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Companies are increasingly held accountable for social and environmental sustainability violations commit-
ted by their contract suppliers. Since developing codes of conduct and increasing auditing effort from the
buyers’ side are usually insufficient to ensure supplier compliance, the independent auditing effort by Non-
Governmental Organizations (NGOs) plays an important role. In this paper we build an analytical model to
examine the impact of such NGO scrutiny on supply chain sustainability. We study the interactions among
buyers’, NGOs’, and suppliers’ decisions on optimal auditing effort levels and optimal compliance effort levels
given that the buyer has or has not revealed the list of suppliers. We identify conditions under which buyers’
auditing effort and NGOs’ auditing effort are complements or substitutes. We specifically discuss how the
buyer can impact the NGOs’ action by revealing her own supplier list and how supply chain transparency
and sustainability interacts in various business environments. One major finding is that in many cases they
are conflictive goals. Thus, when it’s optimal for the buyer to reveal her supplier list, the supply chain

sustainability could possibly suffer. We offer conditions and intuitive explanations for such findings.
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1. Introduction
Today’s global companies operate global supply chains. Leading manufacturers’ supply chains often
span multiple continents. For example, Apple has suppliers from more than 30 countries (McKeefry
2014), and Nike uses about 150 footwear factories located in 14 countries and about 430 apparel
factories located in 41 countries (Nike 2014).

The complexity of such global supply chains creates difficulty in managing them, when most
of the suppliers are independent contractors (e.g., H&M does not own any production factories;
virtually all of Nike’s footware and apparel products are manufactured outside of the United States

by independent contract manufacturers). Traditional operational issues, such as demand volatility
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and poor forecast accuracy, remain atop the list of major concerns (Supply Chain Digest 2010), but
social (e.g., working condition, labor practice) and environmental (e.g., resource, environmental
impact) sustainability issues have become increasingly more important. They are normally tackled
with a multitide of approaches, including government regulation, industry self-regulation, and Non-
Governmental Organization (NGO) monitoring.

Government regulation — in the form of minimum wage, working condition, disclosure laws —
has been an important tool in enforcing minimum standards in the supply chain. However, as
supply chains grow global, many of the suppliers are located in developing countries where the
government has limited ability to enforce their own laws. Thus, companies develop company- or
industry-specific codes of conduct and use compliance monitoring as the principle way to address
poor working conditions (Locke et al. 2007).

Auditing and monitoring is a labor intensive and costly process, especially if a buyer is asked
to audit multiple tiers of its supplier network (Wieland and Handfield 2013). Rank a Brand
(rankabrand.org) reports that only 15% of the apparel brands, including H&M, McGregor, ONLY,,
Tommy Hilfiger, Zara, WE, Timberland, Nike, and Puma, monitored more than 80% of their sup-
pliers. When companies’ private auditing becomes infrequent or predictable, it loses effectiveness.
Plambeck and Tylor (2014) report that some suppliers learn to hide their violations, and Locke
et al. (2007) use data from Nike during 1998-2005 to show that monitoring alone fails, but may
work if it is combined with other interventions focused on tackling some of the root causes of
poor working conditions. Critics of the private auditing approach also believe that some companies
use these measures not to improve sustainability but to limit legal liability or prevent reputation
damage in the case of a scandal (Locke and Romis 2007). In this regard, independent NGOs and
media can play an important monitoring role.

When a large-scale negative incident, such as Nike’s sweatshop scandal (1990s), Mattel’s toy
recalls due to lead paint (2007), FoxConn’s poor working conditions (2010), or Rana Plaza’s build-
ing collapse (2013), is reported and publicized, it not only affects the supplier but also reflects
poorly on the brand owner. However, these relatively rare headline-grabbing incidents reflect only a
subset of NGOs’ monitoring work. More commonly, violations of supply chain sustainability are low
in profile and don’t get reported in mainstream media. Violations are routinely detected by NGOs
such as the Business & Human Rights Resource Centre (business-humanrights.org), Interna-
tional Labor Organization (ilo.org), and China Labor Watch (CLW, chinalaborwatch.org),
who conduct independent investigations and then publicize violations if any are found.

In general, both the suppliers and their buyers suffer certain financial losses when NGOs detect
the suppliers’ violations, although the specific amount of loss varies case by case. The suppliers

can be urged to take costly remedial measures. The buyers can also suffer reputation damage for
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their suppliers’ irresponsible activities, so they take countermeasures accordingly. Thus, although
the NGOs do not interact with the buyers directly, they could have a significant indirect impact
on the buyer through auditing their suppliers.

Many buyers have incorporated NGOs into their monitoring systems. Some opt to become a
member of a collective initiative, or use the service of an outside organization that specializes in such
activities. For example, Zara (via its owner Inditex) is a member of Ethical Trading Initiative, and
Nike uses the service of Fair Labor Association (FLA). These organizations work collaboratively
with companies to defray the cost of monitoring and provide creditability via certification, but there
could be conflicts of interest. Other truly independent NGOs can sometimes achieve better results.
Consider the case of Bratex. When it dismissed 31 workers in 2011 for their unionization effort
in Sri Lanka, an investigation by FLA (of which Bratex’s buyer Fruit of the Loom is a member)
yielded no result. However, Clean Clothes Campaign (CCC, cleanclothes.org), an independent
NGO, was able to secure a victorious settlement for the workers in 2014. Many NGOs like CCC
prefer not to directly collaborate with the companies they monitor. In our study we focus on the
NGOs’ independent monitoring efforts rather than the certification services some of them provide.

Companies such as Nike and H&M, realizing these NGOs’ sheer number and potential power,
became more open to the NGOs’ independent monitoring effort by publicly revealing their entire
supplier lists. Apple also listed its top 200 suppliers that count for more than 97% of its procurement
expenditure. These companies took a big step in pushing for supply chain transparency, contrary
to the prevailing industry practice to keep a tight grip on such information. At the time of its
announcement in 2005, Nike’s reason is that transparency would be good for the company because
“critics could go out and see for themselves what conditions were like and NGOs could monitor
and thereby help address the issues” (Paine et al. 2013).

Indeed, the strategic interaction between buyers and NGOs goes both ways. The NGOs can
impact buyers through their strategic auditing of the suppliers and the buyers can leverage the
NGOs’ scrutiny to prod her suppliers to improve sustainability effort or to reduce her own scrutiny
cost. This strategic interaction is an important part of the supply chain sustainability effort that
has not been sufficiently studied, but it is a novel, focal feature of our model.

Although many have argued that a transparent supply chain, in which consumers get information
about where all the parts in a product come from, can have both marketing and operational benefits
(New 2010), there exists no rigorous study on the possible link between supply chain sustainability
and transparency. It’s not clear whether supply chain transparency would always lead to improved
sustainability and economic benefits. Even in the athletic footware and apparel industries, Nike’s

decision to reveal supplier list has not been followed by any of its competitors. It is another focus
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of our study to examine how supply chain transparency and sustainability, as well as the economic
incentives of various supply chain parties, interact with each other.

Motivated by industrial practice, our study attempts to investigate the impact of independent
NGO scrutiny on supply chain sustainability. Specifically, our research seeks answers to the follow-
ing questions:

1. Considering the NGOs’ strategic role in monitoring and ensuring supply chain sustainability,
when would it be optimal for a buyer to reveal her supplier list? What would be the impact of
that decision on the buyer’s, the NGOs’, and the suppliers’ auditing and sustainability effort
levels?

2. Does supply chain transparency always lead to better supply chain sustainability? If not, then
under what conditions do the two objectives agree?

3. Does there exist a situation where the supply chain sustainability, transparency, and the eco-
nomic objectives of the buyer, the suppliers, and the NGOs can be improved simultaneously?

We build an analytical model to answer these questions. Our major contributions are four-fold.
First, we are among the first to formally study the strategic considerations between the buyer
and the independent NGOs. While most existing studies model the NGOs’ pressure as a fixed
external factor, we endogenize the NGOs’ decision and find that it’s indeed important to do so. For
example, when the NGOs’ scrutiny on the supply chain increases, a buyer with exogenous NGOs
will increase her own auditing level in response. In contrast, a buyer who accounts for the NGOs
strategic decisions could, under certain conditions, view the NGOs’ effort as a beneficial substitute,
and optimally reduce her own auditing effort.

Second, we incorporate revealing supplier list as a new feature into the supply chain sustainability
decision models. While past studies usually view supply chain transparency as the public availability
of violation information, we study transparency from a different angle by considering the public
availability of supply chain structure information. With this modeling feature, we are able to find
that whereas in some cases the buyer should reveal her supplier list and this leads to higher supply
chain sustainability, in many other cases, the result is the exact opposite: when it’s optimal for the
buyer not to reveal her supplier list, it could lead to higher supply chain sustainability. Conversely,
when the buyer optimally reveals her supplier list, the supply chain sustainability could deteriorate
as a result. We offer intuitive explanations.

Third, we identify a few important system parameters as important factors in determining the
equilibrium of the game. If a supplier violation is detected, the NGOs gain more utility if they can
link the supplier to a renowned buyer. We are able to show that the percentage of suppliers to the
renowned buyers among all the unidentified suppliers is a critical factor in deciding whether the

buyer reveals her supply list and whether transparency and sustainability agree with each other.
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Last but not least, while our model focuses on the interactions within the supply chain of a
particular renowned buyer, we offer insights into how our model can be extended to accommodate
multiple buyers. In the case of two renowned buyers we show that even if independently both
buyers would have taken the same optimal action to reveal her supplier list or not, when jointly
considered, they could reach an equilibrium where one reveals while the other doesn’t. Again we

offer intuitive explanations.

2. Related Literature

This study is closely related to the emerging literature on sustainable and responsible supply chain
management including (but not limited to) Chen and Lee (2014), Guo et al. (2015), Kalkanci et al.
(2013), Kraft et al. (2013), Kim (2014), Plambeck and Tylor (2014), and Xu et al. (2015).

