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A Game-Theoretic Analysis of Social Responsibility Conduct in Two-Echelon Supply
Chains

Abstract: This research investigates how two supply chain members, a downstream firm
(F) and an upstream supplier (S), interact with each other with respect to corporate social
responsibility (CSR) behaviour and what impact exogenous parameters may have on this
interaction. A game-theoretic analysis is conducted to obtain equilibriums for both
simultaneous-move and sequential-move CSR games. Under certain assumptions, it is
concluded that (1) there exists a mutual incentive between their CSR behaviour, whereby a
win-win performance in terms of both CSR and profitability is achieved as long as exogenous
parameters exceed certain critical thresholds; (2) A higher consumer marginal social-benefit
potential (MSBP) or a lower consumer marginal perception difficulty (MPD) helps to lower the
critical thresholds of CSR budgets and CSR operational efficiency by S and F, making it easier
to achieve the win-win performance; (3) An increase in one supply chain member’s CSR
budget or CSR operational efficiency tends to make the supply chain easier to attain a win-win
performance scenario; (4) if CSR decisions are made sequentially, a prior commitment to CSR
activities from one supply chain member strengthens the mutual incentive and facilitates the
realization of the win-win performance. Business implications of these research findings are
also discussed.
Keywords: Supply chain management; corporate social responsibility; game theory; mutual

incentive; commitment

1. Introduction

With the continued trend of globalization, more and more firms have been taking advantage of
global supply chains to improve their competitive edge by lowering cost, accelerating product
development, and getting access to natural and human resources in the international arena
(Boyd et al. 2004). As firms enjoy the benefits, many leading global brands such as Nike, GAP,
Adidas, and McDonalds have been faced with intense pressure for socially responsible supply

chain management (Amaeshi et al. 2008). A commonly observed response to this pressure is
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that the primary firm introduces codes of conduct to ensure its partners’ business practices to
be socially responsible (Pedersen and Andersen 2006). However, World Bank (2003) reports
the difficulty in implementing these codes of conduct due to a wide variety of individual codes
on corporate social responsibility (CSR), the effectiveness of the top-down CSR structure, and
insufficient understanding of business benefits of CSR commitment.

CSR has historically been a significant theme in the business community and attracted
considerable research interests from academia. For instance, a survey of the Economist (2005)
shows that 85% of 136 executives and 65 investors view CSR as a “central” or “important”
consideration in making investment decisions. Different lines of research have been conducted
to examine CSR, including qualitative analysis (Bowen 1953, Friedman 1970), empirical
investigations on the relationship between CSR and corporate financial performance (Orlitzky
et al. 2003, Margolis and Walsh 2001, Gonzalez-Benito and Gonzalez-Benito 2005), and
formal modeling of CSR (Baron 2001, 2007, Calveras et al. 2007, Giovanni and Giacinta
2007).

Currently, the majority of research on CSR focuses on individual firms. Recently,
researchers have extended the view on CSR and investigated CSR from a supply chain
management perspective. Research in this emerging field has taken on different avenues. For
qualitative discussions, with the belief that the primary member of a supply chain is morally
obligated to manage other members’ CSR activities, Boyd et al. (2004) provide a nine-step
procedure for supply chain CSR management. Amaeshi et al. (2008) suggest that the more
powerful member in a supply chain bears a responsibility to influence the weaker member(s).
Empirically, Carter et al. (2000) show that environmental purchasing has significant impact on
both income and cost. Carter and Jennings (2002) find a positive relationship between CSR and
supplier performance. And more recently, Miao et al. (2011) use a sample of Chinese firms to
explore the antecedents of logistics social responsibility. Ageron et al. (2011) take advantage of
a French sample to provide a list of enabling conditions and critical success factors for
sustainable supply management. In addition, mathematical models have been established to
investigate CSR in supply chains. For instance, Savaskan et al. (2004) identify an appropriate
supply chain structure for original equipment manufacturers in closed-loop supply chains with

product remanufacturing. Cruz (2008) develops a dynamic multi-criteria decision-making
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framework to derive the equilibriums for supply chain networks with environmental (social)

responsibility, and the basic assumption is that environmental responsibility does not directly
affect market demand. Cruz and Wakolbinger (2008) extend Cruz ( 2008 ) to a multi-period

setting to capture the long-term effect of CSR activities. Hsueh and Chang (2008) demonstrate
that system-wide optimization can be achieved by appropriately allocating social responsibility
via monetary transfers among members in a supply chain network. Ni et al. (2010) examine
social responsibility allocation in two-echelon supply chains, where the two supply chain
members are bound by a wholesale price contract. A key issue is to determine who should be
allocated as the responsibility holder with the right of offering the contract that is designed to
characterize the transfer mechanism of social responsibility cost incurred by the supplier.
Another concern in Ni et al. (2010) is to examine how this right should be appropriately
restricted.

Taking a strategic CSR view (Baron 2001), this paper attempts to understand how two
supply chain members, a downstream firm (F) and an upstream supplier (S), interact with each
other with respect to CSR behaviour in a game-theoretic setting and what impact exogenous
factors may have on this interaction and equilibriums. Compared to the otherwise identical
product sold by competitors in the final market, the product provided by the supply chain
differs with certain CSR commitment that is expected to bring consumers with additional
benefits depending on consumers’ perceptions. This assumption aims to address empirical
findings about the effect of CSR performance on consumer’s willingness-to-pay in Mohr and
Webb (2005) and De Pelsmacker et al. (2005) and reflects the view that CSR performance can
be viewed as a device for both vertical and horizontal product differentiation (McWilliams et al.
2006). The final market is assumed to be competitive via price, and this price competition
results in a CSR-dependent demand function for the supply chain product due to the
differentiation by CSR performance. With this demand function, a dynamic three-stage game
model is established to characterize the strategic interaction between S and F in the
two-echelon supply chain where the first stage is to capture the behavioural interaction
regarding CSR conduct and the last two stages are a standard description of the good/service

transaction in a supply chain with a wholesale contract. More specifically, Section 2 considers
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a simultaneous-move CSR game where S and F simultaneously determine their individual CSR
commitment prior to F’s purchase decision from S at a wholesale price set by S, F then sells the
product or service in a final consumer market. Section 3 examines the situation that S and F
declare their individual commitment to CSR activities sequentially (For example, in its 2006
annual CSR report, Starbucks announced (committed) the target percentage (66.9%) of 2007
paper using that is made of post-consumer fiber), and this modified game is referred to as the
sequential-move CSR game.

With the simultaneous-move CSR game, it is demonstrated that a mutual incentive exists
between F and S and this mutual incentive leads to a win-win result in the sense that both the
CSR and economic performance can be enhanced as long as exogenous parameters exceed
certain thresholds (Proposition 2 and 3). Subsequently, it is explored how these thresholds are
affected by each exogenous parameter (Proposition 4). An examination of the sequential-move
CSR game reveals that the prior commitment to CSR activities by one member strengthens the
mutual incentive and makes the win-win performance more likely to be realized by
coordinating their social responsibility activities. The enhancement of the mutual incentive is
reflected in the relaxation of the critical conditions for achieving the win-win performance
(Proposition 5).

The research reported in this article falls within the category of mathematical modeling,
but the models here significantly differ from the existing approaches. Savaskan et al. (2004)
focus on the efficiency differences among four supply chain structures while we demonstrate
how a win-win scenario can be achieved via the mutual incentive between S and F, and this
incentive may be further strengthened if a member is willing to declare its CSR commitment
ahead of another member’s CSR decision. In the multi-criteria decision-making framework,
Cruz (2008) considers the cost associated with CSR activities and ignores the benefit of CSR
commitment on market demand, but the research here accommodates both cost and benefit of
CSR. More importantly, this article attempts to understand how to reach a win-win solution
through strategic interaction between the two supply chain members while Cruz (2008) and
Cruz and Wakolbinger (2008) explore the dynamic evolution of product flows, associated
product prices, and different levels of social responsibility activities in supply chain networks.

