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Abstract: In recent years, “super fakes,” i.e., high-quality counterfeits, have gained popularity. The ability of super fake
manufacturers to produce high-quality products has inspired a novel anti-counterfeiting measure: converting counterfeit-
ers to authorized suppliers. We develop a game-theoretic model to examine the interactions between a brand-name firm
with a licit home supplier and a counterfeiter who can be potentially converted to an authorized overseas supplier. Our
analysis leads to three main results. First, the brand-name firm can convert the counterfeiter to a licit supplier through
either dual sourcing or single sourcing when the cost differential between two suppliers is moderate to high, or the quality
perception differential between brand-name products produced by two suppliers is low. However, this conversion does
not necessarily prevent counterfeiting unless the penalty from law enforcement is stringent. Our paper recommends that
brand-name firms strategically use their wholesale pricing and sourcing decisions to establish socially responsible supply
chain operations and prevent counterfeiting. Second, while dual sourcing is known for its risk diversification, our study
identifies another benefit previously not reported in the literature: mitigating counterfeit risks. Dual sourcing can be more
effective than single sourcing as the quality perception of super fakes approaches that of brand-name products, and its
effectiveness becomes more pronounced when the brand-name firm offers wholesale price contracts in a sequential order.
Conversely, single sourcing is preferable under conditions of high cost differential and low quality perception differential.
Lastly, converting counterfeiters to authorized suppliers can reduce consumer surplus and does not improve social surplus

unless authorities enforce high penalties on counterfeiters or the cost differential between two suppliers is substantial.
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1 Introduction

Counterfeits are illegal products that imitate and infringe on the brands of genuine items. Globalization
has significantly expanded the range of products being counterfeited, extending from luxury goods (e.g.,

fashion apparel and watches) to other consumer products (e.g., electronics and stationery). According to the



Organisation for Economic Cooperation and Development (OECD), in 2019 alone, imports of fake products
into the European Union (EU) increased to 6.8% of all imports, and globally, the value of counterfeit and
pirated merchandise reached USD 509 billion, representing about 3.3% of world trade (UNECE[2023)).

Although industries and governments have been actively working to combat counterfeiting, companies
continue to suffer significant trademark infringement from counterfeiters. For years, the luxury goods indus-
try has invested heavily in fighting against counterfeiters by encouraging governments to strengthen reg-
ulations and law enforcement to seize counterfeit products, and running public awareness campaigns on
the risks of purchasing counterfeits (Fontana et al.[2019). In the United States, the government has been
advocating for stronger global law enforcement on trademarks and intellectual property (IP) rights. These
measures aim to drive counterfeiters out of the market. However, in some developing economies, despite
the passage of anti-counterfeiting laws, enforcement remains weak. For instance, the Turkish parliament
passed regulations against counterfeits in 2016, which include prison terms and steep fines. Nonetheless,
these laws have not effectively curbed counterfeiting, and their overall impact remains uncertain (Smith
2018)). In China, local governments have established laws to crack down on fake products, but in some
cases, the incentive to enforce these laws is insufficient. For example, the “fake shoe market” has become
an invisible pillar of the local economy in Putian, China (Chen|2017).

With advancements in manufacturing technology, the quality of counterfeits is steadily improving (Yao
2014). As quoted by Alibaba’s Jack Ma, “fake products today are of better quality and better price than the
real names” (Dou/[2016). In recent years, many counterfeiters have demonstrated the capability to produce
high-quality products. Turkish counterfeit Louis Vuitton (LV) bags, for instance, are notorious for being
high-end “genuine fakes” because they are made from leather sourced from the same suppliers as genuine
bags and crafted by experienced artisans. This makes these high-quality fake bags difficult to distinguish
from the originals (Letsch/2011} Iredale||2024)). Similarly, Chinese imitations, which were once known for
their low quality, are now being produced as “super fakes”: products of such high quality that even experts
have trouble differentiating them from genuine items (Mau|[2018)). The Economist | (2022)) points out that
the quality of counterfeit consumer goods has reached unprecedented levels.

Due to the improved manufacturing capabilities of counterfeiters, we observe a practice that some brand-
name firms outsource their production to counterfeiters, converting them to authorized suppliers. In the
luxury goods industry, for example, Balenciaga’s Triple S sneakers were initially made in Italy but are
now produced in factories in Putian, China. A Balenciaga official explained that the key reason for out-
sourcing to China was that Chinese factories “have the savoir-faire and capacity to produce a lighter shoe”
(Silbert|2018)). In the consumer goods industry, Japanese stationery maker Kokuyo partnered with the Chi-
nese “‘shanzhai” stationery brand Gambol, which had previously imitated Kokuyo’s famous Campus brand
and sold the knockoff at much lower prices in over 5,000 retail stores in China. By collaborating with its

counterfeiter, Kokuyo has successfully increased its market share in China (Sugawara)[2015)). Similarly,



Honda established a joint venture with Hainan Sundiro Motorcycle CO., a company that used to produce
Honda knockoffs. The motivation behind this collaboration is that the Chinese company can produce parts
at one-fourth the cost of Honda’s production (Zaun and Leggett|2001).

Converting counterfeiters into authorized overseas suppliers has various implications. For brand-name
firms, outsourcing to overseas suppliers who were previously counterfeiters may have two benefits. First, if
counterfeiters can produce high-quality products at low costs, it will save production costs for brand-name
firms. Second, converting counterfeiters to authorized suppliers may help brand-name firms mitigate the
risks of counterfeiting in overseas markets and possibly capture larger market shares. This is because former
counterfeiters, now authorized suppliers, may become less likely to produce counterfeit goods. However, not
all brand-name firms favor such partnerships due to potential damage to their brand reputation. For instance,
some consumers in China expressed dissatisfaction when Balenciaga moved the production of their Triple S
sneakers to Putian, a city notoriously known for its counterfeit producers (Pan/2018)). Similarly, despite the
FDA’s assurance about the quality of drugs regardless of manufacturing locations, there are still consumers
concerned about generic drugs made in India (Villa et al.|2023)). For counterfeiters, becoming authorized
suppliers for brand-name firms can help them secure profits and avoid lawsuits and penalties from law
enforcement if they stop counterfeiting. However, counterfeiters may not always be willing to become
authorized suppliers. For example, according to our conversations with leather counterfeit producers in the
Grand Bazaar of Istanbul in Turkey, some counterfeiters of high-quality fake bags are not willing to become
authorized suppliers for genuine brands due to a significant cut in their profit margin in the contracts offered
by brand-name firms. Thus, brand-name firms need prescriptions regarding when and how they can convert
counterfeiters to licit suppliers and reduce the risk of counterfeiting.

Motivated by the above observations, in this work, we consider the strategy of converting counterfeiters
who are capable of producing high-quality products to authorized overseas suppliers. We build a game-
theoretical model and study the following three research questions:

[1] Considering the option of converting a counterfeiter to an authorized overseas supplier, what is the
equilibrium sourcing strategy for a brand-name firm? Under what conditions is the counterfeiter willing to
be authorized as an overseas supplier?

[2] Under what conditions would a counterfeiter cease selling counterfeits upon becoming an authorized
overseas supplier? Specifically, which sourcing strategy effectively mitigates the risk of counterfeiting?

[3] Does converting the counterfeiter to an authorized overseas supplier benefit consumers or society?

To examine these questions, we develop a model that captures interactions between a brand-name firm
with a home supplier in the home market and a counterfeiter who produces “super fakes™ in the overseas
market. The brand-name firm may outsource production to the home supplier and/or the counterfeiter via
wholesale-price contracts, selling the brand-name product in both home and overseas markets. If the coun-

terfeiter sells counterfeits in the overseas market (regardless of whether the counterfeiter accepts or rejects



the contract from the brand-name firm), the counterfeiter risks facing the penalty from law enforcement. In
our paper, we assume that the counterfeiter sells non-deceptive counterfeits, meaning consumers know they
are purchasing counterfeits at the time of sale (e.g., Grossman and Shapiro|1988| Zhang et al.|2012, |Cho et
al.[2015] |Gao et al.|2016L|Y1 et al.[2022). As observed from our motivating examples, counterfeiters capable
of producing high-quality products are generally non-deceptive. Thus, brand-name firms consider them as
potential suppliers rather than deceptive counterfeiters who lack such capability.

The brand-name firm’s possible sourcing strategies can be classified into four types: single sourcing from
the home supplier, dual sourcing, single sourcing from the overseas supplier, and no sourcing. We develop
the conditions that lead to each of these four sourcing strategies as game equilibrium. We also explore
key modeling features that affect the equilibrium sourcing strategies and the effectiveness of preventing
counterfeit sales. These factors include the cost differential between the home supplier and the overseas
supplier converted from the counterfeiter, the consumers’ quality perception differential between brand-
name products produced by two suppliers (to capture the loss of brand value when the brand-name firm
sources from the overseas supplier that was previously a counterfeiter), the consumers’ quality perception of
a counterfeit product, and the penalty from law enforcement. Our main findings are summarized as follows:

(1) Equilibrium sourcing strategies: When the cost differential between two suppliers or the penalty
from law enforcement is intermediate to high, the brand-name firm can convert the counterfeiter through
dual sourcing or single sourcing. Otherwise, the brand-name firm may lack the incentive to convert the
counterfeiter, owing to minimal cost savings and the necessity for a significantly high wholesale price to
incentivize the counterfeiter. Furthermore, as the quality perception differential decreases, which reflects
a smaller loss in brand value from converting the counterfeiter, the counterfeiter will be more likely to be
converted through dual sourcing or single sourcing.

(2) Preventing counterfeit sales: Our results demonstrate that although an intermediate to high cost dif-
ferential or a low quality perception differential makes the conversion more likely, it does not necessarily
prevent the overseas supplier from engaging in counterfeiting. The penalty from law enforcement becomes
the primary factor in further preventing the authorized overseas supplier from counterfeiting. Additionally,
we identify another benefit of dual sourcing — mitigating counterfeit risks — in addition to its role of
risk diversification studied in the literature. It can be more effective than single sourcing as the quality per-
ception of super fakes approaches that of brand-name products, and its effectiveness becomes even more
pronounced when the brand-name firm offers wholesale contracts in a sequential manner. Conversely, single
sourcing is preferable under conditions of high cost differential and low quality perception differential. As
the quality perception of counterfeit products approaches that of brand-name products, as seen with super
fakes, the threat of counterfeiting increases. Our study shows that the brand-name firm can strategically set

wholesale prices to prevent counterfeiting, which is an effective anti-counterfeiting strategy for super fakes.



(3) Impacts on consumer and social surplus: We find that converting the counterfeiter to an overseas
supplier may hurt consumer surplus and does not always improve social surplus. This is because consumers
tend to prefer products from the home supplier over those from the overseas supplier. More importantly,
converting the counterfeiter reduces competition in the overseas market, leading to a surplus loss. When
the penalty from law enforcement or the cost differential between two suppliers is high, converting the
counterfeiter benefits society. Otherwise, caution should be exercised with this conversion strategy.

The rest of this paper is organized as follows. Section 2] reviews the related literature. In Sections [3]and
M we present the model, the equilibrium, and main results and insights of the paper. Section [5|discusses the
impacts on the profits of firms, consumer surplus, and social surplus. Section [6| explores two extensions of

our base model. Section /| concludes the paper. We present a total of four extensions to the base model in

[E-Companion Al and all proofs are relegated to|E-Companion B}

2 Literature Review

The literature on product counterfeiting is extensive. (Grossman and Shapiro| (1988) examine the status and
quality attributes of brand-name products, analyzing both the positive and normative effects of counter-
feiting. (Qian| (2008)), using panel data from Chinese shoe companies, finds that original producers tend to
offer higher quality products at higher prices in response to counterfeit entry. Qian| (2014} discusses the
dual roles of counterfeits as both advertising and substitutes for brand-name products of varying quality
levels. (Qian et al.| (2015) explore strategies for authentic firms to combat counterfeiters by enhancing expe-
riential quality (e.g., functionality) and searchable quality (e.g., appearance). |Gao et al.| (2016) analyze the
entry decisions of copycats, considering both physical resemblance and product quality features. Pun and
DeYong (2017) study the competition between authentic manufacturers and copycat firms in the context
of impatient consumers with strategic behavior. Jin et al.| (2023) discuss the impacts of copycatting and
network externality on a retailer’s strategic inventory. (Chen et al.[(2022) find that the benefits of consumer
wealth status signaling to the firm are neutralized by the presence of counterfeits.|Yuan et al.[(2022) discuss
how manufacturers determine information disclosure strategies about product fit, considering the potential
risk of supplier copycatting.|Gao et al.[(2023)) consider the direct and indirect online channels of an authen-
tic luxury brand, showing that sharing the same online channel with counterfeiters can improve consumer
surplus. [Peinkofer and Jin | (2023) empirically examine the impact of counterfeit products on consumer
perception of product quality. Ding et al.| (2024) find that the branded firm may benefit from the counter-
feit competition by considering a price signaling game. In our paper, we focus on the emerging “supper
fakes” produced by non-deceptive counterfeiters, who have the capability to produce brand-name products
of high quality. Apart from the competition between the brand-name firm and the counterfeiter analyzed in
the literature, we investigate the “collaboration” between the brand-name firm and the counterfeiter, i.e., the

brand-name firm converts the counterfeiter to an authorized overseas supplier by adopting different sourcing



strategies. In addition, we differentiate the brand-name products produced by the licit home supplier and
the overseas supplier converted from the counterfeiter by using consumers’ quality perception differential,
which captures the loss of brand value when the brand-name firm sources from the overseas supplier that
was previously a counterfeiter. This new element of quality perception differential is not considered in the
literature. Furthermore, we allow the authorized overseas supplier to decide, endogenously, whether to sell
counterfeits.

There are several strategies to combat counterfeiting discussed in the literature. |(Grossman and Shapiro
(1988)) examine the effect of enforcement policy to combat foreign counterfeits with low quality for inter-
national trade.|Zhang et al|(2012) investigate strategies for brand-name companies to fight non-deceptive
counterfeiting by raising consumers’ awareness of intellectual properties and the potential harm of coun-
terfeits or pushing the government for enforcement. |Cho et al.| (2015) study the effectiveness of different
approaches for a brand-name firm competing with deceptive and non-deceptive counterfeiters, including law
enforcement efforts and consumer education.|Gao et al.|(2016) show that higher quality and enhancement of
status image through advertising can prevent the copycat from entering the market. Y1 et al.[(2022) discuss
the supply chain members’ anti-counterfeiting efforts such as enforcing the closure of factories supplying
counterfeits and educating consumers. [Li et al.|(2023]) examine the customer-to-customer platform’s inspec-
tion service to detect counterfeits.|Gao and Wu|(2023)) consider the retailers who sell both authentic products
and counterfeits, and the manufacturer’s strategic response to regulation, such as a penalty for counterfeit
sales imposed by regulators. There are also papers considering anti-counterfeiting technologies that help
consumers distinguish genuine products from fakes. |Gao| (2018)) examine how pharmaceutical firms adopt
overt anti-counterfeiting technologies to increase the fixed entry cost to combat deceptive counterfeiters.
Pun et al.| (2021) and |Shen et al.| (2022)) discuss the value of blockchain technology adoption to combat
deceptive counterfeits. [Yao et al.| (2023)) analyze the effect of an authentic company’s anti-counterfeit tech-
nology and regulatory authorities’ law enforcement on combating deceptive counterfeit products. Unlike
the existing literature, we study the innovative anti-counterfeiting measure that the brand-name firm can use
to combat the counterfeiter by converting her to an authorized overseas supplier. Even after the counterfeiter
is converted by accepting the contract, she may still decide to sell counterfeits in the overseas market. We
further examine the effectiveness of this new measure in preventing counterfeiting and improving welfare.

Related to counterfeiting, gray markets (or parallel importing) are unauthorized channels in which retail-
ers sell brand-name products (e.g.,|Ahmadi and Yang| (2000), Hu et al.| (2013), Ahmadi et al.| (2015} 2017),
Autrey et al.| (2015), Shao et al.| (2016)). Unlike counterfeits produced or sold by unauthorized imitators,
products in gray markets are genuine and sourced from authorized sellers. Recent work by Wang et al.
(2020) provides an overview of this topic.

Our paper is also related to the literature on firms’ global sourcing decisions. Feng and Lu|(2012) consider
production cost and contract negotiations between manufacturers and suppliers. [Wu and Zhang| (2014) con-

sider supply lead time to capture the trade-off between cost and responsiveness. |Sun et al.| (2010) study the



firm’s technology outsourcing strategy to a foreign firm with imitation risk. Berry and Kaul| (2015) empiri-
cally examine how foreign knowledge-seeking impacts the firm’s global sourcing choices between offshore
integration and offshore outsourcing. (Guo et al.|(2016) consider socially conscious consumers and analyze
a buyer’s sourcing decision between a responsible supplier and a supplier with violation risk.|Orsdemir et al.
(2019) study how firms decide between vertical integration and horizontal sourcing under corporate social
and environmental responsibility violation risk of suppliers and demand externalities.|Hu et al.|(2020) study
when an innovator may source from a competitor-supplier under technical and non-technical innovation
spillover risks. [Pun and Hou| (2022) consider a manufacturer’s outsourcing decision of production tasks to
a supplier with imitation risk. [Skowronski and Benton| (2017) empirically evaluate how brand-name firms
protect IP from poaching when outsourcing to suppliers in countries with weak IP rights. A stream of liter-
ature considers sourcing decisions with suppliers who potentially sell products through a direct channel to
consumers (e.g.,|Arya et al.|2007, |L1 et al.[2014, and |Ha et al.|2016). Different from the above literature, we
focus on sourcing decisions in the setting where a counterfeiter produces and sells super fakes, and may be
converted to an authorized overseas supplier. In our paper, the counterfeiter decides on whether to accept the
brand-name firm’s contract for being converted to an authorized supplier, and whether to sell the counterfeit
in the overseas market even after the conversion. When selling the counterfeit, the counterfeiter faces a law
enforcement penalty from the local government in the overseas market.

Our paper is related to the literature about the coopetition relationship between upstream and downstream
firms. |Q1 et al.| (2024), and the references therein, present a comprehensive review of the coopetition lit-
erature. |Ha et al|(2016) investigate a scenario that the upstream manufacturer sells directly to consumers,
thereby competing with its retail partners. Mantovani and Ruiz-Alisedal(2016) examine a setting when firms
collaborate with producers formed by their components. Pei et al.| (2023) consider manufacturers adopting
the “coopetitive” strategy by opening a platform for operations involving after-sales service. Different from
these studies, our research focuses on the brand-name firm who can offer a wholesale price to convert the
counterfeiter to operate in a “coopetitive” manner. This coopetitive strategy helps the brand-name firm to
not only enjoy the cost advantage benefit, but also to mitigate the competition in the overseas market. Our
study contributes to existing research on anti-counterfeiting by depicting a new coopetition relationship
between two firms and by showing a comprehensive analysis of the impact from the strategy adoption.

In summary, our model incorporates the recent trend of high-quality counterfeits to examine interactions
between the brand-name firm and two types of potential suppliers, one of which is converted from the
counterfeiter. To the best of our knowledge, our paper is the first to study combating counterfeiting through

conversion. Based on our model, we derive novel insights into anti-counterfeiting and global sourcing.

3 Model

In this section, we describe the model setting and the sequence of events before formulating the consumer

utility and expected profit for each firm. Table[I] presents the notation used in the model.



Table 1 Model Notation

Decision Variables

w;  Wholesale price for supplier i € {1,2}

d;  Whether supplier i accepts the contract, d; € {0, 1}, i € {1,2}

s Whether the overseas supplier sells counterfeits, s € {0, 1}

Parameters

0  Taste of consumers, 6~U [0, 1]

o  Overseas market size, o0 > 0

q; Perceived quality of product j € {B,2}

B Quality perception of the counterfeit, B € (0, 1)

Y  Quality perception differential between brand-name products produced by the home and
overseas suppliers, y € [0,1 — B)

p; Retail price of product j € {B,2}

k;  Unit cost of supplier i € {1,2}, k; >k, >0

A Cost differential between two suppliers, A =k; — k;

e  Expected penalty from law enforcement for counterfeiting, e > 0

t  Unit transportation cost between markets, t > 0

Profits and Demands

iz Expected profit of the brand-name firm

m;  Expected profit of supplier i € {1,2}

mp; Demand of the brand-name product in market i € {1,2}

m, Demand of the counterfeit in the overseas market

3.1 Model Setting and Sequence of Events

We consider a setting where a brand-name firm (‘he’) potentially outsources production to a home supplier
and/or an overseas supplier converted from a counterfeiter, selling the brand-name product to consumers in
both home and overseas markets. The size of the home market is normalized to 1, and the overseas market
size is o(> 0). Each market has a potential supplier (‘she’). Subscript i = 1 indicates the home supplier
and i = 2 indicates the counterfeiter who can be converted to an authorized overseas supplier. The marginal
cost of supplier i is k;, with k; > k, > 0, reflecting the lower marginal cost of the counterfeiter. We define
A = k; — k; as the cost differential between two suppliers.

The brand-name firm engages suppliers through wholesale-price contracts. As shown in Figure [T} the
model features two stages of decisions: the contract stage (stage 1) and the selling stage (stage 2). At the
beginning of the first stage, the brand-name firm offers a wholesale price w; to supplier i. Both suppliers
then simultaneously decide whether to accept the contracts. We extend the analysis by featuring sequential
contract offering in Section Let d; € {0, 1} denote supplier i’s contract acceptance decision, where d; =
0 denotes rejection, and d; = 1 represents acceptance. We assume that if a supplier is indifferent between
accepting and rejecting the contract, she will accept it.

In the second stage, if at least one supplier accepts the contract, the brand-name firm sells the brand-name
product at a retail price pp in the two markets. To comply with anti-dumping laws, the retail price of the
brand-name product is set to be equal in both markets (Macrory|2005, [Park et al.[2016|and [Park et al.[2017).
Note that pg > k; for i € {1,2} ensures that the brand-name firm secures non-negative marginal profit when

any potential supplier accepts the contract.



Figure1 Sequence of Decisions and Events

Stage 1: Contract stage Stage 2: Selling stage

Brand-name firm offers If at least one potential supplier accepts, the brand-name

firm sells brand-name product in both markets.

|

T » Time

wholesale prices, (wy, wy).

!

Two potential suppliers
simultaneously decide on
whether to accept, (dq, d3).-

The overseas supplier decides on
whether to sell the counterfeit.

Consumers make
purchase decisions.

In our paper, the overseas supplier may decide to sell counterfeits regardless of her contract acceptance
decision. Specifically, in the second stage, the overseas supplier decides on whether to sell counterfeits in
the overseas market at the retail price, p,. We use s € {0, 1} to denote this decision; s = 1 means she sells
counterfeits, and s = 0 means she does not. If the overseas supplier sells counterfeits, she risks being caught
and paying a penalty due to law enforcement. Based on practical observations, we assume the penalty from
law enforcement in the home market is high enough to prevent the home supplier from producing or selling
counterfeits. Conversely, the penalty from law enforcement in the overseas market may not be sufficient to
fully prevent counterfeiting, and we denote the expected penalty as e (> 0), accounting for the probability of
being caught. To avoid the uninteresting case where the overseas supplier never sell counterfeits if she rejects
the contract, we assume the penalty is not too high, i.e., e < W In Online Supplement we
consider a scenario where the law enforcement penalty depends on the revenue from selling counterfeits and
show that our main findings still hold. We assume the same penalty regardless of whether the counterfeiter
is converted to an authorized supplier or not. When an “additional” monitoring system is employed by the
brand-name firm towards the authorized overseas supplier, the firm can impose an extra penalty and incur a
monitoring cost to discourage the overseas supplier from selling counterfeits. Depending on this cost-benefit
trade-off, the additional monitoring system may make the conversion strategy more or less favorable.

We use j = B to denote the brand-name product and j = 2 for the counterfeit. At the end of stage 2,
consumers in each market make their purchase decisions after observing the prices of the brand-name
and counterfeit products. For tractability, we assume that retail prices of the brand-name product and the
counterfeit, pg and p,, are exogenous. Such an assumption has been adopted in the counterfeiting literature
(e.g.,|Gao et al.[2016) |Gao et al.|2023)). Additionally, our analysis of retail price data for 30 newly launched
luxury brand products over three months supports this assumption, as brand-name firms do not adjust prices
solely to compete with overseas counterfeits. To check robustness, in Section and Online Supplement
[A.3] we extend our base model to consider endogenous retail price(s).

Figure [2| depicts the resulting four supply chain structures based on the brand-name firm’s sourcing
strategies: single sourcing from the home supplier (H), dual sourcing (D), single sourcing from the overseas

supplier (O), and no sourcing (N).
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Figure2 Supply Chain Structures

Overseas supplier Overseas supplier

wHGm,e 3 Counterfeiter Home (i.c., converted ----- Hom»e ) (1.e., converted - ‘Hum.e N Countetfeiter
supplier supplier counterfeiter) | supplier counterfeiter) : supplier
i ! ! i
wq | wq wo ! W ! |
i ! ! i
Brand-name H . - : Brand-name : Brand-name 1
- V Brand-name firm ! N i . V
firm ! H firm H firm H
1 H 1
Ps I | H !
P | P2 Ps Ps Pz | b P P2i P2
Vv : { : v
Home Overseas Home Overseas P _: Home Overseas lg----- _: Home Overseas
market market (a) market market (c) market market (ct) market market (a)
Strategy H (Single sourcing from Strategy D (Dual sourcing) Strategy O (Single sourcing from Strategy N (No sourcing)
the home supplier) the overseas supplier)

Note. Solid lines represent the product flow of the authentic brand-name product and dash lines represent the product
flow of the counterfeit.

Strategy H: When the home supplier accepts the contract and the overseas supplier rejects the contract, the
brand-name firm satisfies demands in both home and overseas markets with the product sourced from the
home supplier. He potentially competes with the counterfeiter if the overseas supplier sells the counterfeit
in the overseas market.

Strategy D: When both the home supplier and the overseas supplier accept their contracts, the brand-
name firm satisfies the home (overseas) market demand with the product sourced from the home (overseas)
supplier. The overseas supplier may or may not sell the counterfeit. Since the brand-name product from the
overseas supplier has a lower perceived quality than the one made by the home supplier, consumers would
opt for the one made by the home supplier if these two brand-name products are available in the same
market. Thus, there is no cross-market shipment in our model under this strategy.

Strategy O: When the home supplier rejects the contract and the overseas supplier accepts the contract, the
brand-name firm satisfies demands in both home and overseas markets with the product produced by the
authorized overseas supplier. The overseas supplier may or may not sell the counterfeit.