Some of those studies focus on the impact of financial incentives in supply chain procurement on
supplier compliance. For instance, Chen and Lee (2014) investigate the optimal screening mecha-
nism based on the delayed payment procurement contract in order to mitigate supplier responsi-
bility risk. In Guo et al. (2015), a buyer facing socially conscious consumers pays a higher price to
a responsible supplier, and pays a lower price to a risky supplier; the buyer may also decide not to
purchase from the risky supplier at all. In Xu et al. (2015), a global manufacturer determines the
optimal wholesale price to incentivize the suppliers not to employ child labor.

Some of the above-mentioned studies also examine the impact of information transparency on
the sustainability performance of a supply chain. For instance, Kalkanci et al. (2013) investigate
the effect of mandatory or voluntary disclosure of what a firm knows regarding the social and
environmental impact information of its supply chain; the authors show that mandatory disclosure
will indeed deter the firm’s effort in measuring and improving those impacts. Kim (2014) investi-
gates a production firm’s problem regarding when to self-disclose compliance violations; and the
author shows that anticipating the firm’s opportunistic disclosure behavior, an inspector may need
to increase the penalty accompanied by more frequent audits. In Xu et al. (2015), the authors
examine the potential effects of a regulation (e.g., California Transparency in Supply Chain Act)
that requires firms to disclose their efforts to mitigate supplier responsibility risk of employing
child labors; they argue that such kind of information transparency may lead to more employment
of child labor, since the buyer firm could commit to no inspections and thus a lower wholesale
price. Plambeck and Tylor (2014) study how the buyers can induce their suppliers to exert more
compliance efforts if the suppliers can exert effort to pass the buyers’ audits through deception and
hiding; they suggest that publicizing negative audit reports or a buyer’s supplier list can affect the
supplier’s compliance effort because of the increased damage to the supplier.

Although closely related, our paper distinguishes itself in two important aspects. First, we con-

sider the NGOs’ objective and thus endogenize the NGOs’ optimal auditing effort levels, which
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enables us to investigate the effects of the NGOs’ decisions on the interactions among a buyer,
the buyer’s suppliers, and the NGOs. To our best knowledge, the NGOs decisions were overlooked
or assumed to be exogenously given in most previous studies of sustainable supply chain manage-
ment. The only exception is Kraft et al. (2013), which analyzes an NGO’s decision on whether to
target the industry or the regulatory body in order to compel the firms to replace a potentially
hazardous substance. Our paper, however, addresses the NGOs’ role in improving the social and
environmental impacts of supply chains by inducing the buyers to voluntarily reveal their supplier
list, which is different from the problem explored by Kraft et al. (2013). Second, we investigate
the buyer’s optimal decision regarding whether to reveal her supplier list under the NGO scrutiny
pressures and we examine the relationship between supply chain sustainability and transparency.
In our paper, supply chain transparency means that the buyer has revealed her supplier list and
thus the NGOs are able to associate a supplier’s violations to his buyer. This structural trans-
parency is fundamentally different from the informational transparency studied before (e.g., Kim
2014, Kalkanci et al. 2013) where the buyer is mandated to disclose her internal inspections (e.g.,
Xu et al. 2015) or discloses only supplier violations. In a sense the informational transparency
studied in these papers can be viewed as a partial structural transparency when some of the buyers’
suppliers are revealed due to violations reported by the buyer.

Our work also relates to the literature on operations management in the NGOs. There is relatively
little analytical modeling work involving NGO operations. Also, most studies in this stream of
research focus on either the funder-NGO relationship or resource allocation problem within an
NGO. For example, McCardle et al. (2009) analyze donor behaviors under a tiered fund-raising
structure. Toyasaki and Wakolbinger (2014) examine the conditions under which the NGOs should
earmark the donations when fund-raising. Privett and Erhun (2011) investigate how funders can
improve the efficiency of funding for the nonprofit sector overall; in particular, they study an
auditing contract and show that such contract can not only support the funder but also improve the
nonprofit sector. Verheyen (1998) examines a problem of allocating limited internal budget within
an NGO. DeVericourt and Lobo (2009) study a resource allocation problem of an NGO who faces
the tradeoff between earning profit from the revenue customers in the for-profit sector and serving
the mission customers in the non-profit sector. Harrison and Lybecker (2005) focus on the price
competition between a for-profit hospital and a non-profit hospital; they show that the non-profit
hospital’s motive (e.g., serving uninsured patient, quality of service, etc.) has an important impact
on the price in equilibrium. We refer the reader to Privett (2010) for a comprehensive literature
review of operations management in the nonprofit sector.

Our work, although related, has a different focus on the NGOs’ actions compared with the liter-

ature on nonprofit operations management. More specifically, we investigate the NGOs’ auditing
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efforts under different supply chain transparency settings, and show that the NGOs’ actions have
an important impact on supply chain transparency (i.e., buyer’s decision regarding whether to
reveal the supplier list) and sustainability levels (i.e., supplier compliance efforts). To our best
knowledge, this aspect of NGO operations has not been examined in the previous studies.

Last, this work is partly related to the literature on quality control in supply chain management.
In the quality literature, the basic setting is that a supplier can exert costly effort to improve the
quality of products (i.e., to reduce the probability of defective products), the buyer can also exert
costly inspection effort to detect the defective products, while there is still a probability that a
defective product passes the inspection and the customer charges a high penalty cost to the buyer
(and/or the supplier). In our setting, the supplier’s compliance effort mimics the effort to improve
product quality, and the buyer’s auditing effort mimics the quality-inspection effort. However, we
also consider the NGOs’ auditing efforts, as well as the buyer’s strategic decision on whether to
reveal the supplier list, which is fundamentally different from the quality literature. For a com-
prehensive discussion about the similarity and difference between the literature on quality control
and the literature on sustainable supply chain management, we refer the readers to Plambeck and

Tylor (2014), Chen and Lee (2014), and the references therein.

3. Model Setup

We study a simplified two-tier industry with buyers and suppliers. There are two types of buyers:
the renowned buyers who are industry leaders (e.g. Nike, Apple), and the rest which we call the
ordinary buyers. Furthermore, we call the suppliers to the renowned buyers special suppliers. Each
renowned buyer chooses independently to reveal her supplier list or not. We denote this decision
by j=1 or U (I stands for identified and U stands for unidentified). For the rest of the paper, we
will also use superscript j € {I,U} to indicate all the corresponding variables and supplier pools.
(For example, supplier pool I includes all the identified suppliers.)

We make a simplifying assumption that the buyers’ supplier lists do not overlap. In practice
some buyers share common suppliers, which creates another layer of complexity in the supply chain
because the buyers’ actions interact with each other through the suppliers. We do not model that
in this paper in order to focus on the dynamics within each buyer’s supply chain and get sharper
insights. Our non-overlapping assumption is more reasonable when the suppliers are required to
make buyer-specific investments (for example, Foxconn’s exclusive factory for Apple, even though
it supplies Dell, HP, and other tech firms as well — Kan 2012), so that we can model the supplier’s
effort for each buyer separately. We plan to use the results in this paper as building blocks for
future research on over-lapping supply chains.

There is a pool of NGOs that independently audit and report sustainability issues in this industry.

An NGO wants to maximize a narrow set of social objectives for which it is established. Once
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an NGO successfully detects and publicizes a supplier’s sustainability violation, the NGO gains
utility from the positive social and environmental impact that can follow. If the violator is an
ordinary supplier, we normalize the NGO’s utility to be zero, without loss of generality. If the
violator is a special supplier, however, due to the ensuing pressure on, and influence of, his renowned
buyer, the NGO can derive a strictly positive utility of v, which comes from the positive social
and environmental impact from the publication of a violation. Depending on the natural of the
violation and the identity of the special supplier, every time the positive utility gained by an NGO
can be different, but we can assume that on average the utility is v > 0. We also assume that
all the NGOs aim to maximize their net expected payoff which is the expected utility gained by
publicizing supplier violations minus the cost of auditing effort. Note that the way we model an
NGO’s objective is consistent with many of the extant literature such as Kraft et al. (2013) and
Harrison and Lybecker (2005).

Since the NGOs are formed with different philosophies, goals, and operational processes, the
NGOs’ approaches to auditing the suppliers could differ. Some NGOs, especially those who work
collaboratively with renowned buyers (e.g., FLA), focus on auditing identified special suppliers;
we call them type-I NGOs. Other NGOs, especially who exert pressure on the renowned buyers
by confrontation (e.g., CLW), focus on auditing the unidentified suppliers based on the belief that
the unidentified suppliers have poor social and environmental performance; we call them type-U
NGOs. We do not model the NGOs’ decision on which type to become; instead we assume that
a fraction of the NGOs become either type. As a result, identified and unidentified suppliers face
varying exogenous likelihood of being audited by an NGO. We denote the likelihood of being audited
for the suppliers in the pool j by 47, which is the probability that any supplier in pool j will be
audited by one of the type-j NGOs in the planning horizon considered (e.g., one year).

3.1. Timeline
To start, we focus on one renowned buyer, and study the equilibrium behavior in the game played
among the buyer (she), her suppliers (he), and the NGOs (it). Section 5 offers an extension to the
game between two buyers. Like Chen and Lee (2014) we adopt a Stackelberg framework which
implies that the renowned buyer is the dominant player in the industry. The time line is as follows:
Stage 1, Buyer’s decision: Any sustainability violation by the suppliers reflect poorly on the
buyer. NGOs and presses often put pressure on the buyer when such violations are detected. In
the event of a detected and publicized violation, we denote the buyer’s cost of brand damage by
b. To reduce such a cost, the buyer makes two decisions: 1) She first decides whether to reveal
her supplier list (i.e., j =1 or U), possibly inviting higher pressure on her suppliers from outside
NGOs. 2) Given j, she exerts an auditing effort e, € [0,1] which incurs a convex increasing cost

per supplier. Specifically, we use a quadratic cost function: kg(el)? where kg is a fixed parameter.
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We assume i.i.d. suppliers for the same buyer. More importantly, we assume the buyer’s effort
and penalty costs are additive across all the suppliers. Therefore, the number of her suppliers does
not affect the buyer’s decision about the auditing effort to exert on each supplier; by doing so, we
can analyze each supplier individually in the next stage.

