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Problem Definition: This paper studies two cooperative approaches of firms in managing social responsi-
bility violations of their supplier: auditing a common supplier jointly ("joint auditing") and sharing indepen-
dent audit results with other firms ("audit sharing"). We study this problem in a market with externalities
and a large number of firms.
Academic/Practical Relevance: With numerous firms procuring their materials and parts worldwide,
there are many cases in which overseas suppliers violate safety, labor or environmental standards. Those
violations have externalities in the sense that one firm’s violation affects other firms in the same market. It
is not clear how such externalities affect competing firms’ incentives to cooperate and the effectiveness of
such cooperation.
Methodology: We develop a model based on a cooperative game in partition function form, which enables
us to analyze the competitive and cooperative interactions of a large number of firms in a market.
Results: Although there has been concern about cooperation for fear of compromising a competitive ad-
vantage, firms have incentives to cooperate in managing their suppliers when one firm can be hurt by others’
violations, i.e., the negative externality is high. However, neither cooperative approach necessarily improves
social responsibility, especially when one firm can benefit from others’ violations, i.e., the positive externality
is high. Finally, even if agreement is not reached for cooperation before conducting individual audits, social
responsibility can still be improved by incentivizing firms to share their private audit results with others
under a properly designed mechanism.
Managerial Implications: The careful assessment of the externalities associated with social responsibility
violations is a key to the success of joint auditing and audit sharing. Although firms cooperate voluntarily
in some cases, a government agency or an industry association should intervene in other cases to motivate
cooperation if it is beneficial. In addition, caution must be taken to monitor manufacturers’ audit efforts,
especially when cooperative approaches are implemented in the market where competition is fierce and con-
sumers switch brands easily.
Key words: Game Theory, Global Operations Management, Supply Chain Management

1 Introduction

A building that housed several garment factories in Bangladesh collapsed into a deadly heap on
April 24, 2013, only five months after a horrific fire at a similar facility (Manik and Yardley 2013).
The factories were producing garments for major American and European brands such as Mango,
Benetton, Primark, and Walmart. Substandard construction and inadequate safety protocols were
the major causes of the accident, and in the aftermath of the disaster, the media focused its
attention on the firms who knowingly sourced products from the factories that maintained such
poor safety conditions (Al-Mahmood et al. 2013).

With numerous firms procuring their materials and parts worldwide and outsourcing their man-



ufacturing functions to overseas suppliers, there are many similar cases in which overseas suppliers
violate safety, labor or environmental standards. For example, Nike and Adidas were criticized by
the public for their suppliers’ labor practices, including low wages, excessive working hours, and
child labor (Nisen 2013, Burke 2000). Apple, HP, and Sony were accused of sourcing from suppliers
with environmental violations (Mozur and Dou 2013).

When a social responsibility violation of a firm’s supplier is revealed, it damages the firm’s
brand, and it also affects other firms in the same market. On the one hand, a violation that involves
one firm may have a negative externality on other firms. This may happen when consumers lose
confidence in the whole market and associate the violation with other firms as well (Roehm and
Tybout 2006, Yu and Lester 2008). For example, after Bangladesh fires, twenty three global apparel
brands were reported to source from one of the factories in the Rana Plaza building (Clean Clothes
Campaign 2014). This incident created sustained attention from the public to a wider set of labor
problems in the whole apparel industry, such as the poor working conditions in other factories in
Bangladesh and other developing countries (Mestrich 2014). On the other hand, more intuitively,
a social responsibility violation may have a positive externality if consumers switch from the firm
involved in the violation to its competitors (Tsang 2000, Guo et al. 2015, Plambeck and Taylor
2016). For example, after several social responsibility scandals, many British shoppers switched to
Fairtrade products that are ethically sourced (Lucas 2013).

To manage these supplier risks, firms have started to cooperate with each other in auditing their
common suppliers. Many believe that audits are the best deterrence to supplier risks (Grocery
Manufacturers Association (GMA) 2010). There are two approaches of cooperation that have
been implemented. First, under the approach referred to as “joint auditing,” multiple firms pool
their resources to conduct an audit jointly on their common supplier instead of each conducting
an audit individually. For example, after tragic Bangladesh fires, global apparel brands formed
the Accord on Fire and Building Safety in Bangladesh and the Alliance of Bangladesh Worker
Safety to jointly establish a safety program and conduct factory audits in Bangladesh (Thomasson
2014). In the pharmaceutical industry, major firms across the world, including Johnson & Johnson,
GlaxoSmithKline and Bayer, have formed the Pharmaceutical Supply Chain Initiative (PSCI) to
conduct joint audits on their suppliers (PSCI 2014). Since audit costs are shared among firms, the
cost incurred by an individual firm is reduced under joint auditing. Second, under the approach
referred to as “audit sharing,” firms share results from their individual audits. For example, Rx-
360 provides a platform for its members to share audit reports with each other (RX-360 2014).
Similarly, in the chemical industry, Together for Sustainability (TfS) provides a website where
audit reports are uploaded and accessed by all of the TfS members (TfS 2019). With the results
from multiple audits, firms may obtain better knowledge about suppliers’ practices.

Without taking into account the externalities of social responsibility violations, the extant model

in the literature shows that firms always have incentives to cooperate and such cooperation always



improves social responsibility (Caro et al. 2018). This result seems too ideal, considering that
industrywide cooperation is still limited to only some industries such as the examples mentioned
above, and firms in many industries still work independently. There have been concerns about
cooperation for fear of compromising such competitive advantage (GMA 2010). Thus, it is unclear
whether firms always have incentives to collaborate with their direct competitors and whether such
cooperation will improve social responsibility. Furthermore, the extant model in the literature is
limited to two monopolistic firms that potentially cooperate, although almost all industries have
more than two competing firms in reality, and some industries even have multiple coalitions. For
example, in the apparel industry, the Alliance for Bangladesh Worker Safety has 29 firms (Alliance
2017) and the Accord on Fire and Building Safety in Bangladesh involves more than 220 apparel
brands (Smith 2016). Therefore, it is important to establish results about firms’ cooperation in a
realistic setting where multiple firms compete and they can potentially form multiple coalitions.

The objective of this paper is to investigate firms’ incentives to cooperate and effectiveness of
such cooperation in a market with externalities and a large number of firms. More specifically, we
address the following research questions: (Q1) Do firms always have incentives to conduct joint
audits or share their audit results with their competitors? If not, how can we design an incentive
mechanism to motivate cooperation among competing firms? How does the degree of externalities in
a market affect firms’ incentives? (Q2) Does joint auditing or audit sharing guarantee improvement
in social responsibility? If not, under what condition does either cooperative approach lead to
improvement? How does the number of firms in a market affect the level of improvement?

To answer these questions, we develop an analytical model in which multiple manufacturers
audit a common supplier to decide whether to source parts from this supplier or switch to a
backup supplier who is reliable but more expensive.! Our model is based on a cooperative game in
partition function form. This form of a game enables us to analyze the competitive and cooperative
interactions of a large number of manufacturers in a market with externalities. Furthermore, this
game allows manufacturers to potentially form multiple coalitions (as in the Alliance and the
Accord). Thus, our model and analysis greatly enrich the extant literature that considers only one
coalition between two monopolistic firms.

Our analysis shows that when the negative externality dominates the positive externality, man-
ufacturers have incentives to voluntarily cooperate through joint auditing or audit sharing despite
the concern of compromising a competitive advantage. This may explain the formation of the
Accord, the Alliance, and the initiatives in the pharmaceutical and chemical industries. In these
examples, a fatal accident can potentially have significant ripple effects beyond a single manufac-
turer. We also find that cooperation serves as a win-win solution in this case for both manufacturers

and society by increasing profits and social responsibility simultaneously.

1 .. . .
For ease of exposition, a downstream firm who sources parts from an upstream supplier is referred to as a

manufacturer, but it can be a retailer as well. Similarly, the parts can be materials or finished goods.



Different from the extant result that firms always have incentives to cooperate, we find that
when the positive externality dominates the negative externality, manufacturers may not cooperate.
They may audit the supplier jointly only when the audit cost is high, and they are unlikely to agree
upon sharing audit results even with the substantial risk of social responsibility violations. This is
the case when consumers are less sensitive to responsibility violations; for example, no cooperative
initiative has been undertaken to address the environmental violations mentioned earlier which
involved Apple, HP, and Sony. For this case, our result suggests that a government agency or a
third-party organization such as an industry association should intervene, and offer an incentive-
compatible mechanism to facilitate industry cooperation. We propose such a mechanism that
reallocates profits among manufacturers and specifies the minimum amount of subsidy that is
needed from the outside.

Our analysis further reveals that, contrary to the extant result in the literature, neither co-
operative approach necessarily improves social responsibility. This is because cooperation reduces
the intensity of competition among manufacturers, and manufacturers reduce their audit efforts
significantly under joint auditing or audit sharing when the negative externality is very low or the
positive externality is very high. Moreover, with a larger number of manufacturers, it is more likely
for joint auditing to be effective: this is intuitive because as more manufacturers share audit costs
under joint auditing, they can choose higher audit effort. In contrast, the cooperation among a
larger number of manufacturers can hurt the effectiveness of audit sharing. This is because as more
manufacturers share audit results, they have incentives to free-ride on others’ audit efforts. The
formation of multiple coalitions such as the Accord and the Alliance makes it more likely for joint
auditing to be effective than a single industrywide coalition, but this is not always the case with
audit sharing. Lastly, when comparing the effectiveness of joint auditing with that of audit sharing,
we find that when the risk of social responsibility violations is high, audit sharing is more effective
than joint auditing (and vice versa). The reason is that when anticipating higher risk, manufactur-
ers choose higher audit efforts for their individual audits. This makes audits more informative so
that audit sharing, which leverages the value of the information from individual audits, becomes
more effective.

We consider several extensions, including a hybrid scenario under which joint auditing and
audit sharing coexist, heterogeneity of manufacturers in their contributions to the supplier’s profit,
payment decisions of manufacturers to the supplier, different ways in which the supplier’s violation
is handled by manufacturers, and the audit fatigue of the supplier. Notably, we find that the
program (such as the Accord), which helps suppliers to correct their problems, can be more effective
in inducing higher compliance than the program (such as the Alliance) under which manufacturers

can walk away when suppliers do not fix their problems.

2 Related Literature



This paper is related to the nascent literature on socially-responsible operations and to a stream
of research that applies cooperative game theory to firms’ operational decisions.

The literature on socially-responsible operations studies various challenges firms face in man-
aging social responsibility in their operations. Our work is particularly relevant to a stream of
research that studies the management of suppliers in decentralized supply chains to improve social
responsibility. Several papers in this stream examine various means such as contract penalty, in-
spection, and certification to induce a supplier to exert high effort for quality improvement (e.g.,
Baiman et al. (2000), Hwang et al. (2006), Chao et al. (2009), Chen and Deng (2013), Lewis et
al. (2015)). Babich and Tang (2012) investigate a mechanism with deferred payments to improve
product safety, and Rui and Lai (2015) extend it to broader settings. Chen and Lee (2017) examine
screening mechanisms to distinguish suppliers with different ethical levels, and Guo et al. (2015)
analyze the sourcing decision of a buyer choosing between a responsible supplier and a risky sup-
plier. Agrawal and Lee (2018) compare a sustainable preferred policy with a sustainable required
sourcing policy. Chen et al. (2015), Huang et al. (2015), Cho et al. (2016) and Plambeck and
Taylor (2016) study the effectiveness of supplier audits conducted by firms and NGOs to mitigate
suppliers’ violation of social responsibility in various settings. Whereas a typical setup in these
prior papers involves only one manufacturer, our paper studies cooperation among multiple man-
ufacturers to induce a supplier to behave in a socially responsible manner. Following our paper,
Orsdemir et al. (2018) investigate the impacts of vertical integration and horizontal sourcing on
social responsibility; Levi et al. (2018) examine farms’ strategic adulteration behavior and how
quality uncertainty, supply chain dispersion, traceability, and testing sensitivity jointly impact the
equilibrium adulteration behavior; and Chen et al. (2019) investigate whether buyers should pri-
oritize the auditing of their common supplier in an assembly network consisting of two buyers and
three suppliers.

Manufacturers in our model compete in their social responsibility levels, and they are influenced
by such externalities that a violation incident of one manufacturer not only affects her own profit,
but also has an impact on other manufacturers’ profits. Although Caro et al. (2018) study the
same topic of joint auditing and audit sharing as this paper, they consider two monopolistic man-
ufacturers with no externalities. Using cooperative game theory, our paper analyzes cooperation
among more than two manufacturers who compete in social responsibility levels under externalities
— in other words, at a high level, the model of Caro et al. (2018) is a special case (with two man-
ufacturers and no externalities) of our general model, although there are some differences between
the two models. Although Caro et al. (2018) is written independently of us, we are the first to
study joint auditing and audit sharing among multiple firms (Fang 2014). Our analysis highlights
a crucial role of externalities: In the absence of externalities, all manufacturers always have incen-
tives to cooperate and such cooperation always improves social responsibility. When taking into

account externalities, we find that this is true only when the negative externality dominates the



positive externality. Finally, even if agreement is not reached for cooperation (ex-ante) before con-
ducting individual audits, social responsibility can still be improved by incentivizing firms to share
their private audit results with others (i.e., ex-post audit sharing) under the incentive-compatible
mechanism we propose.