Strategy N: When both suppliers reject their contracts, the brand-name firm does not enter markets. The
overseas supplier may sell the counterfeit in the overseas market. This strategy is unlikely in practice, and

later we show that it is not an equilibrium strategy.

3.2 Consumer Utility

In our model, each consumer demands at most one unit of the product and does not purchase across markets.
Consumers make their purchase decisions to maximize their utility. A consumer’s utility from purchasing
product j € {B,2} is given by u; = 0q; — p;, where 0 denotes the consumer’s taste, uniformly distributed
between 0 and 1, i.e., 6~U|0, 1]; ¢; denotes the “perceived quality” of product j, and p; is the retail price of
product j. Note that perceived quality can differ from actual quality. For example, socially conscious con-
sumers may be reluctant to purchase from a brand with an infamous reputation, which lowers the perceived
value despite the actual quality. Because our study examines non-deceptive counterfeiting and the manufac-

turing location information is usually available to consumers through product packages, they know whether
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the product is purchased from a counterfeiter or a brand-name firm and where it is manufactured. For exam-
ple, Balenciaga’s shoe labels distinguish whether they were made in Italy or China, allowing consumers to
identify the source (Pan|2018). Thus, the perceived quality can be directly and knowingly derived.

For simplicity, we normalize the actual quality of the brand-name product to 1. The perceived quality of

the brand-name product can be different from its actual quality, especially when produced by an overseas
supplier converted from a counterfeiter. To capture the possible loss in brand value due to sourcing from
a former counterfeiter, we assume no perception discount for the brand-name product produced by the
home supplier, and we use 7y to represent consumers’ quality perception differential between the brand-name
products produced by the home and overseas suppliers. Thus, the perceived qualities of the brand-name
product produced by the home and overseas suppliers are gz = 1 and gz = 1 — v, respectively. For the
counterfeit product, even if the actual product quality is not inferior to the authentic one (Wang|[2023)),
consumers perceive it as of lower value. We define a perceived quality discount factor € (0, 1) such that
q> = B x 1. In other words, although high-quality counterfeits imitate the design of brand-name products
and are made with premium materials, consumers who knowingly purchase counterfeits receive only a
proportion of the brand value from the brand-name products. We further assume Y < 1 — B so that gz > ¢».
To rule out uninteresting cases with zero demand for the brand-name firm or the counterfeiter, we assume
pp < 1—vyand g—z < B <1—v—(ps— p,); the former implies that mg, (d;, 1) > 0, and the latter implies that
mpy(dy, 1,1) >0 and m,(d;, 1,1) > 0.
Strategy H: In the home market, only the brand-name product is available at price p. Consumers decide
whether to purchase the brand-name product or not. A consumer with taste 6, = pj is indifferent between
buying and not buying, satisfying 8zg5 — ps = 0, where gz = 1. Therefore, consumers with 8 € [éB, 1}
purchase the brand-name product, and those with 8 € [0, éB) purchase nothing (Figure a)).

Figure3 Consumer Utility Thresholds

purchase purchase the purchase purchase purchase the
nntlhing brand-name product notllling the ctiunterfeit brand-name product
[ || | ! L \ |
L | 1 > L | | | >
0 7 1 9 0 é g 1 0
B 2
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purchase purchase
nothing the cminterfeit
A
[ | |
| 1 1 >
0 d 1 8
2
©

Note. (a) The home or overseas market with only the brand-name product; (b) the overseas market with both the

brand-name product and the counterfeit; (c) the overseas market with only the counterfeit.

In the overseas market, if the counterfeiter sells the counterfeit, both the brand-name product at price
pp and the counterfeit at price p, are available. Consumers decide whether to purchase the brand-name

product, the counterfeit, or nothing. A consumer indifferent between the counterfeit and not purchasing has
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taste 6, = %2, satisfying 8, — p, = 0. A consumer indifferent between the brand-name product and the
counterfeit has taste 6 = ”Il’%’gz, satisfying & — ps = OB — p,. Thus, consumers with 6 € [é, 1] purchase the
brand-name product, those with 0 € [ég, é) purchase the counterfeit, and those with 6 € [O, éz) purchase
nothing (Figure [3[b)). If the overseas supplier does not sell counterfeits, the scenario mirrors the home
market. Consumers with 0 € [93, 1] purchase the brand-name product, and those with 6 € [O, éB) purchase
nothing, where éB = pp (Figure a)).
Strategy D and Strategy O: The brand-name firm sells the brand-name product at pp in two markets.
In the home market, consumers with 6 € [ég, 1} purchase the brand-name product, and those with 6 €
[0, éB) purchase nothing, where 0 = f]’—g (Figure a)). Under Strategy D, gz = 1; and under Strategy O,
gz = 1 —v. In the overseas market, if the overseas supplier does not sell the counterfeit, consumers with
0c [éB, l]purchase the brand-name product, and those with 6 € [0,63) purchase nothing, where 0y =
IP—_BY (Figure a)). If the overseas supplier sells counterfeits, as illustrated in Figure b), consumers with
6 € [6,1] purchase the brand-name product, where 6 = 252 Consumers with 8 € 6,,8) purchase the
counterfeit, where 6, = %2. Consumers with 0 € [0, éz) purchase nothing.
Strategy N: In the home market, no products are available for purchase. In the overseas market, only the
counterfeit with price p, is available. If the counterfeiter sells the counterfeit, consumers with 6 € [éz, 1]
purchase the counterfeit, and those with 6 € [O, éz) purchase nothing, where 6, = %Z(Figure c)). If the
counterfeiter does not sell the counterfeit, no products are available for purchase.

To summarize, given the home supplier’s contract acceptance decision d;, and the counterfeiter’s contract
acceptance and counterfeit selling decisions d, and s, we derive demands for the brand-name product and
the counterfeit. Let (x)” denote max(x,0). The demand for the brand-name product in the home market,

mpy, is given below:

1= py, ifd=1,
mBl(dl,dz): _%, 1fd1:0and d2:1, (1)
0, otherwise.

The demand for the brand-name product in the overseas market is

a(l—%), ifdy=1,dy=0and s =1,
ol —ps),  ifdi=1,dy=0ands=0,
mu(dy,da,s) =4 o 1—%), ifdy=1ands=1, 2)
o 1—{%), ifdy=1and s =0,
L 0, otherwise.

The demand for the counterfeit in the overseas market is

@_&)’ ifdi=1,d,=0and s =1,

“\"s T
m2<dl7d27s): o 1_%)’ ifdl:o’dzzoandszl’ (3)
a(B-r), ifd=lads=1,

o

otherwise.



13

3.3 Expected Profits of Firms

In this subsection, we derive the expected profits of the brand-name firm, the home supplier, and the overseas
supplier. We use ¢(> 0) to denote the unit transportation cost borne by the brand-name firm when products
are shipped across different markets. This occurs if the brand-name firm chooses Strategy H (using the home
supplier for production and selling the product to the overseas market) or Strategy O (using the overseas
supplier for production and selling the product to the home market).

Given the wholesale prices and players’ decisions (wy, ws, d},d,, s), the brand-name firm’s expected profit
Tp is given by:

g (Wi, wa,dy,days) = (pg —diwy — (1 —dy) dy (wy +1)) mpi(dy, ds)
+ (pg—di (1 — da) (Wi +1) — dawz) mpy(di, da, ),

where mp, (d;,d,) and mg,(d,, d,, s) are given in equations (1)) and , respectively. The two terms represent
the expected profits of the brand-name firm in the home and overseas market, respectively.

The home supplier’s expected profit &, is given as
T (Wi, di,dy,s) =dy (wi — ki) mpi (di,dy) + (1 — day) dy (Wi — ki) mpa(dy, day 5).

The two terms represent the expected profits of the home supplier from producing the product for the brand-
name firm to sell in the home and overseas markets, respectively, if she accepts the contract. If she rejects the
contract, we normalize her profit to zero. This assumption can be easily relaxed by considering an outside
option with a positive profit for the supplier.

The overseas supplier’s expected profit T, is given as
T (Wa,dy,dy,s) =dy (1 —dy) (W2 — ko) mpi (dy,da) + (W2 — ko) mpy(dy, da, 5))
+5((p2 — ko) my(dy,dy,s) —e),
where m,(d,,d,,s) is given in Equation . The first term represents the expected profit of the overseas
supplier from producing brand-name products for the home and overseas markets if she accepts the contract.
The second term represents the expected profit of the overseas supplier from counterfeiting if she decides

to sell counterfeits in the overseas market.

4 Equilibrium Analysis

In this section, we use backward induction to analyze the sequential game between the brand-name firm
and the two potential suppliers, as depicted in Figure(l| In Section we analyze the contract acceptance
decisions of the home and overseas suppliers, as well as the overseas supplier’s decision on whether to sell
counterfeits. In Section we derive the profit of the brand-name firm in the second stage under each

possible sourcing strategy and discuss the optimal wholesale prices the brand-name firm should offer to



14

maximize his profit. In Section 4.3 we identify the conditions under which a particular sourcing strategy
arises in equilibrium in the first stage and analyze the impact of different factors on the equilibrium. In
Section [4.4] we investigate the conditions under which counterfeiting can be prevented in the equilibrium

and compare the effectiveness of different sourcing strategies on preventing counterfeiting.

4.1 Suppliers’ Best Responses

In the second stage, the overseas supplier determines whether to sell counterfeits. She does not engage
in counterfeiting if she generates a higher profit without counterfeiting, i.e., T, (s=0) > @, (s =1). The

overseas supplier’s counterfeiting decision is formalized in Lemmal[I]
LEMMA 1. For given (wy,w,,d;,d,),

0, ifdy=1and w, > wg)),

* 9 ’d)d =
s (Wl w2 1 2) {1, l:fdzzlal’ldeSWZ<wg0>’ OVl:fdz:O,

(k) (P32
PB—P2 _ PB

where w) = k,

I—y-p  1-v
Lemma [1| implies that after accepting the contract and becoming an authorized supplier (d, = 1), the

overseas supplier is prevented from selling counterfeits (s* = 0) under strategies D and O only when the
wholesale price w; is high enough, i.e., w, > wg)). If w, is low or if the overseas supplier rejects the contract
offered (d, = 0), the overseas supplier sells counterfeits in the overseas market (s* = 1).

Next, given w; and w,, we derive the home and overseas suppliers’ optimal contract acceptance decisions.
By evaluating the difference in each potential supplier’s expected profit between accepting and rejecting the
contract, we obtain their optimal decisions as follows:

L1), ifwy > ki, wa > ko,

170 9 lf"Vl Zkls w» <k29
(0,1), if wy < ky, min{wl”, w9 <w, < w” or wy > max{wl”, w®1,
(0,0), if wy < ki, wo <min{w, w7} or wl” < wy < max{wl”, w1,

4

(di(wi,wa),d5 (Wi, w2)) =

(X(szkz)(lflfli;fé) U(Pz*kz)(lf%z)*e
(1-{8,)+a(1-5E23) (I+a)(1-5)
Equation (@) indicates that if the wholesale price w; for the home supplier is greater than or equal to her

where wg m_ k, + , w§’<2> =k,
production cost k;, the home supplier accepts the contract. In this case (i.e., when w; > k;), the overseas
supplier accepts the contract if the wholesale price w, is greater than or equal to the production cost k.
When the home supplier rejects the contract, the overseas supplier may reject the contract even when the

2) (0)

wholesale price w, is higher than k,, particularly when e is high that leads to the condition wg >w,y .

4.2 Brand-Name Firm’s Optimal Wholesale Prices

In this subsection, we determine the optimal wholesale prices. The brand-name firm chooses wholesale

prices w; and w, to maximize his expected profit by solving the following program:

max Ts(wi, wy); s.t. (@) .

wi,wo
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Lemma [2] presents the optimal wholesale prices of the brand-name firm under each possible sourcing
strategy. For the analysis below, we develop thresholds for the penalty cost from law enforcement (e).
Specifically, ep; (respectively ep;) represents the penalty cost threshold that makes the profits under Strat-

egy D (respectively O) with counterfeiting equal to the same strategy without counterfeiting. As shown in

Equation (8) of [E-Companion B} ep; and e, are derived independently of the cost advantage of the overseas

supplier (A).

LEMMA 2. The optimal wholesale price(s) of the brand-name firm, which will be accepted by the home
and overseas suppliers, satisfies the following:

(a) under Strategy H, w' = k;

(b) under Strategy D, w? =k, and (i) WD =k, and s* = 1, if e < epy; (ii) Wi = w§°)(> ky) and s* =0, if
e>ep;

(c) under Strategy O, (i) w9 =wS") (> ky) and s* = 1, if e < eg; (ii) w¢ = max{w\”, WS>} (> w?") and
s*=0, ife > ep.

In leader-follower games with wholesale-price contracts, the leader can generally extract all the bene-
fits and set a wholesale price equal to the marginal production cost (Cachon/[2003). In our model, under
strategies H and D, the brand-name firm sources from the home supplier by providing the wholesale price
equal to the supplier’s marginal cost, i.e., wi = w? = k;. For the overseas supplier, however, there exists the
option to sell counterfeit products and compete with the brand-name firm in the overseas market. Therefore,
to successfully convert her to an authorized supplier, the brand-name firm may need to offer a wholesale
price premium that exceeds the marginal cost k,. Specifically, the brand-name firm may set w3 > k, and
w¢ > k,, as detailed in the scenarios of Lemmab(ii) and c.

Under strategies D and O, the brand-name firm has two options regarding the wholesale price w,. He can
offer a relatively low wholesale price sufficient to convert the counterfeiter into an authorized supplier while
still competing with her as she sells counterfeits in the overseas market, as described in Lemma 2 b(i) and
c(i). Alternatively, the brand-name firm can offer a sufficiently high wholesale price to prevent the overseas
supplier from engaging in counterfeiting post-conversion, as detailed in Lemma [2]b(ii) and c(ii).

The decision between offering low and high wholesale prices, which leads to the aforementioned two
scenarios, depends on the penalty e imposed by law enforcement. Specifically, when e is low (e < ep; in
Lemma [2b(i), or e < ep; in Lemma [2c(i)), implying that the profit from selling counterfeits is high, the
brand-name firm would need to offer a significantly high wholesale price to prevent the overseas supplier
from counterfeiting. This significantly high wholesale price could reduce the brand-name firm’s profits.
Consequently, the brand-name firm might prefer to compete with the counterfeiter by offering a lower
wholesale price as long as it is sufficient to convert her. Conversely, when e is high (e > ep; in Lemma
[2b(ii), or e > e in Lemma [2c(ii)), full prevention of counterfeiting becomes feasible and potentially more
profitable for the brand-name firm. In these cases, the brand-name firm opts to offer a high wholesale price

for both conversion and prevention of counterfeiting.
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4.3 Equilibrium Sourcing Strategies

When the brand-name firm decides on his sourcing strategy while facing the counterfeiter who can poten-
tially be converted to an overseas supplier, he considers the following tradeoff: reducing the production cost
by sourcing from a low-cost and authorized overseas supplier versus losing brand value by sourcing from a
former counterfeiter. If the overall benefit from cost reduction exceeds the overall loss in brand value, the
brand-name firm prefers converting the counterfeiter, leading to the preference of strategies D and O; oth-
erwise, the brand-name firm is better off sourcing only from the home supplier, i.e., Strategy H. Converting
the counterfeiter to an authorized supplier does not guarantee that the overseas supplier will not produce
and sell counterfeits. Under strategies D and O, the brand-name firm’s wholesale price decision becomes
critical. He now has to offer a premium wholesale price to attract the counterfeiter to accept the contract.
While offering a sufficiently high wholesale price mitigates competition by preventing the overseas supplier
from counterfeiting after conversion, a relatively smaller wholesale price premium that is sufficient to utilize
the counterfeiter as an authentic supplier would still allow her to sell counterfeits in the overseas market.
We next present a proposition that compares the optimal profits of the brand-name firm under the four
possible sourcing strategies. The derivations rely on the threshold functions developed for the penalty cost
(e) that change with the overseas supplier’s cost advantage (A). Specifically, fpy represents the threshold
of the penalty cost that equates the profits for strategies D and H; fpo1 (respectively fpo,) represents the
threshold of the penalty cost that equates the profits from Strategy D with counterfeiting (respectively
without counterfeiting) and Strategy O without counterfeiting (respectively with counterfeiting). fpos; and
Jfpos equate the profits of strategies D and O without counterfeiting; these functions differ because of the
two different optimal wholesale prices w} featured in Proposition [Ifc). Moreover, threshold Ay represents
the value of overseas supplier’s cost advantage, independent of the penalty cost e, that makes the profits
of strategies D and H equal. Similarly, threshold Apo (respectively Ayo) represents the value of overseas

supplier’s cost advantage that makes the profits of strategies D and O (respectively H and O) equal. All

these thresholds are derived in equations (7) and (9) of [E-Companion B] We denote the optimal wholesale

prices for the home and overseas suppliers as w} and wj, respectively.

PROPOSITION 1. The equilibrium sourcing strategy of the brand-name firm is as follows:
(a) Strategy H with wi =k, if e < fpy and A < min{Apy,Ano};
(b) Strategy D with wi =k, and

W — { ky, ife <min{epi, fpo1} and min{Apy,Apo} <A < Apo,
? W<20); if max{ep1, fpu, foor} < e <min{es, fpos}, or if e > max{es, fpos }

(c) Strategy O with

o1 ) )
« { w2< ), o if e <min{eoy, fpor } and A > max{Ayo,Apo},
max{w, ,w, '}, ifmax{eor, foor, foos} <e <es orifes<e< fpos
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Proposition [I] presents three possible equilibrium outcomes: Strategy H, Strategy D, and Strategy O.
Strategy N is not an equilibrium strategy because it is dominated by Strategy H, under which the brand-name
firm can earn a non-negative profit from the home market. Figure[dillustrates how the equilibrium sourcing
strategy varies with respect to the cost differential between two suppliers (A) and the penalty from law
enforcement in the overseas market (e). Additionally, the figure illustrates the shifts in regional boundaries
as the quality perception differential (y) increases.

Figure4 Equilibrium Sourcing Strategy Relative to the Cost Differential Between Two Suppliers (A) and Penalty from Law
Enforcement in the Overseas Market (e). (Dashed arrows show changes in threshold lines with an increasing 7. In this example,
pe=0.7,p,=0.15k =0.02,a=5,3=0.3,y=0.01, =0.01.)
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When the cost differential (A) is high, indicating a significant cost advantage for the counterfeiter, the
benefit from sourcing through the overseas supplier who is converted from the counterfeiter becomes sub-
stantial. Consequently, the brand-name firm is willing to offer a high wholesale price w} to incentivize
the counterfeiter to accept the contract. Such a wholesale contract with a price premium can successfully
convert the counterfeiter into an authorized overseas supplier. If the cost advantage is substantial, the brand-
name firm chooses to source exclusively from the overseas supplier, leading to Strategy O. This approach
is reflected in industry practices where brand-name firms turn solely to overseas suppliers due to lower
production costs. For example, the luxury brand Balenciaga transferred production of its Triple S product
line from Italy to factories in Putian, China, due to lower labor costs. If the cost advantage is not too high
but moderate, the brand-name firm adopts dual sourcing from both home and overseas suppliers, leading to
Strategy D. This strategy enables the brand-name firm to potentially mitigate competition in the overseas
market without over-relying on the overseas supplier. For instance, Kokuyo collaborates with the Chinese
company Gambol to produce and sell their notebooks in China while maintaining their home supplier (Sug-
awara/2015)). When the cost advantage for the counterfeiter is small, the brand-name firm prefers to source

from the home supplier, leading to Strategy H.
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When the penalty from law enforcement (e) is high, the counterfeiter earns a lower expected profit from
selling counterfeits. This situation makes the counterfeiter more inclined to be converted to an authorized
supplier. Consequently, the wholesale price w; does not need to be very high to attract the counterfeiter.
We show that the brand-name firm can convert the counterfeiter to an authorized supplier through strategies
D and O, and a high e enables successful conversion at a lower level of cost differential A. Otherwise, the
brand-name firm prefers sourcing exclusively from the home supplier, leading to Strategy H, as illustrated in
Figure @] This scenario elucidates why some counterfeiters of leather luxury products in the Grand Bazaar
of Turkey are reluctant to become authorized suppliers for brand-name firms, as observed during our field
study interviews. First, production costs for high-quality counterfeits are close to those of genuine products,
resulting in small values of A. Second, law enforcement penalties for counterfeiting in Turkey are modest,
and enforcement typically occurs only upon reporting, leading to small values of e. Some brand-name firms
may even tolerate counterfeiters, viewing them as a strategy to enhance brand recognition (Letsch|2011).

Dashed arrows in Figure {4|illustrate the impact of increasing values of the quality perception differential
between two suppliers (Y). As 7y decreases, implying that consumers do not perceive much difference in
the quality of products produced by home and overseas suppliers, the region where Strategy H is preferred
becomes smaller, and the regions where strategies D and O are preferred expand, depending on the value of
e. There are two implications from a smaller value of 7. First, the brand-name firm becomes more willing to
source from the overseas supplier due to potentially higher demand for his product as Y decreases, which can
be seen from the demand function in equations (I)) and (2). Second, the counterfeiter has a higher incentive
to accept the contract as it can secure larger demand under strategies D and O, and the brand-name firm
may be more willing to pay a higher wholesale price to convert, as evidenced by the fact that w; = wg M
increases as 7Y decreases under Strategy O. Therefore, when v decreases, the brand-name firm becomes
less likely to source only from the home supplier with Strategy H and is more likely to adopt Strategy
D or Strategy O. This dynamic underpins why brand-name firms, when selecting suppliers in developing
countries, engage in meticulous selection processes to ensure the quality standards of overseas production
and implement transparency through information sharing and educational campaigns. These measures aim

to enhance consumers’ perceived quality of products produced in emerging markets.

4.4 Measures to Prevent Counterfeiting

When the brand-name firm successfully converts the counterfeiter to an authorized overseas supplier, the
overseas supplier may still decide to sell counterfeits in the overseas market. This section investigates the
conditions under which counterfeiting is prevented in the equilibrium, i.e., s* = 0, under strategies D and
O. We focus on the impact of the key model parameters on the counterfeiting decision.

The shaded areas in Figure [5] represent the regions in which the overseas supplier chooses not to sell
counterfeits in the equilibrium under strategies D and O. Figure [5] shows that four factors have a non-

monotone and interdependent influence on the counterfeiting decision. These four critical factors are (i) the



19

cost differential between two suppliers (A), (ii) the penalty from law enforcement in the overseas market (e),
(ii1) the quality perception differential between brand-name products produced by the home and overseas
suppliers (y), and (iv) consumers’ quality perception of the counterfeit ().

FigureS Equilibrium Sourcing Strategy Relative to the Cost Differential Between Two Suppliers (A) and Penalty from Law
Enforcement in the Overseas Market (e). (Shadow areas indicate that counterfeiting is prevented. Dashed arrows show changes in
threshold lines with an increasing . In this example, pg = 0.7, p» =0.15, k, =0.02, o =5, y=0.01, = 0.01. In panel (a),

B =0.3; in panel (b), B =0.35.)
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Cost differential and penalty from law enforcement to counterfeiting: It is intuitive that counterfeiting
can be prevented if the cost differential between two suppliers (A) and the penalty to counterfeiting (e) are
high. In Figure[5] the horizontal dashed lines designate the minimum penalty that needs to be imposed by
local authorities so that the overseas supplier does not engage in counterfeiting. In panel (a), the minimum
penalty to prevent counterfeiting under Strategy D (e = 0.096 in this case) is higher than that under Strategy
O (e =0.081 in this case). This makes single sourcing more effective in mitigating counterfeiting than dual
sourcing in this numerical illustration. More generally, Proposition [2] below compares the effectiveness of
dual sourcing and single sourcing in preventing counterfeit sales.

Quality perception differential between home and overseas suppliers: In panel (a) of Figure [5] the
dashed arrows illustrate the impact of an increasing quality perception differential (). The main effect can
be described as follows: As ¥ increases, indicating a declining perception of the overseas product’s quality
relative to the home supplier, the brand-name firm has a stronger incentive to prevent the overseas supplier
from counterfeiting under strategies D and O. Correspondingly, the horizontal dashed lines indicating the
minimum penalty required to stop counterfeiting decrease, implying a reduced reliance on authorities to
enforce penalties on counterfeiters. Building on the findings in Section4.3] a smaller yleads to an interesting
dynamic where the brand-name firm is more likely to convert the counterfeiter to the overseas supplier
using strategies D or O, but it is less effective in preventing counterfeiting. This seemingly counter-intuitive

result arises because a lower Y enhances the brand-name firm’s incentive to engage the overseas supplier
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due to the potential profit increase when consumers value the product produced by the overseas supplier
higher. However, once the conversion is successful, the brand-name firm’s profit gains from having the
overseas supplier authorized — even if she continues to sell counterfeits — diminish the urgency to fully
prevent counterfeiting. This is because completely preventing counterfeiting would require setting a much
higher wholesale price, which could compress the brand-name firm’s profit margin. Therefore, the economic
benefits of conversion outweigh the immediate need to stop counterfeiting under smaller values of 7. In this
case, a higher penalty becomes necessary to prevent the overseas supplier from counterfeiting. The impact
of quality perception differential on the effectiveness of strategies D and O in preventing counterfeiting is

formalized in the next proposition, which is established through a threshold expression ¥ derived in Equation

(10) of [E-Companion B| Here, we describe a strategy as more effective in preventing counterfeiting if it

requires a lower minimum penalty e.

PROPOSITION 2. Ify <7, then Strategy O is more effective in preventing the overseas supplier from coun-

terfeiting than Strategy D. Otherwise, Strategy D is more effective than Strategy O.

