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Social Responsibility Allocation in Two-echelon Supply Chains: Insights
from Wholesale Price Contracts

Debing Ni !, Kevin W. Li %, Xiaowo Tang *
1 School of Management and Economics, University of Electronic Science and Technology of
China, Chengdu, Sichuan, P. R. China, 610054
2 Odette School of Business, University of Windsor, Windsor, Ontario, Canada, N9B 3P4

Abstract: Corporate social responsibility (CSR) is defined as corporate activities and their
impacts on different social groups. In this paper, CSR is considered in a two-echelon supply
chain consisting of an upstream supplier and a downstream firm that are bound by a wholesale
price contract. CSR performance (the outcome of CSR conduct) of the whole supply chain is
gauged by a global variable and the associated cost of achieving this CSR performance is only
incurred by the supplier with an expectation of being shared with the downstream firm via the
wholesale price contract. As such, the key issue is to determine who should be allocated as the
responsibility holder with the right of offering the contract and how this right should be
appropriately restricted. Game-theoretical analyses are carried out on six games, resulting from
different interaction schemes between the supplier and the firm, to derive their corresponding
equilibriums. Comparative institutional analyses are then conducted to determine the optimal
social responsibility allocations based on both economic and CSR performance criteria. Main
results are furnished in a series of propositions and their implications to the real-world business
practice are discussed. The key findings are threefold: Under the current model settings, (1) the
optimal allocation scheme is to assign the supplier as the responsibility holder with appropriate
restrictions on the corresponding rights to determine the wholesale price; (2) Inherent conflict
exists between the economic and CSR performance criteria and, hence, the two maxima cannot
be achieved simultaneously; (3) Although integrative channel profit is not attainable, the system-
wide profit will be improved by implementing optimal social responsibility allocation schemes.
Keywords: Supply chain management; corporate social responsibility; wholesale price contracts;
equilibrium.

1 Introduction

Corporate social responsibility (CSR) is defined as corporate activities and their impacts on

* Correspondence author, phone: 519-253-3000 ext 3456, fax: 519-973-7073, e-mail: kwli@uwindsor.ca
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different social groups, including human rights, environment protection (e.g. recycling used
product), pollutant emission control, philanthropy, to name a few (Cater and Jennings 2002).
CSR has been receiving considerable attention in the academic community, from the CSR
construct in the 1950s (Bowen 1953) to empirical investigations on the relationship between
CSR and corporate financial performance (CFP)! and, then, to formal modeling of CSR (Baron
2001, 2007, Calveras et al. 2007, Giovanni and Giacinta 2007). In recent years, with the
continued trend of globalization, the research on supply chain management has enabled firms to
improve their profitability by fostering partnership with other members in their supply chain
systems. While firms enjoy improved efficiency, pressures are also accumulating for socially and
environmentally responsible supply chain practice (Linton et al. 2007). For instance, many
leading brands such as Nike, GAP, Adidas, and McDonalds have been urged to incorporate social
responsibility into their supply chains (Amaeshi et al. 2008). In response to this pressure, many
supply chain primary firms have introduced codes of conduct to ensure their partners’ business
practices to be socially responsible. However, World Bank (2003) reports that implementing
codes of conduct is challenged by a plethora of individual CSR codes, the effectiveness of the
top-down CSR strategies and insufficient understanding of business benefits.

Note that even if a lobby group (e.g., non-governmental organizations) for social
responsibility may only target a particular firm in a supply chain, the pressure can be easily
propagated to other members in the system through their business transactions. Therefore, it is
necessary to extend the traditional CSR beyond a single firm’s boundary and consider it within a
supply chain context (Davis et al. 1997; Mamic 2005). Recent research has started to model
social responsibility in supply chain operations. For instance, Savaskan et al. (2004) develop a
model for closed-loop supply chains with product remanufacturing and identify an appropriate
supply chain structure for original equipment manufacturers. Crutz (2008) introduces a dynamic
multi-criteria decision-making framework for modeling and analyzing the equilibrium of supply
chain network with environmental responsibility where environmental (social) responsibility is
assumed to have no direct impact on market demand and the allocation of environmental (social)
responsibility is not explicitly considered. In Hsueh and Chang’s (2008) three-tier (manufacturer,
distributor and retailer) supply chain network model, the allocation of CSR for system-wide

optimization is captured by additional monetary transfers (via an enforceable agreement), and

! See Orlitzky et al. (2003) for a meta-analysis and Margolis and Walsh (2001) for a survey on empirical studies.
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this treatment allows for the assumption of each decentralized manufacturer’s marginal
production cost to be the same as that in the centralized network. For empirical studies, Carter et
al. (2000) show that environmental purchasing has significant impacts on both income and cost.
Cater and Jennings (2002) find a positive relationship between CSR and supplier performance.