Stage 2, Suppliers’ and NGOs’ decisions: The buyer’s j decision puts all of her suppliers into
either the pool of identified suppliers (j = I) or the pool of unidentified suppliers (j = U). Her
suppliers then face public scrutiny from type-j NGOs. The suppliers and the NGOs enter a static
game of complete information. That is to say, they know each other’s objective function but do not
observe each other’s action. A type-j NGO adopts its auditing effort level ¢}, € [0,1] at a convex
increasing cost. In particular, we assume it is equal to kN(e?\,)2 where ky is a fixed parameter.

Similarly, a supplier determines his compliance effort level ejé € [0,1] and incurs a convex increas-
ing cost ks(efq)Q. With probability e{q, the supplier’s performance will comply with the social and
environmental standards, while with probability 1 — eé, there will be a violation of those stan-
dards. Note that compliance violation is a random event with probability 1 — e%. For example, one
can interpret the effort level as an investment in pollutant-control technology which is subject to
random breakdown (see Kim 2014); the higher the investment, the better the technology, and the
lower the probability of violation.

The supplier faces scrutiny from both the buyer and the NGOs. With probability e} (1 — eg)
the supplier has a violation and the violation is detected by the buyer. Note that this way we
model the various efforts and the associated probabilities follows Plambeck and Tylor (2014). When
a violation is detected, the supplier incurs a cost zp (e.g., a loss of good will or a downgrade
on the buyer’s scorecard). The pressure from the NGOs, however, depends on the likelihood of
auditing and the auditing effort level of the NGOs. Thus, the probability that a type-j supplier
will have a violation and it will be detected by an NGO is 47¢} (1 — ek) (for ease of exposition,
we refer to fyjeg\, as the NGOs’ scrutiny for the rest of the paper). When that happens, the
supplier incurs a different cost xy (e.g., reputation damage, or a loss of potential future buyer).
When an NGO detects and reports a violation, the reputation damage is done but the buyer
may not be able to confirm the violation allegations when they follow up on the NGO report
(for example, see Samsung’s response to CLW on allegation of child labor at one of its suppliers,
http://www.chinalaborwatch.org/report/106). Thus, the buyer may not be able to impose an
additional penalty zp. Some of this could be due to coverup, but often the random nature of the
violations makes replication hard. When investigating child labor violations in the apparel industry,
CLW discovers that the seasonal nature of the production cycle means a reported violation often
cannot be confirmed by the press or the buyer months later (personal communication with Qiang

Li, director of CLW). Of course, there is a possibility that a supplier’s violation could be detected
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by both the buyer and the NGOs. In such a case the supplier will incur a total penalty cost of
rg+xN.

For the reader’s convenience, Table 1 summarizes our notations.

Table 1 Notations

b Brand damage for the buyer if any of her supplier has a violation that’s detected and publicized
xp Cost to a supplier if a violation is detected by the supplier’s buyer
xy Cost to a supplier if a violation is detected by the NGOs

v Gain for an NGO if he detects and publicizes a special supplier’s violation

v Likelihood of auditing (by the NGOs) for identified suppliers

Y Likelihood of auditing (by the NGOs) for unidentified suppliers

p  Proportion of special suppliers in the pool of unidentified suppliers

kg Cost factor associated with the buyer’s auditing effort

ky Cost factor associated with an NGO’s auditing effort

ks Cost factor associated with a supplier’s sustainability effort
ek, Buyer’s own auditing effort level if she decides to reveal her supplier list; ek € [0,1]
e%  Buyer’s own auditing effort level if she decides not to reveal her supplier list; €% € [0, 1]
ely NGO’s effort level when auditing an identified supplier; eX; € [0, 1]
e NGO’s effort level when auditing an unidentified supplier; €Y, € [0, 1]
el Supplier’s sustainability effort level if he is identified; e} € [0, 1]
e Supplier’s sustainability effort level if he is unidentified; e% € [0, 1]

CL  An identified supplier’s expected total cost

CY  An unidentified supplier’s expected total cost

CL Buyer’s expected cost if she reveals her supplier list

CY Buyer’s expected cost if she does not reveal her supplier list

Cp Buyer’s expected optimal cost; Cz = min{C%,CY}
IT5, The expected payoff for a type-I NGO
115 The expected payoff for a type-U NGO

3.2. Objective functions

As usual, to formulate each player’s objective function in the Stackelberg game, we move backwards
in time. Once the buyer has decided whether to reveal her supplier list (i.e., j € {I,U}) and auditing
effort level efg, each of her suppliers will determine his sustainability effort level efg and each of the
type-j NGOs will determine its auditing effort accordingly. For given j and e, each supplier aims
to minimize the total of his effort and penalty costs:

Cile) = min ep(1—ex)ap+r'ey(1—eb)ay +ks(eh)?, j=1or U, (1)

0<el <1
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where egg and 7’ ef\, are probabilities that the supplier’s violation will be detected by the buyer and
by a type-j NGO respectively.

For a type-U NGO, its target pool of unidentified suppliers contains both special and ordinary
suppliers. Therefore, the NGO’s potential utility gain from special suppliers must be multiplied by
the proportion of special suppliers in this pool (we denote this proportion by p).

I, (%) = maz pel(1—el)v—ky(el)™ (2U)

0<ef<1
For a type-I NGO, every supplier in its target pool is identified, so its objective function is
similar to the one above, except that p is replaced by one:

Iy (ch) = moaz k(- el — kx(eh)" (on
SeN S

Let (¢}(e%), &y (e))) denote the Nash equilibrium determined by equations (1)&(2U) or (1)&(2I).
Going back in time, the buyer must choose j and 633 to minimize the total of its auditing and
brand damage costs, knowing the suppliers’ and the NGOs’ response function, (€%(e%), &% (e%))-
The buyer’s cost function is given by:

Co= min {c;: min waz‘v(e-ma@<eg>>b+k3<eg>2}. o)

JE{I,U} 0<el <1

It is worth noting that the supply chain’s sustainability level is solely determined by the supplier’s
effort level e{g. The buyer and NGOs aim to influence the supplier’s action but they do so only
indirectly. Therefore, the optimal efg is of particular interest to us. We refer to it as the supply
chain sustainability level. Moreover, since the supply chain becomes more transparent if the buyer

reveals her supplier list, we will refer to her j decision as the supply chain transparency level.

4. Analysis

We want to address several issues in this section. First, we derive the equilibrium supply chain sus-
tainability and transparency levels and some comparative statics in §4.1. Since both sustainability
and transparency are important measures of a supply chain, we examine how they relate to each
other in our model in §4.2. Then in §4.3 we quantify how the expected costs and payoff may change
for the buyer, suppliers, and NGOs as a result of the buyer revealing her supplier list.

One novel feature of our model is the incorporation of NGOs’ actions in the equilibrium. In
§4.4 we compare with a special case with non-strategic NGOs who exert the same auditing effort
indiscriminately between identified and unidentified suppliers. In this comparison, we explore the
strategic NGOs’ impact on the optimal sustainability and auditing efforts, as well as their impact

on the buyer’s optimal decision on whether to reveal her supplier list.
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4.1. Supply chain sustainability and transparency

If the buyer reveals her supplier list (i.e. j = 1) in the first stage of the Stackelberg game, then the
suppliers and NGOs solve (1) and (2I) in the second stage. Likewise, if the buyer chooses not to
reveal (i.e. 7 =U), the suppliers and NGOs solve (1) and (2U) instead. The closed-form solutions

are summarized in the following lemma. All the proofs in this paper can be found in the Appendix.

LEMMA 1. (Suppliers’ and NGOs’ response functions) If the buyer reveals her supplier

list and chooses ek, then

- 2eLknzp +yven - pv(2ks —ebap)
eslen) = —- 7 enlep) = P (4)
4]{?Nk5+’7 VTN 4kN]€s+"}/ VI N

If the buyer does not reveal her supplier list and chooses €%, then

_ pu(2ks —epap)
- 4](?1\]]435 + ’YUpUIEN '

2eYkyep +yYpvan

U U\ _ U
eglep) = Aknks +Upvzy ex(ep)

()

Given the suppliers’ and the NGOs’ response functions in Lemma 1, the buyer solves the opti-
mization problem in (3). The closed-form solutions to her optimal auditing effort are given in
(6) below. At this buyer auditing level, the suppliers’ optimal effort level and the NGOs’ optimal
auditing level can be obtained by substituting (6) into (4) and (5). These results are summarized

in the following theorem.

THEOREM 1. (Optimal equilibrium effort levels) For given j =1 or U, the optimal effort

levels by the buyer, the NGOs, and the suppliers in the Stackelberg equilibrium are as follows:

ol _ dknksbylvr g U dknksbyYpva g (©)
B oknbylvad + kp(dknks +yiven )2’ P 2knbyUpva? + kp(dknks +yUpvay )2’
I 2]{31{751)(4ka5+’}’[0(13]\/) Us 2/<:Bkspv(4ka5+’yUpva)

= = 7

N 2knby vy + kp(4dkyks +y vey)?’ N 2knbyUpvay + kp(dkyks +Upvay)?’ (7)

e _ Yulkg(4knks + v ven)xy + 2knbay)] Vs pyYvlkp(dknks +yYpvzy)oy + 2k:Nbx2B}{8)
S 2knbylved + kp(4dknks +ylvey)? W 0 2enbyUpva + kp(dkyks +Upvzy)?

Before we use the optimal effort levels in (6)-(8) to find the buyer’s optimal decision about supply
chain transparency (i.e., choosing j), we first examine how these effort levels, especially the supply
chain sustainability level eé* is influenced by the configuration of the industry — in particular, the
likelihood of being audited by type-j NGOs 7, and the proportion of special suppliers among all
unidentified suppliers p.

PROPOSITION 1. (Comparative statics of the optimal effort levels)
a. For j =1 or U, supply chain sustainability level efé* is increasing in v’ . Moreover, as 7’
increases, ef\’f decreases and ’yjeg\? increases; but ejg decreases if and only if 4knks < ylvxy

(for j=1) or dknks <~yYpvzy (for j=U).
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b. Supply chain sustainability level €5* is increasing in p. Moreover, as p increases, both e§* and

YYek* increase; but €% decreases if and only if 4knks <~Ypvzy.