Proposition [2]indicates that when the quality perception differential (y) is small, the likelihood of the over-
seas supplier engaging in counterfeiting post-conversion is smaller under Strategy O than under Strategy
D. The rationale is as follows: Strategy O involves the brand-name firm relying exclusively on the overseas
supplier for production, thereby granting the overseas supplier a larger production volume than Strategy D.
This reduces the overseas supplier’s incentive to sell counterfeits when the value of being an authorized
supplier is enhanced as consumers place greater value on products produced by the overseas supplier.
Quality perception of the counterfeit: The comparison between panel (a) (small B) and panel (b) (large
B) in Figure [5] illustrates the effect of a quality perception improvement in the counterfeit. As the quality
perception of super fakes approaches that of brand-name products, notable shifts are observed in panel (b)
relative to panel (a). First, the brand-name firm not only converts the counterfeiter to an authorized overseas
supplier (with expanded regions for strategies D and O in panel (b)) but also prevents her from counterfeiting
(with expanded shaded areas in panel (b)). Second, the brand-name firm does not have to rely on high
penalties imposed by authorities to prevent counterfeiting, as shown by the lowered horizontal dashed lines
representing the minimum penalty required. Third, Strategy H becomes less desirable for the brand-name
firm (with a smaller region for Strategy H in panel (b)). The reason for this outcome is that as the quality
perception of the counterfeit approaches that of the brand-name product, the threat from counterfeiting
becomes significant, which enhances the benefits for the brand-name firm in mitigating the competition from
the counterfeiter in the overseas market. Without the option to convert the counterfeiter, the brand-name firm
might have to rely on conventional anti-counterfeiting measures like imposing higher penalties. However,
with the conversion option, this can be effectively managed through a strategic wholesale contract that both

converts the counterfeiter and prevents the sale of counterfeit goods. This innovative approach facilitates
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Table 2 Equilibrium Sourcing Strategies with the Option to Convert the Counterfeiter

Cost differential Penalt Quality perception | Quality perception
Sourcing \Impact | between two suppliers y differential of the counterfeit
()
A ™ ()
D Low & Intermediate High High High
(no counterfeiting) & & &
D . .
o Intermediate Low & Intermediate Low Low
(counterfeiting)
0 Intermediate & High | Intermediate & High High High
(no counterfeiting) & & & &
0 High Low Low Low
(counterfeiting) &
H Low Low & Intermediate High Low

counterfeiting prevention even in the absence of stringent law enforcement, highlighting the strategic anti-
counterfeiting value of the conversion strategy in dealing with super fakes.

To summarize, the brand-name firm has three possible equilibrium sourcing strategies, as outlined in
Table 2] Our analysis yields important implications for global brand-name firms facing the risk of counter-
feits, along with recommendations for policymakers. First, while an intermediate to high cost differential
(A) or a low quality perception differential (y) between the home and the overseas suppliers facilitates the
offer of a wholesale contract that converts the counterfeiter to an authorized overseas supplier, this alone
is insufficient to stop counterfeiting. A significant penalty (e) is essential to dissuade the authorized over-
seas supplier from engaging in counterfeit activities. Second, we identify another benefit of dual sourcing
not identified in prior publications: mitigating counterfeit risks. This is in addition to its role of risk diver-
sification well reported in the literature. Dual sourcing can be more effective than single sourcing as the
quality perception of super fakes approaches that of brand-name products. Conversely, single sourcing is
preferable under conditions of high A and low v. Third, as super fakes are approaching in quality percep-
tion to brand-name products (larger values of B), it potentially becomes more likely for the brand-name
firm to both convert the counterfeiter into an authorized supplier and prevent counterfeiting. The finding
has critical recommendations for policymakers. With super fakes, the reliance on stringent penalties can be
reduced if brand-name firms strategically set wholesale prices to convert counterfeiters and prevent counter-
feiting activities. Overall, our findings encourage global firms to reassess their sourcing contracts to convert

counterfeiters into authorized suppliers and prevent their involvement in counterfeit operations.

5 Impact of Conversion

In this section, we investigate the impact of converting the counterfeiter to an authorized supplier on firms,
consumers, and society. In Section [5.1} we introduce the benchmark case. Sections [5.2] and [5.3] further

compare the base model with the benchmark case in terms of profits, consumer surplus, and social surplus.
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5.1 Benchmark

We first present a benchmark case where the brand-name firm does not have the option to convert the
counterfeiter to an authorized overseas supplier and, therefore, sources only from the home supplier. We
use “—” to denote the benchmark case.

In the benchmark case, the optimal decision of the counterfeiter about whether to sell the counterfeit is

s ={T Gherwise. -

From 7tz (W) and T, (W;), we obtain that the brand-name firm’s optimal wholesale price for the home
supplier is W' = k;, and the home supplier would accept the contract, i.e., d; = 1. That is to say, in the
benchmark case, the brand-name firm’s sourcing strategy is equivalent to Strategy H, in which the overseas
supplier rejects the contract and sells counterfeits in the overseas market to compete with the brand-name
firm. We denote the equilibrium profits of the brand-name firm, the home supplier, and the counterfeiter
as T, T7, and 75, respectively, in this benchmark case. The equilibrium profits of the brand-name firm, the
home supplier, and the overseas supplier in the base model are denoted by 7}, n{, and Tcé, respectively, with

Jj € {H,D, O} representing the equilibrium sourcing strategy.

5.2 Comparison of Profits

By comparing equilibrium profits of firms in the base model with that in the benchmark case, we obtain

Corollary ]

COROLLARY 1. (a) For the brand-name firm, T = 7T, T8 > 7Ty, 1Y > T
(b) For the overseas supplier, T8 =70 =75, 9 > ;.

(c) For the home supplier, T =P =¥ =},

Corollary [I] shows that converting the counterfeiter brings a win-win outcome for the brand-name firm
and the counterfeiter. It is straightforward that when Strategy H is the equilibrium strategy, the profit of each
firm in the base model is the same as that in the benchmark case. In the following, we focus on the cases in
which strategies D or O is the equilibrium strategy in the base model. Corollary [T(a) shows that, compared
with the benchmark case, strategies D and O benefit the brand-name firm. By converting the counterfeiter
to an authorized overseas supplier, the brand-name firm not only takes advantage of the low production cost
of the overseas supplier but also might expand his market share in the overseas market by mitigating the
competition with the counterfeiter. This is consistent with practical examples of Japanese stationery makers
Kokuyo (Sugawaral2015) and Honda (Zaun and Leggett|2001). Corollary Ekb) shows that, compared with
the benchmark case, converting the counterfeiter through Strategy D does not affect the counterfeiter’s
profit. This is because, with the home supplier being available, the brand-name firm sets the wholesale price

wj so that the overseas supplier is indifferent between accepting and rejecting the contract, under which the
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overseas supplier obtains the same profit as the counterfeiter in the benchmark case. However, converting the
counterfeiter through Strategy O can bring extra profit benefit over the benchmark setting. This is because
the profit of the overseas supplier obtained under Strategy O equals the profit that the counterfeiter would
have obtained if she sells the counterfeits in the overseas market as a monopoly, which is larger than her
profit in the benchmark. Corollary[I|c) is intuitive because, in equilibrium, the brand-name firm can always
source from the home supplier at the marginal cost, ky, in both the benchmark case and the base model with

either Strategy H or Strategy D.

5.3 Comparison of Consumer and Social Surplus

In the benchmark case without the option to convert the counterfeiter, in equilibrium, the consumer surplus

in the home market, CS;, and that in the overseas market, CS,, are given as follows:

PB—P2 1

1 —
CS, = / (06— pp)dd, CS,= oc/ o (6B — p2)do + (x/
PB % =

(6 — ps)db.

In particular, the first term in CS, represents the surplus of consumers who purchase the counterfeit, and
the second term is the surplus of consumers who purchase the brand-name product. Let CS denote the total
consumer surplus in the benchmark case, i.e., CS=CS, +CS,. Following the literature such as |Grossman
and Shapiro|(1988)) and|Yi et al.| (2022)), we define social welfare as the sum of the profits of firms, including
the brand-name firm as well as the home and overseas suppliers, and the total consumer welfare from two
markets; that is, SS = 7t} + 7T} + 7} + CS.

In the base model with the option to convert the counterfeiter, in the equilibrium, under Strategy H, the
consumer surplus in each market, CS’I{ and ngf , the total consumer surplus in the two markets, CS”, and
the social surplus, SS”, are the same as those in the benchmark case. Let CS? and CS? denote the consumer
surplus in each market under Strategy D in the equilibrium:

1
st [0 o

PB
o fps (8(1—7) — ps)de, if s =0,
CS? = PB—P)

o " (OB = P2)dO+a [y (B(1—7) = ps)d6, if s =1.

Let CS? and CS¢ denote the consumer surplus in each market under Strategy O in the equilibrium:

1
cs?= [, (61~ ~ py)de.
-y
o fra (8(1 —7) — ps)d6, if s* =0,
CS9 = 0812

o %*H‘ (eﬁ—pz)dejuocfpl‘% (8(1 —y) — pp)d®, ifs =1.

Let CSP(CS?) denotes the total consumer surplus under Strategy D(O) in the equilibrium, that is, CS” =
CSY 4+ CS?, and CS° = CS? + CS9. Similarly, SSP(SS°) denotes the social surplus under Strategy D(O) in
the equilibrium: SS” = 72 + 7 + 72 + CS” and SS° = 1§ + n¢ +n9 + CS°.
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PROPOSITION 3. (a) In the home market, CSt = CSP = CS,, CSY < CS,.
(b) In the overseas market, CS? = CS,,CS? = CS$ < CS,.
(c) In the two markets, CS" =CS,CSP < CS, CS° <CS.

Proposition [3[a) shows that, compared with the benchmark case, Strategy D has no impact on consumer
surplus in the home market, whereas Strategy O reduces consumer surplus in the home market. This reduc-
tion is due to the quality perception differential v; i.e., consumer surplus is reduced in the home market
when consumers purchase products produced by the overseas supplier under Strategy O. Proposition [3(b)
shows that both strategies D and O decrease consumer surplus in the overseas market. In the benchmark
case, the brand-name firm competes with the counterfeiter in the overseas market. This competition benefits
consumers by providing them with the option to purchase the counterfeit at a relatively low price. However,
under strategies D and O, overseas consumers purchasing brand-name products produced by the overseas
supplier suffer a unit loss in surplus due to the quality perception differential. In addition, if the overseas
supplier does not sell the counterfeit, the lack of competition in the overseas market further impairs con-
sumer surplus. Proposition [3(c) shows that the total consumer surplus in the two markets is lower in the
base model than in the benchmark case.

Next, we analyze the impact of converting the counterfeiter on social surplus. According to Corollary [T]
and Proposition 3] compared with the benchmark case, converting the counterfeiter benefits the profits of
firms but leads to a reduction in consumer surplus. Therefore, the comparison of social surplus between
our base model and the benchmark case depends on whether the gain in profits or the loss in consumer

surplus dominates. This is formalized in Proposition which employs thresholds Ap, Ao, €, and ¢, defined

in Equation (IT)) in [E-Companion B]

PROPOSITION 4. (a) SS = SS.
(b) When counterfeiting is prevented in the equilibrium, SS > SS if e > (¢})*, and SS° >SS if e > (¢})™.
When counterfeiting is not prevented, SSP > SS if A > Ap, and SS° > SS if A > Ao.

Proposition | shows that neither Strategy D nor Strategy O necessarily improves social surplus compared
with the benchmark case. Specifically, when the authorized overseas supplier does not sell counterfeits in
the equilibrium, both strategies D and O improve social surplus when e is high. The reason is that, compared
with the benchmark case, under strategies D and O, as e increases, the loss in consumer surplus remains
the same, whereas the gain in profits increases as the counterfeiter’s profit in the benchmark case becomes
lower with higher e. When e is sufficiently high, the gain in profits dominates the loss in consumer surplus.
Thus, strategies D and O benefit society with a high e, and this benefit increases in e. When the authorized
overseas supplier sells counterfeits in the equilibrium, strategies D and O improve social welfare when A
is high. This is because as A increases, the profit benefit of converting the counterfeiter increases due to

the lower production cost (even though the counterfeit still exists). When A is sufficiently high, the benefit
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outweighs the loss experienced by consumers. It is noteworthy that our social surplus definition does not
consider the penalty imposed on the counterfeiter by law enforcement to be redistributed into society. If
the penalty is redistributed, the social surplus may become SS + e, and this alternative definition does not
qualitatively alter our findings.

We describe the scenario in which converting the counterfeiter leads to higher profits at the brand-name
firm and the overseas supplier, and an increase in social surplus as the “triple-win” outcome. This triple-win

outcome is shown in Corollary [T]and Proposition[4] and is depicted with the dotted areas in Figure [6]

Figure 6 Triple-Win Outcome. (Shadow areas indicate that counterfeiting is prevented. Dotted areas indicate the triple-win
outcome. In this example, pp = 0.71, p, = 0.043, k, =0.02, =5, f =0.09, y=0.11,7 = 0.01.)
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The above analysis of consumer surplus and social surplus provides insights for governments on whether
they should encourage converting counterfeiters to authorized overseas suppliers. When the penalty from
law enforcement or the cost differential between two suppliers is high, converting counterfeiters should
be encouraged because it benefits brand-name firms, overseas suppliers, and society. In this case, inter-
governmental cooperation is helpful in reinforcing law enforcement to implement the conversion strategy
towards counterfeiters in emerging markets. However, when the penalty from law enforcement or the cost

differential between two suppliers is relatively low, caution should be taken about converting counterfeiters.

6 Extensions

In this section, we consider two extensions of our base model: (1) the brand-name firm sequentially offers

wholesale contracts to two potential suppliers; (2) counterfeit price is determined endogenously.

6.1 Extension 1: Sequential Contract Offering

This extension examines the case when the brand-name firm offers wholesale price contracts sequentially

(rather than simultaneously) as depicted in Figure[AT] The overseas supplier first decides whether to accept
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the contract, followed by the home supplier. This sequential setting allows us to explore scenarios where, if
the overseas supplier rejects the contract, the brand-name firm may then turn to the home supplier. We solve
this problem by backward induction. Optimal wholesale prices of the brand-name firm under each possible
sourcing strategy are formalized in Lemma [3] which employs penalty cost thresholds e};, é,, 5 derived in

equations (I2) and (13) of [E-Companion B|

LEMMA 3. The optimal wholesale price(s) of the brand-name firm, which will be accepted by the home

and overseas suppliers, satisfies the following: let W, = pp — W_I‘ﬁw —1,

=
(a) under Strategy H, w' = k,;

(b) under Strategy D, wP = ky, and (i) w2 = max{w?'"" . W,} and s* = 1, if e < ep,; (i) w2 =
@ ) and st =0, ife > e,

(

max{w)”, w?
(c) under Strategy O, (i) w§ =w'" and s* =1, if A> Ay and e < max{eo, é,}; (ii) w9 = max{wg)), wg(z)}

and s* =0, if e > max{ep, é,,é3}.

Compared with Lemma [2| in our base model, the possible optimal wholesale prices w, exhibit similar
dependence on the penalty e. Lemma [3|shows that, under sequential contract offering, the overseas supplier
can leverage the first-mover advantage to secure a higher wholesale price under dual sourcing, i.e., w) =
max{wzo (1), w, } where wzo(l) > k, and w, > k;, particularly when e is small. This implies that converting the
counterfeiter becomes more costly under the sequential setting.

By comparing potential profits under each sourcing strategy, we get the equilibrium presented in Propo-
sition [S} A}, Ay and A, are the thresholds of A, which are developed independently of the penalty cost.
fpy (respectively f},,,) are the threshold of the penalty cost that equates the profits of strategies D with no

counterfeiting and H (respectively strategies D with no counterfeiting and O without counterfeiting). These

thresholds are derived in Equation (T4) of [E-Companion B]

PROPOSITION 5. The equilibrium sourcing strategy of the brand-name firm is as follows:
(a) Strategy H with w} =k, if e < f},; and A < min{A},;,Ao};
(b) Strategy D with wi =k, and
g if e < ey and Apyy <A< A
wi=4 W2 , if e <ep and Apy <A< A,,
2 max{wgo), wd! >}, if e > max{ey,, fhu} and A < A, or if f},, < e <max{é,,é;} and A> Ay;
(c) Strategy O with
. _ { wd, if e <min{é,, fp,} and Ay <A< A, orife <eg and A> A,
Wy = ) 0@ . A
max{w, ,w, '}, ife>max{eo,é,,é}.
Figure [/[(a) displays the regions corresponding to each optimal sourcing strategy. Consistent with earlier
findings, the same three optimal sourcing strategies emerge in our equilibrium analysis. The brand-name

firm prefers to convert the counterfeiter into an authorized overseas supplier under strategies D and O.
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Strategy D is preferred at intermediate values of the cost differential A, and Strategy O is preferred when
A is high. The dashed arrows indicate that as the quality perception differential y decreases, the regions for
strategies D and O expand at the expense of Strategy H. When both the cost differential A and the penalty
cost e are small, however, the brand-name firm’s optimal sourcing strategy changes to Strategy H.

Figure7 Equilibrium Sourcing Strategy Relative to the Cost Differential Between Two Suppliers (A) and Penalty from Law
Enforcement in the Overseas Market (e). (Shadow areas indicate that counterfeiting is prevented. Dashed arrows show changes in
threshold lines with an increasing 7. In this example, pp = 0.7, p, =0.15, k, =0.02, a =5, y=0.01, = 0.01. In panel (a),

B =0.3; in panel (b), B =0.35.)
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We make three observations regarding the prevention of counterfeiting. First, the horizontal dashed line
(e = 0.061) separating the region of counterfeiting and no counterfeiting under Strategy D in Figure [7(a)
is lower than that in Figure [5(a) of our base model. This implies that once the counterfeiter is converted
under the sequential setting, she is less likely to sell counterfeits under Strategy D. Second, while Strategy
O has been identified as more effective under the simultaneous setting, Figure [5| shows that Strategy D is
more effective under the sequential setting. Third, the comparison of shaded areas between panels (a) and
(b) reveals that a higher B (higher consumers’ perceived quality of super fakes) encourages the brand-name
firm to convert the counterfeiter to an authorized supplier. This is especially true when the cost differential

between two suppliers A exceeds a certain threshold, which is consistent with our earlier findings.

6.2 Extension 2: Endogenous Counterfeit Price

This section examines endogenous price setting for counterfeits. If the overseas supplier determines to sell
counterfeit products (i.e., s = 1), regardless of which strategy is employed (H, D, O or N), she sets p,
endogenously to maximize her profits. We use backward induction to solve this revised problem; details are

presented in Online Supplement [A.2]
LEMMA 4. For given (wy,w,), under either Strategy D or Strategy O,

5" (W ) _ 0, l-fWZ > max{w(zo)/,y%},
? 1’ ifﬂz <wy < max{w20)/’w2}’
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2(1—y=pp)(1-y—B)—Bpp+(1-v)k

where WY = k, + bt JA00 e

, Wy, =ky — . In particular, when

)_ Bra+(1—y)ky+B(wr— kz)

s*(wa) = 1, the optimal retail price of the counterfeit product is p5(w, 20y

Lemma 4| shows that the overseas supplier can be prevented from selling counterfeits, i.e., s*(w,) =0,
only when the brand-name firm offers a high enough wholesale price w,. When the overseas supplier’s
optimal decision is to sell counterfeits in the overseas market (s*(w,) = 1), the retail price of the counterfeit
p;(wy) increases in w,. A higher w, triggers a higher order quantity from the brand-name firm to the overseas
supplier. Moreover, as p, increases, the quantity of counterfeits sold decreases. Thus, as w, increases, the
overseas supplier’s profit from producing the brand-name product increases, whereas the profit from selling
the counterfeit may increase or decrease.

Lemma [5] presents optimal wholesale prices provided under each possible sourcing strategy, which

employs notations w2¢, w0, w2 WM and wd®, 119, (W9C*) and T12, (WPC*) described in Equation (1 .

of [E-Companion B|

LEMMA 5. The optimal wholesale prices of the brand-name firm, which will be accepted by the home and
overseas suppliers, satisfy the following:

(a) under Strategy H, w' = k,;

(b) under Strategy D, w? = k;, and (i) w5 = wh and s* = 1, if WP < wg and w9 < pp — HBZ( ) ; (ii)

otherwise, wh = w5 ™ and s* = 0;
(PB WZOC*)(I lpB )+1-[0 ( OC*) )

(o) (1- 7&) ’

(c) under Strategy O, (i) w9 = w9 and s* = 1, if w9 < w” and wi™ < pjy —

(ii) otherwise, w9 = w9 and s* = 0;

D D(2 0)7 o(1
where WP = max{k,, w2}, wP™ = max{w?® w{ w,}, w9 = max{w" w,, W and wi™ =

max{w2 , wg))', Wy}

The Online Supplement [A.2] presents a numerical illustration of when each strategy is optimal under the
endogenous counterfeit price setting (Figure [A2). The results are similar to those presented in the setting
with exogenous price in Figure [5} Our analysis with endogenous counterfeit pricing yields two insights.
First, the ability to set the price of the counterfeit enables the overseas supplier to maximize the profit from
selling counterfeits, making counterfeiting more attractive. Second, the brand-name firm has a smaller range
of acceptable wholesale prices to offer the overseas supplier in the pursuit of eliminating counterfeiting.

In Online Supplement we present an additional extension where both the brand-name firm’s retail
price pp and the overseas supplier’s counterfeit price p, are endogenous. This analysis shows that counter-
feiting can be eliminated when the retail price pp is less than a threshold price under strategies D and O.
This additional extension also proves that, when the penalty from law enforcement e is not high, it becomes
easier for the brand-name firm (in comparison to the setting with exogenous pp and p,) to prevent the

overseas supplier from counterfeiting by choosing the retail price optimally.
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7 Conclusions

High-quality counterfeits, known as “super fakes,” are increasingly prevalent in emerging markets. We have
developed a game-theoretic model based on a two-tier supply chain that captures the interactions between a
brand-name firm with a legitimate home supplier and a counterfeiter capable of producing these super fakes,
who could potentially be converted to an authorized overseas supplier. Our study outlines three primary
sourcing strategies for the brand-name firm: dual sourcing (Strategy D), single sourcing from the overseas
supplier (Strategy O), and single sourcing from the home supplier (Strategy H). The effectiveness of each
strategy varies based on specific problem parameters, with strategies D and O potentially facilitating the
conversion of the counterfeiter into an authorized supplier. Our analysis explores how various factors, such
as the penalty from law enforcement, the cost differential between two suppliers, the quality perception
differential between the brand-name products produced by two suppliers, and the quality perception of
counterfeits affect the brand-name firm’s choice of sourcing strategy and the prevalence of counterfeit sales.
This research contributes to the understanding of socially responsible supply chain operations by examining
the impacts of converting counterfeiters on firms, consumers, and society at large, offering valuable insights
for managing supply chains in emerging markets susceptible to high-quality counterfeiting.

Our paper offers insights and recommendations for global brand-name firms facing counterfeiting risks,
as well as guidance for policymakers. First, the brand-name firm is positioned to convert the counterfeiter
into an authorized supplier when the cost differential between home and overseas suppliers exceeds an inter-
mediate level. If the cost differential is intermediate, dual sourcing is adopted; if the overseas supplier has
a significant cost advantage, single sourcing is preferred. Under both strategies, the brand-name firm offers
a high wholesale price to the counterfeiter, which does not need to be excessively high if the penalty for
counterfeiting is moderate to high. Additionally, a smaller quality perception differential, indicating a lesser
loss in brand value upon converting the counterfeiter, increases the likelihood of conversion. Our findings
suggest that brand-name firms should strategically use wholesale contracts to convert counterfeiters.

Second, converting the counterfeiter to an authorized overseas supplier does not automatically prevent
counterfeit sales, as the authorized overseas supplier might still engage in such activities. Our study delin-
eates the conditions under which an overseas supplier chooses to sell or refrain from selling counterfeits.
While a moderate to high cost differential and/or a low quality perception differential facilitate conversion,
they do not ensure cessation of counterfeiting. The enforcement of penalties becomes crucial in preventing
counterfeiting. As the quality perception of super fakes approaches that of genuine brand-name products,
the brand-name firm gains a stronger incentive to completely prevent counterfeiting by strategically set-
ting wholesale prices. This strategy lessens the reliance on traditional anti-counterfeiting measures, rather
it encourages global firms to offer effective contracts to prevent counterfeit sales.

Third, we identify another benefit of dual sourcing that has not been reported earlier: mitigating counter-

feit risks, in addition to its widely-reported role of risk diversification. It can be more effective than single
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sourcing as the quality perception of super fakes approaches that of brand-name products; its effective-
ness becomes more pronounced when the brand-name firm offers wholesale price contracts in a sequential
order. Conversely, single sourcing is preferable under conditions of high cost differential and low quality
perception differential, as it requires lower penalties from local authorities.

Fourth, converting counterfeit producers in overseas markets to authorized suppliers can negatively affect
consumer surplus and does not necessarily enhance social surplus. This outcome arises because consumers
may prefer the product from the home supplier, and conversion also removes competition in the overseas
market, thereby reducing consumer choice and surplus. Society benefits when either penalties from law
enforcement or the cost differential between suppliers is high, suggesting a complex interplay between
market dynamics and regulatory actions.

Our study introduces two extensions. The first examines the potential of offering wholesale contracts
sequentially. While our primary conclusions remain valid, we find that dual sourcing outperforms single
sourcing in terms of mitigating counterfeiting risk as it requires a smaller penalty to be effective. In the
second extension, we explore the brand-name firm’s ability to set retail prices, demonstrating that this
pricing flexibility can be leveraged to prevent counterfeiting.

Future research could extend these findings in several ways. Our analysis adopts a risk-neutral perspective
when considering the potential for counterfeiting. Incorporating a risk-averse perspective of the counterfeit-
ing overseas supplier may further improve our findings and identify the necessary and sufficient conditions
in a granular way. Additionally, our study assumes that the home supplier earns no profit if she rejects
the brand-name firm’s contract. Investigating scenarios where the home supplier has alternatives, such as

producing for other companies upon rejecting the contract, could provide further insights.
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E-Companion
Converting Counterfeiters in Emerging Markets to Authorized
Suppliers: A New Anti-Counterfeiting Measure

E-Companion A Extensions
A.1 Extension 1: Sequential Contract Offering

In this extension, based on the decision sequence in Figure[AT] we conduct backward deduction to solve our
problem. The procedures are as follows: firstly, we discuss the overseas supplier’s counterfeiting decision
s(wi,wa,dy,dy) given d, = 1; secondly, we discuss the home supplier’s acceptance decision d; (wy, ws,d,);
thirdly, we discuss the optimal wholesale price decision w,(w,,d,); fourthly, we discuss the overseas sup-
plier’s acceptance decision d,(w»); lastly, we discuss the optimal wholesale price decision wy.

Figure A1 Sequence of Decisions and Events (Extension 1)

Stage 1: Contract stage i Stage 2: Selling stage
Brand-name firm Brand-name firm i
offers wholesale offers wholesale

i Ifatleast one potential supplier accepts, the brand-name
price, wy. price, wy. i firm sells brand-name product in both markets.

l } }
f F f r

The counterfeiter The home supplier ! The overseas supplier decide.s on Consumers make
decides on whether decides on whether i whether to sell the counterfeit. purchase decisions.
to accept, dy. to accept, d;.