In order to examine manufacturers’ incentives to cooperate, we apply cooperative game theory.
Cooperative game theory has been applied to various operational problems, including inventory
transshipment (e.g., Anupindi et al. 2001, Granot and Sosi¢ 2003, Fang and Cho 2014), decentral-
ized assembly systems (e.g., Granot and Yin 2008, Nagarajan and Sosi¢. 2009, Yin 2010), group
buying (e.g., Chen and Yin 2010, Nagarajan et al. 2010), capacity allocation and scheduling (e.g.,
Hall and Liu 2010), risk sharing alliances (Huang et al. 2016), and product recycling (Gui et al.
2016). Most papers in this literature use a cooperative game in characteristic function form, under
which the profit generated by a coalition depends only on the actions chosen by members of the
coalition. Instead, we employ a cooperative game in partition function form to model the externali-
ties of violation incidents which are affected by the audit efforts of both members and non-members

of each coalition. Our work explores an important new application area of cooperative game theory.

3 Model

We consider a supply chain in which a set of manufacturers (“she”) source parts from a supplier
(“he”). Let N = {1,2,...,n} denote the set of manufacturers, where n is the total number of
manufacturers. In §3.1, we present the model of individual auditing under which manufacturers
do not cooperate in managing the supplier. In §3.2, we consider two forms of cooperation: joint

auditing or audit sharing. Our notation is summarized in Table 1.

Table 1. Summary of Key Notation

Symbol Definition
N Set of manufacturers; N = {1, 2, ..., n}, where 1 is the number of manufacturers
) Index for a manufacturer; ¢ € IV
a Indicator of whether the supplier produces irresponsibly (: 1) or responsibly (: 0)
0 Supplier’s decision: probability of social responsibility violation; 8 € [0, 1]
T Supplier’s profit from selling parts produced responsibly to a manufacturer; 7 > 0
g Supplier’s cost saving by cutting corners; g > 0
S; Indicator of whether the supplier fails manufacturer ¢’s audit (: 1) or not (: 0)
€; Manufacturer ’s decision: audit effort; e; € [0, 1]
c,x Audit cost parameters; ¢, x > 0
l Additional cost when a manufacturer uses the backup supplier; { > 0
q; Indicator of manufacturer ¢’s involvement with social responsibility violation; ¢; = a — §;
A Probability of the revelation of social responsibility violation; A € [0, 1]
Z Indicator of whether manufacturer s involvement is revealed (= 1) or not (= 0)
(o7} Gross profit of manufacturer ¢ with no social responsibility violation; c; > 0
15} Degree of the negative externality; 3 > 0
y Degree of the positive externality; v > 0




3.1 Individual Auditing

We first provide an overview of the model. The supplier makes a decision regarding whether
to produce parts responsibly or not. Each manufacturer then conducts an individual audit on
the supplier. When the supplier produces parts irresponsibly, he may fail the audits of some
manufacturers, who then switch to a backup supplier that is reliable but more expensive. For the
other manufacturers who fail to detect the supplier’s violation, there is a potential risk that the
violation will be revealed to consumers — in this case, those manufacturers incur losses because
some consumers switch to the manufacturers who use the reliable backup supplier (i.e., the positive
externality exists). However, even the manufacturers who use the reliable backup supplier may also
incur losses when consumers lose confidence in the whole market and reduce their consumption
(i.e., the negative externality exists). Next, we present details of our model.

The supplier decides whether to produce parts responsibly or irresponsibly to save costs (e.g.,
employing child labor, using cheap facilities involving safety or environmental risks). We denote by
a = 0 the case when the supplier produces parts responsibly, and denote by a = 1 the case when
the supplier produces them irresponsibly. Define the supplier’s probability of a social responsibility
violation as § = P(a = 1). The supplier may adopt a pure strategy of either producing parts
responsibly (i.e., 8 = 0) or irresponsibly (i.e., § = 1), or adopt a mixed strategy of choosing
€ (0,1).2

Under individual auditing, each manufacturer conducts an audit on the supplier. Let s; = 1
(s; = 0) represent the case when the supplier fails (passes) manufacturer ¢’s audit. When the
supplier produces parts responsibly, he passes the audits of all manufacturers; i.e., P(s; = lla =
0) = 0 for all i € N. When the supplier produces parts irresponsibly, he fails manufacturer i’s
audit with probability e; = P(s; = 1la = 1) € [0, 1], where e; = 0 may represent the case in which
manufacturer 7 conducts no audit. Each manufacturer ¢ decides on the probability e;, called “audit
effort,” without the knowledge of 6 chosen by the supplier, and incurs audit cost C(e;). We assume
an exponential cost function, C(e;) = ¢(1 — e;)™* where ¢,z > 0, which is increasing and convex.
Parameter x captures the degree of convexity in the cost function. This cost function suggests that
an audit does not generate perfect information (i.e., e; < 1). A similar function has been used in
the literature (e.g., Huang et al. 2015). Our qualitative insights continue to hold with other cost
functions such as a power cost function C(e;) = cef where x > 1.

If the supplier passes manufacturer ¢’s audit, the supplier can sell parts to manufacturer 7. Let r
(> 0) denote the supplier’s profit from selling the parts produced responsibly to one manufacturer,
and let g (> 0) denote the supplier’s cost saving from producing parts irresponsibly. Although the

supplier can lower his cost by cutting corners, if he fails manufacturer ¢’s audit, then manufacturer

2 A mixed strategy can be interpreted as the belief held by manufacturers concerning the supplier’s action. This is
the standard interpretation in Game theory — see, e.g., Rubinstein (1991). Alternatively, (1 — 0) can be interpreted

as a continuous social responsibility effort, e.g., hiring a portion of workforce with child labor.



1 does not source parts from the supplier; instead, manufacturer ¢ switches to the backup supplier
with additional cost [ (> 0), who always produces his product in a responsible manner.? If only
some manufacturers, not all of them, detect the supplier’s violation, manufacturers in the market
may end up sourcing from different suppliers. The expected profit of the supplier, Emg, can then

be expressed as a function of his decision variable 8:

Emo(0) =nr—46 rzei—g ) (1)
1€EN
where the second term represents the expected cost of a social responsibility violation to the sup-
plier.4
The supplier’s violation of social responsibility can result in a loss of profit to manufacturers.
Existing models in the literature reviewed in §2 deal with a single manufacturer who may lose a
part of her profit (in particular, due to the loss of socially conscious customers) when the supplier’s
violation is disclosed to the public. A main departure of our model from those existing models is
that a social responsibility violation of one manufacturer not only affects her own profit, but also
has an impact on other manufacturers’ profits.
To model such externalities, we define ¢; = a — s; which indicates whether or not manufacturer
1 is involved with a social responsibility violation. If the supplier produces parts responsibly or
the violation is detected during manufacturer i’s audit (i.e., a = s; = 0 or a = s; = 1), then
manufacturer 7 is not involved with any violation (i.e., ¢; = 0). In contrast, if the supplier produces
parts irresponsibly but he passes manufacturer i’s audit (i.e., @ = 1 and s; = 0), then manufac-
turer ¢ is involved with the violation (i.e., ¢; = 1). Given that manufacturer ¢ is involved with the
social responsibility violation, the involvement is revealed to consumers with probability A. Using
a random variable z;, we denote this scenario by z; = 1, while denoting by z; = 0 the scenario
that manufacturer ¢ is not involved with any violation or the involvement is not revealed to con-

sumers.” Note that we do not require the revelation of social responsibility violations of different

30ur assumption that a manufacturer does not source parts from the supplier who fails the audit is consistent
with Plambeck and Taylor (2016), who do not consider a manufacturer’s switching cost by assuming [ = 0. Guo
et al. (2015) study a manufacturer’s decision to choose between a reliable supplier and a risky supplier, in which a
reliable supplier has zero responsibility risk. Likewise, we assume for simplicity that a back-up supplier involves no
risk of a social responsibility violation. In §5.4, we further consider a case in which a manufacturer helps the supplier

to correct the violation if the supplier fails her audit.
* Alternatively, if the supplier saves cost g for each manufacturer who sources from the supplier, then (r 3 ien €—9)

in (1) can be replaced with {r ..y ei—g> ,cn(1—ei)} = (r+g) >, cn €i —ng. Or if the supplier incurs an additional
cost 7 from audit failure (e.g., opportunity cost of lost future profit or material cost from production), then this term

can be replaced with {(r 4 73) >, .y €: — g}. These modifications do not affect our qualitative insights.
When a violation is revealed to the public, it is plausible the supplier may also incur monetary penalty cost re.

This can be modelled by revising 7>,y ei in (1) tord e+ Are Y cn(l—ei) = (1= Are) Doy €+ Aren. As
long as manufacturers’ audit efforts reduce the supplier’s propensity to violate (i.e., r > Arc), our qualitative insights

continue to hold.



Violation of Manufacturer i’s Manufacturer #’s Involvement Manufacturer i’s
Social Responsibility Audit with a Social Responsibility Involvement Revealed
Violation to Consumers

—>m—’-
0 -

Decision
m—>—>m—>

Figure 1: Manufacturer 4’s involvement with a social responsibility violation revealed to consumers (z;) that depends

on the violation of the supplier (a) and the audit result from manufacturer ¢ (s;).

manufacturers to be independent. Figure 1 illustrates all different scenarios.

As discussed in §1, one manufacturer’s social responsibility violation has two distinct impacts on
other manufacturers. On the one hand, it may reduce the demands of other products in the market
through the negative externality because consumers may lose confidence in the whole market.
On the other hand, consumers may switch from the product involved in a social responsibility
violation to other products, creating the positive externality. These externalities are captured in
manufacturer ¢’s profit m; as follows. Let a; (> 0) represent manufacturer i’s gross profit in the
market with no social responsibility violation. Using the indicator variable z;, manufacturer ¢’s

profit 7; can be expressed as a function of her decision variable e;:
. 2 . 2
m(ei) = (1 — ‘9)0&1 + 0 {Oéi — Sil — ﬂ@ + Y <@ — Zl) } — C’(ei), (2)

where the first term is manufacturer i’s profit when the supplier produces parts responsibly with
probability (1 — @), the second term is her profit when the supplier produces parts irresponsibly
with probability 6, and the last term C/(e;) is the audit cost. In the second term, [ is the additional
cost when sourcing parts from the backup supplier, and 5 > 0 (resp., v > 0) captures the degree
of the negative (resp., positive) externality. We explain these two externality terms intuitively as
follows (while providing a consumer choice model in Appendix, where socially conscious consumers
do not purchase products of manufacturers who are involved in violations or switch to other man-
ufacturers’ products). First, the term 83,y 2;/n increases with the number of manufacturers
involved in social responsibility violations in the market. The more products from such manufac-
turers in the market, the larger loss in the profit for manufacturer i. Thus, this term captures the
negative externality of one manufacturer’s social responsibility violation on other manufacturers in
the market. Second, the term (> JEN %) /m — z;), which captures the positive externality, increases
with the difference between the average level of social responsibility risks among all manufacturers

in the market and manufacturer 7’s own level. This term will be positive when manufacturer i’s



level is lower than the average of competitors’ levels; in other words, there will be an increase in
the profit due to consumers who will switch from other manufacturers involved in social respon-
sibility violations to manufacturer i. To illustrate, suppose, for example, that the supplier had
produced his parts irresponsibly, and that only manufacturer 1 among four manufacturers in the
market detected the violation and switched to the backup supplier. If the social responsibility
violations of manufacturers 3 and 4 (not that of manufacturer 2) are revealed to consumers (i.e.,
z1 = z9 = 0 and z3 = 24 = 1), then manufacturers’ profits are: 7 = a3 — [ — %B + %7 —Cley),
To=as— 2B+ 4y —Clez) and m; = a; — 38 — 37 — C(e;) for i = 3 and 4.

Finally, noting that the expected value of z; conditional on the supplier’s violation (i.e., a = 1)
is A(1 — e;), we obtain the following E7; by taking the expectation of 7; in (2) with respect to z;
and s; for j € N:6

Emi(er) = (1— 0)a; + 0 {ai el — B (1 - ZJ;”) + A <e,- _ ZJZNGJ)} _Cler). (3)

As in the literature (e.g., Babich and Tang 2012, Plambeck and Taylor 2016), we make a set of

assumptions on parameters to rule out some unrealistic or uninteresting cases: (Al) g < nr, (A2)

1— {W}_zil > £ and (A3) BA > [ and yA > I. (A1) rules out the case where the
supplier always produces parts irresponsibly regardless of manufacturers’ audit efforts. In (A2), the
left-hand side of the inequality is a manufacturer’s optimal audit effort when anticipating that the
supplier will produce parts irresponsibly with probability one. The right-hand side of (A2) is the
audit effort above which the supplier prefers to produce parts responsibly. This condition rules out
the case where a manufacturer always exerts no audit effort regardless of the supplier’s propensity
of violation. (A3) means that when a manufacturer detects the supplier’s violation, the benefits

from the externalities are large enough to cover the extra cost of the backup supplier so that the

manufacturer does not source parts from the supplier who fails the audit.