When there are more type-j NGOs, a type-j supplier’s likelihood of being audited 77 goes up.
Proposition la indicates that although each NGO will spend less effort in auditing, the overall
NGO scrutiny ~7 eff still increases. Accordingly, each supplier will increase his compliance effort
level. This is desirable as the supply chain sustainability level will increase.

The buyer’s reaction could go either way, however. On the one hand, higher scrutiny by the NGOs
increases the risk of the buyer’s reputation damage, so the buyer should put on more auditing
effort herself. On the other hand, now that the NGOs are putting more scrutiny on the suppliers,
the suppliers will respond with higher effort so the buyer should be able to reduce her own costly
auditing effort. The outcome of this tradeoff depends on the last condition in Proposition 1la.
Mathematically it’s easy to see this condition follows from (6). Intuitively, as 4’ increases, we
already know the NGO scrutiny 7 eg\, increases and the probability of a violation (1— efg) decreases.
It’s the product of the two, 47e} (1 — €%), that matters to the buyer, however, from her objective
function (3). The buyer’s decision depends on which probability changes more quickly. This also
explains why the condition involves only the cost and benefit parameters of the NGOs and the
suppliers: ky, ks, v, and x . Practical implication: the buyer can save auditing effort if the NGOs’
audit is effective (the suppliers will take the threats seriously); conversely, if the suppliers ignore
the NGOs’ threats, then the buyer has to exert more auditing efforts.

When the proportion of special suppliers increases in the unidentified pool, the type-U NGOs
recognize the higher marginal return on its effort in detecting a violation by an unidentified supplier,
so they are more motivated to increase their auditing efforts. At the same time, the suppliers
will respond with higher effort, dampening the NGOs’ motivation. Proposition 1b shows that in
aggregate both suppliers and NGOs will increase their effort. This also results in a desirable increase
in the supply chain sustainability. A similar tradeoff — hence a similar condition — applies to the
buyer’s decision. Practical implication: If the NGOs could narrow down to a list where most are
likely to be special suppliers, then the supply chain sustainability level can be increased. Method:
hot lines, protection of whistle blowers, etc.

Recall that we consider the supply chain to be more transparent if the buyer reveals her supplier
list, and efg* represents the supply chain sustainability level under buyer decision j. The following
proposition shows that more supply chain transparency does not always lead to higher supply chain

sustainability, and gives condition under which the two metrics agree.

PROPOSITION 2. (Transparency vs sustainability) The following conditions are equivalent:

(i) e9* <elr, (ii) Ve <~leks, and (iii) p<~'/4Y.
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Condition (i) represents the situation where the supply chain sustainability improves after the
buyer reveals her supplier list (doing so optimally). In such a case, transparency and sustainability
agree with each other. Condition (ii) means the NGO scrutiny is higher on the identified suppliers
than on the unidentified ones. The equivalency between (i) and (ii) shows that the NGOs’ scrutiny
level is essential in determining how the supply chain performs. Higher scrutiny on a supplier
pool helps to increase their sustainability effort. So for an industry where NGOs scrutinize the
unidentified suppliers more closely, supply chain transparency (revealing supplier list) may actually
lead to lower sustainability effort, an undesirable outcome.

Because the NGOs’ auditing efforts are endogenized in our model, condition (ii) is not easy to
check directly. Condition (iii) is simpler and directly verifiable, because it only depends on the
fixed parameters. When condition (iii) holds, the type-U NGOs are less likely to detect violations
by a special supplier than the type-I NGOs. Given the same cost function, type-U NGOs would
optimally put less scrutiny than the type-I NGOs. Thus it’s equivalent to condition (ii). The

reasoning is stated rigorously in the proofs in the Appendix.

4.2. Buyer’s optimal transparency decision and relationship to sustainability

So far we have only characterized the equilibrium behaviors for j =1 and j = U separately. It is
quite straightforward to plug (6)-(8) into the buyer’s objective function (3) to see whether the
buyer should optimally reveal her supplier list. Without loss of generality, we will assume that if

the buyer is indifferent between revealing the supplier list and not revealing it, she will not reveal.

THEOREM 2. (Optimal transparency decision) It is optimal for the buyer to reveal her sup-
plier list if and only if
16k3 k2 I 16k3 k2 I
min 7]\752,7— < p < max 7]\[52,7— . 9)
yiyPvray Y yiyYvray Y
The buyer’s corresponding optimal auditing effort is given by (6) in Theorem 1. Moreover, e%* > ekt

if and only if the optimal decision is to reveal her supplier list.

Together, Theorems 1 and 2 characterize the optimal decisions for the supply chain. Moreover,
Theorem 2 states that a buyer will reduce her own auditing effort if and only if it’s optimal for
her to reveal her supplier list. This implies that when the buyer chooses to reveal her supplier
list, she will substitute the NGOs’ auditing effort for her own auditing effort. Thus, supply chain
transparency becomes a strategic tool that the buyer can use to reduce her own auditing effort.

The major result of Theorem 2 is that the buyer optimally reveals her supplier list when p is

within the interval stated in (9). Depending on the parameters, there are two possible scenarios.

COROLLARY 1.
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a. (Scenario 1) When 4kyks < v vy, it is optimal to reveal the supplier list if and only if

b. (Scenario 2) When 4kyks > v vxy, it is optimal to reveal the supplier list if and only if
3—5 <p< %

Scenario 1, when 4kykg < y/vzy, is more likely to happen if 4!, v, and xzy are larger, or if
ky and kg are smaller; that is, if the auditing likelihood by NGOs for the identified suppliers is
larger (e.g., there are more NGOs focusing on the identified pool), or the NGO’s utility gain from
publicizing violations is higher, or the penalty cost of the supplier whose violation is publicized by
an NGO is higher, or the cost factors of the NGOs and the suppliers are smaller.

Note that when 4kyks =y vz, the buyer prefers not to reveal her supplier list for all p values
except p = J—é = %, where the buyer is indifferent between revealing and not revealing.
Therefore, by our assumption, the buyer will never reveal when 4kyks =y vzy.

To understand the rationale for the buyer’s behavior, we summarize how the various optimal
effort levels change based on the buyer’s decision on whether to reveal the supplier list in Tables

2 and 3, for scenarios 1 and 2 respectively.

Table 2 Scenario 1. Impact of buyer’s decision on j

Interval Buyer’s Decision es en vyen
. 16K, k2 Ix LU I U, U 1,1
1-1) p < 5% Not to reveal  eY* <eklr eY%* <ek ex' <~v'en
(1-i) p T30 022, S 5 €B B 7 N <7 €N
oy 16k% k% A Usx Ix  Usx Ix AU Usx I, Ix
(1-ii) e <P<Iv Reveal eg* <eg ept>eg ey <7vey

N
I
(1-ii) p> T Not to reveal — eY* >elr eUr <ely AUelr > ylels
Analysis of scenario 1 In scenario 1, when p is in interval (1-i), there is only a small portion

of special suppliers in the unidentified pool, and as a result, there is less NGO scrutiny on the
suppliers in the unidentified pool. If the buyer reveals her supplier list, her suppliers will face
higher NGO scrutiny, and both the buyer and her suppliers will need to increase their effort levels.
While this is a socially desirable outcome — both supply chain transparency and sustainability are
increased — the buyer chooses not to do it because she finds the increased costs to herself too high.
She would rather hide her suppliers in the unidentified pool.

When p is in interval (1-iii), there is a high proportion of special suppliers in the unidentified pool.
The buyer still prefers not to reveal her supplier list, but for a different reason. When py¥ > ~7,
there is actually more NGO scrutiny on the unidentified suppliers (vYe{* > v'ekr). By not revealing

her suppliers, the buyer puts more pressure on her suppliers and they respond by improving their

sustainability effort. A secondary benefit to the buyer is that she can reduce her own effort cost.
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Therefore, for very high p values, the buyer again chooses not to reveal. Contrary to the low p
value case, while the supply chain transparency suffers, its sustainability is better off.

In (1-i) the supply chain achieves lower sustainability and no transparency. In (1-iii) the supply
chain achieves higher sustainability but no transparency. It’s in the middle range of p value —
interval (1-ii) — where the supply chain achieves both higher sustainability and transparency, a
most desirable outcome. The intuition is that by revealing her supplier list, the buyer “invites”
more NGO scrutiny on her suppliers, which pressures the suppliers to exert more sustainability
effort. Moreover, the buyer is able to reduce her own auditing effort and cost. This reasoning seems
to be behind Nike’s decision to reveal its entire supplier list (Paine et al. 2013).

It’s worth noting that when p is very high or low, the makeup of the unidentified supplier
pool becomes very clear: it consists of mostly special suppliers or mostly ordinary suppliers. The
intermediate values of p gives less information of the pool makeup. Therefore, we can also loosely
view p as a proxy for the transparency of the whole industry (in a non-monotonic fashion). This
is a different concept than the transparency of the particular supply chain which is represented by
the buyer’s j decision. The results in Theorem 2 indicate that higher supply chain sustainability
and transparency are optimal when the whole industry is not very transparent. When the industry
is transparent, the buyer tends not to reveal her own supplier list; the supply chain sustainability
level may suffer or improve.

A special case happens when 7/ >~V i.e. when the NGOs focus more on the identified sup-
pliers so the auditing likelihood is higher for identified suppliers. In such a case, interval (1-iii)
disappears and the buyer’s optimal reveal strategy is of a threshold type. The most desirable out-
come is achieved for higher p — suppliers are revealed and they put in more sustainability effort.
Another special case happens when 4ky ks = v vz y. The buyer is indifferent at p = 4kyks = v vz y.

Everywhere else she prefers not to reveal her supplier list.

Table 3 Scenario 2. Impact of buyer’s decision on j

Interval Buyer’s Decision es ep ven

. T
(24) p< Xy Not to reveal — eY* <elr eUr <ely Vel <~lels

oy AL 16k2, k2

il NTS Ux Ix Ux Ix U, Ux I, Ix

(2-ii) Ty <p< B Reveal eg* >eg egt>eg ey >vey

16k% k2
(2-iil) p> 5o Not to reveal — ef* >elr el <ely AVel* >~lels

N
Analysis of scenario 2 The results for scenario 1 does not carry over to scenario 2 entirely.