In Hsueh and Chang (2008), the proposed strategy for coordinating CSR in a supply chain
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network is accomplished by monetary transfers that are assumed to be exogenously binding,
while the models here investigate how CSR activities endogenously interact. As for the
difference from the research reported in Ni et al. (2010), this article assumes that each supply
chain member incurs its individual CSR cost and the focus is to examine the strategic
interaction between the two members. On the other hand, Ni et al. (2010) consider the situation
that the cost associated with CSR only incurs by S and is expected to be shared with F through
a wholesale price contract.

This research differs from the literature on the impact of quality and/or service on market
demand in industrial organization (Tirole 1988) where quality/service reflects a vertical
differentiation attribute of a product and a higher quality or service level always provides
positive extra benefits to all consumers. On the other hand, the CSR performance here is
modeled with both vertical and horizontal differentiation aspects where a product with CSR
commitment may provide positive or negative extra benefits depending on consumers’
perceptions. In addition, the research here focuses on the mutual incentive of CSR conduct
between the upstream and downstream players, but the literature on quality improvement
incentives under quality-related cost sharing contracts usually does not explicitly consider the
impact of quality improvement on final demand or the downstream service competition/
coordination in the final market. More detailed comparisons are furnished in Section 2.2 when
the basic model setting is explained.

The remainder of this article is organized as follows. Section 2 presents a simultaneous-
move CSR game model with its equilibriums and comparative results. Section 3 considers the
situation that the two members make their CSR decisions sequentially rather than
simultaneously. A discussion about adopting quadratic CSR cost functions is furnished in
Section 4 and the paper concludes with some remarks in Section 5.

2. A Simultaneous-Move CSR Game
2.1. The Final Demand for CSR Products
Consider a two-echelon supply chain with a downstream firm (F) and an upstream supplier (S).

F purchases product/service from S at a wholesale price w set by S and sells it in a final

market where a large number of firms with a same constant marginal cost (c, =0) sell identical
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products via price competition. The products sold by F and other firms in the final market are
only differentiated by CSR activities committed by F and S while other firms provide the same

product without CSR commitment. The price competition implies that the equilibrium price of
non-CSR goods ( p, ) is equal to their marginal cost (i.e. p,=c¢, =0).!

Assume that each consumer in the final market purchases at most 1 unit and has
homogeneous preference on non-CSR goods provided by other firms, but consumers’

preferences are heterogeneous on the CSR product provided by the supply chain. To

characterize the difference in CSR preference, it is assumed that a consumer with type &

obtains an extra benefit ay—bé@ (relative to 1 unit of non-CSR good) when he/she buys one
unit of good with a given CSR activity (y), where a>0, b>0, 6>0.% Furthermore, if

y =0, it is assumed that ay—b&=0 for all &>0. This implies that the extra benefit will be

zero if the supply chain system does not provide a differentiated product with CSR
commitment.

This formulation of extra benefits intends to capture the following impact of CSR

activities. Firstly, ay reflects a general intuition that each consumer could potentially benefit
from CSR activity y. a is hereafter called the marginal social-benefit potential (MSBP). For

a given Yy, the greater the MSBP, the greater the potential social benefit is generated by this
CSR activity. Secondly, b& represents consumer @&°s difficulty to perceive the potential
benefit of y. b is referred to as the marginal perception difficulty (MPD). A higher MPD
indicates that consumer & feels more difficult to perceive the benefit. Finally, for given a,
y and b, different 8’s embody heterogeneous preferences for a given CSR activity: a

consumer with a higher @ receives a lower level of extra benefit by consuming a unit of the
CSR goods.

Moreover, in the above formulation of consumers’ extra benefit, the potential social

! The zero marginal cost (and the zero equilibrium price) assumption is for notational simplification, which has no material
impact on the following analysis.

2 Bagnoli and Watts (2003) also assume an extra benefit of this form for consumers who consume a unit of CSR-linked goods,
without any exploration on the implications of vertical and horizontal product differentiation.
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benefit (ay ) reflects the vertical product differentiation property of a CSR activity because all

consumers would potentially benefit from this CSR activity. On the other hand, consumer’s

perception difficulty (b&) captures its horizontal product differentiation property because

different consumers tend to have different preferences on a given CSR activity (y).> Thus this

formulation intends to capture both vertical and horizontal product differentiation of CSR
activity.* This extra benefit formulation captures consumers’ different willingness-to-pay for a
product with a given CSR activity. For instance, De Pelsmacker et al. (2005) empirically show
that the average premium of willingness to pay for fair-trade coffee (relative to no-fair-trade
coffee) varies from 36% for the fair-trade lovers to 3% for the brand lovers.

Next we shall consider the demand function for the CSR product supplied by the

two-echelon supply chain consisting of F and S. Assume that the CSR product is priced at p
by F. Consumer @’s net surpluses are u,+ay—-b&—p and u,—p, if he/she buys (and
consumes) one unit of F’s product with the CSR activity y and non-CSR product from

other firms in the final market, respectively, where u, is the utility obtained by consuming

one unit of non-CSR product. Then the condition under which consumer 6 buys F’s CSR

product is ay—b&d—-p=>p,=c,=0. Finally, let 6, be the critical consumer type satisfying
ay—b&—p=0. All consumers with type #<¢, will obtain a positive extra benefit by

consuming F’s CSR product, leading to F’s demanded quantityat p tobe q=(ay—p)/b.

2.2 The Supply Chain Model

Let y. and y; be the CSR performance achieved via F’s and S’s CSR activities
respectively, and y =y, +Yys be the channel CSR performance. The final demand function for

the CSR product provided by the two-echelon supply chain q=(ay—p)/b can be re-written

% Clearly, for given @, Y and b , a consumer with a large enough & may receive a negative extra benefit by consuming

one unit of this CSR good. In this case, consumer @ personally perceives a negative effect of the social clause corresponding
to the given CSR. But for the same Y, a consumer with a small enough 6 would envisage a positive effect of this social

clause.
4 McWilliams et al. (2006) also believe that CSR can be used as both vertical and horizontal differentiation devices in the field
of strategic management.
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as
p=2a(ye +Ys)-Dbq 1)
where p>0 and g>0 are the price and demand quantity, respectively.

In demand function (1), for given b and y. +Y,, parameter a (the MSBP) determines

not only the highest potential willingness-to-pay of consumers in the market segment served by

the supply chain (by setting q=0), but also the maximum scale of this market segment (by

setting p=0). Thus the MSBP parameter a reflects the potential to attract consumers to the

CSR product provided by the supply chain.
Parameter b (the MPD) determines the slope of the demand curve for the CSR product

market segment and depicts the price sensitivity to demand quantity. Then for given y. + Vs,

a and p, parameter b determines how many consumers will purchase the CSR product

provided by the supply chain. Note further that b gauges the difficulty for a consumer to
personally perceive the benefit of a given CSR activity. A lower b indicates that consumers
are easier to perceive the benefit of CSR and tend to get higher extra benefit. Thus the MPD
parameter b reveals the attractiveness of the CSR product to consumers.

To summarize, a higher MSBP (a) or a lower MPD (b ) indicates that the CSR product is
more attractive to consumers, reflecting a higher degree of product differentiation for the CSR
product by the supply chain from other firms’ non-CSR product in the final market. In this case,
the competition tends to be less intensive in the final market for the CSR product by the supply
chain and the non-CSR product by its competitors. Based on the product differentiation
property, the MSBP parameter a and the MPD parameter b can be used to represent the

competition intensity that the supply chain has to face in the final market.