Although these studies attempt to incorporate social responsibility into supply chain
management, the allocation of social reasonability has not emerged as a main focus, whereas it is
a critical issue for supply chain members to collaboratively manage the extended CSR. As
OECD (2001) states, “allocating responsibility and determining who is the producer [the
responsibility holder] are two of the most important [EPR, Extended Producer Responsibility]
policy issues.” On the one hand, the principles of corporate legal personality and separate
existence of corporations naturally reject the extension of the responsibility of one member to
any others. In this respect, all members in a supply chain are responsible for only their own
actions. But on the other hand, the stakeholder theory (Freeman 1984) argues that each supply
chain member shares the responsibility for other members’ actions. Now a natural question is
how to handle social responsibility in the context of a supply chain: is social responsibility
independent for individual firms or shared among different entities? This article follows the
second argument and treats social responsibility as shared obligations among supply chain
partners. In this case, it is crucial to know how the responsibility is allocated among the firms.
Otherwise, unclear allocation is likely to lead to the “tragedy of the commons” and result in
lower supply chain efficiency. As an example, Amaeshi et al. (2008) suggest that the more
powerful member in a firm-supplier relationship should bear the responsibility to influence the
less powerful one(s).

This research aims to address the social responsibility allocation problem in a two-echelon
supply chain under wholesale price contracts. The basic settings of the model are outlined as
follows: a two-echelon supply chain consists of two members, an upstream supplier (S) and a
downstream firm (F). The investment in CSR always incurs by the supplier, which provides a
global measurement of the CSR performance for the supply chain and is assumed to be

independent of the production quantity®. This cost is then shared with the firm via a wholesale

2 It is widely observed that the main target in supply chain CSR is at the supplier side. For example, Nike and its subcontractors
are often accused of inhumane labor and business practices in its Asian manufacturing facilities (Amaeshi et al. 2008). As the
largest specialty apparel retailer, GAP admits to the charge of its substandard working conditions in as many as 3000 of its
factories (Merrick 2004). Moreover, CSR activity such as human rights and philanthropy are almost irrelevant to production
quantity. Xiao and Yang (2008) and Tsay and Agrawal (2000) make this same assumption in their research as well.
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price contract® that is an increasing function of CSR investment by the supplier®. Three power
structures are entertained, F as the Stackelberg leader (first mover) and S as the follower (second
mover), S as the Stakelberg leader (first mover) and F as the follower (second mover), or F and S
are equally powerful and, hence, move simultaneously (Choi 1991). Then, our allocation
problem is to determine who should be entrusted with the right of offering the wholesale price
contract to enforce social responsibility in the supply chain (hereafter, referred to as the
responsibility holder) under each of the three power structures. Depending on whether F or S is
the social responsibility holder and which power structure is considered, six scenarios may arise.
Game-theoretical analyses are first conducted to obtain the equilibriums for the six cases. The
allocation decisions are subsequently assessed based on both economic and CSR performance
criteria by employing the methodology of comparative institutional analysis that is widely
adopted in institutional economics literature (Coase 1960; Williamson 1985). For the economic
performance criterion, the system-wide profit is chosen as a proxy of efficiency to determine the
optimal allocation scheme, and this choice is consistent with the concept of strategic CSR (Baron
2001). For the CSR performance criterion, the optimal allocation decision is obtained by
maximizing the global CSR performance for the supply chain.

