Yes Yes
Sample Procured Procured Full Full

Notes: Observations are at the drug-firm-province-year level, restricted to pre-procurement
years; years in which a drug’s insurance tier changes are excluded. The out-of-pocket
price is instrumented with insurance-formulary tier dummies. Columns (1)–(2) use pro-
cured drugs in waves 2–9; columns (3)–(4) add never-procured drugs. All columns include
product-province fixed effects and a BE-approval indicator. Standard errors are clustered
at the drug-province level.

systematically across markets (Appendix Table A2). Most notably, λm rises steeply
with the official guarantee rate announced at auction: markets with more generous
official guarantees exhibit stricter enforcement. At the mean of the fitted values, the
estimates imply that a ten-percentage-point increase in the official guarantee rate
raises λm by roughly 2.6 percentage points. The estimated relationship is stable as
auction-round, province, and therapeutic-class controls are added sequentially. En-
forcement also strengthens modestly over the contract cycle and varies substantially
across provinces and auction rounds, consistent with heterogeneous implementation
of procurement quotas.

These estimates matter for the model because λm governs the size of the pro-
curement prize: a higher λm raises the value of winning and hence the returns to
certification and entry. The same estimation recovers the product qualities ξ̃i, an-
chored by winner observations; their distributions conditional on certification status
enter the equilibrium restrictions in Step 4.

7. Counterfactuals and Conclusion

We are currently completing the remaining estimation steps — marginal costs,
bidding, and the entry and testing primitives — and will report the corresponding
counterfactual results in the next version. The counterfactual analysis is organized
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Figure 5. Estimated Demand-Guarantee Rates
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Notes: The gray bars show the distribution of the demand-guarantee rates λm obtained
by direct inversion of the estimated market wedges; values below −1 are shown at −1,
and 12% of the inverted values fall outside the unit interval. The navy outline shows the
distribution of fitted values from the logistic projection on market observables. Markets
are drug-province-year cells served by a single procurement winner.

around three questions. First, is quality certification alone sufficient to induce entry
when firms continue to face barriers to market access? Second, how much of procure-
ment’s effect operates through guaranteed market access, as opposed to scale-related
cost reductions? Third, how does procurement compare with a direct entry subsidy
as a policy for encouraging entry while preserving competition?

The first set of counterfactuals considers markets with BE certification but no
centralized procurement. Although the data include a brief period in which certifi-
cation was available before procurement was implemented, entry during this period
may have reflected firms’ anticipation of the upcoming procurement program. The
observed outcomes therefore need not correspond to the equilibrium that would arise
under certification alone. This counterfactual isolates the information role of BE cer-
tification by asking whether improving consumers’ information about generic quality
is sufficient to induce entry when certified firms must still compete for demand against
the branded incumbent and other products. We also consider a counterfactual that
removes the branded incumbent’s residual demand advantage, captured by ξB, to
quantify the extent to which brand loyalty limits the private returns to certification.
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The second set of counterfactuals introduces procurement. We compare certifi-
cation only, certification with procurement but no scale economies (γ = 0), and the
baseline procurement regime. This decomposition separates two channels. The first is
the market-access channel: procurement guarantees demand to certified winners and
therefore raises the private return to certification. The second is the scale channel:
guaranteed demand lowers marginal costs, which can further increase entry and inten-
sify downstream competition. Comparing these regimes shows whether procurement
matters primarily because it shifts demand to certified firms, or because it allows
entrants to reach the scale needed to compete at lower cost.

The final set of counterfactuals compares centralized procurement with a direct
entry subsidy. An entry subsidy increases participation by lowering firms’ fixed cost
of entering, but it does not directly reduce informational frictions, provide access
to buyers, or require firms to compete for the resulting support. Procurement in-
stead conditions eligibility on quality certification and allocates access to demand
through an auction. We compare the two policies under common fiscal-cost and
entry-equivalent benchmarks, examining their effects on the number and composition
of entrants, certification decisions, procurement and downstream prices, government
expenditure, and consumer welfare. This comparison allows us to assess whether
reducing barriers to market participation can encourage entry more effectively than
subsidizing it directly, while retaining the competitive discipline generated by the
procurement auction.