Let ¢c. >0 and ¢, >0 be the unit CSR cost incurred by S and F, and C. >0 and
C, >0 be the investment budget set aside for CSR activities by F and S, respectively. Then
y. €[0,C. /c.] and vy, €[0,C,/c,] specify the CSR performance bounds for F and S. The

unit CSR cost c¢. and c, can be respectively viewed as parameters to measure F’s and S’s
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CSR conduct efficiency at an operational level: a higher unit cost indicates a lower of

operational efficiency. We call c. and c, respectively the operational efficiency of F’s and

S’s CSR conduct. The CSR investment budget C. and C, can be seen as parameters to

represent the levels of the importance that F and S attach to CSR conduct at a strategic level: a

higher budget implies that a supply chain member takes CSR conduct as more important and

then allocates more resources to its CSR activity. C. and C, can then measure the strategic

importance of CSR to F and S, respectively. To concentrate on CSR interaction in supply chain
operations, other costs such as the CSR- independent portion of production, stocking, and

delivery costs are normalized to be zero.

The sequence of decisions is as follows: F and S choose y->0 and y,>0

simultaneously (This simultaneous-move assumption is relaxed to be sequential-move in

Section 3), followed by a wholesale price we[0,a(y. +Y,)] offered by S (as noted by

Cachon (2003), wholesale price contracts are commonly observed in practice). Finally, F

makes its purchase decision q.

The aforesaid CSR conduct model setting, at the first glance, appears similar to existing
literature on quality improvement incentive within a supply chain (see Chao et al. (2009) for an
extensive review). However, our model is significantly different from this body of literature in
two aspects. Firstly, our research assumes a CSR-dependent demand function while the latter
assumes a profitability difference resulted from different quality levels without explicitly
considering the impact of quality improvements on demand. Secondly, our model focuses on
strategic interactions of CSR conduct in a supply chain under wholesale price contracts, while
the latter mainly concentrates on designing quality-related cost sharing contracts between
supply chain members for quality improvement.

Moreover, our assumption of a CSR-dependent demand function can be found in recent
parallel research on supply chain service competition/coordination. Along this line, Tsay and
Agrawal (2000) assume a service-dependent demand function with a substitutive demand
effect between two downstream retailers’ service levels and examine the impact of relative

intensity of price- and service-competition on supply chain operations dynamics. Bernstein and
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Federgruen (2007) use a demand function with the same property as that in Tsay and Agrawal
(2000) to investigate the coordination problem in a supply chain consisting of one common
supplier and N retailers. Rather than focusing on downstream competition in the final market,
our model is devoted to exploring behavioural interactions of CSR conduct within a supply
chain under the assumption that S’s and F’s CSR activities enable the product supplied by the
supply chain to be differentiated both vertically and horizontally from other firms’ non-CSR
products in the final market. To investigate supply chain coordination where two supply chains,
each consisting of one wholesaler and one retailer, compete by service levels, Boyaci and
Gallego (2004) adopt the fill rate to measure service levels of the supply chain members, and
assume that final demand of each supply chain is determined only by a relative downstream
service level, but is independent of upstream service level and retail price (This
price-independence assumption is also adopted by Taylor (2002) to describe the impact of sales
effort on final market demand). In our model, we assume that the final market demand quantity
and retail price are positively associated with both the upstream and the downstream CSR
activities. To summarize, the service competition literature is to understand the role of service
in downstream competition in the final market, while our model is to explore the
upstream-downstream behavioural interactions of CSR conduct in a supply chain. In addition,
to describe the impact of service on final demand function, this body of literature follows the
theory of industrial organization and views service as a vertical product differentiation device
(Tirole, 1988).> With our analysis of the impact of CSR commitment on consumers’ extra
benefits, this research intends to characterize both vertical and horizontal differentiation
properties of CSR conduct.

Finally, a number of authors view CSR conduct as a provision of public goods. Bagnoli
and Watts (2003), Kotchen (2006), and Besley and Ghatak (2007) are concerned with
inter-firm competition where firms strategically provide certain amount of public goods (CSR
performance). And then they analyze the efficiency implication of the public goods provision
according to the corresponding market equilibriums. Rather than examining market efficiency
under inter-firm competition, we focus on behavioural and operational implications of the

strategic cooperation/conflict of CSR conduct within a supply chain under a linear demand

® Quality is also treated as a vertical differentiation device in the theory of industrial organization.
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function (1), in which the parameters a and b reflect competition intensity in the final
market.

2.3. The Equilibriums

The subgame perfect Nash equilibrium of this three-stage dynamic game can be solved by

backward induction.

In stage 3, F selects g to maximize

HF (yF ) ys ’W’q) = (a(yF + ys)_bq)q_wq_cp y|:
Clearly, TI. isconcavein q. Then the first-order condition implies

a(yF + ys) —-W
TR @

In stage 2, in anticipation of F’s reaction captured by (2), S chooses w to maximize®

q(Ye, Y5, W) =

I (Ye, Y, W, Q(Ye s Vs, W) = WO(Ye, Vs, W) —Cg Y =

It is easy to check that IT; isconcave in w. From the first-order condition, we have

« a(ye +
W (ge,yg) = 2e 1Y) ©
Substituting (3) into (2), one can get
- a(ye +Ys)
Vo) = 4
q (Ye.Ys) m (4)
With the demand function (1), the final market price is
. 3a(y. +
p (vays):% (5)

Further, substituting (3) and (4) into the profit function for S and F, their stage-1 profits

are’

® Here, an alternative assumption is that F and S simultaneously choose  and W in the same stage. In this case, S’s profit
function is written as T (yF A ,W,Q) =wq-— C, ¥, and F’s profit function and reaction function are the same as those in the
sequential-move case. Next, we will show that the unigue Nash equilibrium is q=0 and w= a(yF + ys). Firstly, for any
given >0, as S’s profit linearly increases in w, S’s optimal reaction is the upper bound W=a(yF +ys), which in turn
makes F choose (=0 by (2). This implies that any (>0 cannot be in a Nash equilibrium. In addition, for =0, if S
chooses W<a(y, +Y,), then F will choose (>0 as per (2). This confirms that =0 and w<a(y, +Y,) cannot be
in an equilibrium, either. Finally, for w=a(y, +Y,), F’s optimal reaction is ¢ =0, which makes S indifferent for all w in
[0,a(y. +Y,)]. Therefore, (q =0,w=a(y, + ys)) arises as the unique Nash equilibrium.

"In reality, the benefit and the cost of CSR activities do not occur simultaneously. In this case, a discount factor can be added
to discount the stage-3 profit. However, it can be easily checked that this modification does not change the main results.

11
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)= 20 +Ys)’

T (Ye, Vs o

_Cs ys

a’(¥e +5)°

e (Ve Ys) = T

—CeYe

Note that these two profit functions are convex and quadratic, so the profit achieves its

maximum at either the upper or lower bound. As such, the optimal reaction of F (S) to its

opponent is to choose 0 or C./c. (0 or Cg/c,), depending on the corresponding axis of
symmetry that is contingent upon its opponent’s choice vy, (Ye).

For II;(y.,y,), its axis of symmetry is y, =4bc, /a* -y, . Then the supplier chooses
ys=Ci/c, if 4dbcg/a’—y. <Ci/(2c,) , implying that TI:(y.,C/cg)>TT5(y,,0).

Otherwise y, =0.To summarize, S’s reaction function is

C. . 4bc, C
—, ify,>2——>-—

ys = F(ye) =1 ¢ a®  2c (6)
0, otherwise

In (6), we assume for tie-breaking that S chooses the greater yg >0when TI;(y,,Ys)=IT5(Y.,0).

The same assumption is applied to F’s reaction function (7).

Analogically, F’s reaction function is

C gy o0 G
Ve :g(yS)E Ce , S az 2CF (7)
0, otherwise

Reaction functions (6) and (7) imply that the greater y; (y.) chosen by S (F), the more

likely its opponent will be induced to select its upper bound y. =C. /c. (y, =C,/c). This

reveals the existence of a mutual incentive between S and F.