For low and high values of p in intervals (2-1) and (2-iii), the buyer chooses not to reveal her suppliers
for the same reasons as those for (1-i) and (1-iii) in scenario 1. Furthermore, for intermediate levels

of p in (2-ii), the buyer reveals her supplier list, as in (1-ii), but for a different reason. Specifically,
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in (2-ii) the NGO scrutiny is lower for the identified suppliers. The buyer reveals her suppliers in
order to hide them in the lower scrutiny pool. With less pressure, both the buyer and her suppliers
now exert less effort to reduce their cost. While this is good for their own objectives, the supply
chain sustainability suffers after the buyer reveals her supplier list. This is a unique case of where
the buyer optimally chooses to be transparent but the supply chain sustainability indeed suffers.

It’s notable that in scenario 2, the supply chain will never achieve both transparency and higher
sustainability. Either they are in conflict with each other or both suffer. As before, in the special case
of v1 >~V interval (2-iii) no longer exists, and the supply chain sustainability and transparency
is always in conflict with each other.

In summary, we have found the relationship between supply chain sustainability and supply
chain transparency to be complex. In many cases the buyer will choose not to be transparent, but
even in cases when supply chain transparency is optimal for the buyer, it could lead to higher or

lower supply chain sustainability. Only in the case of (1-ii) are they in agreement.

4.3. Expected costs and payoffs in the supply chain

In the previous sections we have examined how the supply chain transparency decision by the
buyer can change equilibrium effort levels of the various parties, and how that impacts supply chain
sustainability. In this section we further explore how the buyer’s decision to reveal supplier list can
affect the costs of the buyer and her suppliers and the payoff of the NGOs, which will help us to
determine whether there are any incentive conflicts between different parties. The next lemma is

useful to answer this question.
LEMMA 2. CY is increasing in p and vV ; while 11 is increasing in p but is decreasing in Y.

Lemma 2 says that the type-U NGOs will benefit while the unidentified suppliers will suffer from
an increase in p. Furthermore, if the likelihood of being audited for the unidentified supplier pool
is increased, the suppliers will respond with higher sustainability effort (Proposition 1), making it
harder for the NGOs to find violations. Consequently, the suppliers will incur a higher cost and
the NGOs should expect a lower payoff.

PROPOSITION 3. (The expected NGO payoff and supplier cost) When the buyer optimally

reveals her supplier list,

a. Under scenario 1 (i.e., in interval (1-ii)), the suppliers incur a higher cost after the revelation
(CY < CL). For the NGOs, if v <~Y, then I <TI,, but if v' >~Y, then IY, can be either
greater or smaller than T4 .

b. Under scenario 2 (i.e., in interval (2-ii)), the suppliers incur a lower cost after the revelation
(CY > CL). The type-I NGOs expect a higher payoff than the type-U NGOs (11§, <TI% ) if and
only if vF <Y,
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For the reader’s convenience, the results of Proposition 3 are summarized in Table 4. A rigorous
proof can be found in the Appendix.

In scenario (1-ii), the buyer reveals her supplier list because she wants to expose the suppliers
to higher NGO scrutiny, as we discovered in Theorem 2. It makes sense that the suppliers’ costs
increase after the revelation. The impact on the NGOs is more complicated. Since the NGO’s
expected payoff decreases in vV, per Proposition 1, revealing the supplier list is roughly equivalent
to changing the suppliers’ vV to yf. If v <~Y, the NGO receives a higher payoff after the revelation,
5 < IOk, but if 47 > ~Y, there is no definite answer. We are able to show that there exists a
threshold p such that I1§; > IT%; if and only if p > p.

In scenario (2-ii), however, the suppliers are always better off if the buyer’s optimal decision
is to reveal her supplier list. As we have explained under Theorem 2, under such scenario, the
buyer’s reason for revealing her supplier list is to take advantage of the reduced NGO scrutiny
(since y'elr <yVel*). Consequently, the suppliers reduces their sustainability effort and saves cost

after the buyer chooses to reveal the supplier list.

Table 4 The impact of revealing the supplier list, when it’s optimal for the buyer to reveal

Scenario on buyer on supplier on NGO on sustainability
1-ii) and 47 <AV Dbeneficial harmful  beneficial beneficial
( v <y
(1-ii) and v/ >~V beneficial ~harmful = Depends beneficial
(2-ii) and 7' <~V beneficial beneficial beneficial harmful
(2-ii) and v' >~Y beneficial beneficial — harmful harmful

The key observation is that there is no win-win-win-win situation across the supply chain when
the buyer reveals her supplier list. Because the buyer makes the first decision on transparency
and everyone else follows, we should only consider the cases that are beneficial to the buyer. The
most notable scenarios are (1-ii) plus v/ <~Y, and (2-ii) plus 4/ <4Y. In the former, supply chain
transparency is beneficial to the buyer, NGO, and supply chain sustainability, but all these benefits
come at the expense of the suppliers. In the latter, supply chain transparency is beneficial to the
buyer, suppliers, and the NGO, but the this leads to a worse sustainability performance. The
table also reiterate the result that scenario (1-ii) is the most desirable as far as just supply chain
sustainability and transparency are considered.

Table 5 summarizes the results when the buyer does not want to reveal her supplier list. Together,
Tables 4 and 5 provide a complete picture of the tradeoffs in the supply chain. More importantly,
they also provide a contrast between voluntary revealing and involuntary revealing of the suppliers.

In all the situations in Table 4, the buyer willingly reveals her supplier list because it’s in her

interest to do so, even if such a revelation can hurt the supplier or the supply chain sustainability.
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Table 5 The impact of revealing the supplier list, when it’s optimal for the buyer not to reveal

Scenario on buyer on supplier on NGO on sustainability
(1-i) and 4/ <Y harmful  harmful beneficial beneficial
(1-i) and 4* >9Y  harmful  harmful depends beneficial
(1-iii) and v/ <~4Y harmful beneficial beneficial harmful
(1-iii) and v/ >~Y harmful beneficial interval does not exist harmful
(2-i) and 4/ <Y  harmful  harmful beneficial beneficial
(2-i) and 4/ >+Y  harmful  harmful depends beneficial
(2-iii) and v! <~4Y harmful beneficial beneficial harmful
(2-iii) and v/ >~Y harmful beneficial interval does not exist harmful

In all the situations in Table 5, the buyer prefers not to reveal her suppliers. However, if the
government mandates disclosure of violation incidents, then the reported suppliers are, in effect,
revealed. Once revealed, the buyer suffers, but the supply chain sustainability could either improve
or deteriorate depending on the scenario (last column). It must be noted that Scenarios (1-iii) and
(3-iii) are where there is less NGO scrutiny for the identified suppliers, a rather unlikely assumption
in practice. Hence, in the more likely Scenarios (1-i) and (2-i), when the buyer does not want to
reveal her supplier list, forcing her to do so would lead to higher sustainability. Such a mandate
for information revelation, clearly not in the best interest of the buyer and the revealed suppliers
(both “harmful”), does achieve the desired goal of improving supply chain sustainability.

Note that the comparison between voluntary and mandated revelation above mirrors our ear-
lier discussion of structural transparency and informational transparency. With structural trans-
parency, the buyer willingly reveals her suppliers, whereas with informational transparency, the
buyer is forced to reveal only some of her suppliers (when violation is detected). The results in
Table 5 clearly indicate that both transparency could lead to better supply chain sustainability.

Although these results are derived in a stylized model, we believe the tradeoffs incorporated in

our model and the insights from it are real. They can prove useful to policy makers in this field.

4.4. Impact of Non-Strategic NGO

Most if not all studies in the existing literature model the auditing effort from the NGOs as being
fixed and exogenously given (the exception being Kraft et al. 2013). In our modeling framework,
we can impose an additional constraint that €5 = ek and call such NGOs non-strategic because
they do not adjust auditing effort based on supplier type and supplier’s sustainability effort. Since
the explicit modeling of strategic NGOs’ actions is one of our major contributions, in this section
we study how these non-strategic NGOs can change the supply chain dynamics.

U _

Suppose that the non-strategic NGOs exert a constant auditing effort, i.e., ek =¥, = ey € (0,1).

Then, a type-j supplier solves the following cost-minimization problem:
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Cé(eé,eN): mjm efg(l—efg):vB—i—fyjeN(l—eg)wN+ks(efg)2.
0<eg<1

The buyer can infer the supplier’s best response function é%(e%,eN) and use that, together with
the constant ey, in (3) to find her own optimal auditing level. The resulting equilibrium behavior
of both the buyer and her suppliers are given in the next proposition. We use the o superscript

notation in this section for the results based on non-strategic NGOs.

PROPOSITION 4. (Optimal equilibrium effort levels when NGOs are mon-strategic)

Suppose that the NGOs’ auditing effort is a constant ey .

elo — benv'zp elo — benvVzp
B dkpks 7 B 4kgkg
olo — ey (4kpkgay+bay) oUo — YWen(4kpkgey+bzd)
o 8kpk? ’ S 8kpkZ :

In parallel to Proposition 1, the following proposition contains the comparative statics of the

optimal effort levels when NGOs are non-strategic.

PROPOSITION 5. (Comparative statics when the NGOs are non-strategic) Suppose that
the NGOs’ auditing effort is a constant ey. For both j =1 and U, if 9 increases, then vey

increases, el increases, and e}; increases.

Note that p is not part of the study because the NGOs’ effort level does not respond to the p value
anymore. Therefore, p does not affect the suppliers’ or the buyer’s decision.

As the likelihood of being audited by NGOs increases for either supplier pool, both the suppliers
and the buyer react in a straightforward way by increasing their own effort levels. While the
suppliers’ response is in the same direction as in the strategic-NGO case, the buyer’s decision is
different. When the NGOs are strategic, increase in 47 induces the NGOs to strategically reduce
their own effort, so while the suppliers all increase their effort, the total y7e’ (1 — e) could either
increase or decrease. This causes the buyer to adjust her own effort up or down. When the NGOs
are non-strategic, however, as more NGOs are present, each NGO continues to exert the same
auditing effort, increasing the total possibility of a violation detection. Therefore, the buyer must
increase her own effort.