Together, these counterfactuals clarify the distinct roles of information, market
access, and scale in shaping entry and competition. They also allow us to evalu-
ate the central policy argument of the paper: procurement may promote entry not
by protecting firms from competition, but by reducing barriers to participation and
requiring firms to compete for access to a large market.
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Appendix A. Estimation Procedure

A.1. Step 1: Price elasticity. We estimate the price coefficient α from pre-procurement
data. Aggregating the panel to the product–province–year level and restricting to
pre-procurement years, we estimate

log(simt/s0mt) = α log(κdmt pimt) + β vit + νim + ιmt + εimt, (A.1)

where simt is the market share of product i of drug d in province m and year t,
and s0mt is the share of the outside option. We instrument the out-of-pocket price
κdmtpimt with the drug’s insurance-formulary tier, which changes within drug over
time as insurance catalogs are revised, and we exclude the years in which a drug’s
tier changes. Product-province fixed effects νim ensure that α is identified only from
within-product variation in insurance tiers over time, and province-year fixed effects
ιmt absorb market-level shocks.

A.2. Step 2: Demand guarantee enforcement and product quality. Define

rim ≡ log

(
sim
s0m

)
− α̂ log(κmpim).

From Equation (20), rim is linear in product quality and the province wedge as follows:

rim = ξ̃i + 1{i ̸= w(m)}zm + uim + (α− α̂) log(κmpim).

We can then estimate {ξ̃i, zm} jointly by least squares:

{̂̃ξi, ẑm} = arg min
{ξ̃i,zm}

∑
i,m

[
rim − ξ̃i − 1{i ̸= w(m)}zm

]2
. (A.2)

We then estimate λm as

λ̂m = (ŝ∗0m + ŝ∗w(m)m) (1− exp(ẑm)) , (A.3)

where

ŝ∗0m =
1

1 + Am + exp(ẑm)Bm

, ŝ∗w(m)m =
Am

1 + Am + exp(ẑm)Bm

,

Am = exp

(
α log(κmpw(m)m) +

̂̃
ξw(m)

)
, Bm =

∑
i̸=w(m)

exp

(
α log(κmpim) +

̂̃
ξi

)
.

(A.4)
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A.3. Step 3: Marginal costs. For a non-winner (i.e., i ∈ Lm), the pricing equation
can be written as

s∗im = (1− λm)

[
1− pim

α(c̃i + δm + ϵim − pim)

]
. (A.5)

The non-winner’s observed share is (1−λm) times its share in the unrestricted market
segment. Define the unrestricted-segment share as

sfim

(
α, {ξ̃j}j∈Jm

)
=

s∗im
1− λm

=
exp(α log(κmpim) + ξ̃i)

1 +
∑

k exp(α log(κmpkm) + ξ̃k)
,

where Jm is the set of active products in province m. Substituting this expression
into the non-winner pricing equation, Eq. (A.5), gives the marginal cost inversion:

pim

1 +
1

α
[
1− sfim

(
α, {ξ̃k}k

)]
 = c̃i + δm + ϵim.

Plugging in the demand estimates from previous steps in the LHS and denoting it as
ĉim, the above equation can be written as

ĉim = c̃i + δm + ϵim + gim,

where gim is the generated estimation error:

gim ≡ pim

 1

α̂
[
1− sfim

(
α̂, { ˆ̃ξk}k

)] − 1

α
[
1− sfim

(
α, {ξ̃k}k

)]
 .

Under consistency of the demand estimates in the previous steps, gim converges
to zero asymptotically. In finite samples, however, ĉim is a nonlinear function of the
estimated demand parameters, so the generated estimation error need not be centered
at zero. We write

gim = bim + g̃im,

where bim captures the finite-sample plug-in bias induced by the nonlinear share and
markup inversion, and g̃im is the remaining centered estimation error. We estimate
bim by bootstrap and denote it by b̂im.

Finally, we recover product-level costs c̃i and province effects δm by projecting
the bias-corrected pseudo-costs on product and province fixed effects:

{̂̃ci, δ̂m} = arg min
{c̃i}i,{δm}m

∑
m

∑
i∈Lm

(
ĉim − b̂im − c̃i − δm

)2
, (A.6)
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subject to the normalization ∑
m

δm = 0.