3.2 Two Cooperative Approaches

Suppose manufacturers cooperate in managing their common supplier. For generality, we do not
require that each manufacturer cooperates with all other manufacturers, but instead we assume
that every manufacturer belongs to one coalition of which the size can be between 1 and n. Let m
(< n) denote the number of coalitions in the market, and let By (where k = 1, 2,...,m) denote a
coalition. Define a coalition structure B = {B1, Bo, ..., B;,} as a set of coalitions. We write i € By,
if manufacturer ¢ belongs to coalition By. We next describe how manufacturers can collaborate

through joint auditing or audit sharing, respectively. See Figure 2 for illustration.

%One can see that the revelation of social responsibility violations of different manufacturers need not be indepen-
dent because Em; is based on the expectation of the sum of random variables z; for ¢ = 1,2, ...,n (which is the same

when z; and z; are correlated for ¢ # j).
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Common Supplier Common Supplier

Coalition B, Coalition B,
Coalition B, Coalition B,

Figure 2: Two coalitions in the market with four manufacturers: (a) joint auditing, and (b) audit sharing.

Under joint auditing, manufacturers in coalition By, jointly decide audit effort ep, and obtain
result sp, from the joint audit. The cost of this joint audit is C'(ep, ). There are three possible
scenarios. First, if the supplier chooses to produce parts responsibly, then he will pass the audit
and therefore all manufacturers ¢ in By, will face no social responsibility risk (i.e., z; = 0 Vi € By).
Second, if the supplier chooses to produce parts irresponsibly but fails the joint audit of By (i.e.,
a = 1 and sp, = 1), then all manufacturers in By, will not source parts from the supplier (i.e.,
z; = 0 Vi € By). Lastly, if the supplier chooses to produce parts irresponsibly and passes the joint
audit of By, (i.e., a = 1 and sp, = 0), then all manufacturers in By will face the risk of social
responsibility violations being revealed (i.e., z; = 0 with probability 1 — A or 1 with probability A
Vi € By). Since the audit effort is determined by a coalition instead of an individual manufacturer,
we consider the total expected profit of manufacturers in By, which is obtained by aggregating the
profits in (3) over all manufacturers in By, as follows:

b npe b npe
Ernp, (ep,) = (1-106) Z ozi—l-@{z a; — nEfA <1— @) + npyA <eBk - M)

i€By, i€By, n
_nkeBkl} - C(eBk)’ (4)

where ny is the number of manufacturers in By. There are m coalitions conducting joint auditing,
so the average audit effort across all coalitions is computed as )" | npep, /n using the ratio of
the number of manufacturers in each coalition over the total number of manufacturers (ny,/n) as
a weight. Similar to (3) under individual auditing, ngySA (1 — 3 ;" | npep, /n) represents the profit
loss of coalition By, due to the negative externality, ngyA(ep, — > ;1 nheR,/n) represents the
profit gain due to the positive externality, and C(ep, ) is the audit cost of coalition By,.

Under audit sharing, each manufacturer ¢ decides her own audit effort e; as in individual
auditing, but manufacturers in coalition By share the results from their individual audits with other
manufacturers in Bi. As in joint auditing, if the supplier chooses to produce parts responsibly,
then every manufacturer ¢ in By will face no social responsibility risk (i.e., z; = 0 Vi € By).
Now suppose the supplier has chosen to produce parts irresponsibly. In this case, if at least one
manufacturer j € By, detects the supplier’s violation (i.e., s; = 1), then any manufacturer ¢ in
the same coalition By will learn this audit result and will not source parts from the supplier (i.e.,
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g = a—m%XSj = 0 Vi € By); otherwise, all manufacturers in By, will face the risk of violations being
JEDK

revealed.” Since each manufacturer decides her audit effort independently to maximize her own

profit instead of the total profit of the coalition, we consider the expected profit of manufacturer 4

in By given as

m (1=]]._, (1—¢)
Emip.(e)) = (1—0)a;—Cle;)+0 |ai—BA{1— Z( HyeBh “ )nh
h=1

m (1=]f  (I—e))n
A (1= JTa=¢)) —Z( HJEB; ) (1= JJa-¢) ]t

JEBk h=1 JEBk

n

The average audit effort across all coalitions is given by » ", (1 - H (1— ej)> np/n, where

icB
1-— HjeBh(l — e;) represents the probability that the supplier who pri)duhces parts irresponsibly
fails at least one audit from members in coalition By, and ny/n is the ratio of the number of
manufacturers in coalition By, over the total number of manufacturers. The profit loss due to the
negative externality and the profit gain due to the positive externality are similar to the respective
terms in (3) under individual auditing and (4) under joint auditing. C(e;) is the audit cost of
manufacturer ¢ in coalition Bj.

Before we proceed to our analysis, we discuss several model extensions presented later. In
§5.1 we consider a hybrid scenario under which some coalitions may conduct joint audits, while
others may share the audit results from individual audits. In §5.2 we consider that manufacturers
may purchase different amounts of parts from the supplier and contribute differently to the profit
of the supplier. In §5.3 we extend our model by analyzing a setting where each manufacturer can
determine her payment to the supplier. In §5.4 we consider a case in which a manufacturer helps the
supplier to correct the violation. In §5.5 we model the audit fatigue of the supplier by considering
the cost of audits to the supplier. Lastly, in Appendix, we analyze the case in which the compliance
cost of the supplier is convex, and compare the supplier’s profits with and without manufacturers’

cooperation.

4 Analysis
As a benchmark, we first analyze individual auditing without cooperation in §4.1. We then compare
its results with those under joint auditing or audit sharing in §4.2. We use superscript (0) to indicate

equilibrium for individual auditing, (1) for joint auditing, and (2) for audit sharing.

4.1 Analysis of Individual Auditing

"In practice, audit results are verifiable as manufacturers need to provide original audit reports before sharing
(RX-360 2014). As such, if manufacturers choose to share their audit results, our model assumes they will share them

truthfully.
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Under individual auditing, the supplier decides on the probability of social responsibility violation,
and each manufacturer decides on her audit effort independently. Since manufacturers cannot
observe the supplier’s decision, a game between the supplier and manufacturers is a simultaneous
game in which every firm makes a decision, anticipating the best response of other firms to his/her
decision.® In the following, we first consider the best response of manufacturers and then that of
the supplier.

From manufacturer i’s expected profit given in (3), if the supplier chooses to produce parts
responsibly (i.e., # = 0), then the optimal audit efforts of all manufacturers are equal to zero. Now
suppose the supplier produces parts irresponsibly with probability 8 > 0. Since manufacturer i’s
82822’” = —cz(z+1)(1—¢) "2 <0,
we can obtain the following optimal audit effort of manufacturer i by solving the first-order condition
of (3):

expected profit Em; in (3) is concave in her audit effort e;, i.e.,

OB+ (n — 1)y — nl] g

cxrn

) =1-

7

(6)

From (6), we observe that for any given violation probability 6, the manufacturer would increase
her audit effort when a higher level of the negative or positive externality exists (i.e., higher 3 or 7).
The former indicates that a manufacturer has an incentive to dedicate more resources in auditing
the supplier to keep the confidence of consumers in the market, and the latter indicates that a
manufacturer has an incentive to improve her social responsibility when competition becomes more
intense. As expected, a manufacturer would reduce her audit effort as the audit becomes more
costly (i.e., higher ¢ and z) or the reliable backup supplier becomes more expensive (i.e., higher 1).

From the supplier’s profit given in (1), it is easy to see that the optimal probability of violation
0(©) (e;) should satisfy one of the following three cases: () (e;) = 0 if the expected loss from violation
is larger than the cost saving from violation (i.e., 7Y .y € > g); 0 (e;) = 1 if the expected loss
is smaller than the saving; and 0(0)(ei) € [0,1] if they are the same. By analyzing these cases, we
obtain the supplier’s probability of violation 0 in equilibrium in the following lemma. All proofs

are provided in Appendix.

Lemma 1 The supplier’s probability of violation, 9(0), under individual auditing is given by

—(z+1)
o0 — can AR
BAX+ (n—1)yA —nl ( nr) (7)

One can verify that 0 ig increasing in the audit cost parameters ¢ and z, and the additional
backup cost [, while it is decreasing in the externality parameters S and . This is exactly opposite
to their respective impact on the manufacturer’s audit effort el(o)(é?) in (6). Also, it is intuitive that
the supplier is more likely to produce his parts irresponsibly when the cost saving from violation

(g) is higher or the loss of profit from the audit failure (r) is lower.

8We have also analyzed a sequential-move game in which manufacturers first decide on their audit efforts, and

then the supplier makes his compliance decision. Our main results continue to hold in the sequential-move game.
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4.2 Analysis of the Two Cooperative Approaches

We analyze manufacturers’ incentives to cooperate by investigating the stable coalitions formed
by manufacturers. In §4.2.1, we introduce the basic definitions and stability concepts used in a
cooperative game in partition function form. In §4.2.2 and §4.2.3, we present the results under

joint auditing and audit sharing, respectively.

4.2.1 Preliminary: A Cooperative Game in Partition Function Form

To form a coalition for joint auditing or audit sharing, manufacturers need to negotiate how to
allocate the cost and benefit of cooperation. Without a proper allocation scheme, manufacturers
do not necessarily conduct a joint audit or share audit results with other manufacturers. It is well-
known that a cooperative game can be used to analyze multi-lateral negotiations in such a setting
(e.g., Brandenburger and Stuart 2007). The common approach that has been used to analyze the
formation of coalitions in the existing work reviewed in §2 is the use of a cooperative game in
characteristic function form. It is represented by the pair (N, w), in which N is a set of players
and w : 2V — R is a characteristic function of the game. A subset S of N is called a coalition, and
N itself is the grand coalition. The characteristic function w(S) captures the profit generated by
a coalition S. In our model, however, the profit generated by coalition S not only depends on the
audit efforts of manufacturers in S, but also depends on the audit efforts of manufacturers outside
of S due to the negative and positive externalities. As a result, a cooperative game in characteristic
function form cannot be used in analyzing our model. Therefore, we employ a different approach
based on a cooperative game in partition function form that was first introduced by Thrall and
Lucas (1963).

A cooperative game in partition function form is defined by (N,II,{vp}pem), where II is a set
of all coalition structures, B = {Bj, Ba, ..., By} € II is a coalition structure that is a partition
of N, m is the number of coalitions in B, and vg is a partition function that associates each
coalition By € B with the profit it can generate, vg(By), where & = 1,2,...,m. The value of
vp(By) depends on how manufacturers outside By form coalitions; i.e., vg(By) and vp(By) may
be different if B # B’. Given a coalition structure B = {Bj, Ba, ..., By, }, an allocation is a payoff
vector ¢ = {¢1, Pa, ..., ¢, }, which specifies how much of the profit generated by one coalition is
attributed to each of its members. An allocation is feasible under B if it satisfies > ;. p ¢; < vp(By)

for k =1,2,...,m. Let ¥ denote a set of all feasible allocations under B, and define ¢ = U P,
Bell
In order to define the stability concept for our analysis, we introduce a domination relation for

two allocations. Consider two allocations ¢ and ¢’ in ¢ and a coalition S in N. We say that ¢
dominates ¢' via S and denote ¢ domyg " if the following two conditions hold: (i) }°,cq¢; < vB(S)
for all B for which S € B, and (ii) ¢; > cp; for all i € S. When ¢ domg ¢', each member of S
receives a larger payoff under the feasible allocation ¢ than under the present allocation ¢’, and this

property holds true for any coalition formation among outsiders (i.e., for all B for which S € B).
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In addition, we say that ¢ dominates ¢’ and denote ¢ dom ¢ if there exists S C N such that ¢
domg ¢'.

We use the notion of a core to analyze manufacturers’ incentives to cooperate through joint
auditing or audit sharing. The core is a set of feasible allocations that are not dominated by any
other allocations, i.e., {p € ¢ | f¢' € ¢ s.t. ¢’ dom ¢}. In a cooperative game in characteristic
function form, a core allocation leads to a stable outcome in the sense that no subset of players has
an incentive to secede from the grand coalition. This interpretation of the core can be extended

m
to a cooperative game in partition function form as follows. Suppose vgn(N) > > vp(By) for
k=1

any B € II, where BY = {N} is the coalition structure that contains only the grand coalition.
This condition means that the total profit from all manufacturers is the largest when they form the
grand coalition. Then, any allocation ¢ that satisfies ;.\ @; > v~ (IN) is not feasible, and any
allocation ¢ that satisfies ) ;. ¢; < vgn (V) is dominated via N by some feasible allocation. As a
result, any allocation ¢ in the core satisfies ) ;. ¢; = v~ (IV), which means that a core allocation
attributes the profit generated by the grand coalition to each of its members. A core allocation is
not dominated by any other allocation, so any members of the grand coalition have no incentives

to secede from the grand coalition under a core allocation.

4.2.2 Incentives and Effectiveness of Joint Auditing

In this section, we first derive the conditions under which stable coalition structures are formed
for joint auditing, and then examine the effectiveness of joint auditing by comparing the supplier’s
violation probability # with that under individual auditing.