The reasons for the existence of this mutual incentive are as follows. Note that (3) and (5)

imply that F’s profit margin, a(ye +Ys)/4, increases in Yy, . Furthermore, the quantity sold in
the final market also increases in 'y, . Thus for a given unit CSR cost c., a higher y; means

a higher profit margin for each unit of y_ . This is likely to stimulate F to choose a higher vy, .
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On the other hand, since both the wholesale price and order quantity increase in y., S will
reap a higher profit for each unit of y; when F chooses a higher y.. Thus a higher y,

tends to induce S to select a higher 'y, as well.

Denote

4bc, C, . - gbc. C
-— and y¢(a,b,C.,c.)=—7F-—F
a2 ZCS yS( F F) az ZCF

Ye(a,b,Cq,c5) =

It is clear that y? decreases in a and C, but increases in b and c,, and that vy}

decreases in a and C_ butincreasesin b and c..

With the reaction functions (6) and (7), the Nash equilibriums of the stage-1 subgame are

derived as shown in Lemma 1.
Lemma 1: (i) if yi(a,b,Cs,c)<0 and yi(a,b,C.,c.)<Ci/c,, or yi(a,b,C.,c.)<0
and yf(a,b,Cq,c)<C./c.,then (yr,ys)=(C./c.,Cs/cq)isthe unique Nash equilibrium.

(i) if yf(a,b,C,,c)<0 and yi(a,b,C.,c.)>C,/c, then (yr,y:)=(0,Cs/cg) is
the unique Nash equilibrium.

(iii) if yf(a,b,C.,c.)<0 and yf(a,b,Cs,c;)>C./c., then (yi,ys)=(C./c.,0) is
the unique Nash equilibrium.

(iv) if 0<yf(ab,Cs,c;)<C./c. and O<yf(a,b,C.,c.)<C,/cs, then (yr,ys)=
(0,0) and (yr,ys)=(C./c.,Ci/c) arethe two Nash equilibriums.

(v) if yi(ab,Cg,c)>0 and yi(ab,C.,c.)>Ci/c,, or yi(ahC.,c.)>0 and
y%(a,b,Cq,ci)>C. /c., then (yr,y:)=(0,0) is the unique Nash equilibrium.

The proof of this lemma is given in the Appendix A.1.
With the aforesaid equilibrium result for the stage-1 subgame, the subgame perfect Nash

equilibriums of the three-stage game are derived as follows. The proof can be completed by

plugging (y:,ys) inLemma 1 into (3) and (4) as well as the profit functions for S and F.
Proposition 1: (i) if yf(a,b,Cs,c.)<0 and y{(a,b,C.,c.)<C./cg,or yi(a,b,C.,c.)<0

13
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and yf(a,b,Cq,c,)<C. /c., the equilibrium path of the three-stage game model is

. C. C . af(C. C . af[(C. C
E , = _5'_': SW==| ZE4+I5 | = | ZE 478
(E) {(ys Ye) (cs CF] Z(CF Csj q 4b(CF Cs]}

and the corresponding equilibrium profits are IT;(y:,y:)=a%(C;. /c. +C,/c;)*/(16b)-C. and
My, y.)= a*(C. /¢, +C, /c,)? /(80)—C, .

(i) if yi(a,b,Ci,c)<0 and vyi(a,b,C.,c.)>C./c, , the equilibrium path is
{(y;,y;):(O,C_ZS/cs)—>w*:a(_ls/(203)—>q*=ac_:s/(4bcs)} , and the corresponding
equilibrium profits are TT; (y;,y:)=a*(C, /c,)’/(16b) and TI;(yr,y:)=a*(C,/c)’/(80)-C;.

(iiiy if yi(a,b,C.,c.)<0 and yi(ab,Cs,c.)>C./c. , the equilibrium path is
{(yr.y9)=(Cc /c.,00>w =aC, /(2c.) >q =aC /(4bc.)} , and the corresponding
equilibrium profits are T1;(y;,y:)=a*(C. /c.)*/(16b)—C. and TII;(y:,ys)=a’(C./c.)*/(8b).

(iv) if 0<yf(ab,Cq,c)<C./c. and 0<yi(ahb,C.,c.)<C/c,, there exist two
equilibrium paths (E) and {(y;,yg)z(0,0)—>w*:O—>q*=0}, and the corresponding
equilibrium  profits are  TI.(y;,y:)=a’(C. /c. +Ci/c;)’/(16b)-C,. and  TIy(y:,ys)=
a’(C./c. +Cg/cg)?1(80)-C,,and IT:(y:,y:)=0 and TT;(y:,y:)=0, respectively.

(v) if yi(a,b,Ci,c)>0 and yi(abC.,c.)>Cs/cy, or yi(abC.,c.)>0 and
yi(a,b,Cq.c;)>C. /c., the equilibrium path is {(y;,y:)=(0,00>w =0—q =0}, and
the corresponding equilibrium profits are 1. (y;,y:)=0 and TI;(y;,y:)=0.

2.4. Main Results
Next, comparative statics are presented about the equilibriums derived in Section 2.2. In the
following study, it is assumed that changes are examined one at a time. When one parameter is

considered for possible changes, all other parameters are assumed to remain constant.

Proposition 2: Denote the system-wide profit by 1" =TI, +IT;, then

(i) The equilibrium profits I1., II; and IT are nondecreasing in C,, C., and a,

F
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respectively;
(i) The equilibrium profits 1., I1; and IT" are nonincreasing in c,, c., and b,

respectively.
The proof of Proposition 2 is provided in Appendix A.2.

Remark 1: The exogenous parameters in this model can be categorized into three groups:

market competition intensity parameters a and b, CSR strategic importance parameters C,

and C., and CSR operational efficiency parameters c, and c.. Proposition 2 examines the

relationship between equilibrium profit functions (both individual and channel) and these
exogenous parameters. For market parameters a (the MSBP) and b (the MPD), a
characterizes the level of the vertical product differentiation of CSR performance. Proposition
2 indicates that a higher MSBP (i.e. a higher level of vertical differentiation) leads to higher
profitability (both individually and globally). As for b, the MPD reflects the horizontal
product differentiation role of CSR performance and is interpreted as the difficulty for
consumers to perceive the benefit of CSR activities. Proposition 2 demonstrates that a higher
MPD (i.e. a higher level of perception difficulty or a lower level of horizontal differentiation)
tends to result in lower equilibrium profitability for both individuals and the whole channel.
The intuition is clear: for a higher a (a lower b), CSR commitment makes the supply
chain’s product easier to be differentiated from non-CSR goods from competitors and more

attractive to consumers, thereby lowering competition intensity in the final market and

resulting in higher profitability. For strategic importance parameters C, and C. and the
operational efficiency parameters c, and c., due to the symmetry of the game model, it is

only necessary to consider C, and ¢, as C. and c. can be discussed similarly.

Proposition 2 shows that both individual and channel profitability increases with a higher

social responsibility budget C, and decreases in the unit CSR cost c,. Thus proposition 2

furnishes a theoretical basis for supply chain members to highlight the importance with a

higher commitment to CSR activities at strategic level (higher C, and C.) and improve their

efficiency in social responsibility conduct at an operational level (lower c, and c_). This
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result is consistent with the observation that more and more supply chain members (especially
the primary members) have invested more and more resources in addressing social and/or
environmental problems and enhanced their efficiency via technological and/or organizational
improvements. For example, Cone/Roper Cause Related Trends Report (1999) points out that
nearly 50% of larger corporations have programs associated with social issues.