We restrict attention to observations for which the implied non-winner pricing FOC
is economically meaningful. In particular, since α < 0, positive marginal cost requires
that ĉim > 0, or equivalently,

−α(1− sfim) > 1.

In implementation, we check this condition using the estimated demand parameters
and exclude observations that are close to the boundary. Identification of {c̃i}i and
{δm}m requires the product-province network among non-winner observations to be
connected. Products or provinces with only a small number of non-winner observa-
tions may be weakly identified.

We then estimate θγ by minimizing the difference between the observed bids and
the model-predicted bids. We can use an NLS approach to minimize

θ̂γ = argmin
θγ

∑
i

[
bi − E

{
β(ĉi(θγ), n

C , nU)|θγ, α̂, {λ̂m}m, {δ̂m}m, Ĝξ̃|v, Ĝc̃|v)
}]2

,

where ĉi(θγ) is given by

ĉi(θγ) = ̂̃ci(1 + θγ
∑
m

sizem1(wm = i)

)
.

A.4. Step 4: Testing, entry, and type distributions. Let

ζ1 ≡ (ϕ, ψ)′, ζ2 ≡ (θ′e, θ
′
η)

′, ζ ≡ (ζ ′1, ζ
′
2)

′,

where both entry cost parameters θe and test cost parameters θη are two-dimensional.
Thus, ζ contains six parameters. For a fixed candidate ζ1, we first recover the type-
specific entry and testing probabilities, together with (ω, ξ̄), from the observed entry,
testing, certification, quality, and cost-distribution moments. We then compute prof-
its and choose ζ so that the recovered probabilities satisfy the model’s entry and
testing optimality conditions.

A.4.1. Recovering equilibrium probabilities conditional on ζ1. For given ζ1, we recover
(i) the equilibrium type-specific entry probabilities under each regime, q0τ and qτ , (ii)
the equilibrium type-specific testing probabilities, ρτ , and (iii) two parameters, (ω, ξ̄),
using the following eight moment conditions. The first set of moments are associated
with entry probabilities for each regime, the testing probability, and the certification
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probability.

Pr(Entry0) = ϕq0H + (1− ϕ)q0L, (A.7)

Pr(Entry) = ϕqH + (1− ϕ)qL, (A.8)

Pr(Tested | Entry) = ϕρHqH + (1− ϕ)ρLqL
ϕqH + (1− ϕ)qL

, (A.9)

Pr(Certified | Tested) = ϕρHqH + ψ(1− ϕ)ρLqL
ϕρHqH + (1− ϕ)ρLqL

. (A.10)

Note that we observe the sample analogue of the left-hand side of the above equations:
the entry probabilities under each regime, Pr(Entry0) and Pr(Entry), the testing
probability conditional on entry, Pr(Tested | Entry) and the certification probability
conditional on testing, Pr(Certified | Tested).

The next three moments are associated with the average unobserved quality in
demand.

E[ξ̃0i ] =
ωϕq0H

ϕq0H + (1− ϕ)q0L
+ ξ̄, (A.11)

E[ξ̃i | C] =
ωρHϕqH

ρHϕqH + ψρL(1− ϕ)qL
+ ξ̄, (A.12)

E[ξ̃i | U ] =
ω(1− ρH)ϕqH

(1− ρH)ϕqH + (1− ψρL)(1− ϕ)qL
+ ξ̄, (A.13)

Another moment concerns the relationship between the cost signal distributions con-
ditional on certification or not.

Gc|C(c; θ̂γ)− Fc|L(c; θ̂γ)

Gc|U(c; θ̂γ)− Fc|L(c; θ̂γ)
=
µC

µU

, (A.14)

where

µC =
ρHϕqH

ρHϕqH + ψρL(1− ϕ)qL
, µU =

(1− ρH)ϕqH
(1− ρH)ϕqH + (1− ψρL)(1− ϕ)qL

.

Note that Equation (A.14) holds for any c values such that the denominator is nonzero.
Rather than imposing Equation (A.14) at a single CDF evaluation point, we recover
the common ratio, µC/µU using an integrated CDF-distance criterion.

µC

µU

= argmin
r

∫
c

[(
Gc|C(c; θ̂γ)− Fc|L(c; θ̂γ)

)
− r

(
Gc|U(c; θ̂γ)− Fc|L(c; θ̂γ)

)]2
dGc(c).