Manufacturers consider forming coalitions to audit the supplier jointly. For coalition Bj, where

k=1,2,...,m, the partition function vg)(Bk) is defined as the total expected profit generated by

members of Bg. In order to obtain vg)(Bk), we first compute the optimal joint audit effort of

coalition By. Noting that Ewp, in (4) is concave in ep,, we obtain from the first-order condition:

Oni{BAng + (n — ng)yA — nl} =

(1)
-1
€B, (9) P

(8)

Since manufacturers in the same coalition share the cost of the joint audit, one may expect that
the optimal audit effort should increase with the number of manufacturers in the coalition, ny.
However, observe from (8) that the optimal audit effort egZ(G) may not necessarily increase with
ng. This is due to the existence of the positive externality: With more manufacturers in a coalition,
there are fewer manufacturers outside the coalition, and hence manufacturers in the coalition derive
the lower benefit of ensuring high social responsibility from the positive externality. As a result,
having more manufacturers in a coalition does not guarantee a higher audit effort of the coalition.

By substituting the optimal audit effort eglz (f) into Emp, in (4), we obtain the following
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expected profit of coalition By:

m (1)
o (B =3 ozi—@nk{ﬁ)\ (1— i ™ Bh) 9 (Zhln”heB_ <>> +e<1>l} cle).

1€By,
9)
In (9), the first term is the sum of all manufacturers’ gross profits in By without social responsibility
violations, the second term captures the effect of externalities on profits, and the third term is the
audit cost.
The following proposition presents the conditions under which the core is non-empty under

joint auditing.

Proposition 1 Suppose the audit cost is sufficiently high (i.e., Jteost such that ¢ > teost) or the
negative externality dominates the positive externality (i.e., 5/v > 1). Then the core of cooper-
ative game (N, 11, {vg)}BGH) under joint auditing is non-empty, and furthermore it contains the
UpN V) =2jen for alli e N.

n

egalitarian allocation gofg =y +

The first condition in Proposition 1 shows that when the audit cost is sufficiently high, manufac-
turers have incentives to cooperate through joint auditing. This is intuitive because manufacturers
in a coalition share the joint audit cost.

The second condition shows that when the negative externality dominates the positive exter-
nality, manufacturers also have incentives to cooperate through joint auditing. To understand this
result, we discuss two effects of joint auditing on the profits of manufacturers. On the one hand,
joint auditing reduces the audit cost by pooling resources. The reduced audit cost enables manufac-
turers to choose a higher audit effort, which increases the supplier’s social responsibility level. This
lowers a potential loss from the negative externality. On the other hand, since manufacturers in one
coalition face the same risk of social responsibility violations being revealed, they do not benefit
from the positive externality of social responsibility violations from other manufacturers in the same
coalition. The former effect creates incentives for manufacturers to conduct audits jointly, whereas
the latter effect reduces such incentives. Therefore, when the former effect outweighs the latter
effect with high 8/+, manufacturers would cooperate through joint auditing.

Proposition 1 further shows that joint auditing can be implemented by using the egalitarian
allocation o9, which allocates to manufacturers the audit cost as well as the loss or profit due to the
externalities from potential social responsibility violations. Note that the Shapley value, another
commonly used allocation in cooperative game theory, coincides with the egalitarian allocation in
our setting. This is because all manufacturers in a coalition make the same marginal contributions
to the coalition’s audit cost and loss/profit from the externalities.

Having characterized the incentives of manufacturers to conduct joint audits, we now investigate
when joint auditing is effective in improving social responsibility. To be general, in the following,

we do not require all manufacturers to cooperate through joint auditing, i.e., to form the grand
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coalition. Instead, we consider the Nash equilibrium violation probability of the supplier o) for
any given coalition structure, and compare it with 0 under individual auditing. Using 6531;2 (0) in
(8), we can evaluate the supplier’s violation probability o) in equilibrium similarly to that under
individual auditing. Although the closed-form expression for 0™ does not always exist, we can still

compare 1) with #(°) in (7) as shown in the following proposition.

Proposition 2 There exists a threshold 5(1) € [0,1] such that joint auditing is more effective in
improving social responsibility than individual auditing (i.e., o) < 9(0)) if and only if B/vy > ¢,
Furthermore, when the grand coalition, is formed (i.e., m = 1), €Y (> 0) is decreasing in n and it

is larger than that when m > 1.

One might expect that cooperation among firms would help improve social responsibility. Propo-
sition 2 cautions that this may not be always true. Specifically, when the grand coalition is formed
in the market (i.e., m = 1) and the ratio of the negative externality to the positive externality
(B8/7) is sufficiently small, joint auditing is less effective in improving social responsibility than
individual auditing. The reason is that joint auditing lessens the intensity of competition among
manufacturers within a coalition by equalizing their levels of social responsibility. This reduced
competitive intensity, which is significant when 3/~ is sufficiently small, drives down the joint au-
dit effort, making joint auditing less effective. Therefore, in a market that features high positive
externality or low negative externality, governments and non-governmental organizations (NGOs)
should closely monitor the audit effort of a consortium. For example, apparel industry may exhibit
high positive externality due to intense competition among firms as well as high negative externality
due to consumers’ increased awareness about social responsibility after the Bangladesh fires (e.g.,
Gough 2012). If the positive externality dominates (i.e., a large number of consumers switch brands
after social responsibility violations), then the coalitions such as the Accord and the Alliance may
not improve firms’ social responsibility as compared to individual approaches.

Proposition 2 also suggests that it is more likely for joint auditing to be effective if there are
more manufacturers engaging in joint auditing (i.e., larger n) or multiple coalitions are formed
(i.e., m > 1). The former is intuitive because, as more manufacturers share audit costs under
joint auditing, they can choose higher audit efforts. For the latter, the competition among multiple
coalitions induces manufacturers to maintain high audit efforts as compared to universal cooperation
under the grand coalition (i.e., m = 1) which eliminates competition among manufacturers. With
multiple coalitions, it is even possible that joint auditing is always more effective than individual
auditing (i.e., ¢V = 0). This result indicates that the formation of two coalitions such as the
Accord and the Alliance may be more effective in improving social responsibility, ceteris paribus,
than the industrywide joint audit sought by Florida tomato industry (Boyd 2012).

This proposition has the following implications in relation to the two conditions given in Propo-

sition 1. First, when manufacturers cooperate simply to save high audit cost (see ¢ > tqps in
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Proposition 1), Proposition 2 suggests that such cooperation does not necessarily improve social
responsibility. The mere fact that an industry consortium is formed to jointly audit their suppliers
does not imply that it will improve social responsibility. Second, recall from Proposition 1 that
when (/v > 1, manufacturers have incentives to conduct joint auditing. Since 5(1) <1 as shown
in Proposition 2, when /v > 1, joint auditing not only improves social responsibility, but also
benefits manufacturers by increasing their expected profits. Suppose social welfare is the summa-
tion of all manufacturers’ expected profits, the supplier’s expected profit and consumer surplus
minus the expected societal cost of social responsibility violations. Since the supplier’s expected
profit and consumer surplus are unaffected by the implementation of joint auditing in our base
model, the impact of joint auditing on social welfare relative to individual auditing can be defined
as A = vg])\,(N) — Y ieN EWEO) — 500 — 9 where § captures the magnitude of societal cost
of violations. Propositions 1 and 2 show that the impact of joint auditing on social welfare A is
positive when /v > 1. In this case, joint auditing is a win-win solution for both manufacturers
and society.

Lastly, note from (2) that, when 3/ = 1, the negative externality offsets the positive external-
ity, so it is equivalent to a setting without externalities. In particular, Caro et al. (2018) consider
the setting where 3/ = 1 and n = 2. In this special case, Propositions 1 and 2 imply that all
manufacturers always have incentives to conduct joint auditing and that joint auditing is always
more effective than individual auditing. Yet we do not observe such industrywide cooperation in
many markets. Our results indicate that externalities are crucial to the understanding of firms’

incentives and effectiveness of joint auditing.

4.2.3 Incentives and Effectiveness of Audit Sharing

Suppose manufacturers consider sharing the audit results that they obtain from their individual
audits. Manufacturers can form coalitions at two different points in time: They can make these
decisions ezx-ante before conducting their individual audits, or they can decide whether or not to
share the audit results ex-post after they observe their private signals about the supplier. We first

analyze the ex-ante audit sharing and then analyze the ex-post audit sharing.

Ex-ante Audit Sharing Suppose manufacturers in coalition By (where k = 1,2,...,m) agreed
to share their audit results with each other ex-ante. We can define the partition function vg) (Bg)
similar to joint auditing based on the expected profit of manufacturers in coalition By. To obtain
the expected profit, we consider manufacturer i’s effort e; g, (0, e;) in coalition By, given the other

manufacturers’ effort in the same coalition, e; for j € Bj\{i}. From the first-order condition of
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Em; g, in (5), we obtain the following optimal effort 62(21-2& (0,e5):

1
. o - Tzl
0 | |j€Bk\i(1 e {BAng + (n — ng)yA — nl}

CcTn

e) (0,e5) =1 (10)

From (10), one can see that the optimal audit effort of manufacturer ¢ is decreasing in the other
manufacturers’ effort in the same coalition. This free-riding effect of ex-ante audit sharing implies
that a manufacturer devotes less resources in auditing the supplier when she expects her partners in
the same coalition to conduct more comprehensive audits. In the symmetric equilibrium in which

the audit efforts of manufacturers within the same coalition are the same,’

(2)

into the following by substituting e; = e; By

we can simplify (10)

6{BAn + (n — ng)yA — nl} =
cxn '

e () =1~ (11)

The expected profit of By, Ug)(Bk), can be obtained by substituting the optimal audit effort eE%k (0)

into E'm; g, given in (5). The following corollary presents the condition under which the core is

non-empty under ex-ante audit sharing.

Corollary 1 If the negative externality dominates the positive externality (i.e., B/y > 1), then
the core of cooperative game (N,II, {vg)}BeH) under ex-ante audit sharing is non-empty, and it

contains the egalitarian allocation ©®9 specified in Proposition 1.

Corollary 1 shows that when the negative externality dominates the positive externality (i.e., /v >
1), it is more important for manufacturers to improve social responsibility of the entire market than
to gain a competitive advantage over others, so they have incentives to cooperate through ex-ante
audit sharing. Recall from Proposition 1 that the same condition applies to joint auditing. However,
different from joint auditing, Corollary 1 implies that even if the audit cost is sufficiently high,
manufacturers do not necessarily have incentives to share audit results ex-ante. This is expected
because manufacturers do not share their audit costs while sharing their audit results.

Next, we investigate when ex-ante audit sharing improves social responsibility. As in joint
auditing, we consider the Nash equilibrium violation probability of the supplier 9 for any given
coalition structure. Using eg?gk (0) given in (11), we can evaluate the supplier’s violation probability
0@ in equilibrium. Although a closed-form expression for 6® does not always exist, we can still

evaluate the effectiveness of ex-ante audit sharing as compared to that of individual auditing in the

following proposition.

9We focus on the symmetric equilibrium mainly for trackability. In the asymmetric equilibrium, it is possible that
only a few manufacturers in a coalition choose positive audit efforts, while others conduct no audits. Such asymmetric

equilibrium is not realistic in practice because manufacturers can later verify each other’s audit report.
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Proposition 3 There exists a threshold 5(2) € [0, 1] such that ex-ante audit sharing is more effective
in improving social responsibility than individual auditing (i.e., 62 < 9(0)) if and only if B/~ > @),
Furthermore, when the grand coalition is formed (i.e., m = 1), 5(2) s increasing in n, and when

g/r is sufficiently small, 3R]

Proposition 3 suggests that audit sharing may not always be effective in improving social respon-
sibility. Under ex-ante audit sharing, manufacturers have incentives to free-ride on others’ audit
efforts, so they may reduce their own audit efforts. Yet, it is not obvious whether this free-ride effect
can outweigh the benefit of shared audit results, and if so, when. In the absence of externalities
(i.e., B/v = 1), Proposition 3 suggests that the (negative) free-ride effect never dominates the (pos-
itive) benefit of shared audit results, so that ex-ante audit sharing is always more effective. In this
case, ex-ante audit sharing is always incentive-compatible (Corollary 1) and always more effective.
Unfortunately, this seems too ideal to be true, considering that audit sharing is not common in
many markets. Thus, we need to examine how externalities affect the incentives and effectiveness
of ex-ante audit sharing.

Under ex-ante audit sharing, although manufacturers do not benefit from the positive external-
ity of social responsibility violations from their partners (due to the same social responsibility level
in a coalition), they may still lose profits due to the negative externality when no manufacturers in
a coalition identify the supplier’s violation. Thus, when the negative externality 3 is low relative
to the positive externality 7y, social responsibility has a less significant impact on manufacturers’
profits under ex-ante audit sharing than individual auditing without cooperation. In this case,
manufacturers reduce their individual audit efforts significantly, and consequently ex-ante audit
sharing becomes less effective despite its advantage of having multiple audit results.