Our model is related to Gurnani et el. (2007), Xiao and Yang (2008) and Tsay and Agrawal
(2000) in the following two aspects. First, our CSR-sensitive demand is similar to the quality-
sensitive demand in Gurnani et el. (2007) and the service-sensitive demand in Xiao and Yang
(2008) and Tsay and Agrawal (2000). Second, for our CSR cost function, Xiao and Yang (2008)
and Tsay and Agrawal (2000) assume service cost functions in the same quadratic form that is
independent of selling quantity, while Gurnani et el. (2007) introduce a quality cost function with
both sales-irrelevant and sales-relevant components. In the aforesaid research, the authors focus
on equilibrium variables such as quality/service levels, prices, sales and profits, and it is not a
concern how different arrangements of quality/service pricing right affect the supply chain
system-wide profit (or efficiency). In this paper, we investigate both equilibrium variables (if
CSR were viewed as quality/service level) and the impact of different allocation schemes.

The rest of the article is organized as follows. Sections 2 and 3 present the basic model and

the corresponding equilibriums. Section 4 reports our main results, followed by some discussions

3 We use wholesale price contracts because they are commonly observed in practice (Cachon 2003). ]
* For example, the Starbucks’ sustainability conversion and performance price premiums ($0.05 per pound) in its CAFE program
demand a host of socially responsible practices (Lee et al. 2007).
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in Section 5. Finally, some concluding remarks are provided in section 6.
2 The Model

Consider a supply chain with two members, an upstream supplier S and a downstream firm
F. The global CSR performance of the supply chain is measured by a variable y °. To achieve this
CSR performance level, certain investment has to be committed. Assume that this cost only
incurs by the supplier (but will be shared with the firm F via a wholesale price contract) and
takes a quadratic form®: c(y)=cy?/2, which is independent of the production quantity. In addition
to the social cost, a constant unit production cost co is also incurred by S. The social
responsibility commitment by S is expected to be compensated by F through a wholesale price
contract that stipulates F to purchase product from S at a unit social-performance dependent

wholesale price w(y):

w(y) =wp +ky, 1)
where w, >0 is a component that is independent of CSR performance, and k>0 represents the
marginal impact of CSR performance on the wholesale price.

Given a CSR performance level y, the larger the k value, the more F is taking on the social
responsibility for the supply chain. When k is zero, all social responsibility for the supply chain
will be solely assumed by S. On the other hand, when k approaches infinity, all social
responsibility will be shifted to F. Therefore, it is reasonable to put a cap k on k to make the
contract implementable. It is obvious that the wholesale price in (1) serves as a mechanism to
share the social responsibility between S and F and k plays a crucial role in achieving an
equitable transfer of social cost from S to F. Two key issues in allocating social responsibility
between the supply chain members S and F are who should be entrusted with the right of
offering the wholesale price contract and what upper limit k should be placed on k.

F then sells the product in a consumer market characterized by a demand function
1
p=A(y) - ba, )

where p>0 and q>o0 are the price and the demand quantity, respectively, b>o0 indicates the slope

® CSR performance can be measured by investment in CSR activities such as mitigating pollutant emission, improving working
conditions, philanthropic donations.

® Roller (1990) theoretically shows that a quadratic cost function can behave well for analyzing global cost concepts (e.g.
diminishing marginal returns) by properly choosing the parameters. In addition, quadratic cost functions are employed in many
application studies (see, for example, Perry and Porter 1985, Rath and Zhao 2001, Kwoka 2002). Particularly, in the OM/OR area,
Tsay and Agrawal (2000), Gurnani et el. (2007), Xiao and Yang (2008) also make this assumption for their cost function.
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of the demand curve, A(y) characterizes the impact of CSR performance (denoted by y=>0) on
the final consumer market and is assumed to take the following form

A(y) =ag +ay, ©)
where a, >0 captures the base willingness-to-pay from consumers, and a>0 stands for the

marginal impact of CSR performance on additional willingness-to-pay. This assumption is
consistent with Mohr and Webb’s (2005) empirical results from a national sample that CSR has a
positive impact on consumer purchase intent.