It can be shown that, conditional on ζ1, the observed moments recover

P(ζ1) ≡
(
q0H(ζ1), q

0
L(ζ1), qH(ζ1), qL(ζ1), ρH(ζ1), ρL(ζ1)

)
,
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as well as ω(ζ1) and ξ̄(ζ1). Then we can recover the cost signal distribution for the
high-type firm using Equation (22).

This step requires the corresponding aggregate moments to be interior, so that
certified firms, uncertified firms, and pre-policy entrants are all observed. We restrict
the parameter space to candidates satisfying

µC , µU , ϕ ∈ (0, 1), ω > 0, 0 ≤ ψ < Pr(Certified | Tested),

and for each τ ∈ {L,H},
q0τ , qτ , ρτ ∈ [0, 1].

The restriction ω > 0 fixes the type labeling so that the high type has higher mean
demand quality. We also require µC ̸= µU , and that Equation (22) is a proper CDF:
it must be weakly increasing, lie between zero and one, and satisfy the appropriate
boundary conditions. Candidates of ζ1 violating any of these restrictions are assigned
an infinite objective value.

A.4.2. Expected profits. For each candidate ζ1, we use the demand and cost primitives
from Steps 1–4, together with Fc|H(·; ζ1), to compute profits conditional on each
realized market configuration. Let

ΠC,τ (n
C , nU ; ζ1) and ΠU,τ (n

C , nU ; ζ1)

denote the expected operating profits of a type-τ firm when it is certified or uncer-
tified, respectively, and when the market contains nC certified and nU uncertified
firms in total. These conditional profit objects incorporate the equilibrium pricing
and bidding calculations for a fixed market configuration. They integrate over the
focal firm’s type-specific cost signal, the status-specific demand-quality distribution,
and the corresponding cost and quality distributions of rival firms. The pricing and
bidding simulations use the estimated distributions Gξ̃|v directly, so ω and ξ̄ enter
the moment inversion above but do not enter the continuation-profit calculation sep-
arately.

Let J denote the number of potential firms for the drug, and let nC,−i and nU,−i

denote the numbers of certified and uncertified rivals of a focal firm. The candidate
probabilities imply that a potential rival is certified, uncertified, or does not enter
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with probabilities

pC(ζ1) = ϕqH(ζ1)ρH(ζ1) + ψ(1− ϕ)qL(ζ1)ρL(ζ1),

pU(ζ1) = ϕqH(ζ1)[1− ρH(ζ1)] + (1− ϕ)qL(ζ1)[1− ψρL(ζ1)],

p0(ζ1) = 1− pC(ζ1)− pU(ζ1).

Under the model’s independent type and cost draws across firms, (nC,−i, nU,−i, J −
1 − nC,−i − nU,−i) follows the multinomial distribution implied by (pC , pU , p0). Its
probability mass function is

P−i(n
C , nU ; ζ1) =

(J − 1)!

nC !nU !(J − 1− nC − nU)!
[pC(ζ1)]

nC

[pU(ζ1)]
nU

× [p0(ζ1)]
J−1−nC−nU

. (A.15)

The expected continuation profits are then

πC,τ (ζ1) =
J−1∑
nC=0

J−1−nC∑
nU=0

ΠC,τ (n
C + 1, nU ; ζ1)P−i(n

C , nU ; ζ1), (A.16)

πU,τ (ζ1) =
J−1∑
nC=0

J−1−nC∑
nU=0

ΠU,τ (n
C , nU + 1; ζ1)P−i(n

C , nU ; ζ1). (A.17)

The arguments (nC +1, nU) and (nC , nU +1) make explicit that the conditional profit
functions count the focal firm, whereas (nC , nU) in P−i counts only rivals.

We compute the expected operating profit π0
τ (ζ1) in the pre-auction regime anal-

ogously, integrating the corresponding conditional profit over the candidate distribu-
tion of the number and types of rival entrants.