Proposition 3 further reveals that it is less likely for ex-ante audit sharing to be effective when
there are more manufacturers (i.e., larger n). This is different from the case of joint auditing, in
which more manufacturers make joint auditing more effective. Unlike the case of joint auditing,
manufacturers do not share the audit costs under ex-ante audit sharing, and thus they do not
have incentives to increase their audit efforts with more manufacturers. On the contrary, they have
incentives to reduce their audit efforts due to the stronger free-ride effect with larger n. Furthermore,
whereas Proposition 2 shows that the formation of multiple coalitions (i.e., m > 1) makes joint
auditing more effective, it is not always the case with ex-ante audit sharing. In fact, as long as
the supplier’s cost saving from irresponsible production is small or his profit from selling parts
without violation is high (i.e., g/r is sufficiently small), a sufficiently small ratio of /v can make
ex-ante audit sharing less effective than individual auditing (i.e., 2 > 0) no matter how many
coalitions are formed. This is because when ¢/r is small, the audit efforts of manufacturers are low,
and thus the value created by audit sharing is limited. This difference implies that competition

among audit-sharing coalitions may not be sufficient to induce high audit efforts from individual
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manufacturers.

When the negative externality dominates the positive externality (i.e., 5/ > 1), manufacturers
have incentives to share audit results ex-ante to increase their own expected profits (Corollary 1),
and such sharing also improves social responsibility (Proposition 3). Define the impact of ex-ante
audit sharing on social welfare relative to individual auditing as A(?) = vg])\,(N ) =D ien Ewl(o) -
0 (9(2) — 9(0)). When /v > 1, the impact of ex-ante audit sharing on social welfare A®) ig positive
so that it is a win-win solution for both manufacturers and society. This is consistent with joint
auditing.

Lastly, we compare the effectiveness of joint auditing and ex-ante audit sharing as well as their

impacts on social welfare.

Corollary 2 Suppose the grand coalition is formed under joint auditing and ex-ante audit sharing.
Ez-ante audit sharing is more effective in improving social responsibility and has a larger impact

on social welfare than joint auditing (i.e., 6N > 92 gnd A < A®)) if and only if g/r >
n{1- ()]

Corollary 2 shows that when the supplier’s cost saving from violation (g) is sufficiently high or
his profit from selling parts without violation () is sufficiently low, ex-ante audit sharing is more
effective and has a larger impact on social welfare than joint auditing. In such a case, there
is a stronger incentive for the supplier to produce parts irresponsibly. Anticipating this, each
manufacturer chooses higher audit effort. Therefore, by pooling multiple audit results generated

from higher efforts, audit sharing becomes more effective, which leads to a lower societal cost.

Ex-post Audit Sharing Suppose manufacturers conducted audits individually without agreeing
to cooperate through joint auditing or ex-ante audit sharing. After observing their audit results,
manufacturers still have opportunities to share their results with others. If coalition By is formed

ex-post, the partition function v’éQ)(Bk) can be defined as the sum of ex-post profits given by

v (By) = > o —mp {5>\ (1 - W) + A <W - I(Bk)> + I(Bk:)l} ;

i€ By,
(12)

where I(By,) = 1 if there exists j € By, such that s; = 1, and otherwise I(Bj) = 0. Note that
the audit cost is sunk after manufacturers obtain their results, and hence it is irrelevant to their
ex-post decisions about whether or not to cooperate.

When the supplier passed or failed every manufacturer’s audit, it is easy to see that the only
allocation in the core is the egalitarian allocation. A more interesting case is when the supplier
produced parts irresponsibly, passed at least one manufacturer’s audit, and failed at least one
manufacturer’s audit (i.e., a = 1, ?él]{[lsl = 0 and maxs; = 1). In this case, some manufacturers may

1EN
have better knowledge about the supplier than others. In this case, ex-post audit sharing clearly
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improves social responsibility. Thus, in what follows, we focus on the incentives of manufacturers
to share their audit results ex-post by characterizing the core of this game.

Proposition 4 Suppose a = 1, mins; = 0 and maxs; = 1. Then;
iEN iEN

(i) If% > 1, then the egalitarian allocation ™9 is in the core of cooperative game (N, 11, {vgz)}gen).

If% < 1, then ©¥9 is not in the core of cooperative game (N, TI, {U?)}Ben)'

—2
; ; P . n _ n— n _ n— A
following allocation is in the core: o™ = a;+"2{BA(n—1)+7A} and @™ = ay — =1 {,6’)\ + %}
for i € N\{i}.
n—2

(iii) If 5% < g < 1 and more than one manufacturer found the supplier’s violation or if% < 575,

(ii) If 222 < g < 1 and only manufacturer i found the supplier’s violation (i.e., s; = 1), then the

then the core is empty.

Proposition 4 suggests that when ex-ante agreement is not reached for joint auditing or audit
sharing, ex-post audit sharing among manufacturers is still possible in some circumstances. When
the negative externality dominates the positive externality (i.e., 3/ > 1), Proposition 4(i) suggests
that even if some manufacturers have better information about the supplier’s social responsibility
level, they would share the audit results ex-post with others. Interestingly, they would do so under
the egalitarian allocation without any side payment from other manufacturers. Such cooperation is
possible when a manufacturer’s concern about social responsibility in the whole market outweighs
her concern about compromising a competitive advantage.

In contrast, when the negative externality does not dominate the positive externality (i.e.,
B/~ < 1), manufacturers do not have sufficient incentives to share the audit results ex-post under
the egalitarian allocation. However, we find the allocation @Y™ presented in Proposition 4(ii)
(where the superscript represents "unequal" allocation) is in the core if: (i) the supplier’s violation

is found by only one manufacturer, and (ii) the ratio of the negative externality to the positive

externality is not very low (i.e., 27;:22 < g < 1). This allocation requires the manufacturer with
better information to be compensated by other manufacturers. The amount of compensation is
increasing with the negative externality () because the audit results to be shared becomes more
valuable as the negative externality increases, and it is also increasing with the positive externality
(7) because the manufacturer with better information becomes more reluctant to share it as the
positive externality increases.

Lastly, Proposition 4(iii) presents two cases when the core is empty. First, when /v < 1 and
more than one manufacturers discovered the supplier’s violation, manufacturers may have incentives
to form subcoalitions such that each subcoalition has exactly one manufacturer who discovered the
supplier’s violation. In this case, the empty core may not be an issue from a practical perspective
because all manufacturers get to know the supplier’s violation. Moreover, the allocation given

in Proposition 4(ii) can still be applied to each subcoalition by replacing n with the number of

manufacturers in the subcoalition. Second, if the negative externality is very low or the positive
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externality is very high (i.e., g < 27;;_22

the intervention of a third party. This represents the case in which the compensation required by

), then audit sharing cannot be achieved ex-post without

a manufacturer with better information is so high that other manufacturers cannot afford it. For
example, as mentioned in §1, there has been no cooperation so far in addressing the environmental
violations which involved Apple, HP, and Sony. Therefore, the intervention of a government agency
or a third-party organization such as an industry association is necessary to facilitate ex-post audit
sharing in this case. For this case, the following corollary presents the amount of subsidies needed

for audit sharing.

Corollary 3 Suppose g < 2’;‘;_22 and there exists only one manufacturer i € N such that s; = 1.
If =1 {(n — 2)yA — (2n — 2)BA} (> 0) is paid to the grand coalition (i.e., v/l;(f,) (N) =3 ieni +

2=l {(n — 2)yA — (2n — 2)BA} and vg(z)(Bk) = vg)(Bk) for B # BN ), then the core of cooperative
(2

game (N,II, {vg )}BEH) is always non-empty.

When there are more than one manufacturers who discovered the supplier’s violation, a subsidy
scheme similar to the one in Corollary 3 can be applied to each subcoalition that has only one such
manufacturer.

Lastly, note that manufacturers do not fully internalize the consequence of low social responsi-
bility level. This is evident from the result that no allocation can induce ex-post audit sharing in
some cases (i.e., the second case of Proposition 4(iii) discussed above). This lack of internalization
creates inefficiency in manufacturers’ cooperative decisions, and our result demonstrates that the

subsidy can correct such inefficiency.

5 Extensions

5.1 Hybrid Scenario

In the base model, manufacturers engage in either joint auditing or audit sharing. In this subsec-
tion, we consider a hybrid scenario under which some coalitions may conduct joint audits while
others may share the audit results from individual audits. Specifically, suppose that manufacturers
1,2,...,n (1 <n < n) can potentially form coalitions By, By, ..., B (1 < m < m) for joint auditing
and manufacturers n+ 1,7+ 2, ..., n can potentially form coalitions B 11, Bp12, ..., Bm for ex-ante
audit sharing. We use superscript (3) to indicate equilibrium for this model, and show that our

insights from the base model continue to hold under this hybrid scenario.
Under this scenario, the total expected profit of manufacturers in coalition By, for joint auditing
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(where k = 1,2,...,m) is as follows:

Zh 1MheB, + ZZL M1 ( - HjeBh(l - ej)) nh

Enp,(ep,) = (1—9)Zai+9 Zai—nkﬂx\ 1-—

1€ By i€ By

Zh 1neB, + Y h—m ( HjEBh(l B ej)) '

+ngyAQ €B, — - —ngep,l| —Clep,).

n

The average audit effort across all manufacturers (cf., Y, | npep, /nin (4)) depends on the number
of coalitions that conduct joint auditing, m, because manufacturers choose different audit efforts
under joint auditing and audit sharing. Similarly, the expected profit E; g, (e;) of manufacturer ¢
in coalition By for ex-ante audit sharing (where k = m + 1,m + 2,...,m) can also be obtained by
modifying the average audit effort in (5).

To define the partition function under the hybrid scenario, we assume that if partition B
includes coalition S in which some manufacturers engage in joint auditing and others engage in
ex-ante audit sharing, the total expected profit of coalition S is the sum of the expected profits
of coalitions By, and By, where By, = SN{1,2,..,n} and B, = SN{n+ 1,7 +2,...,n}. Then we

can define the partition function as vg’)(S) Eka(eB ) + ZzeB’ Em; B’( (3))

®3) .

optimal audit effort of coalition By, that conducts a joint audit and e;

, where eg]z is the
is the optimal audit effort
of manufacturer ¢ in coalition Bj, that agreed ex-ante audit sharing. Following the analysis similar

to that of the base model, we obtain the following corollary:

Corollary 4 (i) If the negative externality dominates the positive externality (i.e., B/v > 1), then
the core of cooperative game (N,II, {vg)}Ben) under the hybrid scenario is non-empty, and it
contains the egalitarian allocation ©®9 specified in Proposition 1.

(ii) There exists a threshold €®) € [0,1] such that collaboration under the hybrid scenario is more
effective in improving social responsibility than individual auditing (i.e., 90 < 9(0)) if and only if

By > €B)

Since collaboration under the hybrid scenario combines joint auditing and audit sharing, it is not
surprising that manufacturers have incentives to collaborate in the hybrid scenario when they have
incentives for both joint auditing and ex-ante audit sharing (i.e., 3/y > 1). The effectiveness of this
collaboration also depends on the externalities. Furthermore, it can be shown that its effectiveness
is always between that of joint auditing and ex-ante audit sharing: For example, when joint auditing
is more effective than ex-ante audit sharing, hybrid auditing is more effective than ex-ante audit

sharing but less effective than joint auditing.

5.2 Heterogeneous Manufacturers

In the base model, manufacturers contribute the same amount (r) to the supplier’s profit. Our base

model abstracts away from a manufacturer’s quantity decision to focus on the impact of audits on
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firms’ socially responsible behavior. This is common in the related literature (e.g., Babich and
Tang 2012, Plambeck and Taylor 2016, Chen and Lee 2017, Caro et al. 2018). In this subsection,
we consider that manufacturers may purchase different amounts of parts from the supplier and
contribute differently to his profit.

Suppose that there are two types of manufacturers. Manufacturers 1,2,....,n (1 <n < n) are
type H and manufacturers n+ 1,1+ 2,...,n are type L. By selling parts produced responsibly to a
type H (resp., type L) manufacturer, the supplier generates a profit of rg (resp., ). We assume

that rg > r;. Under this scenario, the expected profit of the supplier Em is as follows:

Eno(0) =nrg + (n—n)rp, — 6 (Z THE; + Zﬁﬁz‘ - 9) .
i=1 i=n

The following corollary shows the preference of manufacturers between joint auditing and ex-

ante audit sharing as well as their effectiveness.

Corollary 5 Suppose the grand coalition is formed under joint auditing and ex-ante audit sharing.
As the number of type H manufacturers (n) decreases, we have the following results:

(i) It is more likely for manufacturers to prefer ex-ante audit sharing to joint auditing (i.e.,
vg])\,(N) > 11531])\, (N) is more likely to hold).

(ii) It is more likely for ex-ante audit sharing to be more effective in improving social responsibility

than individual auditing or joint auditing (i.e., 6 <00 gnd 6@ < M) are more likely to hold).

Corollary 5(i) shows that, as the number of manufacturers who contribute more to the supplier’s
profit decreases, manufacturers are less likely to engage in joint auditing. This is because there is
a stronger incentive for the supplier to produce parts irresponsibly as his profit from selling those
parts produced responsibly decreases. Anticipating this, manufacturers need to choose higher
audit efforts under either joint auditing or audit sharing. However, this has a smaller impact on
audit sharing, since audit sharing requires lower efforts from individual manufacturers than one
comprehensive effort for joint auditing. Furthermore, Corollary 5(ii) shows that audit sharing is
more effective in this case than individual auditing and joint auditing. The intuition for this result

is similar to that of Corollary 2.

5.3 Contracting Stage

In addition to audits, manufacturers can influence the supplier’s social responsibility practice
through the contracts that they offer. Specifically, if manufacturers’ contracts bring considerable
profits to the supplier, the supplier is less likely to violate safety, labor or environmental standards
because his opportunity costs of losing manufacturers’ business are very high when he gets caught.