A.2 Extension 2: Endogenous Counterfeit Price

In this extension, we examine the price-setting capability of the counterfeiter. We conduct the analysis by
backward induction. First, for a given sourcing strategy, we derive the profit expressions and discuss the
optimal counterfeiting decision of the overseas supplier, s*.

Under each possible sourcing strategy, we obtain the profit expressions for each firm, and discuss the
optimal retail price p} of the counterfeit with s = 1. In particular, if the counterfeiter sells the counterfeits,
we focus on the case when the brand-name firm has a positive market share in the overseas market, i.e.,
mpg, > 0. The overseas supplier decides whether to sell the counterfeit, s*(w,) by comparing m,(w,,s = 1)
and T, (wy, s = 0). If Ty (w,, s = 1) > my(w,, s = 0), she decides to sell the counterfeit; otherwise, she does
%:%)2. Thus, under strategies H and N, the counterfeiter always

sells the counterfeit products. Under strategies D and O, the overseas supplier decisions on selling the

not sell the counterfeit. Recall that e <

counterfeit only when w; is not high, which is summarized in Lemma ]
Second, we derive the best response functions of the overseas and home suppliers,

(df(wy,wa),d5(wi,w,)). For the analysis below, it is convenient to define the following notations:
M= a(Bpp—ky)*

_ a(Bpa—(1-1)ky)? _ a(p—ky)?
M = iy — & and K= =5 —e.

Ba-p ~©
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Given w; and w,, we derive the home and overseas suppliers’ optimal contract acceptance decisions. By
evaluating the difference in each potential supplier’s expected profit between accepting and rejecting the

contract, we obtain the optimal decisions of the two suppliers:

)

, ifwy > ki, max{ky,w,} <w, < w<20 or wy > max{wg(z), wgo)}

(1,1) ;
1,0), ifw >k k % 2wy
(d: (wr, wa), d (w1, ws)) = (1,0), if w; >k, w, <wp, <max{k,,w,} or w; <w2<max{m£ W2 1,
P TEATRATD (0,1), if wy < ky, max{wd" w,} <w, <w” or w, > max{wd® w1,
(0,0), if wi < ky, wy <wy < max{wd", w,} or wi” < w, < max{wd® w1},
1) (1 v ) (1—v—B)— _
where  wP® = k4 s N S (R R R
2
4(1=y)(1—y—B)(K—M") 214 1) (1=y=pp) (1-y=B)—Bps+(1-Vk 0(2) __ K 0 _
o +< p )’W2 =kt Gummy ad o ow =

max{wy”, wy}.
Third, we discuss the optimal wholesale prices (w;, w,) that the brand-name firm would offer under each
sourcing strategy. Substituting (d; (wy,w,),d;(w;,w,)) into the profit functions of the brand-name firm, we

analyze the optimal wholesale price under each possible sourcing strategy.

(1) = (ps —w1) (1= ps) + 0t (pp —wy —1) (1= 2tz

T3¢ (wi,wa) = (pp — wi) (1 — ps) o
0

£y — ) (R GIRt) itk max{l e} < < 0l

Ty (wi,w2) = (pp—w1) (1 = pg) + & (ps —wa) (1 — lpTBy)» ifwy >k, wy > maX{WQ(z)an))};

D
B

7 (w2) = (py —wa 1) (1 - £2)
=1 +o (pg—w2) (2(1_y_ﬁ)(1_Y_;f:)[z'fi(_lg_)wkz+ﬁ(w2_k2)) ; if max{wg(l),mz} <w, < wg()),
(0)

g (wa) = (psg—wa—1) (1 = ££) + ot (ps —wa) (1 = ££), ifwr> max{wy?, wi"};

ng (Wl R Wz) =0.

By analyzing the brand-name firm’s profit under each sourcing strategy, we obtain the optimal wholesale
prices in Lemma 5]

Finally, we obtain the equilibrium by comparing the brand-name firm’s optimal profits among different
sourcing strategies. We provide the numerical analysis about the equilibrium under the setting with the
price-setting flexibility. Figure illustrates how the equilibrium sourcing strategy varies with respect to
the cost differential between two suppliers (A) and the penalty from law enforcement in the overseas market
(e). We observe that in this extension, the equilibrium is similar to that developed under the base model

which has been depicted in Figure[5
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Figure A2 Equilibrium Sourcing Strategy Relative to the Cost Differential Between Two Suppliers (A) and Penalty from Law
Enforcement in the Overseas Market (e). (Shadow areas indicate that counterfeiting is prevented. In this example, pg = 0.7,
k,=0.02,0=5,3=0.3,y=0.01,7 =0.01.)
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A.3 Extension 3: Endogenous Brand-Name Product and Counterfeit Prices

Our base model assumes retail prices pp and p, are exogenously determined. This extension explores
the implications of endogenizing retail prices. Solving the game with endogenous retail prices alongside
endogenous sourcing decisions introduces analytical challenges. For tractability, we focus on optimizing
retail pricing decisions for given wholesale prices w; and w, under strategies D and O, respectively. Specifi-
cally, we examine scenarios where the wholesale price contracts have already been structured to convert the
counterfeiter through either dual sourcing or single sourcing from the overseas supplier, and it is possible
for the authorized overseas supplier to sell counterfeits. The subsequent analysis investigates the conditions
that the overseas supplier is prevented from selling counterfeits, considering the dynamics of endogenized
retail pricing decisions.

Under Strategy D or Strategy O, the sequence of events unfolds as follows: First, the brand-name firm
sets the retail price pp of the brand-name product. Subsequently, the overseas supplier decides whether to
sell counterfeits, s. If she opts to sell counterfeits in the overseas market, i.e., s = 1, she then determines the

retail price of the counterfeit p,. We employ backward induction to solve the game, with details provided

in[E-Companion B|

Endogenously setting their retail prices under competition in the overseas market introduces more interac-
tions among players. Specifically, the endogenous retail price ps provides the brand-name firm an additional
lever to prevent counterfeiting through price competition. At the same time, it allows the overseas supplier
the opportunity to adjust her retail price p,. When retail price pp is low enough, counterfeiting can be pre-
vented as competition leads to zero market share for the counterfeit product. In the following lemma, we
outline the conditions under which the overseas supplier does not sell counterfeits. We define p5 and pg in

Equation in[E-Companion B|
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4ABU=y(A=v=Ple  ({_ Wo—
LEMMA Al. Given (wy,w,), (i) under Strategy D, s* =0 if pi < ¢ +é(l LAERLU

PBUA=r=Ble  ((1_ Wy —
Strategy O, s* =0 if p§ < o +é(1 Dhathlws ko))

)); (ii) under

Recall that in our base model, the overseas supplier’s profit from selling counterfeits does not depend on
the wholesale price w,. However, Lemma [AT]implies that wholesale price w, may affect the optimal retail
price when p% or p§ is adopted to prevent counterfeit sales, which in turn affects the overseas supplier’s
profit from counterfeiting.

In the following, we compare the conditions with respect to (w;, w,) under which the overseas supplier
is prevented from counterfeiting under endogenous retail prices with those from our base model under

exogenous retail prices. Recall from LemmaI|that, when retail prices are exogenous, the brand-name firm

is able to prevent counterfeiting by setting a sufficiently high wholesale price w, > wéo) under strategies D

and O. When retail prices are endogenously determined, counterfeiting is prevented if w, > w5 “"** under

Strategy D or if w, > w$“"*’¢ under Strategy O. The following proposition provides the sufficient conditions

about the comparison between wh " andw“"*¢ with w'", respectively. We define the thresholds e,

O.endog _D.end 0.endog . -
e0emdog  glendos and 9" in Equation (18)) of [E-Companion B|

PROPOSITION EC.1. For given (w;,w,),
(a) under Strategy D, w?‘e"dog < wgo) if (e,D’e"dog P <e< (e’z)"’”dog )ty

(b) under Strategy O, wg’mdog < wgo) if (e?’e"d"g F<e< (e?'e"dog )T

Proposition [EC.T|indicates that if the penalty from law enforcement e is not high, it becomes easier for
the brand-name firm to prevent the overseas supplier from counterfeiting if he can choose the retail price

optimally. Specifically, in this case, a wholesale price w,, which satisfies w2 < w, < w\” under Strategy

D or w9 < w, < w” under Strategy O, can prevent counterfeit sales under the optimal retail prices,
whereas it cannot prevent counterfeiting under fixed retail prices. This occurs because the optimal retail
price of the brand-name firm increases with w,. When the wholesale price w, is lower, the brand-name
firm chooses a lower retail price. Consequently, the potentially intense price competition discourages the

overseas supplier from selling counterfeits. This result confirms that the flexibility to adjust retail prices is

a valuable leverage for the brand-name firm to prevent counterfeit sales.

A.4 Extension 4: Revenue-Dependent Penalty for Counterfeiting

In this section, our model is extended to consider a different law enforcement penalty, which depends on
the revenue from selling counterfeits.
Denote the probability of a counterfeiter getting caught as ¢, where ¢ € (0, 1), we examine the effect of

the revenue related penalty for counterfeiting: after getting caught, the counterfeiter pays the penalty from
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law enforcement e and gets her investment of counterfeiting confiscated, which means she cannot sell and

produce the counterfeit in the market. Thus, the overseas supplier’s expected profit T, is given as

T, (Wz,dl,dz,s) =d, ((1 - d1) (Wz - kz) mBl(dladZ) + (Wz - kz) mBZ(dhdsz))

s((1=9) (P2 — ko) my(dy, da, 5) — de),
where mp, (d,d,), mpy(dy,dy, s) and my(d,, d,, s) are given in equations —, respectively. For the second

(&)

line of Equation (3)), the first term represents the expected profit of selling the counterfeit, and the second
term represents the expected penalty from law enforcement. In this extension, to avoid the uninteresting

case where the counterfeiter never sell counterfeits if she rejects the contract, we assume the penalty is

not too high, that is, e < (Prp _’Ezl)fg%h)(l_q’). For the analysis below, it is convenient to define the following

notations:
Mp:o‘(l_q))( kZ)(pB Pz_%) e, W2 k2+ y)
M, =a(1—0) (p2— ko) (222 — 22) — de, w) —k2+(pia

M/
B B '715 £2)
K,=a(l1=0)(p>— k) (1 =) — de, kz‘l'm
Ky =M, = (1= 0) (p2 = ko) (1 = 22583), Wi = ko o 2T

(- ) vo(1-PE )"

Similar to the analysis in Section in this extension, if w, < wéo), after being converted, she will choose
to sell counterfeits in the overseas market. Further, by evaluating the difference in each potential supplier’s
expected profit between accepting and rejecting the contract, we obtain the best response function of two

potential suppliers. As a result, the optimal decisions of two suppliers are

(1,1), ifwy > ki, ky <wy < w§0> or wy > wgo),
(d* d*): (170)7 lfwlzkla W2<k26 o0
2 (0,1), if wy < ky, min{w\”, w9} <w, < w or wy > max{wl” wi?},
(0,0), if w; < ky, wy < min{w ", w (l)} or wi < w, < max{wl, w??}.

Thus, for each possible sourcing strategy, the optimal wholesale price(s) of the brand-name firm, which
will be accepted by the home or overseas suppliers, satisfies the following:
(a) under Strategy H, w! = k;;
(b) under Strategy D, w? =k, and
(i) w) =k, and s* =1 ife<eD1;
(i) w? = max{w\” W} and s* = 0, if e > ep;;
(c) under Strategy O,

90 and s* = 1,if e <eps;

(i) wd =w,
(i) w§ = max{w2 ,w2 } and s* =0, if e > egy;
where ep; and ey, are defined as
PB

(PB*’Q)(@*T) —(1—
eon = (1= )(ps ko) - (S ) g,

alps—w§ B | e, B\ aBrs—(1-1)p2)
o1 = (l—q))(pZ_kZ) ( (1+(x)(17?% +wy —k)lj{ W’
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a(1-9)(pr—ka) (1- B3
(1= 72 +o(1- {EER)
By further making comparisons among different scenarios and using the approach in Lemma[B2] we have

and wi* =k, +

the following equilibrium results. We define thresholds in the below Equation @ R= W, and
Apn = pp—ka — )0 E) t
- (|7P157g2) ’
_ (pa—nge* 1)1 ) -a(w8" o) (11213
Soompmhn (ps—wgC*— r)(p,”—ff@“)?&(?n wgC ) (1- FE23 ):rwu mh)
_ _ _ - = .
AHO_pB k2 (1—pp)+a(l— 1737[[;7) 5
ka—A=1)(1-2Af2)
Jon =((1=0)(p2 — k) — (xDH(A)—kz)%)g,wherexDH(A) PB—WZMWIB;
 (p—ka=A)(1=pp)+a(pe—ke) (152 )+1(1- £2)
foor = (1= 0)(p2 k) — (xwor (A) — ko) 125) &, where w01 (4) = py — P2l g B ),
pe—w§< —1) (1= 12)+ou(1 - 1) —(ps—ka—A) (1-pp)
foo = (1= 0)(p2 —k2) — (xoon (&) — ks >%>¢,wherexnoz<A> py — LN B B o),
foos = ((1=0)(p2 —k2) = (x003(A) — ko) 15) 5, Where xpos (A) = %w—ﬂ
(= P2 ) (1 PR~ {2) ~(1-0)opa ko) (1= B+ (1-0)1 1)1~ 5 (2 k)
— v .
foos = (L&) ’
BT T L

a(1-0)(p2—ka) (1~ 1E1F)
(1= ) +a(1- 18
The equilibrium sourcing strategy of the brand-name firm is as follows:

where w9 =k,

(a) Strategy H with wj = k; if e < fpy and A < min{Apy,Apo};

(b) Strategy D with w} =k, and

.- kz, lf e S min{€D17f001} and min{ADH, Apo} S A < ADO;

W= W§0)7 if max{eDbemeoz} <e< min{%,fDos}, orif e > max{%afDO4};

(c) Strategy O with

W wd, if e < min{eos, fpor} and A > max{Ayo,Apo};
— 0 0(2 . 1— o (1=
? max{w",wy>}, if max{eor, foor, foos} < e < %7 or if % < e < fpos,
where e; is defined in Equation (7).
In this extension, the equilibrium is similar to that in the base model. We find that the consumer surplus
under each optimal strategy is the same as that in the base model, while the social surplus can be lower or

higher than that in the base model.

E-Companion B Proofs of Analytical Results
B.1 Proof of Lemmalil

This proof has two steps: (1) we derive the profit expressions under each possible strategy; (2) we focus on
the discussion about the counterfeiter or the authorised overseas supplier about whether to sell the counter-
feit.

Step 1: Under each possible sourcing strategy, we obtain the profit expression of each firm as below.
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Strategy H: Given wholesale prices w; and w,, the home supplier accepts the contract and the counterfeiter
rejects the contract, i.e., d; = 1 and d, = 0. Thus, the brand-name firm only sources from the home supplier.
(1) If the counterfeiter sells the counterfeit in the overseas market, i.e., s = 1, the expected profits of the

brand-name firm, the home and overseas suppliers are given below:

g (wi) = (pp—w1) (1 — pg) + 0 (ps — w1 — 1) <1 - /’tlifflﬁ’z) 7
! (1) = (s ko) (1= pa) o (1= 242 ) ).
= (k) (2 §) e
(2) If the counterfeiter does not sell the counterfeit, i.e., s = 0, the brand-name firm is the monopoly in

the overseas market. Thus, their profits expressions are:

T (wi) = (ps—wi) (1 —ps) + & (ps—wi —1) (1 = ps), = (wi)=(1+0)(wi—k)(1—pp), w5 =0.

Strategy D: Given wholesale prices w; and w,, the home supplier and the counterfeiter accept their con-
tracts, respectively, i.e., d; = 1 and d, = 1. Then, the counterfeiter is converted to an authorized overseas
supplier. Thus, their profit expressions are as follows.

(1) If the overseas supplier sells the counterfeit in the overseas market, i.e., s = 1:

Ty (Wi, wa) = (ps —wi) (1 — ps) + 0t (ps — w2) (1 - %) :
Ty (wi) = (wi — ki) (1 = ps),
77 (wa) = 0 (wy — ky) <1 - fopé) +a(p: — k) (fopé - %) —e.

(2) If the overseas supplier does not sell the counterfeit, i.e., s = 0:

7 (w1, w2) = (ps —wi) (1= pu) +a(ps —w2) (1 - £ )
ny (wi) = (wi —ki) (1= pp),
m2 (w2) = ot (wy — ko) (1 £2,)

Strategy O: Given wholesale prices w; and w,, the home supplier rejects the contract and the counterfeiter
accepts the contract, i.e., d; =0 and d, = 1. Then, the counterfeiter is converted to an authorized overseas
supplier. Thus, their profit expressions are as follows.

(1) If the overseas supplier sells the counterfeit in the overseas market, i.e., s = 1:

10 (w2) = (pp— w2 —1) (1= £ ) + a(pp—wa) (1 252,

10 =0, 7 (w2) = (we— ko) (1= £2) +a(wo — o) (1= 22528 o (p ko) (2253 = 2 ) —e.
(2) If the overseas supplier does not sell the counterfeit, i.e., s = 0:

7§ (02) = (pu—wa =) (1= 2 ) + oty —wa) (1= £2).

=0, =g (wy)=(1+0a)(w —k) (1 - %)
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Strategy N: Given wholesale prices w; and w,, the home supplier and the counterfeiter reject their contracts,
respectively, i.e., d; = 0 and d, = 0. Under this strategy, the brand-name firm does not have suppliers, and
later we will show that it is not an equilibrium strategy.

(1) If the counterfeiter sells the counterfeit in the overseas market, i.e., s = 1:

=0, wn=0 w=a(p k2)<1—%2>—e.

(2) If the counterfeiter does not sell the counterfeit, i.e., s = 0:
=0, 7w =0, = =0.
For the analysis below, it is convenient to define the following notations:

M:a(pz kz)(pB pz—&)—e W2 k2+

B~ B W

_ 0) _ !
M =a(p =) (1555 = ) = s vt —’“Mﬂ
K=a(p—k)(1-8)=e, W =k+ o,
K—M =a(p—k) (1 - TBYPE) 2 :k2+ 78 )iag BT

With the assumption 0 < e < o(p> — ko)(H=5* — 7). we know, M >0, M’ > 0 and K > 0. Note that
M<M.

Step 2: We discuss whether the counterfeiting exists.

In the following, we make a comparison between ©¥ (s = 1) and 75 (s =0). There are two scenarios
depending on d,.

1. When the counterfeiter does not accept the contract, i.e., d, = 0, which means she is not converted to
an authorized overseas supplier, we have the below discussion.

(1) Under Strategy H, if the counterfeiter sells the counterfeit in the overseas market, her profit is
Ty (wa,s=1)=a(p— k) (B2 — 1) —e.

(2) Under Strategy N, if the counterfeiter sells the counterfeit in the overseas market, her profit is
T (wy,s=1)=a(p—k)(1-1)—e

Note that we assume 0 < e < 0l(p2 — k2)(%=5* — 7). Thus, when the counterfeiter does not accept the
contract, she will sell the counterfeit in the overseas market.

2. When the counterfeiter accepts the contract, i.e., d, = 1, which means she becomes an authorized
overseas supplier, we have the below discussion.

(1) Under Strategy D, if the overseas supplier does not sell the counterfeit in the overseas market, her
profit is 77’ (w2, 5 = 0) = &t (w> — k) (1 — {2 ). If the overseas supplier sells the counterfeit in the overseas
market, her profit is 0 (wy, s = 1) = ot (wy — ky) (1 — 22222) 4 (0t (py — ko) (22222 — £2) —¢).

1-y—B 1 v B B
Then, from T2 (wy, s = 0) > 72 (wy,s = 1), we obtain, w, > wi", where i’ =k, +

/

PB Pz ll)‘
lva T—y
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(2) Under Strategy O, if the overseas supplier does not sell the counterfeit in the overseas market, her
profit is ¥ (wa, s =0) = (wy —ka) (1 — £2) + (w2 — k) (1 — {£). If the overseas supplier sells the coun-
terfeit in the overseas market, her profit is ¢ (wp,s =1) = (W, — k) (1 — T2) +o(wy — ko) (1 — £252) +
(o (p2— ko) (555 — 5 —e).

Then, from T (wy, s = 0) > 79 (wy, s = 1), we obtain, w, > wi.

Thus, if the wholesale price of w, satisfies w, < w§°>, then even the counterfeiter is converted to an
authorized overseas supplier, she would still sell counterfeits in the overseas market, i.e., s(w, wy,d;) =1

withd, = 1. |

B.2 Proof of Lemmaf2

This proof has two steps: (1) we derive the best response of two suppliers; (2) we discuss the possible opti-

mal wholesale prices offered by the brand-name firm under each sourcing strategy. In order to differentiate

the cases that the overseas supplier sells counterfeits, we use the superscripts “D7”, “O7” to denote the

Strategy D without counterfeiting, Strategy O without counterfeiting, respectively; and use the superscripts

“DC”, “OC” to denote the Strategy D with counterfeiting, Strategy O with counterfeiting, respectively.
Step 1: We derive the best responses of the overseas and home suppliers.

With each sourcing strategy, the overseas supplier’s profit function is as follows:
m (w2) =0 (ps — ko) (B2 = ) —e,

ng:{ T2 (w2) = 0wy — o) (1= 2528 + (aulpa — ko) (253 = 22) — ) s if wa < i,

néﬁ (wy) = (wy —ky) (1 — 11%), if wy, > Wgo),

RgC (w2) = (ws — ko) (1 42

n0— ta(we ko) (1= 25 ) 4 (ap — ko) (255 = ) —e) it wy <wl,
" (wy) = (w2 —ky) (1—{’—3)+a(w2—k2)( —{’—EY), if wy >wh,

nﬁza(pz—/@)(l—%)—e-

1.1 Below, we discuss the conditions for overseas supplier’s accepting.

(0)

(1) Under w, < w,’, where w2 =k, + we discuss for a given belief on the home supplier’s

PB Pz PB)’
IYB 1-y

contact decision dl =1and dl =0, respectively.
G If 571 = 1, then, we compare the overseas supplier’s profits between Strategy D with counterfeiting and

Strategy H, i.e., T2 (w,) and 7Z. If the overseas supplier decides to accept, then it should satisfy

¢ (W) 275,
= a(wy—k) (1— ’f"%’é) LM M,
= wy >k + ‘(]Mpfly/pz)
1-y-p
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Note that w, > k,. As M < M’, then, we have, w, > k,.
(i) If CZ = 0, then, we compare the overseas supplier’s profits between Strategy O with counterfeiting
and Strategy N, i.e., 19¢(w,) and 7. If the overseas supplier decides to accept, then it should satisfy
5 (w2) 2 ),

= (Wz—kz)( —%> + o (wy —ky) (1—%‘;&%) +M >K,

(X(szkz)(lfifli;fé)

(1= 2)+a(1-5273)

O(1 O(1 M
= wy > wi"  where wy' =k, + (,_Ls)fal(vi_ps—pz) =k +
-y 1-v-PB

Thus, in the case of w, < wg))

, we obtain

dr (d=1) =1, if ko <wy<wl’,
~ dy (d=1) =0, ifw, <k,

dy(dy) = dy (3 =0) =1, if min{w?" W} <y < wl?.

d> (dy=0) =0, if wy <min{w?" w}.

(2) Under w, > w(zo), we discuss for given d: =1 and JL =0, respectively.
It d; =1, then, we compare the overseas supplier’s profits between Strategy D without counterfeiting
and Strategy H, i.e., T, (w,) and nf. If the overseas supplier decides to accept, then it should satisfy
" (wy) > wl
= a(wy—ky) (1 {’—,y) > M,
M

= Wy > wf(z) , where w12)<2> =k, + oY

T—y
(1) If él: = 0, then, we compare the overseas supplier’s profits between Strategy O without counterfeiting
and Strategy N, i.e., T3 (w,) and ©} . If the overseas supplier decides to accept, then it should satisfy
" (wo) > 1,
= (w2 ko) (1= 25) + oy ko) (1= ) =K,

1—y
0(2) 0(2) _ K
= w,>w,  ,wherew, =k, + (&)
Thus, in the case of w, > wgo), we obtain
d(d=1)= 1, if w, > max{w§(2>,w§0)},

- d(d=1)= 0, if wg()) <w, < max{wé)(z),wgo)},

dz(d1> — ~
dy (dy=0) =1, if wp >max{wd? w”},

d> (dy=0) =0, if wl <w, < max{w?® w}.
\

1.2 Similarly, we derive the best response function of the home supplier d, (c}';) to the overseas supplier’s
action d, € {0, 1} as follows:
d(dy=1)=1, ifw, >k,
- di (dy=0) =1, ifw, >k,
d] (dz) = ~ .
dl d2:1 :07 lfW1<k1,
di (d,=0)=0, ifw, <k.
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1.3 Given best response functions d;(d,) and d,(d,), we obtain the following fixed point (d;,d;) that
satisfies (d; (d),d>) = (dy,d>(d;)). Thus, the optimal decisions of two suppliers are
), ifwy >k, ky <wy < wéo) or w, > max{w§<2>,w(20)},
), ifwi > ky, wy <ky or wi < w, < max{wb® wi},
), if wi < kg, min{wd" w1 < < w <wl” or wy, > max{wd® w1,
)

. if wy < ky, wy < min{wd" w1V or w(2 ) <wy < max{w{® w1},

E
(dlvdz): (
(

where

M= (X(pz—kz)(pB P2 _ P2

- -e W;)Q):kz—i-#{%);
M =o(pr— k) (P55 — §) —e, Wy = kﬂrﬁ/%)
K=o(p—k)(1-1%)—e, wy? kz—i—lw[f 7y
KM =o(py—hko) (1= 1275), wi" = ko + | ,)'jaf{,;gy,,é)

Note that wg M s independent on e; and wgo), w20 ®) and wf(z) are dependent on e.

Step 2: We derive the optimal wholesale price(s) with each case.

Substituting (d},d;) into the profit functions of the brand-name firm, we analyze the optimal wholesale

price under each possible sourcing strategy.

T (wi) = (ps—wi) (1 = pg) + 0 (ps—wy —1) (1 — 22 pz) ifw; >k,

(X(PB—WZ) (1 - %), lfwl Zkl’ k2 SWZ <W§0),

b ¢ (wi,wa) = (pg —wi) (1 — p)
T, =
’ { (w1, wy) o(pp—w2) (1= 7£), ifwi >k, wy > max{wy® wi’},

+
= (pg—wi) (1 —ps) +

o [ T ) = (s —wa =) (1= ) + a(pp —wa) (1= £, if min{wd wd"} <w <wy,
P ) =(pr—wa— 1) (1= 22) +au(ps—wy) (1= £2),  if wy > max{ws"®, i},
Tty =0.