With these assumptions, the profit function for F is given as
1
17 (0, .K) = (3 + 8y = ba)a - (wp +ky)a;
Similarly, the profit for S is

1
11° (g, y,k) = (wg "‘kY)q—Coq—ECyz-

7

Furthermore, we assume w,=c, for the sake of analytical tractability * and denote
A, =a,-w, =a, -¢, >0 for notational simplification, then we have
1
117 (@, y.k) = (A +ay — ky)a - bg”, (4)
S 1 2

I°(q.y.k) = kya ——cy”. (5)

The channel profit of the supply chain system is thus derived as

1 1

I7(,y) =117 (@ ,K) +T1° (0 Y,K) = (Ao +ay)a — 5 ba” —Zey”. (6)

Now F and S are treated as two economic agents. Following Choi (1991), the bargaining
power in the supply chain is characterized by the Stackelberg leadership model. Three scenarios
may arise: (1) Upstream Stackelberg (US) where S has more bargaining power than F and, hence,
takes the first move; (2) Downstream Stackelberg (DS) where F has more bargaining power than
S and, hence, moves first; and (3) Vertical Nash (VN) where S and F have equal bargaining
power and, hence, move simultaneously.

According to the duality of rights and obligations (responsibilities), the responsibility holder

" The key motivation of assuming Wy = Cp is to exclude the impact of production cost on the supplier’s CSR decision so that we

can isolate the supplier’s CSR behavior and focus on examining how CSR commitments affect supply chain operations, and
eventually analyze the impacts of different CSR allocation schemes on the efficiency of the whole supply chain (the system-wide
profit).
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is assumed to have the right of offering a wholesale price contract k €[0,k], where k e (0, )
describes how strong the right corresponds to the social responsibility. Understandably, the
greater k is, the larger the margin of wholesale price contracts from which the responsibility
holder is allowed to choose, corresponding to a stronger right for the responsibility holder. Given
this interpretation, if the social responsibility is allocated to F, it will offer to S a wholesale price
by selecting k €[0,k] and also order g units such that its profit m~ is maximized and S, in this
case, will choose y to maximize its own profit rr*; on the other hand, if S is allocated as the

social responsibility holder, it will offer to F a contract characterized by k and determine a CSR

performance level y to maximize r® and F will thus select q to maximize . Therefore, the

allocation of social responsibility is twofold: who is the responsibility holder to offer k and what

cap k is placed on k. This allocation decision can thus be depicted by (x,k)e{F,s}x(0,x). As for

the timing of the k decision, the base model in Sections 3 and 4 assumes that it is made at the
same time as the other decision variable controlled by the responsibility holder. Section 5, on the
other hand, examines the situation that k is offered by the responsibility holder prior to the other
two decision variables g and y are determined by F and S, respectively.

Finally, by combining the choice of a responsibility holder (F or S) and a power structure
(US, DS, or VN), six scenarios arise and are hereafter labeled as S-US, S-DS, S-VN, F-US, F-DS,
and F-VN games, respectively, where the first letter indicates the responsibility holder and the
last two letters identify the power structure. For instance, in the S-US game, the supplier S is the
responsibility holder and the Stackelberg leader and, hence, S is entitled to choose k as a
responsibility holder and determines its variable y first as a Stackelberg leader, subsequently, F
as the Stackelberg follower responds with g to the choices by S. The other five labels can be
interpreted in a similar fashion. Next, the six games are examined and their equilibriums are
obtained.

3 Equilibriums

To make the following analysis meaningful, assume a®> <bc to guarantee the system-wide optimal
profit and CSR performance for the supply chain to be greater than zero.

The integrative case

First the integrative case is considered with social responsibility. The first-order conditions
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are
(A +ay) —bq =0,
aq—-cy=0.
Solving these two equations simultaneously yields
Aa .« AC

“be-a?’ L “be-a

yi 5

The maximum profit of the supply chain system is

Alc

H*z—.
' 2(bc—a?)