Define the gross gain from testing by

∆H(ζ1) = πC,H(ζ1)− πU,H(ζ1), ∆L(ζ1) = ψ [πC,L(ζ1)− πU,L(ζ1)] . (A.18)

The factor ψ in ∆L accounts for the fact that a low-type firm receives the certified
continuation payoff only when it passes the test. Given that the testing cost is realized
after entry, the value of entry in the post-policy regime is

Vτ (ζ) = πU,τ (ζ1) +

∫
max{∆τ (ζ1)− η, 0} dFη(η; θη), τ ∈ {L,H}. (A.19)

Thus, the entry value includes the option value of testing.
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A.4.3. Equilibrium restrictions and estimation. The model-predicted entry and test-
ing probabilities are

q0,Mτ (ζ) = Fe

(
π0
τ (ζ1); θe

)
, (A.20)

qMτ (ζ) = Fe(Vτ (ζ); θe) , (A.21)

ρMH (ζ) = Fη(∆H(ζ1); θη) , (A.22)

ρML (ζ) = Fη(∆L(ζ1); θη) . (A.23)

We compare these probabilities with the probabilities recovered from the observed
moments. Define the six-dimensional equilibrium residual

h(ζ) ≡



q0H(ζ1)− q0,MH (ζ)

q0L(ζ1)− q0,ML (ζ)

qH(ζ1)− qMH (ζ)

qL(ζ1)− qML (ζ)

ρH(ζ1)− ρMH (ζ)

ρL(ζ1)− ρML (ζ)


. (A.24)

The final-stage estimator is

ζ̂ = argmin
ζ∈Z

h(ζ)′Wh(ζ), (A.25)

where W is positive definite and Z incorporates the feasibility restrictions above,
including positivity of the scale parameters in θe and θη. Because h(ζ) contains six
residuals and ζ contains six parameters, the equilibrium system is exactly identified
dimensionally. If a feasible exact root exists, Equation (A.25) is equivalent to solving

h(ζ) = 0,

and the choice of W does not affect the solution. When simulation error or sampling
variation prevents an exact root, we use the minimum-distance formulation and hold
the simulation draws fixed across candidate parameter values.

Equality between the number of equilibrium restrictions and parameters does
not by itself establish identification. We therefore examine the singular values of the
numerical Jacobian, profile the objective with respect to ϕ and ψ, and use multiple
starting values to assess weak identification and multiplicity of feasible roots. Because
this step uses generated distributions and simulated profits, we conduct inference by
bootstrapping the full drug-level estimation procedure, including Steps 1–3.
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Appendix B. Procurement Effects on Prices and Quantities

This appendix estimates the effects of procurement on prices and quantities using
a stacked event-study specification at the drug (d)-firm (i)-province (m)-quarter (t)
level. Let c index procurement cohorts, defined by the quarter of procurement imple-
mentation tc. For each cohort, we stack treated drug-firm-province cells with a set of
control drugs that are never procured during the sample period. The plotted event
studies use waves 2 through 8, so that each cohort has sufficient post-procurement
observations. We estimate:

Ydimtc =
12∑

k=−16

βkTreatdjmc1{t− tc = k}+ λdimc + λtc + ϵdimtc, (A.26)

where we normalize β−1 to zero and include endpoint bins for event times below
−16 and above 12. Product-market-cohort fixed effects, λdimc, absorb permanent
differences across drug-firm-province cells within each stack. Cohort-by-quarter fixed
effects, λtc, absorb quarterly shocks common to all observations in a stack. The
outcome Ydimtc is either the log price or log quantity.

We estimate separate event studies for the three product-market positions cre-
ated by procurement: winners in their selected provinces, where they are guaranteed
market access; winners in other provinces, where another winner is guaranteed market
access; and non-winners, which include both losing bidders and non-participants.

The key identifying assumption is that, absent procurement, treated drug-firm-
province cells would have followed the same path as never-treated control cells within
the same cohort stack, after accounting for permanent product-market differences and
common cohort-quarter shocks. This rules out unobserved shocks that arrive exactly
at a cohort’s procurement date and differentially affect procured drugs relative to
comparable never-treated drugs. It also requires that never-treated drugs are not
substantially affected by spillovers from procurement.

Figure A1 reports the estimates. Panels A and B show winners in their selected
provinces. Prices fall by about one log point immediately after procurement and
remain low. Quantities rise by roughly 1.5 log points at implementation and stay close
to 2 log points above the pre-procurement level. These patterns capture the direct
procurement effect: the auction lowers transaction prices, while province selection
gives winners immediate access to demand.