In the following, we have two steps: (1) firstly check the feasible region of 7tz under each case; (2) then

make a comparison between 7y’ and ©2¢, n§' and ¢, respectively.

2.1 We first check the feasibility of 75 under our assumption of e < &, where & = a/(p> — k2) (%= — 7).
and wf %) are dependent on e. From the conditions
of the brand-name firm’s profit expression under each possible strategy, we know:

Recall that w§’<‘> is independent on e; and wg)), wg @

< wg))

WO

B ool o7 | 0v-Bp
(1=9)(p2—ka)ou(1— £, —a(py—ky ) (PE=g2 — T2 )B
wi? (e) < wi”(e) = e < e,, where e, = = 2(17”(11 I = )2 -
CE )
(Brp—(1-1p2)

(1=9)(p2—ka) (1-+0) (1 £5;) —at(pa ko) (1 -12)B
wd? () < Wi (e) = e < e3, where 3 = 2o .

(1=n)(1=y=B)(1+a) (1~ ,Y)
—1 [5
aBpg—(1-7)p2)

_ko)(1-PB7P2
() =e<e;, wheree = <P2 —ky — (a(pz D p) B) Brp—(1-1)p2) .
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Note that e, > & > e; > e¢;. When Y= 0, we have, e, = & > e3 = e,. Thus, with the assumption of e < € in

)

our base model, if w2 > w2 then e > e, and w, > w2 ). As e > e, is out of the feasible region, it implies

that under Strategy D with e < &, the feasible condition is w, > wgo).

Note that for Strategy O with counterfeiting, i.e., o€ (w,), the condition min{w%™" wi”’} < w, < wl” is
non-empty if e < e;.

As mp(wi, w,) decreases in wy, then, the optimal wholesale price of the home supplier that the brand-
name firm is willing to offer is equal to the production cost, that is, w! = k; with Strategy H, and w? =k,
with Strategy D.

As 1(wy, w,) decreases in ws, then, the optimal wholesale price of the overseas supplier that the brand-
name firm is willing to offer is the lower bound of the feasible regions. We use * to indicate the optimal
wholesale decision of these cases. Then, the optlmal wholesale prices w, for these cases are wh* = k,,
Wl = w0 w9 = w9 0% — max{w?® wi”}, respectively.

Thus, we have following profit expression under each case:

Ty = (ps — ki) (1= pg) + 0 (ps — ki — 1) (1 = B=p2),
ﬁ:{gw%>umwwumn-m—W@<P”ﬂ
5 (W2™) = (ps— ki) (1= ps) + 0t ( ")a
0 { e (We) = (ps — wgc* —1) E ((

1—”73)—1— (pp — w9 (1 — 8= ‘”2) ife <e,
1_'”73)‘1‘ (PB—W;)T*) 1 - )

gy (Wéﬁ*) = (PB —Wz _t)

o(1 0(2 0
where w2 = ky, wb™ = w® w0 = w9 W™ = max{wd® w3}

2.2 Then, we make comparisons for strategies D and O, respectively.
Under Strategy D:

D T (W) = (pp — ki) (1 — pg) + 0t (ps — wy ™) (1 — P22,
Pl m (7)) = (pe—k) (1= p) + o (pp—wy") (1— £2).

Then, -
TCB! ( ) > TEDC( ) )
S (pp—wd) (1= 22) > (py — ) (1 — 223).
PB—P2 PB DC: 1— PB P2 WDC* 1 pPp—P
ng*SP(IYB li)PB L YB):pB_(pB - )ISBIYB)u
1-y 1—-y
(PB— kZ)( £2 —(1—

= e>epi , where ep = <P2 —ky — (—1 7 )IBY> bl

Under Strategy O:

o | T ) = (pp — w8 =) (1= ) o (p —ws™) (1 = 257). if e <en,
B g (w9) = (ps =™ —1) (1= £2) + o (ps—wi™) (1 £2).
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Then,

Of (. Ot oc (,,,0C
Ty (ws') > m§e (woe
OCx\ ( PB=D
:> (x’(pB_WZ *)(137_[25 - _'Y
a(pg— W?C*)(?By[’é {78)+W0C*
(1+a)(1-{£)

)
72) > (w3 = wf) (1 +a)(1 - £2),

= ngr* S

> h - ke — Apsw§™) (T2 ) 0Cx _ J.\_B ) «(Bre—(1-1)p2)
= e = ¢€p1 , Where ep; = | p2 ) ( (+o)(1-7E) +W2 )1 — ==

Then, based on above discussion, we have the following optimal wholesale price w, for Strategy D and

Strategy O, respectively. Note that ep; < e;.

(a) Under Strategy D, (i) w2 =k, and s* = 1, if e < epy; (i) w2 = w' and s* =0, if e > ep;;

o(1)

(b) under Strategy O, (i) w9 = wi'" and s* = 1, if e < eoy; (ii) w§ = max{w$ (2>,w§0)} and s* =0, if e > egy;

Where B—P2 PB
pB—Fk2)( =) _(1—
eon = (ko — (PR 1) sttt
(8)
_ ¥ GEF ) | oo B\ oBrs—(1-1p2).
eor= | p2—ky—( (rra)(- &) +wj —kz)m s
oCcx __ pP2— kz)(l—fopé)
and wy“* =k, + (7%”“(1 D=
Thus, we have the results. |

B.3 Proof of Proposition[i]

Recall that the brand-name firm’s optimal profit under each case is as follows:

T = (ps— ki) (1 = pg) + @ (ps — ky — 1) (1 — 22222,

0 ﬂgT (W) = (pp — ki) (1 — pp) + & (ps — w5™) (1 — ), ife>ep,

? T (W) = (ps — ki) (1 — ps) + & (pp —wy™) (1 — #2.22), if e <epy,
20— Tch( Y = (pp—ws™ —1) (1— )+Oc( —wy™) (1—1’%1), %fezem,
B T9¢ (W) = (pp — w9 —1) (1 — 7Y)+oc( W?C*)(l—%), ife<eop,

Tty =0,
where w2 = ky, 2™ = wl? | w0 = I W™ = max{wd® w3
Note that wy™ and w{™ are dependent on e, and w2 and w9°* are independent on e.
p p

In the following, before we analyze the comparison results in our equilibrium, we have below lemma for

the general comparison results.

LEMMA B2. The equilibrium sourcing strategy of the brand-name firm is as follows:
(a) Strategy H with w; =k, if e < min{ fpy, fuo} and A < min{Apy,Ano};
(b) Strategy D with w} = ky, and

. { wdif e < min{ep, fpo1 } and min{Apy,Apo} < A < Apo,
=

w
whyifmax{ep, fou, foor } < e <minfes, foos}, or if e > max{es, fpos};
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(c) Strategy O with

. wgi*, if e <min{epr, fpor } and A > max{Apo,Apo},
wy ", ifmax{eor, foor, fpos, fuo} < e < es, orif max{es, fuo} < e < fpos

where the thresholds are derived by

(pa—ka—A)(1—pa)-+ou(1— P2 ) —au(1— A2 )41(1-28)

o >ngt = wd > pp— e - = ¢ < fuo,

Ty >T¢ = A<pp—k, — (prwgc*it)(17PTB()iap(sp)i::?i*”)’f(%l{;?%Hw(li%) ;=A< Ay,

T > e $A<p3—k2—%ﬁ—t7 =A< Apy,

W a s gy ) e <o,

71:11,?T > n,‘;* = WZOT* > pp — a(wg*7wg*)(71(lpfﬂz)lni[;rk2ﬂ)(lip3) =1, = e < fpos,or,e > fpos,
1075 100 = WD < (P—w§<—1)( m)ia(pua(vréi‘;[);()l’.’"Y"E)(pusz)(IPB), —e> foon,

ot > nhC = wh < pB(l;ﬂﬁi%zﬁC*(F%) =ps _Y(,,ngt‘i)ﬁm)’ =e>ep,

mpC >mg = wy' > py - (kaZA)(YlpBHTl(iZ)(W%;%(;IIRY%H’( 71’%)’ = e < fpor,

W g = A py by — O Bl IR = A< Ao,

Ty > M = i< a(pr(ﬁ;)((lﬁ;%) Wi, = €= €or-

Proof of Lemma B2} There are three steps to make comparisons about the brand-name firm’s profits: (1)
we compare Strategy D without counterfeiting, Strategy D with counterfeiting, and Strategy O without
counterfeiting, Strategy O with counterfeiting; (2) we compare every strategy with Strategy H; (3) we
summarize the whole conditions for each Strategy.

1. We make comparisons between strategies D and O. Then, we have four cases to compare:

(1.1) 7y and "

my = (ps—k) (1= ps) + 0 (ps—w3"") (1 - {2), ife=epi,
my = (pe—wi" —1) (1= &) +a(ps —w3") (1 - {2), if e > eor.
Thus,
Ty >,
= (po—wl" —1) (1= £2) > a(wd™ —wh™)(1 = £2) + (p — ks — &) (1 = py),
WOT*wa* _PB e _
- Wg-;-* < pp— alwy ™ —w3)( (1:y1)):<)178 ky—A)(1-pp) _4

=y

(1.2) ©" and m9°:

Ty = (ps—ki) (1= pa) + 0 (pp—wi™) (1 - £2), e =eo,
T5C = (pp—wi —1) (1= &) + o (pp —wi) (1 — 22, if e <eor.
Thus,
o >y, ) .
= (pp—wi —1) (1 - %,)+0‘(PB—W§)C*)(1 —8) > (pp—hk—A)(1 —pp) o (pp—wy") (1 - e
N W?T* > pg— (pp—w9C*—1)( —%)-‘-a(ps—wzoc*)(l—qlixﬁ)—(I’B—kz—A)(l—PB)‘

o112,
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(1.3) k€ and m§ :

TEgC = (pB — kl) (1 —pB) —l—OL(pB —le)c*) (1 - fﬁ;fé)a ife< ep1,
my = (pg—wy—1) (1— )+ o (pp—w3™) (1— %), ife>eor.
Thus,
5 > T, O+ DC -
= (L+0) (ps—wg™) (1= &) —1(1 = £2) > (psp— k1) (1 = pp) + 0 (ps — wh) (1 — £z
Otx (pp—ka—A)(1-pp) +a(pp—w5 ) (1-FE ) i (1- )
# Wz <pB_ <1+a)(1711)TB> 1 .

Y

(1.4) mh¢ and n§<:

{ " = (ps — ki) (1= pp) + o (ps —w7) (1 — 1553), ife<epi,

R = (pu =8 =) (1= {2) + @ (py —n8™) (1= B58). i e < o1,

-y 1-y-B

Thus,

TR > M,

= (pp—wi" = 1) (1= %) > (pp —kp = A) (1 = pp) + . (wF™" —wi™) (1 — {252

1y
(5w 1) (1= {2 —a(w§* D) 1-FER)

:>A>p3—k2—

1-pp
2. We make comparisons for Strategy D and Strategy O, and Strategy H:

(2.1) 7" and nfl:

= (ps — ki) (1= pp) + ot (pp —ky — 1) (1 — 2252,
= (ps—k) (1= ps)+a(ps—wy") (1 - 12), ife>ep.

Thus,
Ty >y,
= (pe—wy") (1= {2) > (pp— ko — A—1) (1 = 222),
(PB—kz—A—t)(l—%)

<pB_ 17%

= ng*

(2.2) b€ and wk:

s = (pp—ki) (1= ps) + & (pp —ky — 1) (1 — #2),
¢ = (ps— k) (1 — pp) +a(pp —wi) (1 = 2212) if e < ep).

1-y-p
Thus,
Tp< > Ty,
= (P —wh) (1= P2) > (s — o = A —1) (1= B2),
_DCx) (1_PB=P2
= A>ps—ky — (s : ,,),,(_,,ZI’Y’ﬁ) —t.
TR

(2.3) 1ty and -

g = (s —ki) (1= pg) + & (pp —ky — 1) (1 — #4=2),
ng = (ps—wd" —1) (1= &) +a(ps—wd™) (1 - L), if e > eor.

1-y-B

)7

);
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Thus,
o >l
O - -
= (140) (s —w9™) (1= £2) =11 = £2) > (ps — ko — A) (1 — pg) + (1 — B=£2)) — 0ur(1 — 2842),
ot (Ps—ta—8)(1—pp)+ou(1—- B2 ))—ar(1—LBE2 ) 411 £2))
= Wy <Pp— (o) (1— ) :
(2.4) n§¢ and ©l:
my = (pp—ki) (1 = pg) + & (ps —ky — 1) (1 — 2=2),
m5C = (pp— Wi —1) (1 = &) + o (ps —wi™) (1 = £2.8), if e <eor.
Thus,
¢ > nll
= (o= w8 1) (1= #2) 0y = w8) (1= 2558) > (pp ko — A) (1= py) + (1 — 2E2) = (1 — 2,
(pgfwg("*ft)( 7l”fY)Jra(prwgC*)(17%)4&”(1—%)
= A>pp—k,— parratt 70 )
3. Therefore, we obtain the results as follows.
(3.1) The conditions for T, = n? are e > ep,;, and
Otx _ Dix _PB —ky— _
n§T>TCgT = WQOT*>pB_a(W2 m (ll:yll;()p” b -1, :>e<fD0370rae>fD047
Y
_wOCk £\ (1— PB _WOCK (1= PB=P2y_ (ke _
nﬁ* >n2c = wé”* <pp— (pﬂ “ t)(] 7Y)+a(p3a(wif—)()l o)A p,;), =e> fposs
=Y
ko —A— _PBP2
n?>n’§ ﬁw?”<p37%, =e> fpu;

(3.2) the conditions for T = 2 are e < ep;, and

(P5—ka—8)(1—pp)+or(pp—wE" ) (1= B2 ) 1101 1)
> Ps (a0 1E) » = e < Joor,
OCx PB OCx _ DCx PB—P2
pp—w§C =) (1- {2 —a(w§ —nDC ) (1- FELR)
( BT ) T—y ( 2 2 ) ——P 7 — A <113Dch

AR

T >n = A<pp—ky —

1-pp
DCx PB—P)
PB—W (1-55%)
7o¢ > nlf :>A>p3—k2—( 12_,,2;,,,2‘“‘ —t, =A>Apy:
1=
(3.3) the conditions for 7T, = 4 are e > ey, and

0t D 0 a(w§ W) (1- &)+ (pp—ky—A)(1-pp)

0 >al = Wit < pp— —2—2 ('77{%) —1, =e> fpos,or,e < fpos,
% PB—P2 PB

0t — —pC Ot (pp—k2~8)(1—pp) +ou( p—wH™ ) (1 - {E LR ) +1(1— )

Ty >Ny = W, <Ppp— (a)(1- 1E) ! ;= e> fpor,
O (P—ka—A)((1—pp)+ou(1— B2 ) —ou(1 - PB2) (1 — {B.)

ot H _ -y .
Ty >Ny = w, < pp o0 &) , = e> fuo;

(3.4) the conditions for T, = 9 are e < ey, and

(Pe—n§< 1) (1= {8 ta(pp—n§™ ) (1 FE528) ~(pp—ka—A) (1—pp)

D
¢ >l = wh > py — T .= e< foon,
=Y
OCx P OCx* DCx PB—P
I S N G i) o e e 0 e = = 3

T , = A > Apo,

PB
(PB—w§C 1) (1— B+ pp—w§™ ) 1 - FE IR ) +ou (1~ PE=g2) A A
(1—pp) +a(1-PE12) ’ o>

ﬂgc>n§l :>A>p3—k2—
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(3.5) the conditions for m;, = 7t} are

PB—P2 PB—P2 PB
H ot (PB—ky—A)(1-pp)+a1—H=g? ) —ou(1- =52 ) +1(1- 1)
i >7TB = WS *>PB— (]W)(]_LB) , = e < fro,
(pB WgCr— ,)( ,7)“,(,,3 WgC*)(l—%Hw(lJ’zl;fﬂ)

> n0¢ = A<py—ky— £ - = A< Ayo,

(1=pp)+a(l— mis:gz )

(pa-wber)-bes3)

> = A<pp—k,— i —, = A< Apu,
1-
« (pp—kp —A—1)(1-2B= 1’2)
ny > mp = owy > pp— I TE ) = e < fou.
-
By combining the conditions for each strategy, we have the results. |

Following the general result in Lemma|B2| we further derive the conditions of (A, ) for different whole-

. a(p2—ky)(1- ”E ')2)
* .1, 0Cx __ aBpp—(1-71)p2)
sale price w,. We define below thresholds: Wy = k2 + = PB ) (1 pByP§> and R = 0——pp °

(Pﬂ—kz)(l—?i;ff; )

Apy = pp —k» — (-
=B
(1- 28 —u( )<1 PB_P2

7‘,0(,'*72‘ ’B )
ADOZPB—kz—(pB i) Zlpr i) ;
Ao = D — ko — (pB—wgC*—r)<1—%)+a8pB WO ) (1— B8 ) o (1- 2842
HO = DB 2 (1—pa)+a(1—5p2) 5
(p—ky—A—1)(1— 2822 )

fDH = (pz - k2 — (XDH(A) - kQ)L)R where XDH(A) =P — Imz(ﬁy)lﬁ;

(pB—ka—A)(1—pp)+a(pp—ka) (1— 5B B2 )+ (1 ££)
foor = (P2 — ko — (xpo1 (A) —kz)%)R where xpo; (A) = pp — —— 8 (Ha‘; ng) b ).

p—w§ 1) ((1- ££)+o(1- bar ))—(ps—ka—A)(1-ps)
foor = (P2 — ka — (xpoa(A) —kz)%)R where xpoa (A) = pp — (o ) lfpi; — =, 9)
DO3 — *kz XoD3 A *kz % R where XoD3 A B — 7(17371(27%,33“7[)8) —1;

1-y =D (l_m)

; (pa— W’?iwfkrl(lf%))ﬁ(lﬂi)* (p2—ka) (1= BBt~ 2) (p2 k)
DO4 =

(-pi-rpo-f2) ’
®re=(T-vp) B

(pp—ko—A)(1-pp)+au(1~Ef2)) —ar(1- P82 ) a1 {8

fraor = (P2 —ky — (Xno1 (A) — kz) )R where xp01(A) = pg — (+o)(1-ZE) 5
v

s—ky—A) ((1—pp)+o(1— 2852
furon =0 (p2 — k) (1= ) — (rn(8) — o) (1 + ) (1 — 2, where xyon (&) = py — L (rnrall 7))

(1+o)(1-£8)
—t(1 = %) +ro(1 — B=2).

Note that for the condition of T, = 7, fpoy < fuot, fou < fuo»; for the condition of T, = 75, foos > fuots
Jfpos > fuoo- Thus, in our base case, the equilibrium sourcing strategy of the brand-name firm is as follows:
(a) Strategy H with wj = k; if e < fpy and A < min{Apy,Apo};

(b) Strategy D with w} =k, and

W, = (0)

, { ky, if e <min{epi, fpoi } and min{Apy,Apo} <A < Apo,
wy ", if max{ep:, fou, fpo2} < e < min{es, fpos}, or if e > max{es, fpos };

(c) Strategy O with

W* _ { WZO(]), if e S min{em,fDoz} and A > maX{AHo,Apo},

02) (0 . )
max{wz( ),Wg )}7 if max{eo1, fpo1, foos} <e<es, orife; <e< fpos;

where e; is defined in Equation (7). |
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B.4 Proof of Proposition 2|

Recall that T," > 2€ if e > epy, and T > 19C if e > e(;, where

(pp—ha) (FEER —{E)) (-
€p1 = | P2 — ks _( - ll;{fyﬁ — )1ﬂy> (X(Bfffy(,ﬁ)gm);

_ s ) | ocs B\ aBps—(1-1py)
coo=\P—k—(—gim T k) ) TS

(Pz kz)( ’{B;”g)

(1- )+°‘(1 plepé)

Under Strategy D 1f e > ep1, the counterfeiter does not sell the counterfeit; under Strategy O, if e > egy,

and wi* =k, +

the counterfeiter does not sell the counterfeit. Thus, we compare thresholds ep; and ey, to analyze which
sourcing strategy helps prevent counterfeiting at a lower e. If ep; > e¢1, it means that Strategy O is easier to
prevent counterfeiting. Otherwise, Strategy D is easier to prevent counterfeiting.

Below we derive the condition of ep; > ep;.

€p1 > €o1,
- PR—P D
([,B,,Q)(PIBY [% PB) OCx\(PB—P2 _ PB

o(pg—w3)( =) "
= pr—ky — (,—pB)lL > (p2— k) — ( e ILBB) IY‘FWQOC —kz)L

=z (o) (1-Z;
o (55 )
P2 kz( - ) )
() - (1) pe)) > 5 (B (1),
= (1=7)(1=y=B) = (1 =) (ps — p2)) > x(Bps — (1 = 7)p2), where x = (22

= o>

- (1 —y— [5+p3—2(1+x)p2) >pr + (B+p3 £1+x)p2) : a(pa—ka)’
=1—y> B+Psfél+x)pz + prB+(B+pB §1+X) ) ’
1 —y< Bep=lltde \/XBPB + (Bree=ll0m )2 fipyalid.
Define
2
y=1 - min( i) | \/Bf;?;i?kf? pLolodiig)e) ) 10
Thus, we obtain the result. [ |

B.5 Proof of Corollary i}

Note that in equilibrium of the base model, under Strategy H, the profit of each firm is the same as that
under the benchmark, i.e., nf = @}, ©¥ = &t;, 1§ = 7T}. In equilibrium, under Strategy D or Strategy O, the
home supplier obtains zero profit, that is, T = 1¥ = &} = 0. Thus, in the following, we focus on comparing
the profits of the brand-name firm, the overseas supplier, between the benchmark and Strategy D as well as
Strategy O in equilibrium from Proposition respectively. Note that we assume 0 < e < o(p, — k») (% —
f%). Recall that

/

M = (py— ko) (2523 — 2) — e, wi =ky + -

1-y-B B8 PB— pz,ﬂi)’
0(2> I—y—p Iy
K=0a(p,—k)( _732)_67 kz“‘ma
K_M/:a(pZ_kZ)(l_ 1113;;5[23) k2+ 78 )K ?1[ By

1-y-B
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1.If there is no counterfeiting after conversion, i.e., s* = 0, then, we have the comparison of profits as

follows.

For the brand-name firm:
m = (pp— i) (1= pa) + (s — k1) (1= 242
nf (ws=wd") = (pu— ki) (1= pu) + o (py —w3) (1= {2
T <w§ = max{w?? wi"}) = (ps—wj —1) (1 - 1‘%) + 0 (ps —ws) <1 - 1’%) .
For the overseas supplier:
T =a(p,—k) (7”‘13:{{2 - %2) —e=M,
n (ws=wl") = (ws— k) (1= )

1 (ws = max (w5 w"}) = s — k) (1= 2 ) +oc(ws — ko) (1 22).

(1) When Strategy D is optimal,

for the brand-name firm, ) — 7t} > 0;

for the overseas supplier, T — 7, = o (w5 — k) (1 S > —M>0.
(2) When Strategy O is optimal,
for the brand-name firm, ng — Ty >0;

for the overseas supplier, T — 7, = (W} — k) (1 IP_ 7) +o(w; — k) ( — 1p_By> —M>0.

2. If there is counterfeiting after conversion, i.e., s* = 0, then, we have the comparison as follows.
For the brand-name firm:
5 = (ps—ki) (1 —pp)+o(ps—ki —1) (1 - %) :
7 (ws = k) = (ps — ki) (1= py) + 0 (ps —w3) (1- 253 )
ng (w5 =wd") = (pa—ws—1) (1 - £ ) +o(p—w3) (1 8255).

For the overseas supplier:

Ty =0 (p:— kz)<p3 gz—%>—e:M,
(05 = k) = au(w; — ) (1= £5) + (o — ko) (1255 = ) - )
w8 (wi =) =) (1= 22) aws =) (1= 255 ) + (@l — ko) (155 - ) — ).

(1) When Strategy D is optimal,

for the brand-name firm, T, — 7T, > 0;

for the overseas supplier, 5 — 7t; = M’ — M > 0.
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(2) When Strategy O is optimal,

for the brand-name firm, 7§ — 7t} > 0;

for the overseas supplier, T5 — T} = (W} — k) ( 1]9 'Y) +a(w; —ky) (1 - PzB> +M —M >0.

Thus, based on the equilibrium in Proposition [T} under strategies D and O, for the brand-name firm,

o > T, 1§ > Ty, respectively; for the overseas supplier, T > @5, 9 > T}, respectively. |

B.6 Proof of Proposition 3]

Recall that we have below thresholds of 8: § = b2 gz 0 = ’I’B;fé, 0 = "B ,and 0, = %
Firstly, under the benchmark: in the equilibrium,
(1) consumer surplus in the home market is CS, = % —p(1—pp) = (1753)2;

(2) consumer surplus in the overseas market is

o 2 2 o .y _ B(6—6, ’ .y _
s, PO =) & a4 ! 29 ~ pu(1—8)) = o ( > ) 4! 29 s (1-9)).

Secondly, under the base model: in the equilibrium,
(i) when Strategy H is optimal, consumer surplus in the home and overseas markets are as follows, respec-
tively: CSH =CS,, CS¥ = CS,;

(i1) when Strategy D is optimal, consumer surplus in the home and overseas markets are as follows, respec-

tively:
CsP = 1= (53) pi(1 —PB) _ (1753)2’
cst' = o v)(‘ SO pl b e -y, )
€5 = (MO0 — py (B — 82) + =00 — py(1 - 8) = o BEEE  0E — (1 - 9));

(ii1) when Strategy O is optimal, consumer surplus in the home and overseas markets are as follows, respec-
tively:
CS9 = (1—y)(95) — py(1 = bs) = (1 =) (1525,
1—

(1
52 (1 () (1) el (),
CS9C = (BT OD) — ) (0 — 8,) + 500 — pyp(1 - 8)) = a(BO520 + 00— py(1-9)).

Lastly, by comparing consumer surplus between the benchmark and Strategy D as well as Strategy O in

equilibrium, respectively, we have the following results.
(1) In the home market, CS? < CSP = CS,. Because

CS? = CS1 = (1 =) (555) — pp(1 = Bs) — (F425 — py(1 = py)) = L2G08 — (pel <,

where the equality is achieved if Y= 0.
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(2) In the overseas market, CS? = CS9. By comparing CS? with CS,, we get the following results.