In this subsection, we consider a contracting stage that occurs before manufacturers’ audits

and the supplier’s violation decision. Each manufacturer i offers a contract to the supplier, which
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guarantees a gross profit r; for the parts she sources from the supplier. Then the supplier decides
whether or not to accept the contract. If the supplier rejects the contract from manufacturer ¢, the
supplier earns zero profit from manufacturer 7, and manufacturer 7 also earns zero profit. Under
joint auditing, if the supplier passes a joint audit of coalition By, he can generate profits from
all manufacturers in By, i.e., ) . B, Ti- Under ex-ante audit sharing, the supplier can generate
Zie B, Ti from coalition Bj if he passes all the audits by manufacturers in the coalition. Under
ex-post audit sharing, manufacturers consider sharing audit results only after they have conducted
their individual audits, so their decisions in the contracting stage are the same as those under
individual auditing. The interactions between manufacturers and the supplier in the subsequent
stages of the game remain the same. For tractability, we focus our analysis on a symmetric coalition
structure under which the number of manufacturers in every coalition is the same.

The following corollary compares the optimal payments of manufacturers under individual

auditing, joint auditing, and ex-ante audit sharing.

Corollary 6 Suppose the number of manufacturers in every coalition is the same.
(i) If B/~ > 1, the optimal payment under individual auditing is higher than that under joint
auditing or ex-ante audit sharing (i.e., TZ(O) > 7“1(1) and TZ(O) > T§2)).

(i) The optimal payment under joint auditing is lower than that under ex-ante audit sharing (i.e.,
rgl) < r(2)).

i

In relation to the conditions given in Propositions 2 and 3, Corollary 6(i) shows that when joint
auditing and ex-ante audit sharing are more effective in improving social responsibility than indi-
vidual auditing, the optimal payments under joint auditing and under ex-ante audit sharing are
also lower. This happens because contract payments and audits work as strategic substitutes in
deterring the supplier’s violation (i.e., audit effort e; is decreasing in r;). As audits become more
effective, manufacturers reply more on audits and reduce their payments to the supplier. Further,
Corollary 6(ii) shows that the optimal payment under joint auditing is always lower than that under
ex-ante audit sharing. Under ex-ante audit sharing, manufacturers invest less resources in auditing

due to the free-ride effect discussed earlier, and instead specify higher payments to the supplier.

5.4 Violation Correction

In the base model, we assume that if the supplier fails a manufacturer’s audit, then the manufacturer
does not source parts from the supplier and switches to the backup supplier with additional cost
I. As discussed in §3, this is a common assumption in prior literature. However, in some cases, the
manufacturer may help the supplier to correct his problem that caused the violation detected during
the audit. For example, after Bangladesh fires, the Alliance plan holds suppliers responsible for
making safety improvements and manufacturers terminate their contracts with suppliers in case of

violations, whereas with the Accord plan, manufacturers help suppliers to improve their compliance
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(Greenhouse and Clifford 2013). In this subsection, we investigate manufacturers’ incentives to help
the supplier to correct his problem, and examine how such corrective actions affect the supplier’s
compliance under individual auditing, joint auditing, and ex-ante audit sharing.

Suppose that when the supplier fails manufacturer ¢’s audit, manufacturer ¢ can choose to help
the supplier to correct his problem with investment I’. Apparently, if the investment I’ is sufficiently
larger than the additional cost [ of using a reliable backup supplier, manufacturers would not have
incentives to help the supplier to correct his problem. Thus, in order to focus on the effects of
cooperation and competition among manufacturers, we assume [ = [’ = 0 in this subsection. We
further assume that if manufacturer ¢ helps the supplier to correct his problem, all manufacturers
who source from the supplier will face no social responsibility risk (i.e., z; = 0 ¥i € N). Then

manufacturer i’s expected profit under individual auditing is given by

Emi(e)) = (1= 0)oi + 04 i — BAJ[ (1 =€) p — Cles). (13)

JEN
One can see from (13) that the positive externality (determined by «) does not affect the profit, since
manufacturers have the same social responsibility level after the supplier’s problem is corrected.
Similarly, we can express a manufacturer’s expected profit under joint auditing or ex-ante audit

sharing; see Appendix. As in §5.3, we consider a symmetric coalition structure.

Corollary 7 Suppose the number of manufacturers in every coalition is the same. If B/vy > 1,
the manufacturer’s expected profit is higher and the supplier’s violation probability is lower when
manufacturers help the supplier to correct his problem rather than switching to the backup supplier

under indiwidual auditing, joint auditing or ex-ante audit sharing.

When the negative externality dominates the positive externality (i.e., /v > 1), a manufacturer has
the incentive to help the supplier correct his problem rather than to switch to the backup supplier.
This is because the manufacturer can reduce a potential loss from the negative externality by
eliminating other manufacturers’ risks. However, this causes the free-ride effect as in audit sharing:
By anticipating that other manufacturers may detect the supplier’s problem and help him correct
the problem, manufacturers may reduce their audit efforts. Corollary 7 indicates that when the
negative externality is high, the former (positive) effect dominates the latter (negative) free-ride
effect, so that corrective actions are more effective than immediate contract termination. For
example, if the negative externality created by Bangladesh fires dominates the positive externality
due to the competition in the apparel industry, the Accord plan, which helps suppliers to correct
their problems, may be more effective in inducing higher compliance than the Alliance plan under

which manufacturers can walk away when suppliers do not fix their problems.
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5.5 Supplier’s Audit Fatigue

When manufacturers audit their supplier, they incur audit costs. In some cases, these audits can
be costly to the supplier as well. Especially for a small supplier who serves many manufacturers,
preparing for and hosting multiple on-site audits can take a lot of time and resources, leaving
the supplier less amount of resources to actually execute environmental and social performance
improvements (McKinnon 2012). We can model the audit fatigue of the supplier by assuming that,
if a manufacturer conducts an audit, the supplier’s profit from the manufacturer is r — f, where f
(> 0) represents the supplier’s cost to host the manufacturer’s audit. When manufacturers within
a coalition conduct a joint audit, the supplier incurs such cost for the coalition instead of every
individual manufacturer that the supplier’s profit from the coalition having nj manufacturers is
ngr — f. In the case of audit sharing, the supplier’s cost due to audit fatigue is the same as that
under individual auditing as all manufacturers conduct their own audits. If some manufacturers
choose to reply entirely on the shared audit results, then the effect of the supplier’s audit fatigue is
similar to that under joint auditing. With this extension, we show in Corollary 8 that our results

about the incentives and effectiveness of joint auditing and audit sharing continue to hold.

Corollary 8 When the supplier incurs the audit hosting cost f, Propositions 1, 2, 3, and 4 continue
to hold.

Moreover, since the supplier’s cost due to audit fatigue is lower under joint auditing, his opportunity
cost of losing business when a violation is caught becomes larger, and the supplier is more likely
to produce parts responsibly. Therefore, as one may expect, when the supplier’s audit cost is

significant, joint auditing is more effective than audit sharing as shown in Corollary 9 below.

Corollary 9 As audit hosting cost f becomes larger, it is more likely for joint auditing to be more
effective in improving social responsibility than individual auditing (i.e., & ) given in Proposition 2

is decreasing in f).

6 Conclusion
The incidents of social and environmental violations in recent years have compelled many firms to
rethink their approaches to managing suppliers. This paper investigates two cooperative approaches
that are used in practice: auditing a common supplier jointly (“joint auditing”) and sharing inde-
pendent audit results with other firms (“audit sharing”) either ex-ante or ex-post. We investigate
the incentives of competing firms to cooperate by analyzing a cooperative game in partition function
form, and examine when cooperation improves social responsibility in supply chains.

Our analysis shows that the incentives for cooperation as well as the effectiveness of cooperation

depend crucially on the externalities of social responsibility violations. On the one hand, the
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Joint Incentive Compatible with High Audit Cost;
Auditing Ineffective under Industrywide Cooperation
Incentive Compatible;
Effective
Ex-ante Incentive Incompatible;
Audit Sharing Ineffective with Low Risk of Violation
Ex-post Incent.ive Con.lpa.tible I.ncen‘tive Compatib.le | Incentive Compatible:
Audit Sharing with Stlbs1dy, with Profit Re.allocatlon. Effective
Effective Effective
Low Medium High Degree of Negative Externality

Relative to Positive Externality

Figure 3: Incentive compatibility and effectiveness of joint auditing, ex-ante audit sharing, and ex-post audit sharing
(Note: A cooperative approach is incentive-compatible if it increases manufacturers’ profits, and effective if it reduces

the supplier’s probability of social responsibility violation).

violation of one firm may have a negative externality on the profit of other firms because consumers
may lose confidence in all products in the market as a result of the violation. On the other hand, the
externality of such a violation can be positive if consumers switch from the manufacturer involved
in the violation to others. The degree of these externalities has the following implications (see
Figure 3 for the summary):

(1) When the negative externality is high and/or the positive externality is low, manufacturers have
incentives to audit their common supplier jointly and to share their audit results with each other.
This is true even when some manufacturers have better knowledge ex-post about the supplier than
others, and they would voluntarily share the audit results without any side payment from other
manufacturers because improving the social responsibility of the entire market is more important
than gaining competitive advantages over others. In this case, both joint auditing and audit
sharing have positive impacts on social welfare relative to individual auditing. Therefore, industry
cooperation should be encouraged in this case to achieve a win-win outcome for both manufacturers
and society. When the risk of the supplier’s violation is high, the positive impact of audit sharing
on social welfare is more significant than that of joint auditing.

(2) When the negative externality is close to the positive externality, manufacturers have incentives
to conduct joint auditing if the audit cost is high, but they may not agree to share their private audit
results ex-ante. In this case, joint auditing can still be effective in improving social responsibility
when multiple coalitions are formed, and ex-ante audit sharing can be effective when the risk of
the supplier’s violation is high. Even if ex-ante agreement is not reached for joint auditing or audit
sharing, it is still possible to improve social responsibility by incentivizing manufacturers to share
audit results ex-post through a side payment to those with better audit results. To facilitate such

cooperation, the side payment should be set larger when the degree of either positive or negative
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externality is higher.

(3) When the negative externality is low and/or the positive externality is high, manufacturers
may still audit the supplier jointly if the audit cost is high, but they are unlikely to agree upon
sharing audit results ex-ante. They have incentives to share audit results ex-post only with the
subsidy provided by a third-party organization. Although ex-post audit sharing is effective in
improving social responsibility, both joint auditing and ex-ante audit sharing may not improve
social responsibility. This is because both approaches reduce the intensity of competition, lowering
manufacturers’ incentives to exert audit efforts. Therefore, in this case, governments and NGOs
should pay close attention to industry cooperation.

Although manufacturers cooperated voluntarily in the case of the Bangladesh fires and in the
pharmaceutical industry, a government agency or an industry association should intervene in other
cases to motivate cooperation, for example, in addressing the environmental violations which in-
volved Apple, HP, and Sony. Because industry cooperation does not necessarily improve social
responsibility, caution must be taken to monitor manufacturers’ audit efforts, especially when co-
operative approaches are implemented in the market where competition is fierce and consumers
switch easily. The careful assessment of the risk and externalities associated with social responsi-

bility violations is a key to the success of joint auditing and audit sharing.
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Online Appendix for "Cooperative Approaches to Managing Social

Responsibility in a Market with Externalities"

A1l Proofs of Analytical Results
Proof of Lemma 1: We show in the following that # € (0,1) and e; > 0 in the equilibrium.
To see that § = 0 cannot be an equilibrium, one can observe from (3) that el(-o)(ﬁ) = 0 when

(0)

0 = 0, whereas §()(0) = 1 from (1). Similarly, § = 1 cannot be an equilibrium because e; ' (0) =

Z
1-— {W} "' = ¢ from (6) when 6 = 1, whereas 0(°(€) = 0 due to (A2). Therefore,

6 = 0 or 1 can never be an equilibrium. When 6 € (0,1), ¢; = - > 0. By substituting (6) into
TY ieN 61(0) = g and solving for 0, we obtain the equilibrium supplier’s probability of violation 0
in the lemma. [

Proof of Proposition 1: First, we verify vgn(N) > > vp(Bg) for any B € II. From (9),
=1
N (N) = D ey @ — OnfpA (1 - e§\1,)> — Gnleg\l,) —c(1— eg\,))_z > D ien @ — OnpA (1 — egr)nax) —

m m (1)
Hnleg) c(l—eg) )TEZ> D ien i {anﬁ)\ <1 — Zh_lnhBh> + anlegg +c(1-— egg)_m} =

max max
k=1

=

m
>~ vp(Bg), where eg\}) is the optimal audit effort of the grand coalition N under BY and egr)nax =

k=1
max eg}z. The first inequality is due to the optimality of 65\1[) given BN and the second inequality

follows from the definition of eg) and SA > [.