Proposition 5 states that, if NGOs are considered non-strategic, the buyer and suppliers both
increase their effort level if and only if the NGO scrutiny for their pool increases. The next propo-
sition explores when supply chain sustainability and transparency are in agreement with each

other.

PROPOSITION 6. (Sustainability vs transparency when the NGOs are non-strategic)
Suppose that the NGOs’ auditing effort is a constant ey. €4° < eX if and only if Y¥ <~'; and

eBe < el if and only if vY <~~.
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If the identified pool faces higher NGO scrutiny (vY <+, or equivalently, vYey < v’ ey), the sup-
pliers will increase effort level after the buyer reveals her list; hence the supply chain sustainability
and transparency are in agreement. However, if the unidentified pool faces higher NGO scrutiny,
the supply chain sustainability and transparency are in conflict. Higher supplier sustainability effort
comes as a result of the buyer not revealing her supplier list.

Since the non-strategic NGOs’ objective function ignores the p parameter, it can be treated as
if p=1. Letting p =1 in Propositions 2, we see that when NGOs are considered strategic, the
suppliers always increase their sustainability effort when switched into the higher-scrutiny pool.
This is in agreement with the results under non-strategic NGOs in Propositions 6.

It’s a different story for the buyer, however: when she overlooks the NGOs’ strategic actions,
her effort change will always go in the same direction as the supplier scrutiny change (Proposition
6). When she considers the NGOs to be strategic, however, her effort level change could go in the
same or the opposite direction (Tables 2 and 3) — that is, once the buyer starts to consider the
NGOs as strategic, revealing her supplier list could allow her to decrease auditing effort and save
cost. Thus, it is important for the buyer to consider the strategic actions of the NGOs.

The next proposition parallels Theorem 2:

PROPOSITION 7. (Optimal transparency decision when the NGOs are non-strategic)
Suppose that the NGOs’ auditing effort is a constant ey. It is optimal for the buyer to reveal her
supplier list if and only if

16k k2
8]4,'3]{551}]\] + b.IQB

—ferI < ’yUeU < max ’erI 16kBk§ —’ylel
N N N 8k pkgxy + brd N

min {fylefv,
Moreover, under Scenario 1 (2), the interval within which the buyer will reveal the supplier list is

larger (smaller) than that in Theorem 2 under the strategic NGOs.

In Theorem 2, the optimal revelation interval is stated in terms of p, but by Proposition 1,
varying p is equivalent to varying 7Ye{*, so the optimal revelation intervals in Theorem 2 and
Proposition 7 share the same structure. However, we show that under Scenario 1 — which happens,
for example, when the supplier’s sustainability effort cost coefficient (kg) is not too high — the buyer
is more likely to reveal her supplier list if she takes the NGOs’ strategic actions into consideration.
The reason is that, by revealing her suppliers, the buyer can expect strategic NGOs to exert more
effort (as opposed to the fixed effort by non-strategic NGOs), and the suppliers to respond by
increasing their effort. In aggregate, these reduces the reputation cost to the buyer, and allows

the buyer to reduce her own auditing effort. Thus, the buyer is more willing to reveal the list.

This sequence of actions echoes Nike’s logic when making the decision to reveal its supplier list. In
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contrast, under scenario 2, the buyer is less likely to reveal her supplier list if the NGOs strategic
actions are considered.

Together, Propositions 5-7 demonstrate that the while the suppliers’ action stays qualitatively
the same, the buyer’s decisions could be very different depending on how she views the NGOs.
When she considers the NGO’s strategic actions, she does not always have to increase her own
effort if the NGOs’ scrutiny intensifies, and she can actually reduce her own auditing effort by
revealing her supplier list even if this subjects her suppliers to higher NGO scrutiny. Finally, the
buyer can be more likely to reveal her supplier list when she considers the NGO’s strategic actions.
Through these results, we see that the NGOs play a important strategic role in affecting both the
supply chain sustainability and the supply chain transparency. Since the NGOs’ strategic actions
most significantly affect the buyer who is the Stackelberg leader in the supplier chain, it is utterly

important for the buyer to account for the NGOs’ strategic actions properly in her decision.

5. Extension to Two Buyers

In the previous section, we examine each buyer’s decision in isolation. When the number of buyers
is large and even renowned buyers account for only a small fraction of the industry, this is a
reasonable approach. We can assume each buyer’s decision has minimal impact on the overall
supplier pool configurations, and then study each of them in isolation. In this section we study an
extension with two renowned buyers, both with a sizable supplier base. They are both aware that
their own decision now may have a significant impact on the other buyer, and vice versa, as the
value of p depends on both of their decisions. We demonstrate the impact such a game can have
on the buyers’ optimal decisions on whether to reveal their supplier lists, in the presence of the
NGOs’ strategic auditing pressure.

Consider two renowned buyers in the same industry. Each has a sizable supplier base so that her
decision on whether to reveal her supplier list will have a material impact on the other buyer’s cal-
culation. We will keep the non-overlapping assumption about the two supplier lists, for tractability.
The case of overlapping suppliers is very important but beyond the scope of this paper.

In the beginning, neither buyer has revealed her supplier list, but they both regard revealing the
supplier list as an option. Let \;,7 =1,2 denote the ratio of the number of buyer i’s suppliers to
the number of all suppliers in the unidentified pool where, without loss of generality, A\; < Ay. Let p
denote the proportion of special suppliers in the unidentified pool, then A; + Ay < p. Furthermore,
define p;;, as the proportion of remaining special suppliers in the unidentified pool if buyer 1 chooses

action j and buyer 2 chooses action k, where j,k € {I,U}. In particular, we should have

P— A1 — A p— Ay P— N\
=——= < pyr= < piw= <  pyu=p.
1—X— X vl 1—-X — v 1-X\ vu

Pir



Chen, Zhang, and Zhou: Supply Chain Transparency and Sustainability
00(0), pp. 000-000, © 0000 INFORMS 23

Suppose that the two buyers enter a static game of complete information; that is, they make

decisions simultaneously.

THEOREM 3. The Nash equilibriums of the two-buyer game depend on the initial value of p and
which scenario of Corollary 1 is present:
a. If p is in interval (1-i) or (2-i), then (U,U) is the unique equilibrium.
b. If p is in interval (1-iii) or (2-iii), then (U,U) is definitely an equilibrium and what is more,
(I,1) can also be an equilibrium under certain condition.
c. If p is in interval (1-ii) or (2-ii), then either (I,1) is an equilibrium, or (I,U) and/or (U,I)

are equilibriums.

From Theorem 2 we know that a renowned buyer making an isolated decision will not reveal her
supplier list when p has a small value in interval (1-i) or (2-i). When each buyer has the option
to reveal supplier list, pry or pyr can only be lower than pyy; so each buyer will continue to not
reveal her supplier list. Therefore, Theorem 3a is straightforward to verify.

When p has a large value (in interval 1-iii or 2-iii), each player in isolation would have chosen
not to reveal her supplier list. When they consider the possible action of the other buyer, however,
they may reach an equilibrium where both will reveal the supplier list, according to Theorem 3b.
The rationale is that when both buyers reveal the supplier list, the p;; value may drop to the
intermediate range (interval 1-ii or 2-ii) which will support the (I, ) equilibrium. To understand
this result, we note that in interval (1-iii) or (2-iii) the buyer hopes to keep her suppliers under
higher NGO scrutiny. If the other buyer could reveal her list — thus moving her suppliers to the
identified pool — the NGO scrutiny may reduce as a result. Thus, this buyer should possibly move
her supplier to the identified pool as well. Thus, under conditions for (1-iii) or (2-iii), the buyers
want more NGO scrutiny so they will stay together in the unidentified pool or move together to
the identified pool. The game consideration clearly can alter the buyers’ decision.

Theorem 3c can be explained similarly. The two buyers start in an intermediate value pyy in
interval (1-ii) or (2-ii), where each buyer in isolation would choose to reveal her supplier list. There-
fore (U,U) cannot be an equilibrium. The other three combinations are all possible equilibriums.
When one buyer reveals her supplier list, all her suppliers leave the unidentified pool, dropping the
p value to pyy or pyr. This may be low enough (i.e. in intervall-iii or 2-iii) for the other buyer so
(U,I) or (I,U) becomes the equilibrium. If the p value does not drop low enough then both buyers
could choose to reveal their lists, making (I, ) an equilibrium. Thus, in 3¢, the game consideration
makes the buyers to change their actions. The difference from 3b is that in 3c, the consideration

the other buyer may lead each buyer to reveal, instead of hide, her supplier list.
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6. Future Research

In this paper we model the strategic interactions among a buyer, her suppliers, and outside NGOs
in monitoring and enforcing supply chain sustainability efforts. We are able to characterize the
Stackelberg equilibrium and study the relationship between supply chain sustainability and trans-
parency, and the important role played by the NGOs. We view our work as a first, and important,
step in this fruitful direction of research. To facilitate the analytical study, we make a few sim-
plifying assumptions in this paper. We see a few promising venues for additional research in the
future.

First, we narrow our analysis to buyers with non-overlapping suppliers. It'd be interesting to
find out what happens when buyers have common suppliers. The auditing effort will affect the
supplier’s sustainability effort which carries over to his dealings with other buyers. Free-riding is
a possibility but it is equally common that there exists synergy between different buyer’s auditing
effort. Moreover, the revelation by one buyer of her supplier list will have impact on how the
other buyers choose, certify, and audit their suppliers. How such interactions affect supply chain
transparency and sustainability is well worth studying.

Another direction for future research is to incorporate consumer choice into the decision process.
Many consumers want to make responsible purchase decisions using product provenance informa-
tion (New (2010)). Bregman et al. (2015) use data from a large-scale U.S. consumer survey to
show that there is a strong relationship between consumers’ ethical judgement of a firm’s global
sourcing practices and their intention to alter consumption of its products. If making the supply
chain transparency and sustainability effort can have an impact on consumer demand, then that’s
important to consider. Wieland and Handfield (2013) suggest that it may be difficult for consumers
to distinguish between companies that do not report compliance due to poor performance and
others due to lack of transparency. Proactively revealing supplier list and compliance effort before

any incident happens could have impact on consumer in that regard as well.