€85 =TS, = oo 10 — (B 18— (1 -6))

2

_“N(Eg(liizg) —i—OC( (1- Y(; 93) _ (0= PB )<0

—_ /A (3 ~ ) ~

CSPC —CS, = ou( (M0 4 L0° —m(l—@))—(—“f” +45- —ps(1-9))
—o(1-p) (6~ =522

_ =
- 2 <0.

The sign of (CSP —CS,) is analyzed as follows. Note that the function f(x) = ﬁ(x_zﬂ SR pe(l—x) =

2
(1B (x— pg PB—P2 )2+(p317p2)2+172p3+17%
LB —F £ increases for x < 22=£2 gz, and decreases for

x> Pp2 Recall O = 2222 > 222 Thus, CS2¢ — CS, < 0.

Thus, in the overseas market, CS? =CSY <CS,.

For the total consumer surplus, CS = CS, + CS,, thus, we know, CS® < CSP < CS.

—(1=B)¥2+2(pp—p2)x+1-2pp+B(8,)*
2

From above comparisons, we can obtain that in both the home and overseas markets, the consumer

surplus loss increases in y. When 7= 0, we have CS¢ = CS, and CSY° = CS,. [ |

B.7 Proof of Proposition 4

Firstly, under the benchmark: in the equilibrium,

SS =TS, + CS; + M + M) + T = U428 4 o(BORE 1 158 — py(1 — 6)) + (ps—ki) (1— pa) +
0 (py — ki —1) (1= B=82) + (o (2 — ko) (22 — 22) —e).

Secondly, under the base model: in the equilibrium,

(i) when Strategy D is optimal, the social surplus is
S8 = CSP + CSE + 7+ 70 + 8 = L2 ary(U9E) - (py — ki) (1= py) @t (py — o) (1= £2),
SSPC = CSPC 4 CSPC 4 TBC 4 TP 4 b€ = U=pn)” +oc( B0 O pp(1—8')) + (ps— ki) (1= ps) +
0 (pa — ko) (1= 2222) 4 (01 (p2 — ko) (2223 — 22) — o)
(i1) when Strategy O is optimal, the social surplus is
SSOT = €SP + €S9 + 7wy + 70 4+ 7w = (1 + a)(l — y) ("5
o (ps — k) ( - 1’%),
SSOC = €SP + €SP + 1 + Y + mC = (1 — (U)o BG4 2Oy - 9)) +
(o=t —1) (1= £2) + 0 (ps— o) (1= 252) + (@ (p2 — o) (252 —%)—e»

Lastly, by comparing the social surplus between the benchmark and Strategy D as well as Strategy O in

)+ (k- (1-22) +

equilibrium, respectively, we have the following discussions. We define

A a(pg—p2) (4 Yfl% p}f,g2) 81 _¢
P o(1-2802) ’
AOZ (PB*kZ)(%*PB)JFO‘(PB*Pﬁ(’iBy,pé £ f2 [1;2) 1(a (lfp‘f:[’;z) (1-1£))- 32; (an

(1= pa)+o(1- 2272
e; =eép — &1,
2 =e — &2,
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where
o1 =0 (pr— ko) (”f:gz - %) —a(A+1)(1— pf_é’z) —oc(m—b)(”fj? - lp_BY),
2o :(x(pg—kz)(pf:gz - %) —A(1 = pg) — (A+ 1)1 — Pf:§2)+(p3_k2)(71pfy_p3)
Ps—Pp 4
—OC(PB—kZ)(%BZ - 17_3\()’
and 5
e
81 = _a(1_B) @& _PB=P2y2
w, if s =1,
_ D015 (1-pp)?
&2=8 +( 5 8- ). Note that g; <0 and g, < 0 represent the loss of consumer surplus under

strategies D and O, respectively.
Then, we have the following comparisons about social welfare.

(1) If there is no counterfeiting after conversion, i.e., s* = 0, then: recall that =12 and 0y =2

1-p 2 Y
(i) when Strategy D is optimal,
SSPT—8S = (CSP —CS,) + (CSY — CS,) + (mh) + ) +70) — (T + T} + ;)
_ aBpg—p2)* +a((1*7)(1*93)2 _ (1*173)2)
2B(1-P) 2 2
ol — ) (A + 1)+ & pa — o) (B2 — ) = (o (pa — ko) (2 = ) —e:

(i1) when Strategy O is optimal,

5897 — 88 = (CSY — ﬁ) (Cs9 — ﬁz)+(n§+n10+n20)—(fcg+ﬁ“[+ft§)
*ABZ . Bz
— (zﬁém 17)) +(l+0€)( Y)(Zl 8p)” (1 5>)
A= py) (Aol — B — (py — ko) (22 — ) + 0y — ko) (B2 — 22)

-y
—(0(p2 — ko) (B=* — i) —e).
Since e < u(pr — k) (=g* — 1), then, we derive below conditions: SS”" > SS when e > (¢})";
SS9 > §S when e > (¢5)*.

(2) If there is counterfeiting after conversion, i.e., s* = 1, then: recall that 0= pB L 2 ,and 05 = —Y

(i) when Strategy DC is optimal,

SSPC —8S = (CSP — CS,) + (CSY — CS,) + (7 + 7P +7D) — (7 + 7, + 73)

—a(1-p) @252 )?

2
(1= ) (A1) — a(pa — pa) (355 — )

(i1) when Strategy OC is optimal,

§§9€ — 8§ = (CSY - CS,) + (CS§ — CS,) + (v +nf +nf) — (R + 7} +T3)
_ Ca-pE- g2 +((1fy><1fég>2 _ <17p3>2)
2 PB 2P2 o PB—D2 PB
+A((1 = pp) + ol = H=2)) +rol — H=2) — (1 — ) — (ps — ko) (%, — ps)

~a(ps— pa) (355 — B,

Thus, we obtain the conditions: SSP¢ > SS when A > Ap; SS°C > SS when A > A,,. [




B.8 Proofs For Extension 1: Sequential Contract Offering
B.8.1 Proof of Lemmaf3l

In order to differentiate the cases that the overseas supplier sells counterfeits, we call Strategy D without
counterfeiting as Strategy DY, Strategy O without counterfeiting as Strategy O'; and call Strategy D with
counterfeiting as Strategy D, Strategy O with counterfeiting as Strategy OC.

Recall that

M=alp. kz><fﬂ"é—%>—evvz s =0

K=0(p»—ka)( —%2)—67 kz—i‘ﬁ%)a

M = _ _ pB=D 0(1) K-M'

KoM=l —h) (L= 155) w7 =k ¥ G gy
Wz D5 (PB*kIZ*?%;(I*PB) —t

We observe that w;)(”

is independent on e and A; wgo) and w20 @) are dependent on e; and w, is dependent
on A.

Step 1: We derive the overseas supplier’s counterfeiting decision s(wy, wa, d;, d,). If the overseas supplier
decides to sell counterfeits, then, it should satisfy: 7, (s = 1) > m, (s = 0) for d, = 1. That is,

rnax?‘cz Es: Liwi,wy,dy =0,d,=1),7, (s

W17W27d1 = lad2:1
> max{m, (s=0;wy,wy,d; =0,dy=1),m, (s

1;
0 Wl,Wz,dl = l,dzzl

Note that with the assumption 0 < e < 0/(p> — ko) (%> — if), T2 (s = 1) = 7, (s = 0) holds for d, =0.

Thus, we obtain,

0, ifd,=1and w, > wgo),

s* (wi,way,dy,dy) = . .
(1,21, o) {1, 1fd2:1andk2§w2<wgo>,or1fd2:

Step 2: We derive the home supplier’s acceptance decision d; (w1, wy, d,). If the home supplier decides to

accept the contract, i.e., d; = 1, then, it should satisfy: ; (d; = 1) > m; (d; =0) . That is,

max{7, (dy = 1w, wy,da =0), 7, (dy = Liwi,wy,da = 1,5 =1) 7, (d) = 1w, wa,dy = 1,5 =0
> max{T; (dy =0;wi,wy,dy =0),7, (di =0, w1, wy,dy = 1,5 =1), 7 (di =0;wi,wy,dr =1,5=0

Thus, we obtain,
1, if 41 > kla

d(wi,ws,da) = {0, otherwise.
Step 3: We derive the brand-name firm’s optimal wholesale price w;(w»,d>).

T (WI;W27dl = Ldz) > T (WI;W27dl :07d2)~

Note that the brand-name firm’s profit decreases in w;.
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Given d, = 0, we know, it should satisfy: 7tz (wi;wy,dy = 1,d, =0) > 1z (W13 wy,dy =0,d, =0). That is,
kl S Wi S PB- Thus, W (Wz,dz = O) = kl-

Given d, = 1, we know, it should satisfy:

max?tg EWl;Wz,dl = 1,d2: ) T Wl;Wz,dl = 1,d2: 1,S:O;{

1
1) Tp Wl;Wz,dl :0,d2: l,S:O

> max{mg (wi;wy,d; =0,d, =1,
Then, from 7y > g, which means (pg — wy)(1 — pg) = (ps — w> — 1)(1 — ££), then, we obtain: w; <
(PB—Wz—Z)(l—{%) (pp—wp—1)(1- pB) . ~ ~
Pp— — Note that w; > k;. From pp — — > k;, we obtain, w, > w,, where w, =

PB — 7(17371612:%733(17[)3) —1, and V/l;z < k].
T—y

Thus, we have:

k[, if dz =V,
V141 (Wz,dQ) = or, if d2 =1 and %) Z 171/\2,
0, otherwise.

Step 4: We derive the overseas supplier’s acceptance decision d,(w»):

If the overseas supplier decides to accept the contract, i.e., d, = 1, then, it should satisfy:

That is,
IllaX{TEZ (dzz 1;W2,d1 = l,S: 1),752(612: 1;W2,d1 = 1,S:O)
N, (dzz I;Wg,dl :O,S: 1),752 (dzz l;Wz,dl :O,SZO)}
> max{nz (dQZO;WQ,dl = 1,S: 1),7T2(d2:0;W2,d1 = 1,S:O)
(d =0; Wz,dl O,S:1),7C2(d2:0;W2,d1:O,SZO)}.

(1) For the case of w, < w2 , We obtain

, if min{wzo(l), wé())} < Wy < Wy, and wy, > W,,

. if wy <min{wd", Wi},

( 1=1)=1
(wysdy=1)=0

dy (wy;dy =0) =1, if min{w?", W} < wy < wag, and w, < s,
(wy;dy =0)=0

, if wy < min{wd", w{"}.

dz(Wz;d1) =

(2) For the case of w, > wgo), we obtain

©

dy (wysdy=1)=1, ifw2>max{w20 wz) ,and w, > Wy,
d d) — dy(wysdy =1)=0, if wy <w, < max{wz(2> wg )},
H(wasdy) = oy @)~ (0
dy (wy;dy =0)=1, ifw, > max{w2 , Wy t, and wy < wh,
o(

dy (wysdy =0) =0, if way < wy < max{w{® wi”1,

us, combined above discussions, the overseas supplier’s optimal decision is
Th bined ab d th lier’ timal d

dy (wysdy =1)=1, if w, >w,, mln{wg(1> (20)} < wy < Wy OF Wy > max{wzo(2>,w§0)},
do(wasdy) = dy(wysdy=1)=0, ifw, < mln{w2 b w2 } or wgm <w, < max{wg(z),wgm},
e dy (wy;dy =0) =1, if wy > w,, min{w, o W < wy <w or wy > max{w$® w1,
dy (wy;dy =0)=0, ifw, < mln{wzm, wh } or wg)) <w, < max{wzom, w<20>}.

Step 5: We derive the brand-name firm’s optimal wholesale price w,.

By substituting d>(w,; d, ) into the brand-name firm’s profit function, we obtain

s = (ps—ki) (1 — pg) + a(ps — ki —1) (1 = B=2),
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5 (w2) = (ps— ki) (1= ps) + 0 (ps —wa) (1= £2),  ifwy > max{w§<2>, wi”}, and wy > s,
m5C (o) = (ps — ki) (1= £2) + 0 (pg — wa) (1 — 2222, if min{w{" i’} <wy < wi’, and wy > Wy,

0@ w(zo)}, and w, < w,,

0 { Ty (wa) = (ps— w2 —1) ( —L”)—Hl(pg—wz)( —lp—*‘Y) lfw2>max{w

T, =
i ngc(wz):(pB—wz—t)(l—p—”)+(x(p3—w2)(l—f”y”é) if min{w?™" W} <w, <wl”, and w, < ,,

Note that the brand-name firm’s profit decreases in w,. Then, the optimal wholesale price(s) of the brand-

name firm, which will be accepted by the counterfeiter, satisfies the following:

(a) under Strategy D,
WP — wh™ = max{w$® W W}, ifs=0
? w2 = max{w?" w,}, if s = 1 and max{w?" w,} < w”,
(b) under Strategy O,

0 { wd™ = max{w® w1, if s =0 and max{wd?, Wi’} < ,,

wi = S
g woCr = wd, if s =1 and w$" < min{w!”, ¥, }.

W s independent on e and A; w(zo) and w20 @) are dependent on e; and w, is dependent on

o

Recall that w20

A. Then, we know the wholesale price w5 could be dependent on A and e, w* could be dependent on A;

OCx

wY™ is dependent on e, w3 is independent on both e and A.

For Strategy D and Strategy O, the brand-name firm may offer different wholesale prices w, which helps
prevent counterfeiting, below, we further check the feasible region of 7z under Strategy D and Strategy O.

Then, there are four cases for the existence of possible strategies:

Case 1: w9 <, <w”, in which both Strategy D€ and Strategy OC are possible;

Case 2: w, < w20 W< wgo), in which only Strategy D€ is possible;

o(1) (0)

Case 3: w, ' <w, < w,, in which both Strategy O" and Strategy O are possible. In particular, only if

max{w?” wi”} < ,, Strategy O exists;

Case 4: wg(l) > wg)), in which only Strategy O is possible.
Note that

Wi < s e<e;

0(1) A> A h A, = (woC* _ _ (pB=k2)(1-pp) 17% .
<wy, =A> A, where Ay = (w5 (ps 17{’78 )T "

(0) A h A —k —k aBpe—(1-1p2) . (12)
W2 < Wy, =>e< é,, where e, = (pz n — (W2 2) Y) a Y BB ;
7Y <y, =e>é;, where & = (pr—ky) (1—2) — (1 — ko) (1 + o) (1 — £2).

Thus, the feasible regions of each possible case are as follows:

Strategy D': exists for all cases;

Strategy D: exists for case 1 and case 2, which means e < min{e,, é,};
Strategy O': exists for case 3 and case 4, which means e > max{é,,; };
Strategy OC: exists for case 1 and case 3, which means e < e¢; and A > A,.

Note that it is easy to know that Strategy D¢ and Strategy O do not exist in the same feasible region.
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Next, we make a comparison between Strategy D' and Strategy D¢, Strategy O' and Strategy O, respec-
tively.
5.1 With Strategy D, we have

0 — 7‘?( ") = (pe—k) (1= p) +a(pp—wy") (1—2),
s g (W) = (ps — ki) (1= pg) + a(pp —wy") (1 — P25, if e <min{ey, &,},

and D D DC (,,,DC
J.l:B ( DT) >TC ( *>a B
S (pr—w2™) (1= 22) > (py — whe) (1 — 2213,
PB pz PB DCx /3 PZ _ WG\ (1_PB=P2
éng*gmmﬂ >+1p;2 (1- )—pB— (ps—v% 7){57; )
=Y =Y

Recall that w2 = max{w?" i, }, w2 = max{w$® w{" #,}. Note that when W, > max{w5® w(”}
with Strategy DY, Strategy D does not exist. Thus, when Strategy D exists, that is, ¢ < min{e;, é,}, the
optimal wholesale price of Strategy D' is w™* = max{wzo (2>, wgo)}, which is independent on A, and depen-

dent on e.

1f w?'™" > 1%, then w2 = wd")| which is independent on both ¢ and A. Then,
P D) 17B )

o(1) PB P o(1) PB—P2
PB(T5C +wy (1= T5%) pB—W (1 )
¢ >t = Wi > T 1,732 Lovp :pB—( 2 )lpB LB = e < epy, [case 1, case 2]
-Y -Y

If w2 ) < #,, then wP¢* =w,, which is dependent on A. Then,
pp({ECER — LBy 1iby (1- P2 ) (pg—r)(1-EEZ12)
¢ > nht = wht > P llypB P —pB—l—pB'VB:>e<eD3,[casel,caseZ]
- it

5.2 With Strategy O, similarly, for the comparison between Strategy O and Strategy O, we know,

w0 [ 02 = (=) (1= )+ nE) (1 - ),
B TCB ( OC*) (PB OC* t) ( —y) + OC(PB OC*) (1 i?BYP[zS)
and
7tOC( OC*)>TC ( ow) - Ot a(ps—w§) (FE55 — 5) +w0c* — e < ep. [case 3]
B B 2 (1+(x)(17%) o1-

Then, based on above discussion, we have the following optimal wholesale price w, for Strategy D and
Strategy O, respectively. Note that e},, < min{el 62}, eo1 <ey.
(a) Under Strategy D, (i) w? = max{w?",#,} and s* = 1, if e < €},,; (i) w2 = max{w", w?? ,} and
s°=0,if e > e)),;

o(1)

(b) under Strategy O, (i) w§ =w,  and s* =1, if A > Ay and e < max{ep;,é,}; (i) w9 = max{wg)),wzo (2)}

and s* = 0, if e > max{eg, é,,é;};

where . )
ep, =min{ep,, ep3 },
. e 0(2)  (0) (prwz( ))(1 )
epy is the threshold value of e satisfyingmax{w, ~,w, "} = pp — ~—"m———,
Ty
A . . — v 17/’8’1’2
eps is the threshold value of e satisfying max{w$ @ w(zo)} =pp— Mi/i”’ﬁ), (13)
=
. a(pg—w§ )(’fopé E) OCx B aBps—(1-v)p2)
o1 = <p2 e el S e e e s AV ) B (S
a(pr—ka) (1-HELR)
and w9 = ky 4+ —o—— TP

(1- {8 +a(1-E22)"
Thus, we have the results. [ |
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B.8.2 Proof of Proposition 5

The brand-name firm makes comparisons among different strategies. Recall that the profits are as follows:

m; = (ps — ki) (1= ps) + & (ps — ki — 1) (1 = H=2),

D«

R (u2) = (pa— k) (1= pu) = (pu =) (1= £2),  ife> e,
70 (WEC") = (pg — k1) (1= p) + 0t (ps — wh) (1 — P13, if e < ),

A

nng (WZOT*) = (PB - ng* —t) (1 — PfB) + o (pB — WZOT*) (1 — pr), ife 2 max{em,éz,é3},

0 _ 1—y 1—y
s = RS . ~
B Tpe (W) = (ps —ws™ —1) (1 = £2) + o (pg —w3) (1 — P2 22), if A> Ag, e <max{eor, &2},
my =0,
where w2 = max{w?" w,}, wd™ = max{w9® wi” @, }; w¢ = wd" W = max{w?® wi’}; and e,

é,, &3, and A are defined in Equation . Recall that Strategy D¢ and Strategy O" do not exist at the same

feasible region. Thus, there is no comparison between them.

Below, following the approach in Lemma|[B2] we derive the conditions for each possible strategy.

(1) The conditions for T, = 7t are e > ¢}, and

. . (w0 PPV (1= PB4 (pp—ky—A) (1 —
' >ny = wi™ > py— i AL (':Y,L(;w 28 pB), = e < fpos, [case 3, case 4]
oy

¥ pr—wd ) (1= {8 ) +a( pp—w§™ ) (1- 1B 13 ) —(ps—ko —A)(1—p

n§T>ngCéW§*<pr(B 7)u- (Ba(zf)LB)'VB — B),ée>fl’)02,[casel,ca563]
Iy

t (P—ka—0)(1- 2252

Ty ST = wy < pp— =e> fhu,

PB I

-y

(2) the conditions for T = L are e < ¢}y,, and

(PB*WZOC*)(lflprY)f(x(wgc*fszc*)(l—p87p2 )

T > = A< pp—k, — - LB = A< A, [case 1]
DC H (Pp—n§) (- i) !
T >Ny = A>pg—ky — ) , = A> Apy, [case 1, case 2]
1—

(3) the conditions for T}, = Ty are e > max{ey,,é,, &3}, and

Ot a(wd T WD) — ) +(pp—ky—A)(1-pp)

o >nt = wi™ < pg— (7 , = e > f)os, [case 3, case 4]
=y
. (PB—ka—A)(1—pp)+ou(1—-2E=2))
g >nl = wd i u P = e > fyo, [case 3, case 4]

<Ps- o %) 7

(4) the conditions for T = g€ are A > Ay, e < max{ep,,é,}, and

(pp—w% ) (1= 28 +a(ps—w§" ) (1= B2 ) —(py—ko —A) (1-pp)

¢ >l = Wi > pp— T , = e< fhoa [case 1, case 3]
-y
_yOC* 17/778 —a ,0Cx __ .DCx 17’711‘7T’Z
R9C S 7BC 5 A> pp— ky — (P01 lf"{j W) B = A> A, [case 1]
P *WOC* lprB +a(p *WOC* ]7F€7f2
T >l = A>pp—ky— (po=vg)1- ) (PB,,B,f,Z )i VB), = A > Ayo, [case 1, case 3]

(1=pp)+a(1-=>)
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(5) the conditions for Ty = 1t are

. (pg—kz—A)((1—p3>+a<1—@)>
>y = wi™ > py— (=7 b = = e < fuo, [case 3, case 4]
—Y
(PB—w§) (1= £2))+a(pp—w§™ ) (1-{EL2)

, = A < Apop, [case 1, case 3]

H ocC _ _
M > Ty = A<ps—k (1—pa)+od1-ZEF2)

(pB WhC) (1 psypé )

T >all = A<pg—k, — I , = A< A}, [case 1, case 2]
17
; (Pp—lp—2)(1-2B=2)
T >l :>w‘;)*>pg——171,,7,91[i , =e< fhy-

-
Note that f},,; < fuo, max{eo1,é2,é3} > fho3, max{eor,é2,é3} > fuo,and Ayo < Ag. Thus, we summarize

the thresholds for comparisons, and are derived as follows:

eo1 < &, = A <A,
A<pp—k, — EEJ%%%;zﬁ, =A<Ay,,
WoT s py - LY ) 1 =lleu= =) =e< fhu, (14)
WP < pp— (ps— woc‘)](ly*f”y)+u(p3 ;v(zoc*)yl(};l) )~ (pp—ha— )(I*PB)7 > oy
A< py—ky — LSNPl Yty = A< Aoy
where W)™ = w?t* = max{w?® wi”}, wher = w9 = I,

The equilibrium sourcing strategy of the brand-name firm is as follows:
(a) Strategy H with wi =k; if e < f},,, and A <min{A},,;, Ao };
(b) Strategy D with wi =k, and
wd, if e <e), and Apy <A< Ap;

2
w =9 max{w?? wi”}, if e > max{e},, fo} and A < A,,
or, if )0, <e <max{é,,é;} and A > Ay;

(c) Strategy O with

wd, if e <min{é,, f},p,} and Ay < A < Af;

wy = or, if e < ep; and A > A;

max{wd? wi”}, if e > max{eo,é,,85}.

Thus, by combining the conditions for each strategy, we obtain the results. |

B.9 Proofs of Extension 2: Endogenous Counterfeit Price
B.9.1 Proof of Lemmalfdl

Under each possible sourcing strategy, we obtain the profit expressions for each firm, and discuss the over-
seas supplier’s counterfeiting decision, s*, and the corresponding retail price of the counterfeit product if
s* = 1. Note that we focus on the case in which both the brand-name firm and the counterfeiter have positive
market shares in the overseas market if the counterfeiter sells counterfeits.

Strategy H: Given wholesale prices w; and w,, the home supplier accepts the contract and the counterfeiter

rejects the contract, i.e., d; = 1 and d, = 0. Thus, the brand-name firm only sources from the home supplier.
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(1) If the counterfeiter does not sell the counterfeit, i.e., s = 0, the brand-name firm is the monopoly in

the overseas market. Thus, their profit expressions are as follows:
s (wi) = (ps —wi) (1= pp) +ou(pp—wi —1) (1 =pp), 7 (wi)=(1+a)(wi—k)(1-ps), m =0.

(2) If the counterfeiter sells the counterfeit in the overseas market, i.e., s = 1, the expected profits of the

brand-name firm, the home and overseas suppliers are given below:

g (W) = (ps—w1) (1 — pg) + 0 (pg—wi —1) (1 _ %) ’
o (wy) = (wy — k) <(1 — pp) + 0 (1 _ %)) ’
i (pa) = (py — ko) (2222 — 22) —e.
If both the brand-name firm and the overseas supplier get positive overseas market share, i.e., mp =
a(l—%gz) >O,andm2:a(%—%2> >0, then, ps — (1—B) < ps < Bps.

In order to discuss the most interesting cases, we focus on ’;—2 <P< %IP;PB), in which both the brand-
name firm and the counterfeiter obtain positive market shares in the overseas market. The profit of the

counterfeiter is
7 (p2) = 0 (pa — ko) (222 — 22) —e.

By taking the first order derivative of ' (p,) with respect to p,, the optimal retail price of the counterfeit

is pif = B”B%kz Substituting the expression of p¥ into the profit functions, we obtain

g (w1) = (ps —wi) (1 = pg) + o (pp— w1 —1) <1_(2_2(Bl)fBB)_k2)a

T (w1) = (w1 — k) ((1—p3>+a<1_<2‘ﬁ>1’3"€2>), i _ By — ko)

b wi— —
2(1-p) PO4p(1-B)
Recall that e < 0‘(4{3&’(‘?7:’[‘52))2, resulting in ¥ (s = 1) > ©¥/ (s = 0). It means that the counterfeiter always sells

counterfeit products.
Strategy D: Given wholesale prices w; and w,, both the home supplier and the counterfeiter accept their
contracts, i.e.,d; =1 and d, = 1.