Next, we prove that if (i) ¢ > teost or (ii) /v > 1, then manufacturers in S C N have no
incentives to secede from the grand coalition N, by comparing the allocation to S under B with

that under BYV. Suppose coalition structure B satisfies B = arg minvp/(S). We consider allocation
B'>S
@ with Y. s @; = vp(9) such that it is the largest allocation that satisfies ), g @; < vp/(S) for all

B’ > S. From (9), the allocation to S under BY satisfies Y, ¢ 4,0?9 =Y icg i —Ong A <1 — 65\1[)) —

Onsle%) — (1 - 65\1,))*”6 > D ieg @i — OngBA (1 — eg)) — Qnsleg) — (1l - e(sl))*m, where ng is
the number of manufacturers in S, e(sl) is the optimal audit effort of coalition S under B, and the

inequality is due to the optimality of es\l,) given BY. Similarly, the allocation to S under B satisfies

Sy nely) Sy nely) (1) (1) (1)
Yoics Pi = Dics i —Ong {ﬁ/\ <1—n ’“)—i—”y)\ (n E—eg )—i—leS }—c(l—es )"
Then. bv solvi o MY 1) ng (-2 ) :
, by solving > .. ga; — OngBA (1 —eg Ongleg ae(l —eg’)™™ > D icq i, We obtain

m (1)
¢ > OnA(1 — %)*1(1 — eg))x(ﬁ - ) <Zk_1nk63’“ — eg)> = teost- Therefore, if ¢ > teost, then

n

Y ics <piEg > > ics @i so that S has no incentives to secede from the grand coalition.
Similarly, for condition (ii), we consider coalition structure B which minimizes vp(S) and

allocation ¢ with ), ¢ ¢; = vp(S5). Note from (8) that when g > 1, vp(S) is increasing in 653113 and
)

ep, is increasing in ny. T hus, except S, every coalition By in B includes only one manufacturer

™ ngeld
(i.e., ng = 1). Then, we obtain ), g gofg — D ies i = OnA(B =) <eg) - M) >0.0

n

Proof of Proposition 2: By substituting 653112 (0) in (8) into 7> ", nkeg]z (0) = g, we obtain the



following equation that 6 satisfies:

m 1) _ B — T
?”an 1 [0 np{BAng + (n — ng)yA nl}] . (14)

cTn

crn

1
Since the left-hand side of (14) is increasing in 0V, when 7 S-7" | {1 — {0(0)"’“{5’\”’““"_"’“)7)‘_”[}] IH]

nr

> g, o) < 90, By substituting 6 in the left-hand side of (14) with 00 = W (1 —

_
we obtain 7> ;" | ny [1 -(1-4)X, “”*1] , where X}, = e BAnet (n—nie )y A=nl} \yrpen X, > 1 for

)

BA+(n—1)yA—nl

k=1,2..,m, r};" 1”k[ (1-30X w]ZTZL’Llnk[l—(l—%)]—TZk Lt =9 By
solving X > 1 for % we obtain that g >1+
When m = 1, define ¢ = 1+ (%\ 1).

l
nk+1 ('y)\ 1)
One can see that € € (0,1] and €M) is decreasing in

n because Y\ > [. If% > W then X; > 1 and Ty ey M [1 -(1-4)X, “”*1] >y, k=

nr

1

Similarly, if 7>~ | ny [1 - (1- g)Xk_”l] > g, then X > 1 so % > ¢ Therefore, 01 < 9 if

and only if % > f(l)

When m > 1, define E( = m]?x{l + 2 +1( —1)} and § = mkin{l + %(Vl—)\ —1)}. One can

1 _ 1
see that ) )" ng [1 - (1-4)X, ”*1} >y if% > § W cand 7Yt ny [1 - (1-24)X, “*1} <y

nr
1

1 1
if 2 < €0, Since we assume 1 - {PEOUAMY TS g [1 - (1-9)X, ““} is

cTn
increasing in Xj. Further, X} is increasing in g Thus, there exists 5’(1) € [§<1>,E(1)] such that
1 _
T ey M [1 -(1-4)X, “”“] > g and 0 < 0 if and only if % > ¢/M) Since §(1) < ¢M and

% > 0, we have &0 e [0,6M]. O

Proof of Corollary 1: The proof is similar to that of Proposition 1 and is omitted.

Proof of Proposition 3: By substituting eg?l)ak (0) in (11) into ) -, nkel(.%k () = g, we obtain
the following equation that 0 satisfies:

"k

m (2) _ _ =T
Tznk 1 [9 {BAng + (n — ng)yA nl}] ¥ _, (15)

CTN
k=1

e
Since the left-hand side of (15) is increasing in #?), when r > e N {1 — {9<0){5,\nk+(n—nk)%—nl}} s+ng ]

crn

> g,0®) < 0 By substituting ) in the left-hand side of (15) with 6 = m (1- %)7(x+1),

. m BAng+(n—ng)yA—nl _zj—iﬁk g nkf-H)
we obtain 7 " | n;Y}, where Y, = 1 — [ AT Al } (1-%) =+ . When Y} >

for k = 1,2,...,m, rY gy > 1>t "2 = g. By solvmg Y, > L for 2 ~, we obtain that

nr

z(ng—1)

z(ng—1) —
g >1+n(l-(1-%) ™ ] [nk—(l—ngr) e ] (ﬁ — 1) = Aj. Define 5(2) = m]?XAk

and §(2) = m}inAk. One can see that 7> " ngY, > g if % > 5(2), and 7> 0 ngY, < g if



< §(2). Since r Y ;r; nipYy is increasing in Yy and Y is increasing in % due to our assumption

1
- {M} s A, there exists @ ¢ [§(2),E(2)] such that r> ;" niYy > ¢ and

0 < 9O if and only if g > ¢® Since A > [, we have ¢€® < €% < 1, and further £ > 0 so
@ eo0,1].
When m = 1, €& = 14n [1 —(1- %)I(nnil)] [n— (1- %)I(nnil)] (7—/\ — 1). We obtain
(2) z(n—1) z(n—1)
o (A,A DA=Z) " [n(g—nr){1-(1-%) = }—g(n—1){n—1-(1-") In(1—2)}]/In{n—

(l—i)xn 1)}2(717"— g)]. Since g < nr and YA > I, 85(2) >0ifn—1—(1- )ln(l——) > 0. It is
easy to see that (1 — %) In(1 —.Z) is decreasmg in % and lim s (1 — M)ln(l — £) = 1. Thus,

n—l—(l—%)ln(l—m) >n—2>0,s0 & is increasing in n.

z(ngp—1) z(ng -1~

1
When g¢/r is sufficiently small, [1 —(1=2) ™ ng—(1—=2%) ™ ] is sufficiently

small so A; > 0 for &k =1,2,...,m. Thus, §(2) > 0 and 5(2) > §(2) > 0.0
Proof of Corollary 2: Under the grand coalition, we obtain §(1) = B}\ff T (1 —

solving e( ) (0) = ;% similar to the base model. We obtain o ( ) (@/n+1)

1-(1- 65?12,(0))” = 2 'We simplify the inequality pvom ( - %) e+1) > 555 (1- %)7(1/7&1)
and obtain g/r > n {1 - (ﬁ)w(n D }

By substituting 65\1[) = < and 61(]2[ =1-(01- %)1/” into AW and A®)| respectively, we

TL?"

obtain AW — A@ = —¢(1- L) 4 ne(1- L) —e/n _ 50N — 03)). Since —c(1—L)7" +

nr

ne (1 - i)_gc/n < 0 if and only if g/r > n{l - (H) z("n”)} and 0 — 93 > 0 under the same

nr

condition, AV — A®) < 0 if and only if g/r > n {1 — (%) ) } . O

) (z+1) b

by solving

Proof of Proposition 4: From (12), we can see that v;y (V) > vz (By) for any B € II. In

e

what follows, we prove in (i) and (ii) that manufacturers in S C N have no incentives to secede
2 < 6 <1 and ng" is used. Lastly,

from the grand coalition N if % > 1 and @9 is used, or if o

we prove in (iii) that manufacturers 2n_2 < v < 1 and more

n—2
2n—2"

(i) From (12), > ;g gofg = Y icg . We first prove that any coalition S, whose members fail to

than one manufacturers found the supplier’s violation, or if g <

detect social responsibility risk (i.e., s; = 0 for all ¢ € S), has no incentive to secede from the grand
™ ngI(B
coalition N. For such a coalition S, since B > 1, Y icg @i = Dieg Qi — N {ﬂ/\ (1 - W)
+’Y>‘ (Ek=1 7:LIcI(Bk)
manufacturer who has detected social responsibility risk has no incentive to secede from the grand
coalition N as well. For such a coalition S, Y ;cq@; = > ;cq i — nsA (B — ) (1 - M) <
Yoics ¥ = D ics gpf , where the inequality holds because ﬁ > 1. On the contrary, When 2 <,

} <D ies i = Zies ©; £9 Next, we show that coalition S with at least one

Doics Pi > D ies i = D icg P 9 for coalition S with at least one manufacturer who has detected
social responsibility risk, so %9 is not in the core.

(ii) We first consider coalition S such that i ¢ S. Under U™, djes <ij” = jes @i — ={BA(n —
1) + vA}. Similar to the proof of Proposition 1, we consider coalition structure B which mini-

mizes vjp(S) and allocation ¢ with » . g¢; = vj(S5). Since % < 1, the coalition structure B



that minimizes v/;(S) should have the highest social responsibility level. This can be achieved by
letting all manufacturers that are not in S form one coalition (i.e., m = 2). Thus, > ;.g¢; =
.Zjes aj — %U{,B)\ns + YA —ng)} < Yjes <ij" because % < 1. Next, for coalition S such that
i€, ZUjGS Y =g ajtA (1 - %US) {nBHy=B}. Yet, Y icsvj = D jes @it A(y=0) (1 - %) =
Yjesey " = A= 5)nB < X eg 0"

(iii) We first prove that when g < 1, the core is empty when there exists another manufacturer
J (3 i) such that s; = 1. On the one hand, the allocation ¢ that is not dominated via {7,5}
satisfies ; + ¢; > a; + aj + 2 (1 — %) (v = B) > o; + aj, where the first inequality is because
¢;+@; > vp({i,j}) for all B for which {i,j} € B from the definition of domination and the second
inequality holds because % < 1. On the other hand, the allocation ¢ that is not dominated via
N\i satisfies 3. oy 02 2 D,y @z because 3o oy ¢, > vp(N\i) for all B for which N\i € B
from the definition of domination. Then, we obtain }-,cy 0. =3, cn; 0. + % > D,y @z, Which

means that ¢ is not feasible. Therefore, the core is empty.
-2

on—2"

manufacturer ¢ such that s; = 1. Similar to the case above, according to the definition of domina-

Next, we prove that when g < the core is empty even when there exists only one

tion, the allocation ¢ that is not dominated via N\i satisfies >0, oy, 0. = ey — (0 —
1) {[3)\ (1 — %) + %} Suppose j € N\i so that s; = 0. The allocation ¢ that is not domi-
nated via N\j satisfies 3 oy = Doy + 2=LX(y — B) according to the definition of

domination. Then, we obtain ) _y¢, = o; + ﬁ <ZZGN\i v, — ZzeN\i az> + ZZGN\]. v, >
aj—BA(1-3) - % + 2 sen ¥t PANY = B) = Y en @ = 26A (1= ) #9252 > 3y s,

n—2
2n—2"

Proof of Corollary 3: We prove that when g < 27;__22, the following allocation is in the core:

where the last inequality holds because g < Thus, ¢ is not feasible, so the core is empty. [

A = it A~ 1)+ AL+ T {(n - 29A — (20— 2)BA} and

n—1 YA . .
eF = ;- - {ﬁ)\—l—m} for i € N\i.

First, consider coalition S such that i ¢ S. For any allocation ¢ to dominate % via S,

Yoes P S Daes @ = s {BA (L= 258 ) + A (M)} < Ve = {BA(L = 3) + 94 (3)) =

Y es @5 where the first inequality is due to the definition of domination and the second in-
n—2

equality is due to % < g, For coalition S with i € S, if any allocation ¢ dominates ub

via S, then 3.cg ¢, = Yoo 2" < Poeg @ —ms {BA(1 = 5) A (5 — 1)} — Eoes 92 =
(n—ng)A{ ”Sn_lv - ”S_HH”B} — 2=\ {(n — 2)y — (2n — 2)8} < 0, where the first inequality is due

to the definition of domination and the second inequality is due to 1 < ny <n —1 and % < 27:;_22.

Therefore, S has no incentives to secede from the grand coalition and > is in the core. [

Proof of Corollary 4: (i) Similar to the proof of Proposition 1, we consider coalition structure B
which minimizes Ug’)(S) and allocation ¢ with » ;¢ ¢, = vg)(S). When g > 1, vg)(S) is increas-

3) 3)

. 3 3 . . ..
ing in e}’ and e(. ). Further e( ) and e;”’ are increasing in ny. Thus, except S, every coalition By,
8 By, i » By, i g ) pt », Yy

in B includes only one manufacturer (i.e., ny = 1). Then, we obtain ), g ‘Pz'Eg_Zies ©; = On\(B—
n 3) 1—H (1—e®) ) ns,
3 S nge R 3 m ) j
) <€Eg) 2k 1n B’“)—}—Q(ns—ns))\(ﬁ—’y) (1 - Hies\§(1 — ez(. ))) P ( JeB,;Z )

0, where S=5n {1,2,...,n} and 7Ny is the number of manufacturers in S.