Proposition 3: For the six market, strategic importance and operational efficiency parameters,

C,,C., a, ¢, c. and b,
(i) given C., a, ¢, c. and b, there exists C!=C!(C.,a,c,,c.,b) such that (E) is the
unique subgame perfect Nash equilibrium for all C, >C{;
(ii) given C,, a, c,, ¢, and b, there exists C? =C/(C,a,c,,c.,b) such that (E) is the
unique subgame perfect Nash equilibrium for all C_>C};
(iii)given C,, C., ¢, ¢ and b, there exists a*=a*(C,,C.,cq,C.,b) such that (E) is

the unique subgame perfect Nash equilibrium for all a>a*;

(iv)given C,, C., a, ¢. and b, there exists c=c!(C,,C.,a,c.,b) such that (E) is the
unique subgame perfect Nash equilibrium for all ¢, <cf;

(v) given C,, C., a, ¢, and b, there exists c? =c?(C,,C.,a,c,,b) such that (E) is the
unique subgame perfect Nash equilibrium for all c. <cf;

(vi)given C,, C.,a, ¢, and c., there exists b*=b*(C,C.,a,c,c.) such that (E) is the

unique subgame perfect Nash equilibrium for all b <b”.

The proof of Proposition 3 appears in Appendix A.3.

Remark 2: Proposition 3 demonstrates that both S and F, constrained by vy, €[0,C, /c,] and
y. €[0,C. /c.], will choose their maximum CSR performance y;=C,/c, and y; =
C. /c. as their unique equilibrium as long as any of the six exogenous parameters C,, C_,

a, ¢, ¢, and b is extended beyond certain critical threshold (C,>C?, C.>C!,
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a>a",c <cl, c.<cf, or b<b*). Each threshold therein is determined one at a time by

keeping the other five parameters constant. Note that Proposition 2 reveals that the profit

functions for S, F, and the whole channel increase in C,, C. and a, and decrease in c, c.
and b. Therefore, as longas C,, C.,or a is increased above its lower bound, C, C}, or

a®, or c,, c., or b isdecreased below its upper bound cf, cf, or b*, a win-win scenario
arises in the sense that the supply chain system not only achieves its maximum CSR
performance y; =C,/c, and y. =C./c., but also enhances its profitability for both
individual members and the whole channel. This research finding supports existing empirical
studies reported in Margolis and Walsh (2001) and Orlitzky et al. (2003): CSR performance is
positively related to corporate financial performance. Finally, Proposition 3 explores potential
venues for supply chain practitioners to reconcile CSR performance with the profitability of
supply chain operations: choosing CSR initiatives with a higher MSBP and/or a lower MPD,
raising resource commitment to CSR activities, and improving CSR operational efficiency.

Note that the two-echelon supply chain considered here is characterized by strategic
importance parameters (C, and C_) and operational efficiency parameters (cs, and c.).
We shall examine more carefully how the corresponding system parameter thresholds obtained

in Proposition 3, C}, C!, ¢!, and ct, are affected by the changes in other exogenous

(]

parameters. Define C{(C.,c,,c.,a,b) as

Ci(Cr.C5,Ceab)=min{C, >0:F,(C,) <0 or F,(C;) <0}

0, if 8% Ce gang 2% _Ce g
a~  2c a Ce -
= min{5§,6§}, if 8b%—c—SOand 4b%—C—F>0
v a®~  2c a®  c;
6;*1, otherwise
and similarly define asC/ (C,, ¢, c,a,b), cf(C,,C:,c.,a,b) and c’(C,,C.,c,a,b) as
Cf(Cs.C5,¢,a,b) =min{C, 20:F(C.)<0 or F,(C;) <0 (9)
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ci(Cs,Ce ., a,b) =max{c; >0:F(c;) <0 or F,(c;) <0} (10)
c; (Cs,Cp,C,,a,b) =max{c. >0:F(c.)<0 or F,(c.) <0} (11)

Proposition 4: For the four system parameter thresholds given in (8)-(11),

(i) let a be the only variable, if a >a,, then Ci(a)<Ci(a,), Cl(a)<Cl(a,),
Co(a)2c5(a,) and cf(a)>ci(a,);
(ii) let b be the only variable, if b >b,, then Ci(b)>Ci(b,), Ci(b)>C!(b,),

cs(d)<ci(b,) and ci(b)<ct(b,);

(iii) let C. be the only variable, if C} >C?, then C!(Ct)<C#(C?), c!(Ci)>c!(C?) and
cr (Ce) 2 c2(Ce);
(iv) let c. be the only variable, if cf >cZ, then C!(ct)>C¥(c?), C!(ct)>C!(c?) and

cs(cr) <ce(er)
(v) let C, be the only variable, if C;>CZ, then C!(C!)<C!(C?), c¢(Cl)>c!(C?) and
cs(Cs)=cf(Cs)s

(vi) let ¢, be the only variable, if c;>cZ, then C¥(ct)>C¥(c?), Ci(cl)>C!(c?) and

b}

Cr (Cs) <cr (cs)-

The proof of Proposition 4 is given in Appendix A.4.
Remark 3: Proposition 4 explores how the critical thresholds of the four system parameters are
affected by other parameters, thereby revealing the external market characteristics and the
internal coordination opportunities for a supply chain to achieve win-win performance. Part (i)
indicates that the higher the MSBP (a larger a, indicating a higher degree of vertical

differentiation and pointing to a higher potential willingness-to-pay), the lower the requirement

on the critical thresholds for CSR resource budgets (smaller C? and C?) and operational

efficiency (larger ¢ and c;) by S and F, thereby making the supply chain easier to attain the

win-win performance scenario (equilibrium E) given in Proposition 3. Conversely, part (ii)

18



461

462

463

464

465

466

467

468

469

470

471

472

473

474

475

476

477

478

479

480

481

482

483

484

485

486

shows that supply chain members are easier to achieve the win-win performance with lower

critical thresholds for CSR resource budgets (smaller C? and C?) and operational efficiency

(larger ¢! and cf) when the MPD is lower (a smaller b, indicating a higher degree of CSR

horizontal differentiation and easier for consumers to perceive the potential social benefit). On
the other hand, if the vertical and horizontal differentiation feature of the supply chain CSR
product cannot effectively reduce the competition intensity with non-CSR product in the final

market (i.e., resulting in a smaller a and/or larger b), Proposition 4 (i) and (ii) demonstrate that
higher thresholds of the system parameters (larger C? and C/, attaching a higher strategic
importance level to CSR conduct, or smaller ¢? and cf, corresponding to higher operational

efficiency requirement) are needed to achieve the win-win scenario in Proposition 3, making it
less attainable. This finding is compatible with Bagnoli and Watts’ (2003) conclusion that
social responsibility performance (the provision of public goods) varies inversely with the
competitiveness of private-good market. On the other hand, parts (iii)—(vi) examine how
changes in one of the four internal systematic parameter affect the thresholds of the other three

systematic parameters. For example, (iii) and (v) demonstrate that if S or F commits more

resources to socially responsible activities (a higher budget C, or C_), the other member’s
critical resource budget decreases (a lower C/ or C!) and the thresholds of operational
efficiencies become lower for both S and F (larger ¢! and cf). (iv) and (vi) reveal that the
critical operational efficiency of a member has to be higher (a smaller ¢! or c}) if the other
member’s operational efficiency is low (a larger c. or c;), but a higher operational
efficiency (a smaller c. or c) helps to reduce the thresholds of resource budgets (lower C/
and CY). (iii)-(vi) shed significant insights into the opportunities of coordinating supply chain

CSR resource commitment (the strategic importance) and operational efficiency based on the
mutual incentive mechanism for the two supply chain members: if a member wishes to induce
the other member to attain the win-win performance, it should increase its CSR resource

budget or CSR operational efficiency so that the corresponding thresholds for its partner can be
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reduced, thereby making it easier for its partner to enter into the commitment. Furthermore,
Proposition 2 points out that both individual and channel profitability will be improved if CSR
resource budgets and operational efficiency are increased. Therefore, this mutual incentive
makes the recommendation implementable for both members to raise their standards in CSR
resource budgets and operational efficiency whereby enhancing their profitability and attaining
the win-win performance scenario.