(1) If the overseas supplier does not sell the counterfeit in the market, i.e., s = 0, the expected profits of
the brand-name firm, the home and overseas suppliers are given below:

T (wi,w2) = (pp = wi) (1= ps) + & (ps — w2) (1= {£),
“i (wi) = (w1 —ki) (1= pp),
T, (Wz) = a(Wz —kz) (1 — 1PTBY)
(2) If the overseas supplier sells the counterfeit in the market, i.e., s = 1, then, for given pp for the brand-
name product, the overseas supplier decides on the retail price p, for the counterfeit. Their profits are as

follows:
7 (w1, w2, p2) = (ps = wi) (1= pi) + 0t (py = wa) (1= 22522
) (wi) = (wy — ki) (1= pg),

Tfé) (w2, p2) :O‘(Wz—kz) (1 - %) +0°(P2—k2) ([1757;—[% - %2) —e.
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If both the brand-name firm and the overseas supplier get positive overseas market share, i.e., mp, =

(X(l—’]”’_—;fé)>0, andmzzoc(%— ﬁ>>0 then, pg — (1 —y—B) < p, <B1’B The profit of the

overseas supplier is

T (w2, p2) = & (wy — k) (1 - fﬁ:é) +o(p2—k) <?va[23 - %2) e

By taking the first-order derivative of Tt (w,, p,) with respect to p,, we have,

o(nd (wy,p2)) —a pBtha—2pp+(wa—ky) _ 2pp—kp \ _ o pB—=2p2twy _ 2pr—kp
1—y-B B 1-y-B B ’

A2 (w2.2)) _ Bost(-phatBlva k)
a(p2) 2(1-y)
in the feasible region pg — (1 —y—B) < p, < B’)B Frompg—(1—y—B)<p. < B”B , we obtain,

Brs— (1 -7k
B )

. Note that if w, < w,, there is no market share for the counter-

From = 0, we obtain the critical point p, =

. Next, we check whether p, is

w, <wy <ky+

where w, =k, -+ 210Uy BBy +(13t)
feiter in the overseas market.

We focus on the case when the brand-name firm has a positive market share in the overseas market, i.e.,
mp, > 0. Thus, with Strategy D, if the overseas supplier sells the counterfeit, i.e., s = 1, the optimal retail

price p, for the counterfeit is

1

D= B%’:(, iwa2k2+w, [note that m, = 0] as)
P b ifwy <wy <k 4 B2E0E note that m, > 0]

and the overseas supplier’s profit is

M =a(wr — k) (1 P‘i‘f?) —e, ifwy >k, + B0k

1—y—p

Emns =)= 4 & =l k) (1 22
7 1 —(1—7)k>
o (py —k) (55 —F) —e 1fW2<W2<kz+w,

and the brand-name firm’s profit is

—pP . —(1—
TEC! = (= wi) (1= pu) + 0 (p—wa) (1= 528 ), iy = ky + Drooiotl,
Ty (Wi, w2, s = 1) = § A5 = (ps —wy) (1 — pa)
o (py —w2) (2<1—Y—B><1—v—p3>—ﬁp3+<1—v>kz+ﬁ<wz—kz>) L i, <wy <k Blonl

2(1-y)(1-y=p)
Next, the overseas supplier determines whether to sell the counterfeit, s*(w,). For the overseas supplier, if
70 (wy,s = 1) > 0 (w,, s = 0), she decides to sell the counterfeit; otherwise, she does not sell the counterfeit.

Recall that when s = 0, the overseas supplier’s profit is

72 (wa,5 = 0) = 0 (s — ky) (1 — llfy).

Note that, given pp, for the overseas supplier has the following two scenarios:
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DC1
= T[z

which implies p? = B”B . Then, we know that the optimal decision is s* = 0 because 5 (w,,s = 0) > ¢!
always holds.

Q) fwy >k + w then the overseas supplier’s profit of counterfeiting is 5 (w,,s = 1) =

’

) fw, <wy <ky + w then the overseas supplier’s profit from counterfeiting is 5 (w,,s =

1) = #2€, which implies p? = p, = Bee*l! ;€f2+)ﬁ<wz %) Then, we know that the optimal decision is: s = 0 if
7Y (wa, s =0) > Y, which means:

L e e )

Ps 2(1—7—B) (1-7) — 2(1—y) — B) pas+ (1 — Pha + B (w2 — ko)
Faln k) (1= 770) > alw ( 21—y P) )
Bprs— (1 =Yk +B(wr —ka)\ Bpg— (1 -7 B(Wz—kz)_e
*(“( 2(1—) ) 2Bl—v B) )

éwéo)' <wy < W(20) g

Y

(0)

where w = k, + Bre— \/T " =k + BPB—(I—“{)/Q + 4(1—7)8{3—\(—[5)5

Note that w”’ < k, +B”B(#<w

. Thus, combining these two scenarios, the overseas supplier’s
optimal decision of counterfeiting is

5 () = 0, if w, > max{w)”,w %} [note that m, = 0]
? 1, if w, <w, < max{w{’,w,}. [ note that m, > 0]
Subsequently, the brand-name firm’s profit is

70 (wy,s =0) = (pg —w1) (1 — pg) + &t (pg —wy) (1 — ]"TBY), if wy, > max{w<20>',y2}
T (wy) = { T (wa,s=1) = (pg —w1) (1 — pp)

2(1—y—B)(1=y—pB)— —Y)k: wo—k:
+a (pB—wz)( D0 po) a1t 2)))

ifw, <wy, <wi” w,}.
Strategy O: Given wholesale prices w; and w,, the home supplier rejects and the counterfeiter accepts their
respective contracts, i.e.,d; =0 and d, = 1.

(1) If the overseas supplier does not sell the counterfeit in the market, i.e., s =0, we know:

g (w2, =0) = (ps — w2 — 1) (

) oy —wa) (1= IPBY>

0 =0, 7(wa,s=0)=(wr—ky) (1— 1”_37) ot (wy — ko) (1 — v)
(2) If the overseas supplier sells the counterfeit in the market, i.e., s = 1, then the overseas supplier

determines the selling price p, for the counterfeit. Their profits are as follows.

79 (2. pros= 1) = (pa—w =) (1= £2) + a(pa —wr) (1 - 2553).

10 =0, 7 (wo,pa,s = 1) = (wa— ko) (1= £2) + &z — ko) (1= 252 )+ au(pa — ko) (0525 ) — .

1—y—B 1B B
Similar with the discussion in Strategy D, we derive the optimal retail price p, for the overseas sup-
plier under Strategy O by backward deduction. Thus, with Strategy O, if the overseas supplier sells the

counterfeit, i.e., s = 1, we have p, = B B+(17g<)fi;)ﬁ(wrk2), and the optimal retail price is

o { ?ﬂ, if wy > ky 4+ B22=U=0R Inote that m, = 0]
Py = . '

pr ifwy <wy <o + P08 note that my > 0]
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and the overseas supplier’s profit is

0
R = (s — k) (1= ) 4l — ko) (1= P55 ) —er iy 2k o B2

1B
7 (w2) = R9C = (w2 ko) (1 2,)
0 0 0 . (1
+(X(W2 —kz) (1 — ?ﬁyfé) + ((l (pg —kz) (plifiyfzﬁ — 1%) —6) s lfm2 <wy < ky+ Bre=—(1=vk ([3 1) 2,

and the brand-name firm’s profit is

_p0 . (11—
<t = (pp—wa —1) (1 = pp) + & (pp — 1) (1 - fiﬁ%) , if wy > ky 4 B2Vl (Bl vk
g (wa) = 4 RG° = (ps—wr —1) (1 — pp)
—Y— —Y—PB)— —Y)k: wr—k . —(1=Y)k
+a.(pg —w2) (2(1 LBl Yzl(’fi«,ﬁ]fi(_lﬁ)w 24B(ws 2)) , ifw, <wy <k, + Bps—(1=1ks (Bl vk

Next, the overseas supplier determines whether to sell the counterfeit, s*(w,). For the overseas supplier, if
79 (wy,s = 1) > d(w,, s = 0), she decides to sell the counterfeit; otherwise, she does not sell the counterfeit.

Recall that when s = 0, the overseas supplier’s profit is

ﬂig (Wa,s=0)=(w, —ky) (1 — lp—By) + o (wy — k) (1 — IP_B’Y>'

Similarly, we obtain:
5" (wn) = 0, if w, > max{wgo)/,m%}, [note that m, = 0]
: L, ifw,<wp < max{wzo)',wz}. [note that m, > 0]
Subsequently, the brand-name firm’s profit is

7§ (wy,s =0) = (pg—ws — 1) (1 — 25) +Ho(ps—w2) (1 —{£), ifwy > max{w\” w,},

79 (wa) = § T (ways = 1) =2 = (pg—wo —1) (1
—Y— —Y— — — W2 —K2 : 0
+ou(pg —wy) (2(1 S ysziy)ﬁ(q)ﬁ,ilﬁ)wkﬁﬁ( s U) ; ifw, <w, < max{wg )/,yz}.

Strategy N: Given wholesale prices w, and w,, both the home supplier rejects and the counterfeiter reject
their contracts, i.e., d; =0 and d, = 0.
(1) If the counterfeiter does not enter the overseas market to sell the counterfeit, i.e., s = 0, then their

profits are:
ﬂ:g (Wl,Wg) :0, TCIIV(Wl) :0, 71:12\,:0
(2) If the counterfeiter enters the overseas market to sell the counterfeit, i.e., s = 1, she is the monopoly
in the overseas market and determines retail price p)’ of the counterfeit and obtains the below profit:

7 (p2) = (p2 — ko) <1 _ ’[’3) e

By taking the first-order derivative of ) (p,) with respect to p,, the optimal retail price of the counterfeit
is pY = [”Tkz Substituting the expression of p)’ into Equation , we obtain m, = o < — B;r—é”) Thus, their

profits are:

(B~ k)’

N N N
) (wiwa) =0, 7y =0, nf =" 2

4p
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Recall that e < % resulting in 7Y (s = 1) > ) (s = 0). It means that the counterfeiter always sells
the counterfeit products.

Based on above discussions, for given (w;, w,), under either Strategy D or Strategy O,

. 0y
S*(Wz) — { 0, 1fW2 > max{w2 s %}

1, if w, <w, < max{w\" w,};
where W2 =k + Bre—( [3 “Vky _ 4(1*“/);1[;\(*[”)6’, w, =ky — 2('*Y*PB)(I*Y*BB)*BPBH]*Y)/CZ. In particular, when
s*(w,) = 1, the optimal retail price of the counterfeit product is p;(w,) = 22z+0 27(){9;[3 (wotp) [

B.9.2 Proof of Lemmal5l

There are two parts in this proof. In part 1, we analyze the suppliers’ optimal participation decision by dis-
cussing the best response functions (d; (w1, w,),d;(wy, w,)). In part 2, we determine the optimal wholesale
prices that the brand-name firm offers.
Part 1. We discuss the suppliers’ best response functions (d; (wy, w,),d;5(wi, wy)).

With each sourcing strategy, the overseas supplier’s profit function is as follows:

H _ Bpp—h)® _
= "gap =M

2(1—y—B)(1—y—pB)— 1—y)k: wo—k:
T2 (2) = 01 (s — k) (AR ) e (el )

®={ ta (Bm—(l—g)ﬁ)ﬁ(wm)) Bpr(lzg(vl)/iz;BB()erz) _e, if w, < ws < max{w®, w,},

(
1 (w2) = 0 (wy — ky) (1 = £2), if wy > max{w\”, w, };

=tk (1)

2(1—y=B)(1—y—pp)—Brp+(1—1ko+B(wa—k2)
o) Toen—k) ( (= >
0 —
Brs—(1-Vky+B(wa—kp) \ Bpp—(1-Vka—B(war—k) : (0)r
+OL( 2 2(124) ) 5 U 2772) _ ¢, if w, <wy <max{w; ", w,},
. 0)/
70T (wy) = (pg —wa —1) (1 — 1’%) +o(pp—wy)(1— l”%{), if wp > max{wg ) JWo s

2
my = 4Pl e —K.

oBpp—k)® 1 Ppp—(1— Tho)? oB—kn)> . .
Recall that M = BUp) e, M 2By € and K = a2 With the assumption

0§e<%7% we know that 0 <M <M' < K.

Step 1: We first discuss the conditions for the overseas supplier’s decision to accept the wholesale con-

tract.

(1) Under w, <ws < max{wgo)',yz}, where w, = k2 _ 2(1*Y*[’B)(I*Y%ﬁ)*BI’BﬁL(l*Y)kz , W(ZO)/ — k2 + BPB*([SI*Y)kZ _

%ﬁ_y_ﬁ)e, we discuss the decision d, for a given belief on the home supplier’s contact decision di=1

and d~1 =0, respectively.
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(i) If d; = 1, then we compare the overseas supplier’s profits between Strategy D with counterfeiting and
Strategy H, i.e., 5 (w,) and 75. If the overseas supplier decides to accept, then it should satisfy

7o¢ (wy) > 1

Y
2(1—y—B)(1—y—pp)— 1—Y)ko+B(wr—k —(1=Y)ky+B(wr—k —(1=Y)ky—B(wr—k
= o (wy — k) (Z< 1T-B)( Ygiflyﬁﬁ'ﬁﬁ(,g)w 2+B(w2 2>) +oc(ﬁm ( zvglz;)ﬁ( 2 2>) Brp (252(1)72%33()2 2D _e>M,

= wy < ky — W20 B brat(ogly \/ AN(—3-B)M-M) | (2<l—v—p3)(l—Y—BB)—BpBHl—Y)kz)2’ (invalid)

of

=> of, Wy > kp — Hteall=r-Bi-bat(=gly \/ UL B | (2(1*Y*pB)(1*7*35)*Bp3+(1*\()k2)2‘

(1) If d~1 =0, then we compare the overseas supplier’s profits between Strategy O with counterfeiting and
Strategy N, i.e., T (w,) and 7). If the overseas supplier decides to accept, then it should satisfy

¢ (w2) > 15,
= (Wz—kz) (1 — 177
+a (Wz _k2> ( (I—y= B)(1*Y*PB)*BPBJr(l*Y)sz’)(Wz*kz)) +o (BI’B*(I*Y)kﬁB(Wz*kz)) Bra—(1-vko—B(wp—kp) __ e>K

2(1-y)(1-y-B) 2(1-y) 2B(1-v—B) ’
1 ’ 1y vy _
=y <ky— 2(1+a)(I*Y*PB)(IEY*B)*BPBJr(lfY)kz . 4(14)(17%[3)(&1‘4) + <2(1+a)(1 % pB)(IBY B)—Brp+(1-7)k ) (invalid)
= Wy >k — 2(1*%)(1*7*173)(ng*B)*BI’BﬂL(I*Y)kZ + \/4(1—y)(1—zgﬁ)(K_M/) + <2(1+é)(17’yfp3 (1By B)—Bpp+(1—y)k )

We define the following notations:

w(zo) = max{wg))', wy}s

WP =, — Hi—yopp U=y Bt (i=hs \/ AA-BM=M) <2(l—v—p3><1—v—ﬁ)—m+<1—v)kz)2 <k,

of B
Ly (| —y—pp)(1—y—B)— - o (1—v—B) (K —M 1) (1 —y—pg)(1—y—B)— _ 2
W20(1):k2_ 20+ -y ps)(le B)—Bra+(1-1k +\/4(1 Yl ;{cBMK M) 4 <2<1+u)(1 ¥ pB)(lﬁy B)—Bps+(1 y)k2> > ky:
k2+(171p37)
kﬁm;
where W =k, + b=ty [AOBIE S, gy, — k, — 20T D11

(0)

Thus, under w, < w, <w,’, where w( )

= max{w\”’, w,}, we know that w\" > k,, and

d, d~1 =1)=1, ifmax{wg(n,ymkz} <wy < w§°),
i) (=) =0 < a2 o),

2\ad1) = ~
d, (dy=0) =1, ifmax{wgm,yz,kz} <wy < wéo),

dy (dy=0) =0, if w, <w, <max{w?", w,,k}.
\

o(1)

Note that wh" < k, < w9, and w” = max{wéoy, w, }, where w" > k,, then we have:

dy (dy=1) =1, if max{ky,w,} <w, <wi’,

~ dy (dy=1) =0, ifw, <w, <max{k,w,},
dz(dl) —

d, (d, =0 =1, ifmax{wzo(l>,w2}SW2<W(zo>’

dy (di=0) =0, ifw, <w, <max{ws" w,}.
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(2) Under w, > max{wgo)', w, }, we discuss the decision d, for given di=1and d, =0, respectively.

@ If d~1 =1, then we compare the overseas supplier’s profits between Strategy D without counterfeiting
and Strategy H, i.e., T, (w,) and n. If the overseas supplier decides to accept the wholesale contract, then
it should satisfy

' (wy) >,
=o(w—k) (1l -2 )>M

-y ) — 7
@)

, where Wé)(z) = kz + (x(liwjlp—)'
-

(i) If CZ =0, then we compare the overseas supplier’s profits between Strategy O without counterfeiting

:>w22w§

and Strategy N, i.e., t57(w,) and m}. If the overseas supplier decides to accept the wholesale contract, then

it should satisfy
ng* (WZ) > Tc]2v7
= (Wz—kz) (1 — 1773) +(X(W2—k2) (1 — [773> >K,

1—y 1-y /) —
0(2) 0Q2) _ K
= w, >w,  , where w, _k2+(1+a)(1—{%)‘
(0) (0) _ (0) ;
Thus, under w, > w, ", where w,” = max{w, ", w, } > k,, we obtain

/ ~
dy (di=1) =1, if wy>max{w)® w"},

() d(dy=1)=0, ifwd <w, < max{wg(z),wgo)},
2\d1) = ~
dy (dy=0) =1, if w, >max{w® w"},

& (dr=0) =0, it w” <w, <max{w?® w1,

Step 2: We derive the best response function of the home supplier d, (6,1;) to the overseas supplier’s action
d, € {0,1} as follows:

.

d (dy=1) =1, ifw, >k,
0 d, cz;:o =1, ifw, >k,

di(d=1)=0, ifw, <k,
d (d,=0)=0, ifw, <k.

{
Step 3: Given best response functions d; (d,) and d,(d, ), we obtain the following fixed point (d;,d;) that
satisfies (d(ds),ds) = (d1,d>(d;)). Thus, the optimal decisions of the two suppliers are
(1,1), if wi > ky, max{ky, w,} <w, <w” or w, > max{wd® w1,
e v ) (1,0), ifwy >k w, < wy < max{ka, wy b oor i < w, < max{wd® w3,
(d},d3) = . o) ) 02y _ (0)
(0,1), ifwy <k;, max{w, ,w,} <w, <w, orw,>max{w, ,w, },
(0,0), if wi <k, wy <wy < max{wd", w,} or wl” < w, < max{w® wi”}.
Part 2. We discuss the brand-name firm’s optimal wholesale prices, (wy, ws).
Substituting (d},d;) into the profit functions of the brand-name firm, we analyze the optimal wholesale

price under each possible sourcing strategy.

i (wi) = (pg —w1) (1 — ps) + &L (pg — wy — 1) (1_%)
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T (Wi, w2) = (ps —wi) (1 — ps)

7= { e (py —wy) (TR (o)) it >, maxf ) < <,
(0)

g (wi,w2) = (pp—w1) (1= pg) +(pp —w2) (1= £2), if wi > ki, ws > max{w;?,wi" };

(0)

7 (w) = (py—ws =) (1= 22,
19 =< +ou(ps—ws) (2<1—v—ﬁ)(1—v—zz(af>;ﬁ;173:£1ﬁ—)v>kz+ﬁ<wz—kz>) 7 if max{w2®, w,} <w, <wl?,
bodl (w2) = (pp —w2 —1) (1 = %) + & (pp —w2) (1 = ), 1fw2>max{w0(2 w(z)},

n]g (W[ s Wz) =0.

Next, we derive the optimal wholesale prices under each sourcing strategy. As mz(w;,w,) decreases in
wy, then the optimal wholesale price of the home supplier that the brand-name firm is willing to offer is
equal to the production cost, that is, w! = k; under Strategy H, and w? = k; under Strategy D.

With Strategy D, we have the following observations.

(1) Under Strategy D without counterfeiting, as Ty (w;, w,) decreases in w,, then the optimal wholesale
price of the overseas supplier that the brand-name firm is willing to offer is the lower bound of the feasible
regions, i.e., w2 = max{w?® wi”}.

(2) Under Strategy D with counterfeiting, by taking the first-order derivative of the profit function

o€ (wy, wy) with respect to w,, we obtain

A _ o (2<lfvfﬁ)(lfvfp3)fﬁpg+(177>kz+l3(vvrkz)> o (g —w») ( -k )
2(1—y '

d(wa) 2(1-7)(1-y-B) (1-y-B)
AmR(w2)) _ : s :
Then, from o) 0, we obtain the critical point,
Wé)c k, — 2X(1*Y*[5*PB2);I51<2+(1*“/)’<2 =k, — Z(I*Y*PB)(I*Y;E)*BPB+ Y)ko + BPB ko) ]

If W€ < wi”, then, the optimal wholesale price is w9<* = max{k,, w,, #"2<}. As W&€ > w,, then, w2

Cx _
max{k,, W5 C} We need to compare the profits of Strategy D with and without counterfeiting.

If W€ > w2 , then the optimal wholesale price is w)* = w ). But this profit is dominated by the Strategy
D without counterfeiting.

With Strategy O, we have the following observations.
(1) Under Strategy O without counterfeiting, as ©§ (w,) decreases in w,, then the optimal wholesale price of
the overseas supplier that the brand-name firm is willing to offer is the lower bound of the feasible regions,
ie., wd™ = max{w® w1,
(2) Under Strategy O with counterfeiting, by taking the first order derivative of the profit function 75 (w,)

with respect to w,, we obtain

Bl 3C<wz>>__< _ pB)_ <2<1—v—ﬁ><1—v—p3>—ﬁp3+<1—v>k2+B<W2—k2>) _ ( B )
o — Uiy o 21— (1-1-) +0(ps = w2) { siip ) -
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AmPE(w2))

Then, from ) = 0, we obtain the critical point,

Wgc ky — 2(177)(17771375€)+Bkz+(lfv)kz _ (1777175;()[3(177713) =&y — 201+ 5)(1—y=pp) 1=y=B)—Bps+(1-1k> + Blps—ka)

2B 28

If w9C < wi”, then the optimal wholesale price is w9 = max{w?'", w,, WC}. We need to compare the

profits under Strategy O with and without counterfeiting.
If w9€ > wi”| then the optimal wholesale price is w9¢* = w\". But this profit is dominated by the Strategy
O without counterfeiting.

Recall that

:k2 + M ).
Y
k2 + Wa
) _ g 2048 (—y=pp)(x—B)—Bpe+(1-1ks 4(1=y)(1—y—B)(K—M") 201+ 8) (1=y=pp) 1=1—B)—Bpp+(1-V)ks 2.
pry k2 '3 + 0¢|3 + |3 s
wgo) = max{w(zo)/,yz};
where w, =k, — 2(x—p3)(x—g)—[5p3+xkz’ wg))/ =k + BPB_(B] Wk 4(1_«{)85_7_[5)e; and
W€ =k, — 2(1*Y*PB)(I*YEE)*WBH1*Y)k2 + B(Pg[;kz) > w,;
Ly(]—ye
Wzoc ky — 2(1+5)(1=y—pp)(1- 2B ¥—B)—Brp+(l + BpB k2>.

We observe that w?m, w,, W< and W9° are independent of e; W?m, wg< ) and w(ZO)/ are dependent of e.

Furthermore, we know that w?* and w§“* are independent of e. Thus, we obtain the optimal profit functions

for each sourcing strategy:

= (pi— ki) (1= ps) + 0 (p —wy —1) (1= ke )
e (W) = (pp — k1) (1 — pp)

o [ 20=v=B)(1—=y=pp)—Bps+(1-7)ka+B(wE* —k, N
g: +0(ps — DC ) 20-7)(1—7—P) (v )> ) if max{k,, DC} < W2 s

Ty ( I;T*) = (ps—ki) (1= ps) +0€(p3—w12)+*) (1—2);
R (w5 = (pa g™ —0) (1 - £2)

— o [ 20=v=B)(1=v=pp)—Bps+(1-Vka+B (3" —k2 . o(1
=93 +o(ps —wi) 29 (1—7-P) L) ; if max{wd", w,, w9t < wi”,

my (w9) = (pp—w" —1) (1= %) + o (ps —wy™) (1= {2);
where w2 = max{k,, w2}, wh™ = max{w>"?

max{wd, wi” w,}.

o(1 O
S wo b, w9l = max{w?™ w, w9}, and wo™ =

We next compare strategies D and O, respectively. We define IT9,(wP<), TIS,(w9*) are

the brand-name firm’s profit from the overseas market under Strategy D, Strategy O, respec-

i i * o [ 20=Y=B)(1=v=pp)—Bp+(1-Vka +B(WE ks 5
tively; that is, TIp,(wP) = o(pp—wi™) 2(1y)(1-—7-P) = ))’ TT5, (w§'”)

o ocey [ 20-r-B)(1—v-pp)-Bpst(1-Dka+B(w§ —k2)
o (pp — w5 )< 2 (1-7-P)
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Under Strategy D:

¢ (W) = (ps — ki) (1 — ps)

oy [ 20-7-B)(1-v=pp)—Brp+(1-Vka+B(w5 & . R 0
= Folps—wi) B(l Y)I(glfvfﬁ) — 2)> ;- if max{ky, w5} <wi”,

T
my (w)") = (ps— ki) (1= pg) + o (pg —wy™) (1 - £2).
Then,
T (wy") 2 M (we ).
= Ot(pB—wz”) (1= £2) =TI, (W) ,
13, (w5)
= W2 (e) S P — W
Under Strategy O:
19T (W) = (pg — Wl —1) (1 — £2)
X (1=v-B)(1—y—pg)—Bpp+(1-Vka+B(wF* —k . o(1
g =< +o(ps—wi) ( 3(1 Y)fl ——y LG 2)> ) 1fmax{w2 Wy, WICE < wy o

g (w5") = (ps—wi™ —1) (1 - %)+Q(PB—W§)T*) (1—{2).

REO;T( 0T*)>,EOC( OC*)
= (1+0) (pp— w5 ) (1= {2) —1(1 = £2) > (pp—w§" —1) (1 — &) + 115, (wg™) ,
= (1+a) (ps—wi™) (1 - )( OC*)(I— )+H32(w5”*),
)<y N )

(1+(x)(17%)

Thus, we summarize our notations for comparison as below:

2) =k, + 71()
=k + m
w20(1) —ky — 2(1+g)(1=v-pp)(1 BY—B) Bopt(1=1ky | 4(177)(1755)(1«114/) I (2(l+é>(1—v—ps>(1Ev—ﬁ)—BpBHl—wkz)2;
W?f ky — UYPMUYﬁ)WMﬂ W2+B %b% (16)
Wzoc ky — 201+ H1—y- PB)(12BY B)—Brp+(1-v)k, + Bpgﬁl@)’
T2, (WC*) = ot (p — woC*) 2(1-y-B)(1-y- ma()1 [’;l)iflﬂ; g))kzﬂ’)( P —ky) ’
ocey [ 20=v=B)(1=v=pp)-Bpp-+(1-Vha+B(w§™" ~k» )

I3, (w§) = o (pp — w§) A7)

Then, we have the following optimal wholesale price w, for Strategy D and Strategy O, respectively.