Panels C and D show winners in provinces they did not select. Quantities fall
sharply after procurement. This decline is partly mechanical: these provinces are
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Figure A1. Procurement Effects on Prices and Quantities
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coefficient for event quarter −1 is normalized to zero. Controls are never-treated products
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Figure A2. Auction Participation and Outcomes By Wave
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Notes: Panel A shows the number of bidders by procurement round. Panel B shows the
lowest bid relative to the reserve price by procurement round.

selected by other auction winners, redirecting contracted demand away from a given
winner in markets it did not choose. Prices fall more gradually, reaching nearly one
log point below the pre-procurement level by the end of the event window. This
gradual decline is consistent with more intensive competition following the sharp
price reductions by selected winners. It is also consistent with cost reductions or
scale economies from winning procurement.

Panels E and F show non-winners, including losing bidders and non-participants.
Their prices decline more moderately, by roughly 0.15–0.30 log points after procure-
ment, while quantities fall by more than one log point and remain depressed. The
residual market therefore contracts for firms that do not obtain procurement access.

Overall, the estimates show that centralized procurement lowers prices, reallo-
cates demand toward selected winners, and generates spillovers in residual markets.
The comparison between Panels C and E suggests that, even in provinces they did not
select, winners experience larger price declines than non-winners. This pattern may
reflect scale economies: by gaining procurement access in selected provinces, winners
expand output, improve efficiency, and lower marginal costs across markets.

Appendix C. Additional Figures and Tables
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Table A1. CVBP Procurement Rounds: Scope and Timeline

Round Molecules Announcement Bidding Implementation

Round 1 25 Sep 2019 Sep 2019 Dec 2019
Round 2 33 Dec 2019 Jan 2020 Apr 2020
Round 3 56 Jul 2020 Aug 2020 Nov 2020
Round 4 45 Jan 2021 Feb 2021 May 2021
Round 5 62 Jun 2021 Jun 2021 Nov 2021
Round 6 6 Sep 2021 Nov 2021 Dec 2021
Round 7 61 Jun 2022 Jul 2022 Nov 2022
Round 8 40 Mar 2023 Mar 2023 Jul 2023
Round 9 42 Aug 2023 Nov 2023 Mar 2024
Round 10 62 Nov 2024 Dec 2024 Apr 2025
Round 11 55 Jul 2025 Oct 2025 Feb 2026

Notes: All rounds are national and cover all provinces. The announcement date is the date of the
official procurement guideline document released by the National Healthcare Security Administration
(NHSA). The bidding date is the date of the sealed-bid auction. The implementation date is the
date from which hospitals were required to fulfill procurement quotas. Molecule counts are defined
at the molecule–dosage-form level and are taken from official bid documents for Rounds 1–9 and
from NHSA public announcements for Rounds 10–11; bid data are not available in our dataset for
Rounds 10 and 11. Round 1 is the national expansion of a prior pilot conducted in 11 major cities
(the “4+7 pilot”), which had bidding in December 2018 and implementation in March 2019, covering
the same 25 molecules. Round 6 is a special insulin round covering 6 insulin product categories.
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Table A2. Demand-Guarantee Rates: Logistic Projection on Market
Observables

(1) (2) (3) (4)
Official guarantee rate 2.437 2.729 2.843 2.049

(0.272) (0.287) (0.279) (0.382)
Contract tenure (years) 0.122 0.002 0.044 0.045

(0.027) (0.027) (0.026) (0.026)
Two winners 0.798 0.752 0.789 0.569

(0.082) (0.095) (0.092) (0.111)
Three winners 0.695 0.435 0.459 0.393

(0.067) (0.070) (0.068) (0.073)
Auction-round dummies Yes Yes Yes
Province dummies Yes Yes
Therapeutic-class dummies Yes
Dosage-form dummies Yes
N (identified market cells) 12,494 12,494 12,494 12,494
R2 0.833 0.844 0.855 0.857

Notes: Nonlinear least-squares estimates of the logistic specification for λm, fit to the
market wedges recovered from Equation (21). Columns add covariate blocks sequentially;
column (4) is the full specification used to construct the fitted values. Markets are drug-
province-year cells served by a single procurement winner. Winner-count categories are
relative to auctions with four or more winners.
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