3 The Role of Prior Commitment

In Sections 2, it is assumed that S and F choose their CSR activity levels simultaneously. This
simultaneous-move assumption cannot accommodate the situation that one supply chain
member announces its commitment to CSR investment prior to the other member’s decision
and how the other member responds to this prior commitment. This section relaxes the
simultaneous-move assumption and considers the case that S and F make their choices

sequentially. Without loss generality, the following study entertains the case that S first chooses

ys and, then, F selects y., while the other assumptions remain as is in Section 2. This
consideration results in a four-stage sequential-move game: S first chooses vy, the firm then

selects y. in stage 2, followed by S’s choice of w in stage 3, and finally F’s decision (.

This model can be imagined as an abstraction of a manufacture-distributor supply chain where

the manufacturer (S here) is the primary member and makes the first move.

In this model, for any given y, selected by S, F’s reaction is captured by (6) in Section 2
where y =C_/c. if y;> yi=8bc./a’~C_/(2c.) or0if y, < yi. Substituting (6) into
S’s profit function TI (y.,ys) Yields

aZ(CF [ce + YS)2
* 8b
g (Ys) = 2
a

8b

—CgYs, ifys>yi

2
> —c,Ys, Otherwise

where the subscript “D” is introduced to differentiate the dynamics of this sequential-move
game from the simultaneous- move case in Section 2.

Proposition 5: For the four-stage sequential-move game,
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(E1) y§=&—> y; 2&—)W*:E &-i-& —>q*:i C_F+&
Cs Ce 2 Ce C 4b Ce Cs

is the unique subgame perfect Nash equilibrium if any of the following three conditions is

satisfied:

(i) vyi(a,b,Cq,c)<0 and yi(ab,C.,c.)<C./c,
(i) yi(a,b,C.,c.)<0 and yi(a,b,C,,c;)<C./c.,

(iii) 0<yf(a,b,Cs,c)<C./c. and 0<yi(a,b,C.,c.)<C,/c;.

The proof of Proposition 5 is provided in Appendix A.5.
Remark 4: Conditions (i) and (ii) here correspond to Case (i), and condition (iii) is the same as
Case (iv) in Lemma 1 and Proposition 1 in Section 2, respectively. In the simultaneous-move
game, (E) arises as the unique desired equilibrium only if (i) or (ii) is satisfied. Proposition 5
demonstrates that another avenue (iii), in addition to (i) and (ii), becomes available for S and F
to reach the unique desired equilibrium (E1) in the sequential-move case. (E) and (E1) are
claimed as the desired equilibrium in the sense that both the CSR performance and profitability
(individual and system-wide) are maximized in these cases compared to other possible

equilibriums. This additional avenue (iii) becomes possible because the first-mover’s prior

commitment to CSR, y; =C,/c; or y; =C. /c., deters its partner from choosing y, =0

or y. =0 due to the profit maximization consideration. Therefore, Proposition 5 can be

interpreted as that a prior commitment to CSR performance from one supply chain member
furnishes another vehicle to achieve the win-win performance scenario, enhances the mutual
incentive between the two supply chain members, and makes the win-win performance more
likely to be attained. This finding helps us to understand the case of Starbucks: while enjoying
a rising tendency of profitability as measured by net earnings and EPS, Starbucks takes its
initiative and introduces a C.A.F.E. certification program to encourage socially and
environmentally responsible practices by its suppliers (Starbucks 2004-2006; Lee et al. 2007).
In short, prior commitment can be viewed as another way (relative to the simultaneous-move
case) to enhance the mutual incentive and foster the realization of the win-win performance

scenario.
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4. Discussions
In this section, the constant marginal CSR cost assumption in Section 2 is relaxed to allow for a

quadratic term in the CSR cost function. Assume that the CSR cost function for F and S are
Ceye +d.y2/2 and c,y+d.y2/2, respectively, where d_ >0 and d,>0.2 In this case,

the profit functions of S and F in the first stage are

)80 +ys)

T (Ye, Vs &

1
—CsYs _Edsyé

): az(yF +yS)2 —C

1
160 FYe _EdFyé

HT:(YF’YS

Proposition 6: Under the quadratic cost function assumption, if d; <a®/(4b) and

d. <a®/(8b), then all properties in Lemma 1 and Propositions 1-5 remain valid.

The proof of Proposition 6 is provided in Appendix A.6.

Proposition 6 shows that the results in Section 2 and 3 remain true under a quadratic cost

function as long as the coefficients of the quadratic terms are not too big. Note that d, reflects

the speed at which k’s marginal cost increases in its CSR performance y, (k=S,F). Thus

the main results are not only true in a constant-marginal-cost setting (Section 2 and 3), but also
remain valid in certain increasing-marginal-cost settings (as long as marginal costs with regard
to CSR activity do not increase too rapidly).

5. Concluding Remarks

In this paper we take a strategic CSR view and assume that relative to a non-CSR product, a
CSR product provides consumers with some extra benefit which varies across those consumers.
This assumption implies that CSR can be used as both a vertical and horizontal product
differentiation device. The demand function is deduced for the CSR product provided by a two-
echelon supply chain based on the price competition equilibrium in the final market. With this
demand function, we investigate how supply chain members interact with respect to their CSR

behaviour from a game-theoretic perspective. Subgame perfect Nash equilibriums are derived

8 Réller (1990) theoretically shows that a quadratic cost function can behave well for analyzing global cost concepts (e.g.
diminishing marginal returns (or increasing marginal cost)) by properly choosing the parameters. In the OM/OR area, Tsay and
Agrawal (2000), Gurnani et al. (2007), Xiao and Yang (2008) employed quadratic functions of some special form in their
research.
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for both simultaneous-move and sequential-move game settings and the impact of exogenous
parameters on this interaction is also examined. Under a set of simple and intuitive assumptions,
the following analytical results are obtained.

(1) There exists a mutual incentive between S and F with respect to their CSR behaviour.
This mutual incentive leads to a win-win performance scenario (E) in terms of both CSR and
profitability performance as long as exogenous parameters are extended beyond certain critical
thresholds (Propositions 2 and 3).

(2) A higher consumer’s marginal social benefit potential (MSBP) and a lower consumer’s
marginal perception difficulty (MPD), pointing to a less intense final market competition
environment due to vertical and horizontal product differentiation roles of CSR performance,
help to lower the critical thresholds of CSR budgets (reflecting its strategic importance) and
operational efficiency by S and F to achieving the win-win performance (parts (i) and (ii) of
Proposition 4).

(3) An increase in one supply chain member’s CSR budget (operational efficiency) tends
to lower its own CSR operational efficiency (budget) threshold and the other member’s CSR
budget and operational efficiency thresholds, thereby making it more easier to attain the
win-win performance scenario (parts (iii)-(vi) of Proposition 4).

(4) A prior commitment to CSR activities by any supply chain member strengthens the
mutual incentive and makes the win-win performance scenario (E1) more likely to be realized
in the sense that this commitment provides additional vehicles for (E1) to arise as the desired
equilibrium (Proposition 5).

Business implications of these research findings are discussed in the remarks. This
research, to a certain extent, helps us to understand how businesses interact with each other
with respect to their CSR conduct. As stated in the basic model settings, information
asymmetry is not considered for the CSR budget or operational efficiency. Further research is
needed to accommodate this information asymmetry and other extensions (for example, adding
supply chain members to introduce competition within a supply chain system) so that a more
complete picture can be portrayed about how supply chain members interact and respond to the
call for socially responsible practices.