References
Bregman, Robert, David Xiaosong Peng, Wynne Chin. 2015. The effect of controversial global sourcing
practices on the ethical judgments and intentions of U.S. consumers. Journal of Operations Management

Forthcoming.

Chen, Li, Hau L. Lee. 2014. Mitigate supplier responsibility risk in emerging economies: An ethical sourcing

framework. Working paper, Duke University.

DeVericourt, Francis, Miguel Sousa Lobo. 2009. Resource and revenue management in nonprofit operations.
Operations Research 57(5) 1114-1128.

Guo, Ruixue, Hau L. Lee, Robert Swinney. 2015. Responsible sourcing in supply chains. Working paper,
Stanford University.



Chen, Zhang, and Zhou: Supply Chain Transparency and Sustainability
00(0), pp. 000-000, © 0000 INFORMS 25

Harrison, Teresa, Kristina Lybecker. 2005. The effect of the nonprofit motive on hospital competitive behav-

ior. Contributions in Economic Analysis & Policy 4(1) 1-15.

Kalkanci, Basak, Erjie Ang, Erica Plambeck. 2013. Measurement and improvement of social and environ-

mental performance under voluntary versus mandatory disclosure. Working paper, Stanford University.

Kan, Michael. 2012. Foxconn builds products for many vendors, but its mud
sticks to Apple. Macworld http://www.macworld.com/article/2012972/
foxconn-builds-products-for-many-vendors-but-its-mud-sticks-to-apple.html, accessed on

Feb 22, 2015.

Kim, Sang-Hyun. 2014. Time to come clean? Disclosure and inspection policies for green production. Working

paper, Yale School of Management, Yale University.

Kraft, Tim, Yanchong Zheng, Feryal Erhun. 2013. The NGO’s dilemma: How to influence firms to replace
a potentially hazardous substance. Manufacturing & Service Operations Management 15(4) 649-669.

Locke, Richard, Monica Romis. 2007. Improving work conditions in a global supply chain. MIT Sloan
Management Review 48(2) 54-62.

Locke, Richard M., Fei Qin, Alberto Brause. 2007. Does monitoring improve labor standards? Lessons from

Nike. Industrial and Labor Relations Review 61(1).

McCardle, Kevin, Kumar Rajaram, Christopher Tang. 2009. A decision analysis tool for evaluating fundrais-

ing tiers. Decision Analysis 6(1) 4-13.

McKeefry, Hailey Lynne. 2014. Infographic: Apple perfects global supply chain. EBN Online http://www.
ebnonline.com/author.asp?section_id=3219&doc_id=274867, accessed on Feb 22, 2015.

New, Steve. 2010. The transparent supply chain. Harvard Business Review .

Nike, Inc. 2014. 2014 Annual Report on Form 10-K. http://investors.nike.com/files/doc_financials/
2014/docs/nike-2014-form-10K. pdf.

Paine, Lynn S., Nien-Hé Hsieh, Lara Adamsons. 2013. Governance and sustainability at Nike (A). Case #
9-313-146, Harvard Business School Publishing.

Plambeck, Erica L., Terry A. Tylor. 2014. Supplier evasion of a buyers audit: Implications for motivat-
ing compliance with labor and environmental standards. Working paper, Haas School of Business,

University of California, Berkeley.
Privett, Natalie. 2010. Operations management in the nonprofit sector. PhD dissertation, Stanford University.

Privett, Natalie, Feryal Erhun. 2011. Efficient funding: Auditing in the nonprofit sector. Manufacturing &
Service Operations Management 13(4) 471-488.

Supply Chain Digest. 2010. Supply chain news: The five challenges of todays global supply chains. Supply
Chain Digest .



Chen, Zhang, and Zhou: Supply Chain Transparency and Sustainability
26 00(0), pp. 000-000, © 0000 INFORMS

Toyasaki, Fuminori, Tina Wakolbinger. 2014. Impacts of earmarked private donations for disaster fundraising.

Annals of Operations Research 221(1) 427-447.

Verheyen, Piet. 1998. The missing link in budget models of nonprofit institutions: Two practical dutch
applications. Management Science 44(6) 787-800.

Wieland, Andreas, Robert Handfield. 2013. The socially responsible supply chain: An imperative for global
corporations. Supply Chain Management Review 22-29.

Xu, Ying, Soo-Haeng Cho, Sridhar Tayur. 2015. Combating child labor: Incentives and information trans-
parency in global supply chains. Working paper, Carnegie Mellon University.



Chen, Zhang, and Zhou: Supply Chain Transparency and Sustainability
00(0), pp. 000-000, © 0000 INFORMS 27

Appendix. Mathematical Proofs for Main Results

Proof of Lemma 1 If the buyer has revealed the supplier list, then the NGO and the supplier solve (1)-(2I)

simultaneously. That is, we solve the following first-order conditions simultaneously:

—ebap —~lel oy +2ksel, =0
(1—el)v—2kyel, =0

If instead the buyer has not revealed the supplier list, then the NGO and the supplier solve (1)-(2I)
simultaneously. That is, we solve the following first-order conditions simultaneously:

—eYrp — Vel ry +2ksed =0
p(1—ef)v—2kye¥ =0

Solving the two sets of equations gives out the results stated in this lemma.
O
Proof of Theorem 1. To obtain the optimal auditing effort of the buyer, we substitute the suppliers’ and

NGOs’ response functions into the buyer’s cost function (3). Then we have

) 207 knpv(2ks — €S p)?
CU — U Qk B
B ogelé?; () ks + (4knks +yYpvzy)?

20y knv(2ks — ebrg)?
(dknks +7y"vay)?

Then, we derive the first-order-derivative of C% with respect to e’ (j € {I,U}) in order to obtain the optimal
auditing effort of the buyer, i.e., e’;. Last, substitute el into the suppliers’ and NGOs’ response functions
to obtain their optimal efforts.
O

Proof of Proposition 1. For Proposition 1 (a), we show the proof for the effort levels of the unidentified
supplier pool, since the proof for the identified supplier pool is similar.

First, we have

de¥r B 2kpksp?v?(8bk% ksx? + kpxn(dknks +Ypvzy)?)

dnv - 2V kypvrd + kg (dknks + vV pvay)?)? <0,

and
d(eR®)  4kpknkspo(b(vY)*p*v?agan + 2kpks(4knks + 7 pvay)?)
dyvv 2V kypor? + kp(4dknks + vV pvay)?)?
Second, with regards to the supplier’s optimal compliance effort, we have
des* - 4kBka5pv(8bk]2Vksx23 + kaN(ZlkaS + "YUp’UZ'N)Q)
dyv 2V kypord + kp(dknks + vV pvay)?)?

> 0.

> 0.

Next, consider the buyer’s optimal auditing effort, we obtain

de%  4Abkpkyxkspvrp(16k3 k2 — (v7)*p*v?ay)

dyU 207V knpoad + kp(dknks + vV pvan)?)?’

which is larger than zero (implying that e%* is increasing in 4V) if and only if 4kyks > vYpvay.

For Proposition 1 (b), we obtain

de%* - 4kBkaSU(b(’YU)2p2v2xQBSUN —+ 2]@3]{33(4]{]\]/{75 +’)/Up’l)£L'N)2)
dp (20yVkypor? + kp(dknks + vV pvay)?)?

>0,

and thus yYeJ* is also increasing in p.
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Moreover, we also have
deg* - 4’)/UkBkas'U(8bk]2Vkssz —+ kaN(4kaS +")/Up’UxN)2)

0.
dp 2V knpvz? + kp(dknks + vV pvay)?)? ”

Last, we obtain
de%  AbyYkpkyksvrp(16k3kZ — (v7)*p*v?ay)
dp  (207Uknpvad + kp(dkyks + 7V pvzy)?)?
which is larger than zero if and only if 4kyks > yYpvzy.

O

Proof of Proposition 2. Note that by Proposition 1, eg* is increasing in p. But solving the equation

€Y =elr, we have p=~'/yY. Therefore, we can conclude that eZ* <eL* if and only if p <~f/~Y.

Moreover, by Proposition 1, we also know that 7Y e¥{* is increasing in p. But solving the equation 7Y e{* =

~vlelr, we obtain p=~!/yY. Therefore, we can also conclude that vYe{* <~'elr if and only if p <~'/4Y.

Therefore, those statements are equivalent: e4* <el*, vVel* <~lelr, and p <! /4Y.
O
Proof of Theorem 2 and Corollary 1. To understand the buyer’s optimal strategy, we need to compare
the buyer’s expected cost if she reveals the supplier list to her expected cost if she does not reveal the list.
Let CY* denote the buyer’s minimal expected cost if she decides not to reveal the list, and let CL* denote

the buyer’s minimal cost if she reveals the supplier list. We obtain

CI . SbPYIkBka%'U
B obylkyva + kp(dkyks +ylvey)?’
- 8byYkpkykZpu

Cy

- 207V kypvr? + kp(4knks + 7V pvay)?
Solving the equation C% = CY with respect to p, we obtain

r 16k2 k2

p1= ;LU, or py = (10)

And note that p; > po if and only if 4kyks <y vzy.
What is more, note that
dCY  8VkEknkZv(16k3 k2 — (vY)*p*v3xy)

dp  (2byUknpvr + kp(dknks +yUpvay)?)2’

Define p = 4kyks/(7Yvxy). Then CY is a quasi-concave function of p; that is, it is increasing in p when

p < p and is decreasing in p when p > p. Thus, C¥ > C% if and only if min(p;, p2) < p < max(p1,p2). In other
words,

e (Scenario 1) If 4kyks < y'vxy, then CY > CL if and only if p, <p < p;.

e (Scenario 2) If 4dkykg > v vy, then CY > CL if and only if p; <p < ps.

Next, we want to compare the buyer’s optimal auditing effort if she reveals the list, %', to that if she does
not reveal the list, e%*. Solving e%* = el with respect to p, we obtain the same threshold values: p; and po
as above. Also note that

de%  4byYkgkyksvrp(16k3kZ — (77)*p*v?ay)

dp 20V knpvrd + kp(dknks — yWpvay)2)2

Thus, e%* is a quasi-concave function of p; it is increasing in p when p < p and is decreasing in p when p > p.