>



(ii) It can be easily shown that either 9 < B < 9@ or PP < 9B < gV Define §(3) =
min{¢M, ¢ and E(B) = max{¢W @)} According to Propositions 2 and 3, ) < 0 if g/r < §(3)
and 0®) > 9O if B/r > 5(3). Due to the monotonicity and continuity of 0@ — 90 with respect to
B/r, we obtain that there exists £ such that §©) < 6 if and only if B/ > ¢®). O

Proof of Corollary 5: (i) Under the grand coalition, by substituting es\l,) = m and

eg?]z[ =1-(1- m)”” into vgl)\, (N) and vg])v(N), respectively, we obtain vg])\,(N) —
1 —z/n - . 2

v;J)V(N) = —nc (1 - m> +c (1 — m> . Then we can obtain UESJ)\,(N) —

vgJ)V(N) > 0 if and only if m >n {1 — (%)ZW—U }, which is more likely to hold as n

decreases because rg > rr.

ii) Under the grand coaliti btain 9©) = ____cm 1 S g

(ii) Under the grand coalition, we obtain = BT ( - ETH+(n*ﬁ)TL> , =
cx g —(=+1) (2) cx 9 ~w/ntl) imi

Bl <1 — Ter—i-(n—ﬁ)rL) and 6% = Al (1 — ETH+(n_ﬁ)TL> . Similar to the proof

of part (i) above, we obtain 0@ < 0 and 6@ < M) are more likely to hold as n decreases. [J
Proof of Corollary 6: Under individual auditing, the expected profit of manufacturer ¢ is given
by

By = (1—0)ai+0 {ai N (1 - E]jj”) A (ei - Zﬁm) _ eiz}—(rﬁu)—C(ei), (16)

n
where (r; + v) denotes manufacturer i’s payment to the supplier given the supplier’s production

cost v. By substituting e; = ;Z- and 0 in (7) into (16), we obtain

[can(BA = 1) + (] (1 - n%i)ﬁ + canl (1 — %)7%1
BA+(n = 1)yA —nl

Er,=o; — —(ri—i—v).

—z—1
The first-order condition implies that 7‘2(0) satisfies [cz?n(BA — 1) + cx] <1 — 9(0)> —& T
nr; n{r; ' }?

—r—2
cxnl(z + 1) (1 — m«i“”) n{r;(’%())]j — [BX + (n — 1)yA — nl] = 0. Similarly, under joint auditing,

—x—2

—z—1
’I“Z(I) satisfies [cz?n(BA — 1) + cz] (1 — nrg(l)> n{r%)}Q + canl(z + 1) (1 - nrg(1)> % -

n{r

ng[BAng + (n — ng)yA — nl] = 0. Under ex-ante audit sharing, 1"1(2) satisfies [cx?n(BA — 1) +

—z/n,—1 —z/nE—2
cx) (1 — Wg(g)) m+cxnl(az+nk) <1 - mf’(2)> W—nk[ﬁ)\nk—i—(n—nkh/\_
nl] = 0.

When 8/y > 1, BA + (n — 1)yA — nl < fAng + (n — ng)yA — nl. Since the left-hand sides of
0) 5 (1) ©) 5 ,.(2)

the three equations above are all decreasing in r;, we obtain that r; ;  and 7; ;. Since

—z/n —x
(1 — 4 ’ < (1-:Z , we obtain that TZ@) > ’FZ(I). O

nry;
Proof of Corollary 7: When the number of manufacturers in every coalition is the same, the

expected profit of manufacturer ¢ with violation correction under ex-ante audit sharing is the same
as that under individual auditing in (13). The expected profit of coalition By under joint auditing



is given by

Enp,(ep,) = (1—0)ai+ 0 a; — B [[ (1—ep,) p — Cles,).
B,€B
By comparing this expression with (13), one can see that by taking one coalition under joint auditing
as one manufacturer under individual auditing, we can analyze joint auditing similar to individual
auditing (except that we have m instead of n manufacturers). Therefore, in the following, we show
the proof for individual auditing only.

By solving the first-order condition of (13), we obtain manufacturer ¢’s optimal audit effort
1

“ztn
e*(0) =1- (%) with violation correction. Then we obtain §* = &% (1 — £)~ (@/n+1) by solv-

— BA nr
ing 1 —(1—¢*(0))" = Z. When 8 > v, we obtain 6" = 5% (1- %)_(x/nﬂ) < & (1- %)_(Hl) <
% ( — %) (T’H) =0, i.e., the violation probability of the supplier is lower when man-

ufacturers help the supplier to correct the violation.

1
By substituting 6* into e*(6), we obtain e* = 1 — (1 — —)ﬁ According to (13), we have
the equilibrium profit E7;(e*,6*) = (1 — 0%y + 6" {os — BA(1 — L)} — C(e*) > (1 — 0Oy +
0){ai—,3)\ 1—43)} —C(e") > (1 — 60©)ay —1—90){04 — BX( 1—— )} = C( ()), where the last
expression is the proﬁt of manufacturer 7 in the base model. Therefore, the expected profits of
manufacturers are higher. [
Proof of Corollary 8: Under individual auditing and audit sharing, the expected profit of
the supplier is Emg = n(r — f) — 6 {(r —f)Dien€i— g}. Then the equilibrium decisions of the
manufacturers and supplier are the same as those in the original model except that r is replaced
by r — f. Therefore, Propositions 3 and 4 continue to hold.

Under joint auditing, the expected profit of the supplier is Emg = nr — mf — {3 ;- (ngr —
f)en, —g}. Proposition 1 continues to hold as 6 is fixed. In the following, we show that Proposition
2 also holds. By substituting eg]z(ﬁ) in (8) into Y ;- (ngr — f)eglz = g, we obtain the following
equation that o) satisfies:

1
i (ner — [0(1)nk{ﬁ)\nk + (n— ng)yA — nl}] S .
k=1

CTN

(17)

cxrn

1
Since the left-hand side of (17) is increasing in 81, when 37", (ngr—f) [1 — [9(0)”’“{'8’\"’#("7"’“)7)‘7"1}} Hl]

> g, 01 < 9O By substituting ) in the left-hand side of (17) with 00 = W
(z+1) . m — nE{BAn n—ng)yA—nl
<1 i — nf) , we obtain > ;" | (ngr—f) { (1--4 nf)Xk o+l } where X}, = k{ﬁﬁ/\j&(fl)’y];\);ynl }

% and 0 < 9O if and only if X >

{1 —g/(nr — )}/{1 = g/(nr — nf)}]~ @D, One can see that in this case, X} is increasing in
n and the right-hand side of the inequality is decreasing in n, so the threshold for 3/, 5(1)
1

is increasing in 8/y. When m = 1, X} =

—e

, 18

decreasing in n. Furthermore, if 5/v =1, X3 > 1s0 >, (ngr — f) [1 - (1- g)X“l] >

nr—nf

e (ngr — f)m 77 =9 and thus §(1 < 1. The proof for the case when m > 1 is similar to that
of Proposition 2. [J



g

Proof of Corollary 9: In the proof of Corollary 8, one can see > ;- (ngr — f)m is in-

1

creasing in f. Since >, (ngr — f) [1 — (1= 57)X, 7| is increasing in Xy, there exists

z(f), which is decreasing in f, such that when X > z(f) for £k = 1,2,...,m, >/, (ngr —
_1

HI1—(1- ﬁ)Xk I“} > g and ) < 00 By solving Xj, > z(f) for g, we obtain that

B l
~

>1+ nk%m(f)(vi)\ — 1), which is decreasing in f because YA > [ and x(f) is decreasing in f. [J

A2 Additional Results
A2.1 Consumer Choice Model

Suppose there are two groups of socially conscious consumers for manufacturer ¢. The first group
of 7/ consumers is informed of manufacturer 4’s social responsibility level z; and their utilities from
purchasing manufacturer i’s product are given by v — z;, where v ~ U]|0, 1] represents the brand
loyalty to manufacturer ¢. A consumer in this group switches to other manufacturers if v — z; < 0.
The second group of 3 consumers is uninformed of manufacturer i’s social responsibility level z;
and their utilities from purchasing manufacturer i’s product are given by u — z;, where u ~ U|[0, 1]
and Zz; is the belief about manufacturer i’s social responsibility level. Although these consumers are
uninformed of one particular manufacturer’s social responsibility level, they can learn the overall
social responsibility level of the market from the media. We assume that they take the average
level of social responsibility among all manufacturers as their belief for z;; i.e., z; =) JEN % /n. A
consumer in this group does not purchase any product in the market if u—z; < 0. The consumer does
not switch to other manufacturers because given the consumer is uninformed, other manufacturers
appear to have the same social responsibility level as manufacturer ¢ to the consumer. With this
setup, the number of consumers that switch to manufacturer ¢ from other manufacturers is given
by 737 eni #i/(n — 1). The number of consumers that switch from manufacturer  to others or
choose not to purchase is given by v'z; + 3> JEN /n. Therefore, manufacturer :’s demand from
socially conscious consumers is given by 7' + 8"+ 37 e a2/ (0 — 1) = 7'z = B' 3 e 2j/n- Let
a; ="+, 8= p"and v =7'n/(n—1). Then the demand can be rewritten as c; — 83y 2j/n+

o (ZjeN zj/n — zi) . This supports the functional form of 7; in (2).

A2.2 Extension to Convex Cost and Supplier’s Profit

In the base model, we assume that the supplier may adopt a pure strategy of either producing
parts responsibly (i.e., # = 0) or irresponsibly (i.e., # = 1), or adopt a mixed strategy of choosing
6 € (0,1). In this case, the expected cost saving of the supplier from producing parts irresponsibly
is g#, which is linear in 6. It is plausible in some other cases that the compliance cost of the supplier
is convex in his compliance effort. In the following, we first show that our insights from the base
model continue to hold under the convex compliance cost and then analyze supplier’s profit in this
case.

Let € € [0, 1] denote the compliance effort of the supplier and we assume that the compliance
cost takes a quadratic form as ge2. Then the expected profit of the supplier, Emg, under individual
auditing (cf. (1) in the base model) can be expressed as Emg(e) = r{n— (1—-¢)Y ,cyei} —
ge?, where the first term represents the expected revenue of the supplier from selling parts with
compliance effort €. By solving the first-order condition, we can obtain the optimal compliance



effort of the supplier under individual auditing () (e;) = r/(2g) Y ien Ei-

For trackability, we assume that the audit costs of manufacturers are also quadratic in their
audit efforts; i.e., C(e;) = ce?. Then we can obtain the following optimal audit effort of manufacturer
i under individual auditing (cf. (6) in the base model) by solving the first-order condition of (3):

(I—e){BA+(n—1)yA— nl}‘

e(e) = —

The optimal audit efforts under joint auditing and ex-ante audit sharing can be obtained simi-
larly. Following the analysis similar to that of the base model, we obtain the following corollary:

Corollary 10 With the quadratic compliance cost and audit cost (i.e., ge? and ce?), Propositions
1, 2, 8, and 4 continue to hold except that joint auditing (resp., ex-ante audit sharing) being more
effective than indiwidual auditing means ) > O (resp., e > £0)),

Proof: The quadratic costs do not affect our analysis of the partition functions, and thus Propo-
sitions 1 and 4 continue to hold. For Proposition 2, by substituting ego) (e) into e =7/(29) > ;en €i
and solving the equation for €, we obtain the equilibrium compliance effort of the supplier under
individual auditing € = r{8X 4+ (n — 1)y\ — ni}/[4gc + 7{BX + (n — 1)yX — nl}]. On the other
hand, the equilibrium compliance effort under joint auditing £(!) satisfies () = r/(2g) "1, nkeg]z,
where 6581;3 = np(1 — e {npBX + (n — ng)yA — ni}/(2¢n). By replacing €M in e /(1 — M) with
e(® and comparing it with r >~ n2{ngBA + (n — ng)yA — nl}/(4eng), following a similar proof
to that of Proposition 2, one can show that the proposition continues to hold. Proposition 3 can
be proved similarly. [J

Lastly, the following corollary compares the supplier’s profit with and without the cooperation

in auditing.

Corollary 11 The expected profit of the supplier under joint auditing or ex-ante audit sharing is
lower than that under individual auditing if B/ is sufficiently large.

Proof: By comparing the optimal audit effort under individual auditing 61(0) (e) = Q=e){BA+(n—
1)yA—nl}/(2¢n) and that under joint auditing eg]z (&) = np(1—eM){npBA+ (n—np)yA—nl}/(2cn),
it is easy to see that e (e) < 659113 (e) if B/~ is sufficiently large. Thus, the expected profit of

the supplier under individual auditing satisfies Ew(()o) (e0) = ¢ {n —(1-eNY.n 61(0) (5(0))} -
9e®2 2 v {n - (1 - W) Ty el(cW) = ge®? > 7 {n — (1 = W) 7L ngely) (W) | — geV2 =

E?Tél) (5(1)) if 5/ is sufficiently large, where the first inequality is due to the optimality of £(© under
individual auditing. The result under ex-ante audit sharing can be proved similarly. [

When the negative externality is high or the positive externality is low, the manufacturers
conduct more comprehensive audits when they cooperate than when they do not. As a result, the
supplier has to choose a higher compliance effort under joint auditing or ex-ante audit sharing,
which leads to a higher compliance cost and a lower profit.
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