Appendices. Proofs of Lemma 1 and Propositions
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Appendix A.1. Proof of Lemma 1

(i) As the game is symmetric, it is only necessary to show that yf(a,b,Cs,c,)<0 and
yi(a,b,C.,c.) <C,/cgimply that (yr,ys)=(C./c.,Ci/c) isthe unique Nash equilibrium.
As yf(a,b,C,,c.)<0<y,, it follows thaty, = f(y.)=C./c, for all y. €[0,C./c.]as
per (5). yi(a,b,C.,c.)<C,/c, implies that [y:,C,/c,]#®. Since y, =C,/c,, from (6),
one can get y. =g(ys)=9(Cs/c)=C./c.. Thus (y-,ys)= (C./c.,Cq/cg) is a Nash
equilibrium. Suppose that there exists another Nash equilibrium. It has to be one of (0,0),
(0,C, /cg),and (C./c.,0) based on the reaction functions (5) and (6). Consider (0,0) first.
F’s optimal reaction to S’s choice y, =0 is either y. =0 if yi(a,b,C.,c.)>0, or
y. =C./c. if yi(a,b,C.,c.)<0. The latter case implies that (0,0) is not a Nash
equilibrium. For the former case, S’s optimal reaction to y. =0 should be y, =C,/cs #0
based on (5), leading to a contradiction. Similarly, it can be verified that neither (0,C, /c;)

nor (C./c.,0) is a Nash equilibrium. Hence, (yr,ys)= (C./c.,C,/c) is the unique
Nash equilibrium.

(i) yi(a,b,C.,c.)>C./c, implies that [y;,Ci/c;]=® . That is, for all vy, e
[0,C,/c,] , F’s optimal reaction is y. =g(ys)=0 . vyi(a,bCs,c)<0 implies that
ys = f(y.)=Cs/c, forall y. €[0,C./c.]. Then the two reaction curves uniquely intersect

at (0,Ci/cy). Thus (yr,¥:)=(0,Cq/cg) is the unique Nash equilibrium. Due to symmetry
of the game model, (iii) can be proved in the same way.

(iv) 0<yf(a,b,Cq,c.)<C./c. and O0<yi(a,b,C.,c.)<C /cg imply that [0,y})=
@, [yt,Colc.]#d, [0,yf)=d and [yi,C,/c,]#®. Then the reaction curves intersect

twice at (0,0) and (C./c.,C,/c,), resulting in the two Nash equilibriums. (iv) is thus

proved.
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(v) The symmetry of the game model allows us to consider only the case of

yi(a,b,C,c) >0 and yi(a,b,C.,c.)>C,/cq, and the other condition can be confirmed in
the same manner. y(a,b,C.,c.)>C,/c implies that [yf,C,/c,]=®. Then F’s optimal
reaction is y. =g(ys)=0 forall y, €[0,C./c.]. So, y:(ab,Cs,c;)>0=y, implies that
ys = f(ye)=0. (v) is proved.

Appendix A.2. Proof of Proposition 2

It is shown below that the equilibrium profits I1. and II; are nondecreasing in C,,

implying that IT" is nondecreasing in C, as well. Remaining claims can be proved in a

similar fashion. Corresponding to the five equilibrium paths in Proposition 1, the equilibrium

profit functions are examined exhaustively as follows:

Case 1: yf(a,b,C,,c)<0 and yi(a,b,C.,c.)<C,/cs, or yi(ah,C.,c.)<0 and
yi(a,b,Cq,c)<C./c. . Due to symmetry of the game, only the first subcase,
yi(a,b,Cs,c)<0 and yi(ab,C.,c.)<C/c,, is examined. Given that C, satisfies
yi(a,b,C,c) <0 and yi(a,b,C.,c.)<C/cs, and the other parameters C_, a, c,, c,
and b remain constant, S’s profit function TII;=a*(C./c. +C,/c,)?/(8b)-C, (See
Proposition 1) is quadratic and convex with respect to C,, and its axis of symmetry is

C, =4bc?/a?-c,C./c. . Furthermore, yf(a,b,C,,c;)<0 implies that C,>8hc?/a’

>4abc?/a?—c,C. /c. . Then any C, satisfying y’(a,b,Cs,c,)<0 is to the right of the

*

symmetry axis of IT;. Thus I

increases in C,. From F’s profit function given in
Proposition 1, TI; =a’(C. /c. +C, /c,)*/ (16b)—C., it immediately follows that II; increases
in C,.

Case 2: vyi(a,b,C,c;)<0 and yi(ahb,C.,c.)>C,/c,. From Proposition 1, S’s

equilibrium profit function is IT; =a*(C, /c;)*/(80)-C,, and its axis of symmetry is C, =
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4bc? /a’. Again, yf(a,b,Cq,c)<0 implies that C, >8bc?/a>4bc?/a?, indicating that C,
satisfying vy (a,b,Cs,c,) <0 is to the right of the symmetry axis C, =4bc?/a?. Thus IT;
increases in C, . In addition, IT; =a’(C, /c,)’/(16b) is clearly increasing in C,.

Case 3: yi(a,b,C.,c.)<0 and vi(ab,C,,c;)>C,/c. . Proposition 1 gives IT; =
a*(C /c.)?/(8b) and 11, =a?(C, /c.)?/ (16b)—C, , which are independent of C,. Then they
are nondecreasing in C, .

Case 4: 0<yf(a,b,Cs,c.)<C./c. and 0<yi(a,b,C.,c.)<C,/c,. There exist two
subgame perfect Nash equilibriums. For {(y;,y;):(0,0)—>W*:O—>q*:0}, I, =0 and
IT. =0 are constant, and hence, nondecresing in C, . For the other equilibrium (E), the profit
functions are the same as those given in Case 1. We show that IT; increases in C, by
checking that C, satisfying y’(a,b,Cs,c,)<C. /c. is to the right of the symmetry axis of
I, : Indeed, yi(a,b,Cq,c) <C. /c. implies that
C, >2(4bc? /a*—c,C. /c.)>4bc? /a* —c,C. /c. if 4bc,/a*>~C./c. >0, and it naturally holds
that C, >0>4bcZ/a”>-c,C, /c. whenever dbc,/a*~C. /c. <0. The proof of IT ’s increase in
C, issimilar to that in Case 1.

Case 5: If yi(a,b,Cs,c)>0 and yi(a,b,C.,c.)>C /cg, or yi(a,b,C.,c.)>0 and
y(a,b,Cq,c;)>C. /c., T, =0 and IT. =0, implying their nondecresing in C; .

The aforesaid five cases indicate the nondecreasing property of the equilibrium profit

functions in C, when C, changes within the ranges specified by the corresponding
conditions. As y?(a,b,C,,c;)= 4bc,/a*-C,/(2c,) decreases in C,, when C, increases
from 0 to +wo with other parameters being fixed, a sufficiently small C, exists such as

y%(a,b,C,,c) > 0. For such a given C,, the conditions in Case 2 and the first scenario of
Case 1 do not hold. If the conditions in the second scenario of Case 1 are satisfied, the
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equilibrium profit functions are always characterized by IT; = a’(C. /¢, +C,/c;)*/(8b)
~C, and 1. =a*(C. /c. +C, /c,)’/(16b)—-C,, thereby the nondecreasing property of IT;
and TI; in C, is ascertained. For remaining cases, when C, increases from 0 to +oo, the

equilibrium may “jump” following one of the four possible paths: Case 5 - Case 4 - Case 1

(if the initial C, is selected such that yf(a,b,C.,c.)>0 and yf(ab,C,,c)>C,/c.),
Case 4 -> Case 1 (if the initial C, is chosen such that yi(a,b,C.,c.)>0 and
0<vyi(a,b,Cc)<C./c.), Case 5 > Case 2 - Case 1 (if the initial C, satisfies
yi(a,b,C,c) >0 and yi(a,b,C.,c.)>C,/c;), and Case 3 > Case 1 (if the initial C, is

chosen such that y{(a,b,C.,c.)<0). Next, we shall prove that the nondecreasing property

remains valid at the threshold where the equilibrium jumps from one case to another along any
path.