Therefore, e%* > ek if and only if min(p;,p2) < p < max(py,p2). In other words,
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e (Scenario 1) If 4kyks <y vz, then €4* > ek if and only if p, <p <p;.

e (Scenario 2) If 4kykg > v vy, then e%* > ek if and only if p; <p < ps.
Therefore, e%* > ek if and only if the buyer’s optimal decision is to reveal her supplier list. That is, if the
buyer decides to reveal her supplier list, she will exert less auditing effort than what she would do if she
decided not to reveal the list.

O
Proof of Lemma 2. First, consider CY* as a function of p and ~Y.
dCY  32VELkR k3v(4knks + Y pvay ) (8bkR ksay 4+ kpan (4kyks +~Ypvay)?)

dp (Qb’}/Uk'Np'UZ'QB +kB(4kaS —|—’7Up’l]$]\])2)3 =

Also,

dCJ 32k} k3 kipv(dknks +vYpvay ) (8bkR ksa}, + kpxy (dknks +7 pvay)?)
dy (27Yknpvas, + kp(dkyks +7Vpvay)?)?
Next, consider IIJ* as a function of p and V.

dny, _ 16k2 k2 k2pv?(4dknks + Y poay ) (b(VY)2p*v2adan + 2kpks(4knks + vV pvay)?)

> 0.

> 0.
dp (207 knpvay, + kp(dknks +yVpvry)?)3
Also,
dlly,  8kpknkZp®v®(4knks + pvay ) (8bkX ksth + kprn (4knks +7"pvan)?) <0
dyU (207U kypva? + kp(4knks +yUpvay)?)? .
U

Proof of Proposition 3. 'We provide only the proof of Proposition 3 (a) here because the proof of Propo-
sition 3 (b) is similar. Under Scenario 1 (i.e., 4kyks <y vzy), the interval of p such that the buyer’s optimal
decision is to reveal her supplier list is py < p < p1, where p; and p, are defined by equation (10).

First, consider the supplier’s cost C% (j € {I,U}). Note that CY = C}, if and only if p =~'/yY = p;, and
CY* is increasing in p by Lemma 2. Thus, in the interval such that p; < p < p;, we must have C{ < C%.

Next, consider the NGOs’ expected payoffs 1% (j € {I,U}). The closed-form solutions of the NGOs’
expected payoffs are

L 4kZknkiv? (dknks + v vey)?
N (207 kyvay + kg (dknks +yTvry)?)?’
4kZknkip*v? (dknks +vYpvay)?
(2 kypvr} + kp(4knks +Vpvzy)?)?

g =

At p=p, =~ /4Y, we obtain s

U TN Y N2 I
Oy(p= ,71) = (’}7]) ALy

Thus, if v/ <~Y, then I (p = p;) < ITL,. Furthermore, since I1Y, is increasing in p by Lemma 2, we must
have TI§, < II% for any p within the interval such that the buyer’s optimal decision is to reveal the supplier
list (i.e., pa <p<p1).

If instead, v' >~Y, then II¥,(p = p;) > IT4,. But at p=p,, 11§, can be greater or smaller than IT%,, because
4kZky (dknks + v vz n)?(16k% kE — (vY)%k20%2%,)

(YU)222 2y kyvad + kp(dknks + v vy )?)?

which is greater than zero if and only if 4kyks > yYvxy. Therefore, if v/ >~V then II§, can be either greater

5 (p=p2) -1} =

or smaller than II4 depending on the model parameters.

O
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Proof of Proposition 4. Note that now the NGOs’ auditing effort is a constant ey. Then for any e
(j €{I,U}), the supplier’s best response function is given by

—ehrg —Yeyry +2ksel =0.

That is, . _
o ez +venty
s(ep) = T %ks
Thus, the buyer’s optimization problem becomes
Chlen) = min | Vex(1=F(ch)) +hs(ch)*
Solving the buyer’s problem yields the optimal auditing effort el as stated in this proposition. Finally,
substituting ey into the supplier’s best response function yields the supplier’s optimal compliance effort as
stated in this proposition.
O
Proof of Proposition 5. The results stated in this proposition is straightforward based on the closed-form
solution of the optimal effort levels. That is,
jo _ beny'Tp

eio = ’ jO:'yjeN(ZLkBksmN—FbeB)
4kpkg

and e} Skpk2

, where j € {I,U}.

It is obvious that both the buyer’s optimal auditing effort and the supplier’s optimal compliance effort are
proportional to 7.
([
Proof of Proposition 6. Based on the closed-form solution of the optimal effort levels (e.g., see also the
proof of Proposition 5). It is obvious that e%° < ek’ and e4° < ef’ if and only if vV <~7.
([
Proof of Proposition 7. Note that under the assumption of facing non-strategic NGOs, the buyer’s min-

imal expected cost is given as follows

_ bel Y (8kpks(2ks — eyyiay) — beyy a%)

O =7 k(1 - ) +kaleh)? . where j € {I,U},

16kpk2
which is a quadratic function of 7€’ . Solving CL° = CY°, we find that this equation holds if and only if
16k pk?
U U T ULU _ BFRs N
TENTY e OB en 8kpksxn + bxg N
Furthermore, we also find that
I 16kk2 8kpk?

I IS e T T
> f and only if >
Ten SkBksl'N-i-bCCQB T ey 1 and oy ity ey b$23+8k3k5$]\]
Therefore, if the condition stated in equation (11) is satisfied, then C5° > C} if and only if
16kpk2

11 U, U 11
—— 2~ —Aley <y ey<7ye
SkpksTn —|—bx% Y Een <7 EN<T €N,
which is the result stated in Proposition 7 (a). In the same vein, Proposition 7 (b) can also be proved.
Next, we compare the model under the assumption of non-strategic NGOs to that under the assumption

of strategic NGOs. It is important to note that by Theorem 2 and Proposition 7, the structure of the
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buyer’s optimal decision on whether to reveal the supplier list is similar, because in the model with strategic
NGOs, varying p is equivalent to varying vYe%* (by Proposition 1). And interestingly, we find that those
two conditions are equivalent:

8kk?
8kBks.’L'N + bx% ’

dknks <~y'vxy, and y'ekr >

Thus, Theorem 2 and Corollary 1 can be re-stated as follows:

8k k2
e (Scenario 1) When y'ekr > %, then it is optimal to reveal the supplier list if and only if
SkB kaN + be
16k% k% < ~F
AT SP< ST
I Ix SkBkg

e (Scenario 2) When y'e}; < , then it is optimal to reveal the supplier list if and only if

SkBkst + bfL'2B

2 1.2
Furthermore, it is easy to verify that v ely =~Ve{* if and only if p=~'/4Y. And at p= %,
%,
16kk?
I I« U U _ 3
VN EY N T Rl hswy + b5
_ 2bk3k5$23(4l€]\1k5 —’}/I’UZ'N)2 >0
oy (8kpksy + b1 (2bvy ka4 kp(dkyks +yTvry)?) T
Define
2bkpksr? (4kyks —yivryn)? _A
oy (8kpkszy +bx3)(20vy kyr? + kp(dkyks +ylvry)?)
Then at p= %7
v 2
16kgk
I Ix U Us BRS
=—— "5 4+ A
e +FY N 8k3k5$N+b:C2B +

Thus, Theorem 2 and Corollary 1 can be re-stated as follows:

I I« 8kBk§

e (Scenario 1) When v'ey > , then it is optimal to reveal the supplier list if and only if

8]{33 kSI’N + beB
16k g k% * * *
78ksksxijbw23 —ylelr + A <AVelr <~lekr.

. I Ix 8]4?3]453 g . . . . .
e (Scenario 2) When v'ey < ————————, then it is optimal to reveal the supplier list if and only if
. 8kB kaN + be
. . 16 .

’}/16{\, < ’YUG% < m — 7165\7 +A

However, Proposition 7 implies that
8kpk?

————= — —  then it is optimal to reveal the supplier list if and only if
Skpkstn + 025 P PP '

e (Scenario 1) When ~'eh, >

16k k%
Tipheratony — 7V en <77en <7ley.
o (Scenario 2) When v'ey < ————————5, then it is optimal to reveal the supplier list if and only if
8kpksty + brg

16k k2 77161
8kpkgwy+bry N

ylek <Y€l <
Therefore, under scenario 1, the interval within which the buyer is willing to reveal her supplier list is
smaller with strategic NGOs than that with non-strategic NGOs; whereas under scenario 2, the interval
within which the buyer is willing to reveal her supplier list is larger with strategic NGOs than that with
non-strategic NGOs.

O
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Proof of Theorem 3. The key to the proof is that p;; < min(p;y,prr) < max(pry, pur) < pry. Without
loss of generality, the following proof is based on scenario 1 such that a single buyer’s optimal decision is to
reveal her supplier list if and only if ps < p < p;, where p; and p, are defined by equation (10).

Consider Theorem 3 (a). If one firm has not revealed her supplier list, the other firm faces an unidentified
supplier pool with p = pyy < p2 and thus decides not to reveal her supplier list as well; that is, no firm has
a reason to deviate from the equilibrium (U,U). In the same vein, (U,I) and (I,I) are not equilibrium.

Consider Theorem 3 (b). Note that (U,U) is not an equilibrium. The reason is as follows. Suppose that
one firm has decided not to reveal her supplier list and if the other firm chooses not to reveal her own
supplier list, then the latter faces an unidentified supplier pool with p = pyy € (p2,p1) and by Theorem 2,
this firm incurs a higher expected cost than what she would have incurred if this firm revealed her supplier
list. Furthermore, (I, 1) can be an equilibrium if and only if p;; and py; are within the interval (pa,p;); that
is, if and only if no firm has a good reason to deviate from I to U. Last, (I,U) (or (U,I) respectively) is an
equilibrium if and only if p;y; (or py;) is within the interval (0, p2).

Consider Theorem 3 (¢). When pyy € (p1, 1), it is obvious that if one firm decides not to reveal her supplier
list, the other firm has no good reason to deviate from U to I, so (U,U) is an equilibrium. Furthermore,
(I,1) can also be an equilibrium if and only if p;y and py; are within the interval (ps,p;), because if that
happens, then given that one firm has revealed her supplier list, the other firm should also decide to reveal
her supplier list.

O