. ~ % DC* .
(a) Under Strategy D, w2 = wP* and s* = 1, if max{k,, w9} < wgo)/ and wh* < pp — %; otherwise,
7

w2 =wd™ and s* =0

(b) Under Strategy O, w9 = w$* and s* = 1, if max{w?" w,, W} < wi” and Wi < py —
OCx _PB +HO OCx . y
(ra=v§ <3ia)('17>lpBy>Bz(W2 ). ; otherwise, w$ = w{™ and s* = 0;
DCx DC Dix D(2)  (0) oCx _ o(1 oc O _
where w2 = max{k,, w2}, wP™ = max{wd® wl” w,}; w9 = max{wd" w, W<}, wi™ =

max{w2 , wg())/, w,}.
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B.10 Proofs For Extension 3: Endogenous Brand-Name Product and Counterfeit Prices
B.10.1 Proof of Lemmal[Ail

Note that when the demand of the brand-name product is mg, = 0, it is not dual sourcing or single sourcing
from the overseas supplier, because there is no market share for the brand-name firm in the overseas market.
Thus, in order to focus on the cases of strategies D or O with mp, > 0 and to examine the conditions to
effectively prevent counterfeiting, in this extension, we assume that the brand-name firm has a positive
market share in the overseas market, and it is possible for the overseas supplier to sell counterfeits under
optimal retail prices.

It is convenient for us to define below notations:
ﬁg _ 20—y (1—y=B)(+w)+a2(1—y=B) (1) +(1-y—B)ks) +20(1-V)wp

30— (1—1—P) To(4(1—1—B) 12B) ’
50 201—4-B)(1—+)+a(2(1—y-B)(1-1)+ (1 -y Bk )+ (2(1—y—B)+ 2a(1—1)w» (17
Py ATy P)To(d(1y-p)+2p)

We assume the penalty from law enforcement e is not very high such that w, < hy(e), where hy(e) =

(2(1—9)+ky) (1—y—B)B—(/ LUV L (1 _y_g)ty) (2(1—y)—
2B(1—7—P)

seas supplier to sell counterfeits.

. This condition guarantees that it is possible for the over-

Below, the proof includes two parts for strategies D and O, respectively.
Part 1: With Strategy D, we derive the counterfeiting prevention condition, and compare the counterfeiting
prevention condition between this extension and the base model.

Under Strategy D, we assume wy > (hp(wy))", where hp(w)) =

QU= U+w)2(1=1)-B)— (41— (1 -y—B)+a2(1—y)—B)) 2(1-V)+k2)) (1-y—B) ; 143 4D
B(1—7)(1—1—B)-2012(1—7)—B)) . Under this condition, Py <

2<1—Y)(l—Y—EZTS{)__’%kﬁﬁ(WT"Z) holds, where p% is defined in Equation . It implies that the brand-name firm

has a positive market share in the overseas market with Strategy D.

Step 1: Given pjp, we derive the overseas supplier’s profit s = 0 and s = 1, respectively.

(1) If the overseas supplier does not sell the counterfeit in the market, i.e., s = 0, we know:

T (Ps,s =0) = (ps —w1) (1 = ps) + & (ps —w2) (1= ),

3 (P, s =0) =0 (w, —ky) (1 — £2).

(2) If the overseas supplier sell the counterfeit in the market, i.e., s = 1, then, the brand-name firm firstly
decides on the retail price pg for the brand-name product, then the overseas supplier decides on the retail

price p, for the counterfeit. Their profits are as follows.

Ty (Pss P2, s=1) = (ps—w1) (1 — pg) + 0t (pg — w2) (1 - %) ,
T (pa,p2ys = 1) =a(wo — ko) (1= 258 ) - au(ps — ko) (552 — )" —e.
If both the brand-name firm and the overseas supplier get positive overseas market share, i.e., mp, =

oc(l Bt §2)>0 andm2—0c<%— B)>O then, pp — (1 —y—B) < p» <B”B The profit of the

overseas supplier is

R (pup2) = a2 k) (1 55+ — ko) (855 - ) —e.
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By taking the first order derivative of T2 (pg, p2) with respect to p,, we have,

(72 (ps.p2)) - petka=2py+(wa—ky) _ 2pa—kp | _ a PB—2p2twy _ 2pr—kp
a(p2) 1-y-p p 1-y-p B )

(B (pg.p2))
From )

pY is in the feasible region py — (1—7—B) < p» < B”B . From pg — (1—-y—B) < p& < B”B , We obtain,

% < pp < AU PE 21 % Y%kﬁﬁ(” k), Recall that we assume the brand-name ﬁrm has a positive

market share in the overseas market, i.e., mp, > 0. Thus, with Strategy D, if the overseas supplier sells the

= 0, we obtain the critical point p2 = 2 B+(l_7()f2;)ﬁ (2%) Next, we need to check whether

counterfeit, i.e., s = 1, the optimal retail price p, for the counterfeit is

N { Bog if pp < %W, [note that m, = 0]
Py, = v

1-y?
L, if % < pp < W=l B3+<1) B’<2+ﬁ(wz—k2)’ [note that m, > 0]

and the overseas supplier’s proﬁt is

D . 1—Y)ko+B(wr—k
72 = ot (w, — <l_plB'ypﬁ)_e’ 1pr§( v)zﬁﬁ( 2)

T (pp,s=1) =3 #2€ = ot (w, — kz)( ”l”y"f)

+o (pz k2)( - Y B Lﬁz) —e, if (I*Y)k2+Bﬁ(W2*k2) <pp< 2(1-y)(1—y— [23(] (Y) [)ikfrﬁ(“z kz)
and the brand-name firm’s profit is
ng(pBa §= 1)
DCl __ _ 1 — _ 1 — PB—P5 if A=Yk +B(wa—ka)
g ' = (ps—wi) (1= pp) + 0 (pp — w2) 5 ) Tpe< B ,
=4 #5=(pg—w1) (1 — pp)
+a (PB _ Wz) (2(1*Y*B)(Yfﬁe)Z;ﬁlzs;(é;v)kﬁﬁ(‘vrkz)) , if W <pp< 2(1-y)(1—y— ﬁ()l (}/) “{%bJrﬁ(Wz k)

Step 2: The overseas supplier decides on whether to sell the counterfeit, s*(pp).
For the overseas supplier, if 75 (pg, s = 1) > 7J (pg,s = 0), she decides to sell the counterfeit. Otherwise,

she does not sell the counterfeit. Recall that when s = 0, the overseas supplier’s profit is

72 (pa,s=0) = ot (wy — ko) (1 — 1”_BY>.

Note that given pjp, for the overseas supplier, there are below two scenarios.

() If pp < %, then, the overseas supplier’s profit of counterfeiting is 2 (pg,s = 1) = 7!,

which implies p?* = ?’%‘\‘( . Then, we know: the optimal decision is s* = 0, because ©5 (pg,s =0) > mo!

always holds.
Q) If % <pp< 2(]_Y)(l_Y_gz;(;)_j[)skﬁwwz_kZ), then, the overseas supplier’s profit of counterfeit-
ing is 75 (pg,s = 1) = &Y€, which implies p?* = p5(pp) = B”BJ’“_;’(){‘Z_;)B(WZ_ICZ). Then, the optimal decision is

s =0if ¥ (pp, s = 0) > 75, which means

P pB—ﬁg - D3 ﬁg

v)>a(wz_k2)<l_1vﬁ>+( (> kz)( —y- B_B)_e)’

B B 2(1—=y=PB) (A =v)—2(1=7) =B)ps+ (1 =Vka + B (w2 — k»)

iy ol "”( 20— (1 —1-B) )
Bps — (1 =7k +B (w, — ky) Bpr(lf’Y)kZ*B(szkz)ie

(o ) )

o (wa —ka) (

=0 (W, — k) (

2(1-vy) 2B(1—vy—B)

= Xiow < PB < Xhighs
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—y/ BBl 4 (1 )y 4 By —k BADOYBE | (| vy 4By —k
where x,,, = o [3<( ko +B (w2 2)),xhigh: o [(3( Vo +B(wy 2))'

Note that x,, < YetPlw-k) Xnign Recall that we assume w, < hy(e), where hy(e) =

2(1-9)+k2) (1—y—B)B— (/) LUDLTPBI 4 (1 _yp)ty) (2(1-7)-B) 20 1-1-B)+(1 -y B ka) ey if

, it implies that xy;,, <

2B(1—y-B) 21-9-p
M < P < Xpign» the optimal decision is s* = 0; if Xy < pp < 27(1777[5);((11:%)5?3 2-0) ' the optimal

o b PN
decision is s* = 1, and &} (pp, s = 1) = AL,

Thus, combining these two scenarios, the overseas supplier’s optimal decision of counterfeiting is

L, if Xy < ppp < 22000 L) note that m, > 0]

i 0, if pp < Xpign, [note that m, = 0]
(ps) =

Subsequently, the brand-name firm’s profit is

D
T (Ps)
Tcg (pBas:()) = (pB - Wl) (1 _pB) +O{‘(p3 - WZ) (1 - %{)a lpr thigh,

—{ R (ps,s=1)=(pg—w1) (1 — ps)
2<1—v—ﬁ><1—v—pg>—ﬁp3+<1—v>kz+ﬁ<wz—kz>)

2(1=y)(1—=y— k wa—k
+a(pB_W2)< n)for (=) (1y=B)+(1—hyBlwa—ka)

) ithigh < PB < 2(1-7)—P

Step 3: The brand-name firm decides on the optimal retail price p5*. We discuss possible cases as follow.

(1) If pg < Xpign, which means s = 0, the brand-name firm’s profit is
g (P, s =0) = (pp —w1) (1 — pp) + & (ps —w2) (1 — ££).

In this case, only the brand-name firm decides on the optimal price pg.

D )
O — (1= pa) — (po = w)) (1 = 1) = 24=22)
(1 —2pp+ Wl) + (x(lf%ffpgm)

_ (Lw) (1) —2pp(1—y)+o(1—y+wy)+o(~2pp) '

1=y
D
From the first order condition, i.e., a(g?p(g’ ‘; ) _ 0, the critical point of the optimal retail price is
DO _ (Lbw)(I=p+a(l—y+ws)
Pg = 2(o+1-7)

We check whether this critical point is in the feasible region. From p5° < xj;.,, we have

(b)) (19401 =y4wy) BADU=r=B)e 4 ((1—y)ky +B(wr—k7))
2(o+1-y) — B )

1+w) (1=y)+a(1—y))B—2 (01— w+17 Bk
= Wy > py (Wi, €), where hip, (w), e) = (LU0 ry) (Bozz(l,?)(m o i)

Thus, with s = 0, the brand-name firm’s optimal retail price is
Dsx o pB y lfW2 >/’lD] wi,e),
Pg (S - O) { xhtgh7 if wy < th Wi, e

(2) If xpign < pp < 20y ( )+l ; Dk tBwa—k2) '\ hich means s = 1, the brand-name firm’s profit is

T (pp.s=1) =R = (pg —wi) (1 — pp) + & (ps — w») (2(I_Y_B)(I_Y_pgi(_ﬁ’f_?)l _Y)kﬁf’(wz_kz)) .
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By taking the derivative of the first order condition, the critical point of the optimal retail price is

A0 — 20U =y=P)(+wy)+a2(1—y—B)(1-V)+(1~1-B)ky) +20(1-V)wp

Pp = 41— (1—y—P)+a(@(1—17-B)+2p)

We check whether this critical point p% is in the feasible region of [xpe, 20—y 521 (;) Yékﬁm”z "2)]
Recall that w > (1, (w1))*, which implies pf} < 20U BCpLib ) holds.

From xy,,, < pi, we have:

VAR (1=l Bl ko)) 201-9(1=p-B) (1w +0(2(1—y-B)(1-)+(1—y-B)kp) +20(1— ey
B 20— (1—1—B)+o4(1—7—B)+2P)
= Wy < hm(wl,e),
(2(1=9) (1=y—B)(1-tw1 )+ (21 —7) +ha) (1-y—B)) B/ BLUABle g v—ﬁ)@)( (1) (1=y-B)+ou(4(1—y—B)+2B))

where hp,(wy,e) =

2B(2(1 Y)Hx)(l 1—B)

Thus, with s = 1, the brand-name firm’s optimal retail price is

D*(s: 1) _ X/,,g/,, lfWQ > th(wl,e)
Pr Py, if hy(w) <wy < hpy(wy,e).

Based on the above discussions, the brand-name firm chooses pj to maximize her profit by making a
comparison between 75 (s = 0) and € (s = 1) in overleaping region.

Note that iip, (w, e) < hpi(wy,e). Then, the optimal retail price of the brand-name firm is

pR0if wy > hp(wy, e), [note that m, = 0]
Pg =\ Xnigh, if th (Wl , e) <w,y < th (Wl R 6), [note that my = 0]
ﬁg, if (hD(Wl))Jr < Wy <hD2(W1,€), [note that niy >O]

4p( v)(l 1=B)e
+H((1=Vka+B(wa—k2)) 14wy (1= 1—y+w A
Where xhigh - B : = s pgo - (Lt 1)(2(02-Ti“§() = 2)’ Pg ==

20 (1=y=B)(twy) +a2(1—y-B)y+(1—y—Blky) +20(1-Y)wy
4(1=y)(1=y=PB)+o(4(1—y—PB)+2B)
D.endog

Thus, the condition to prevent counterfeiting is w, > wy,
PUGTEPE (1 +Bwr ko)
B

D.endog

, where w, = hpy(wy, e). That is to say,

under Strategy D, s* = 0 if p§ < , where p% is defined in Equation (17).

Part 2: With Strategy O, we derive the counterfeiting prevention condition, and compare the counterfeiting
prevention condition between this extension and the base model.

Under Strategy O, we assume w, > (h,)", where h,, = 211 )(2(1772&?2[?1:(;1518;(27{5)51(22;;(;2{2 :5))1%(; “Dh))U=Y-P)

Under this condition, p§ < 2(14)(17y7;2331+7(;;jl)3k2+3(wrk2) holds, where p¢ is defined in Equation |b It

implies that the brand-name firm has a positive market share in the overseas market with Strategy O.

Step 1: Given pp, we derive the overseas supplier’s profit s = 0 and s = 1, respectively.

(1) If the overseas supplier does not sell the counterfeit in the market, i.e., s = 0, we know:

T3 (a5 =0) = (pa — w2 —1) (1 - lLfY>+a<pB—wz><1 —1)

7 (pas =0) = (w — ko) (1 = {72) 0wy = ko) (1= 122
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(2) If the overseas supplier sells the counterfeit in the market, i.e., s = 1, then, the brand-name firm firstly
decides on the retail price pp for the brand-name product, then the overseas supplier decides on the retail

price p, for the counterfeit. Their profits are as follows.

g (P, p2,s =1) = (ps — w2 —1) (I—IPTBY) + 0 (pp —w2) (1—%)7

+
g (p, p2,s=1) = (w2 —ka) ( - %,) + o (wy — k) (1 - %) + o (pr —ka) (% - %2) —ée
Similar with the discussion in Strategy D, we derive the optimal retail price p, for the overseas sup-

plier under Strategy O by backward deduction. Thus, with Strategy O, if the overseas supplier sells the

counterfeit, i.e., s = 1, we have p9 = Brp H'_;’()fi;ﬁ (2=%) "and the optimal retail price is

1—y?
pY, if M <pp< 2(1=y) (1=y=B)+ (1-kr+B (w2 —ky

)
2(0-7-B , [note that m, > 0]

o Bog if pp < ML[W, [note that m, = 0]
Py = -v)
29

and the overseas supplier’s profit is

3 (ps,s=1)
10 = (w — ko) (1= ) + ol — ko) (1= 252 ) —e, i py < Uiaploache),
= ®9°=(ws—ky) -
o (ws — ko) (1= 2520 ) + (@(ps — o) (B2 — ) —e) , i (tlatlonch) o, o 200t Dllpothin o),
and the brand-name firm’s profit is
g (ps,s=1)
5t = (ps —w2 —1) (1= pp) + & (pp — w2) (1 - %) , if pp < 7“_7)]‘”33(“_1‘2),
=q A5 = (pp —wr —1) (1 — pp)
+at(pg —ws) ( 2<1—v—B)<1fv—zz(af:ﬁﬁgﬁ—)v>kz+B<wz—kz)) 7 i (lfY)kz+ﬁB(erz) <pp< z<1—v><1—v—g()rf;;v&kz+ﬁ<»¢rz—kz>.

Step 2: The overseas supplier decides on whether to sell the counterfeit, s*(pp).

For the overseas supplier, if 9 (pg, s = 1) > nd(pg,s = 0), she decides to sell the counterfeit. Otherwise,

she does not sell the counterfeit. Recall that when s = 0, the overseas supplier’s profit is

7 (s =0) = (w2 ko) (1= 172+l — ko) (1= 3720,

Similarly, we obtain,

0, if pp < Xpign, [note that m, = 0]

s*(ps) = { 1, if Xpigh < pp < 2<1’“/)(1*Y*[2321+7(}{)’j%"2+ﬁ(w2*k2). [note that m, > 0]

Step 3: The brand-name firm decides on the optimal retail price p§* to maximize her profit. We discuss

possible cases as follows.
(1) If pg < Xpign, which means s = 0, the brand-name firm’s profit is

PE ) L a(py—ws) (1— L2,

Ty (pr s =0) = (py—wa—1) (1 = 77— -y
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In this case, only the brand-name firm decides on the optimal price pg.

a(no(I’B)) _ wo—t P PB—W
a?pB) _ Ev(lz_f?z W 12 )2++OL((1 IBY) N ILYZ)
— PBTW, Y- w
= it | gt
_ (I+o)(1=y+wp)+t+(1+0) (—2pp)
= = .
0
From the first order condition, i.e., a(;’fp(z f)) =0, we have,

00 __ (1+0)(1—=y+wp)+t
P = 2(11a)

We check whether this critical point p%° is in the feasible region. From p$° < Xnigh» WE have

(ra)(yiw) b o VPR (ko tBna ko)

2(14a) — B )
(140) (1=y)+1)B—2(1+a)(y/ BUDAYBe | (1 p)ty)
B(1+ar) .

= Wy Z ho] (e), where I’lo] (6) =

Thus, with s = 0, the brand-name firm’s optimal retail price is as follows:
Ox _ pB y lf Wy =~ > ho]
Py (s=0)= { Xnigh, 1f wy < hg(e

(2) If Xpion < pp < 2-pa ( S+ ; VhatBwa—k2) which means s = 1, the brand-name firm’s profit is

A 2(1=y—B)(1=y—pp)— 1Y)k wp—k,
g (ps,s = 1) =RZ" = (ps — w2 — 1) (l — 1’%37) + o (pp —w) ( b YZIZ?),Y%{J;(,B)Y) 24B(w 2)> .
By taking the first order derivative of ©§ (pp) with respect to pg, we have,

A5 m) _ (1 2oy r) _Hx((2<1777B)<1777p3)713ps+(1*7>kz+B(erz)> 4 (ps—w2) f(2<lfva)fB)

d(pp) 2(1=y)(1-y-B) 2(1-y)(1-y-B)
_ 1= 2PB+Wz+f +o 2(1—y=B)(A1—y—2pp+ws)—2Bpp+Bwy+(1-v)kp +B(wr —k7)
= 1—y 2(1-y)(1-7-B) )
(ng (ps))

From the first order condition, i.e., =0, we have,

d(pp)

50 _ 201-y-B)(1-y+)+a2(1-y-B) (1) +(1—y-Blko) + (2(1~y-B)+20(1-y)w;
Py 4(1—y—PB)+o(#(1—y—PB)+2p) .

2(1=9)(1=y=B)+(1 -1k +B(wp — kz)]
2(1-y)-p

Recall that with Strategy O, w, > (h,) ", which implies that p§ < 2(1_7)(1_7_53?’5;)_:’%k2+ﬁ(wz k),

We check whether this critical point pg is in the feasible region of [xy;e,

A0
From x,, < py,

BUNABIe | (1 )y +B(wy—k2) < 201+ Y19 +(1=y=B)kg)+2(1 1B +20(1-D)w
B 4(1—y—B)+o(4(1—y—B)+2B) ’
= Wy < hoz (8),

(2(17%[5)(1*7+t)+a(2(1*“{*3)(lfY)+(lfoB)kz))Bf( WHI*%WQ)(4(1*Y*[5)+0t(4(I*Y*B)Hﬁ))

where hp,(e) = 2P1+)(1—y—P)

Thus, with s = 1, the brand-name firm’s optimal retail price is

0o 1y — ) Xnigns if wo > hoy(e),
pg(s=1)= {pg, if hy < wy < hoy(e).
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Based on the above discussions, the brand-name firm chooses pj to maximize her profit by making a
comparison between 1§ (s = 0) and 7§ (s = 1) in overleaping region.
Note that /10, (e) < ho1(e). Then, the optimal retail price of the brand-name firm is

p9. if wy > he(e), [note that m, = 0]
pg* = xhlg}n i hoz( ) S Wy < ]’lo] (e), [note that m, = 0]
P9, if (hy)T <wy < hpy(e), [note that m, > 0]
4BU=A=y=PBle | (q_ Wo— vw R
where Toigh _ . +é(1 ko +B(wy kz))’ pgo _ W , pg —

2(1—y=B) (1 =) +a(1—y—B) (1 —y+1) + (1 =v—P)kz) +(2(1 —y—B) +20(1 7)) w
4(1=y=B)+a(4(1—y—B)+2p)

Thus, the condition to prevent counterfeiting is w, > w,
LUV | (1 —y)ty 4wy —k2))
B
Thus, we have the results. [ |

O,endog 0,endog

, where w; = hpy(e). That is to say,

under Strategy O, s* = 0 if p§ < , where p¢ is defined in Equation (17).

B.10.2 Proof of Proposition|[EC.1]

Part 1: With Strategy D, the overseas supplier is prevented from counterfeiting if w2 = hp,(wy, e).

Then, we compare the threshold with the counterfeiting preventlon condltlon under our base case. Recall
a(py—ky)(FETE 1) e

that under our base case, the counterfeiting is prevented if w, > w2 , where w =k, + ( pB,'p’%Y:F},iB)
T—y-B 1=y
By making a comparison between the thresholds, that is, w>"**¢ and w'”, we obtain,
le),endog < Wg0)7

<2<1—v><l—v—ﬁ><1+wl>+a<2<1—v>+kz)<1—v—ﬁ>>ﬁ—(\/w (- ﬁ)kz)u ) (1—y-B)+o(4(1—y-B)+28))

pr—ta) (5~ )—e

Ea
= BEAD a1y <kt ™ (BB _fE)
4=y (1—y—Ple
e ) [ L b 4 O +a0 )+ Bk (40 - (1—y-B) rad(1-y-B)+29))
(T T) B0 D) B0 o011 P)

a(p2—ka) (P58 1)

<k T _PEY
e )

D.endog __ . (0)

D,end D,end D,end D d,
We define ¢,“"“* and e, " as two solutions of e satisfying w) =w, , where e """ < e, "%,

2(19)(1 1) +(2(1-9) Hha))Bko (40 —3)(1y-B) +a(4(1y-B) 12B)) oAp2 ko) (57— )
Note that if ¢ BOA T 1011 —ky — W < 0, then, the two
solutions for w2"*¢ = w ") must exist and satisfy ¢’ < 0 and €5""*¢ > 0.

Thus, from w5 "¢ < w”, we have, (7"*%)* < e < (e2"¢)+.

Part 2: With Strategy O, the overseas supplier is prevented from counterfeiting if w“"** = ho,(e). Then,

we compare the threshold with the counterfeiting prevention condition under our base case. Recall that

alpr k) (G~ B~
under our base case, the counterfeiting is prevented if w, > w(2 , where w2 =k, + 2 (f,B,',,zy ﬁpB 5 ).
Hr=p 1y
By making a comparison between the thresholds, that is, w$"**¢ and w'”, we obtain,

O.end 0
<)

2(1=y=B) (1 =7+ +0u(2(1=y=B) (1=7)+(1—y—B)k2))B— (\/ BODIBIe (1 Bkz) —y—B)+o(4(1-y—B)+28)) pr—k) (B 18 ) —e
= B (TP <k + W
PP
_ . 3 %)(4(1’7’[‘)*“(4(I*Y’B)”ﬁ)) 4 Y400 1ho))B ko (B(1-y-B) ra(4(1-y-) +28)
a(l]’B;l’é ]I’By) 2B(1+a) (1—y—P) 2B(1+a)

pr—kn) (BB 1)
< k2 + (p ) 7,;73)
I—y-p T-v
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O,end O.end . e O.end 0 0,end
We define ¢7“"*¢ and ¢2"¢ as two real-value solutions of e satisfying w$ " = w!”, where ¢ <
PB—P2 P2

—k
e0erdes Note that if QUZTECO1 )bk G0 yBra(-y-pB) _p 22 R5E-F) ) hen the two

2p(1+a PB—P) _ PB
0, end (0) P O.end O.cnd a( 1-y-p lfv)
solutions for wy “"** = w,” must exist and satisfy e, “"*** <0 and e, " > 0.
0,end 0 0,end O.end
Thus, from w? "¢ < W we have, (7"4%)* < ¢ < (e2"*%)*

To summarize, based on the discussions under strategies D and O, we have the following sufficient
conditions:
(i) Under Strategy D, if (¢2"*)* < e < (5"} *, then, w2 "¢ < wi;

(ii) under Strategy O, if (¢2")* < ¢ < (€™}, then, w$ "¢ < wi”;

where
Deendog (2<177)(Hfﬁ><1+m)+0c(2(177)+kz)(lfvfﬁ))ﬁf( WHF%B)@<4(1fv)(lfoB)+a(4(lfva)+26)>
Waro o= BT 00 F) ’
28 and e2"%8 are the solutions of e satisfying w2 ¢ = w(”) and P78 < gD-endos.
1 2 ying w, 2 1 2
(18)
0.endog (2(1—v—ﬁ)(l—v+z>+oc<2(1—v—ﬁ)(l—vﬂ(l—v—ﬁ)kﬁ)ﬁ—( WHH—B)/@) (401-y-B)+a(4(1-y-B) +2B))
w. ’ =

2 2B(1+0)(1-y—B) 0 ’
O,end O,end . : . O,end O,end O,end
€78 and 2% are the solutions of e satisfying w$ "¢ = wi”, and "¢ < 2"
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