Consider, for example, one equilibrium jump from Case 5 to Case 4. In this case, the

initial C, and other parameters C., c., a, b, and ¢, satisfy yi(a,b,C.,c.)>0 and
yt(a,b,Cq,c)>C. /¢, .
As y! decreasesin C,,asufficiently large C, will guarantee that y? <C, /c.. Let
Cs(Ce.Cs.C,a,b) =min{C, > 0: yf (a,b,Cs,c;) <C, /¢, |
Then for any C,<C;, we have yf(a,b,C,,c;)>C,/c.. Lemma 1 implies that the
equilibrium is (0,0) for all C, <C;, and the corresponding profits are IT; =0 and II; =0.

When C, =C;, Lemma 1 indicates that both (0,0) and (C./c.,C;/c;) are equilibriums.
For the first scenario, equilibrium profits are both zero for S and F. For the second scenario,

plugging C; into the profit functions in Proposition 1 yields
— — 0/ = —\2 — 2 (=
my Se Co |23 S S _aom[Ceo]-2 Ce so
Cc C ) 8blce ¢ Ce 8b\ c.
and
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— — 0 /= —e\2 — 2 7 =*\2
I, &,& _a &.,.C_ ~C.>II.|0= Cl_a |G >0
Ce C ) 16b{c. c c; ) 16b{ c
This indicates that the equilibrium profit functions for S and F are nondecreasing after the

jump at the threshold C;. In a similar fashion, one can verify that this nondecreasing property

holds true for all of other possible equilibrium jumps. The proof of Proposition 2 is thus
completed.
Appendix A.3. Proof of Proposition 3

Let

F1<65,6F,cs,cpa,b>zmax{yma,b,és,csxyi(a,b,és,cs>—%}

S
:max{4bcs C, 8bc. Ce _g}

2 2
a 20F Cs

Fz(éstFvCS'CF'avb)Emax yF(a b, CS’C )- vys(a b, CF'C )}

Given C., c,, ¢., a and b, it is trivial to verify that F, decreases in C, and F,
decreases in C, for 4bc,/a’-C,/(2c,)-C,/c. >8bc. /a’~C./(2c.) and achieves its
maximum dbc,/a®~C./c. at C,=0 , otherwise, F, remains constant at
8bc, /a*—~C, /(2c.). Moreover, both F, and F, are continuous in C,.

For F,, since F,(0)=max{4bc?/a*8bc. /a*-C./c.}>0 and F,(+x)=-w, the continuity

and monotonicity of F, implies that there exists a unique 6; such that F <0 for any

For F, , If 8bc./a*-C./(2c.)>0 , then F,>0 for any C,>0 ; if
8bc. /a*~C./(2c.)<0 and 4bc,/a’-C./c. <0, then F,<0 for any C,>0; if
8bc. /a’~C, /(2c,)<0 and 4bcs/a’—~C, /c. >0, then there exists a unique C¢ <[0,+)

such that F,<0 forany C,>C¢ due tothe monotonic decreasing property of F,.
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Furthermore, given C., ¢,, c., a and b, let

Ci(Cr . C5.Ceab)=min{C, >0:F,(C,) <0 or F,(C;) <0}

0, if % _Ce coang 2% _Ce g
a~  2c a Ce -
= min{C{,C{ |, if SbSF _ L cpand %#—&>0
T a®~  2c; a® ¢
C¢, otherwise

Finally, since y(a,b,Cs,c)<0 and yi(a,b,C.,c.)<C,/c, are equivalent to F <0

and y{(a,b,C.,c.)<0 and yf(ab,C,,c;)<C./c. areequivalentto F,<0,then C,>C!

implies (E) is the unique equilibrium by Lemma 1. Part (i) of this proposition is thus proved.
Parts (ii) — (vi) can be verified in the similar fashion. Proposition 3 is then proved.

Appendix A.4. Proof of Proposition 4

The following proof confirms that a, >a, = C{(a,) <C{(a,) and remaining parts can be

proved similarly. Given C., c,, c.and b, assume that a >a,. As F, and F, decreases in

S
a, F(Cs,a,)<0 implies F(C,,a)<0 forany C,, i=12.Thus
{Cs20:F(C;,8,)<0 or F,(Cs,3,) <0} = {C; 20:F(Cs,,) <0 or F,(C;,a)<0}
By the definition of C! in (7) and the nonincreasing property of F in C,, we have

Cl(a,) <C{(a,). The proof of this proposition is thus completed.
Appendix A.5. Proof of Proposition 5

First, we prove that if y’(a,b,Cq,c,)<0 and yi(a,b,C.,c.)<C,/c, (E1) arises as the
unique subgame perfect Nash equilibrium for the four-stage sequential-move game.
y%(a,b,C,,cs) <0 implies that S chooses y; =C, /¢, in stage 1 regardless of F’s choice in
stage 2. Given S’s decision y; =C, /c, instage 1, F will choose y; =C, /c. in stage 2 due
to yi(a,b,C.,c.)<C,/c,.Thus (E1) is the unique subgame perfect Nash equilibrium. Due to

the symmetry of the game, one can show that (E1l) is the unique equilibrium if
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yi(a,b,C.,c.)<0 and yf(a,b,Cq,c)<C./c. inasimilar way.

Next, we shall show that if 0< yf(a,b,Cq,c.)<C./c. and 0<yi(ahb,C.,c.)<C,/cq,
(E1) is also the unique subgame perfect Nash equilibrium. These conditions imply that if S
chooses y; =0, F will respond with y. =0, and if S selects y; =C./c, F’s optimal
response is y. =C_ /c.. S’s profit can be correspondingly given as [T, (0) =11, (0,0)=0 and
My, (Cy /cg) =T15(C, /¢.,Cy /) = @°(Cp /¢ +C /cg)? 1 (80) —C, > 0=TT, (0) (see the proof
of Proposition 2). Therefore, S’s optimal decision is y; =C /c, in stage 1, leading to the

unique equilibrium (E1). This completes the proof of Proposition 5.

Appendix A.6. Proof of Proposition 6

Proof: d, <a’/(4b) and d. <a’/(8b) imply that TT; and II. are strictly convex in y,
and y., respectively. Their symmetric axes are

— 4bcs -a’ Ye

8bc, —a’y,
yS - 2
a” —4bd,

and Y ==7 gng
F

Following the same approaches in Section 2, it can be shown that S’s and F’s reaction

functions are

—Cg +4/c2 +2d,C, ify. > 4bc, —(a® —4bd,) G +,/c2 +2d,C,
J F

ys = f(ye)= dq - a? dq

0, otherwise

—C. +4/C2 +2d.C, ify. > 8bc. —(a?—8bd.) G +,/c2 +2d.C,
Ye =9(Ys) = de IR a’ de

0, otherwise

where (—Ck +\/Cf+2dk6k)/dk is the positive solution to ¢, y, +d,y’/2=C, (k=S,F), i.e.

firm k’s maximum (feasible) CSR performance under its own CSR budget.

Denote
2 _ 2 —
J(ab.C oo e~ (at—abd) ¢+ +20,C ”
F S1vs a2 |
S
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2 2 ~
= —(a" - - \ 2
y§(a,b,CF,cF)58bCF (a 8bdF)>< C- ++/C; +2d.C, (13)

a’ d.
Finally, following the step-by-step proofs of Lemma 1 and Propositions 1-5, we can verify

that Proposition 6 is true if (1) yf(a,b,Cq,c;) and yi(a,b,C.,c.) therein are respectively

replaced with (12) and (13), and (2) 5k /¢, is replaced with (—Ck +4/C + 2dkC_2k )/dk (k=S,F).
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