When social responsibility is not considered in the model with all terms associated with y

being removed, the optimal quantity and system-wide profit can be conveniently obtained as

follows

The S-US game
In the S-US game, the supplier S offers the wholesale price contract (k) and chooses vy,

then the firm F responds with an order q. By backward induction, from (4), the optimal reaction

function for F is

+(a-k
a(y, k) :w_ (7)
Then the supplier’s profit function can be rewritten as
R (®)

Clearly, this profit function is concave both in y for a given k and in k for a given y,
thereby validating Zabel’s (1970) method of first optimizing y for a given k and searching over
the resulting optimal trajectory to find the optimal k. The first-order condition with respect to y
is

A, Ak+2@-kky - Ak
oy b Cy_oz>y(k)_bc—zk(a—k)' 9)

Substituting (9) into (8) and taking the first-order derivative with respect to k yield

8 The second order condition is easy to check. For remaining discussions, all second order conditions can be checked in a
straightforward manner and, hence, are omitted in the article.
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dITs s ((aly(k).k), y(k).k)) _ Ay (k)(be - ak)
dk b[bc - 2k(a— k)]’

Note that bc—2k(a—k) =bc — 2ka + 2k? > bc — 2ka + k? = (a—k)?> +bc —a?. Due to the aforesaid

assumption a’® <bc, it is confirmed that the denominator is positive. Therefore, the first-order

derivative is positive, or equivalently, ris . increases in k, for all k <bc/a, and ¢, decreases in

$-US s-Us

k for all k>bc/a. This indicates that s

S-US

is unimodal in k. So, if k is capped before iz . reaches

S-Us

its maximum at k=bc/a, i.e., for all k <bc/a, the optimal wholesale price contract will occur at

the boundary, «; ., -k . Otherwise, if the cap for k is extended beyond k=bc/a, i.e., for all k >bc/a,

*
S-US

k., =bc/a . Plugging the optimal ;. into (9), (7), (4), (5) and (6), we can calculate the

equilibrium CSR performance (y; ) and product quantity (¢ ), as well as the equilibrium
profits for the firm, the supplier, and the supply chain system. These equilibrium variables are
summarized in Proposition 1.

Proposition 1: The subgame perfect equilibrium of the S-US game is summarized as

(i) If k <bc/a, the equilibrium variables are

X _ K . A [ bc—k (a—k)
Ksus =K ; ys-us:L q = I: :|

bc—2k(a-k) % b[bc -2k (a—k) |’

. AR

o Rfec-k@-k] . . R K2 [be—k(a-Kk)]
HS’“Szzb[b “ok(a-k "
c—2k(a-k)]

B (e ML B e PR S R |
“P a[be-2k@a-k)[ T 2| be-2k@-K) [be-2k(a-K) |

(ii) If k>bc/a, the equilibrium variables are

. .o .o Ac .

Ksus =bC/a; Vs ys =M1 Os_us = ohe—al’
s _  Ac e Abc® L re  Afc(3bc-a’)
SV T o@bc-a?) T 22bc-a?)? | T pone—a?)?

The F-US game
The F-US game is similar to the S-US case except that F rather than S offers the wholesale

price contract characterized by k. Given y from S, F determines k and g to maximize
. (q.y.k) =117 (. v.k) . If S sets y=0, the profit for F will only depend on ¢, and the first-order
condition with respect to q immediately implies that, for any k €[0,k], F orders q=A, /b with a
maximal profit it (q,y.k)=117 (A, /b,0,k)=A2/(2b) . AS Yy = 0 in this case, k becomes irrelevant.

Therefore, although k may assume any value between 0 and k , for convenience, we set it at
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k(y)=0 to break ties. On the other hand, if S commits to y>o0, for any q>0, it (q,y.k) Strictly
decreases in k, then the optimal wholesale price contract is k =0, and the corresponding optimal
order is given as q=(A,+ay)/b. In this case, - ,(qy.k)=11F (A +ay)/b,y,0) = (A +ay)*/(2b)>0 . IN
addition, y>0 and q=0 together imply that rt (q.yk)=117(0,y,k)=0 for any k>0. Thus, the
optimal reaction to y >0 can be expressed as q=(A, +ay)/b and k=0. In summary, the optimal

reaction from F is

(a(y).k(y)) =(A° ;""y ,0} (10)

By backward induction, the profit function for S is rewritten as s (y) =11 (q(y), y.k(y)) , Where
q(y)and k(y)are given in (10). If S chooses y=0, then its profit becomes s (y)=m°(a, /b,0,0)=o0.
But if it selects y>0, its profit is s ,(y)=11°((A +ay)/b,y,00= —cy’/2<0. Thus, the optimal
decision for S is y:  =o0. Therefore, the subgame perfect equilibrium of the F-US game can be

obtained as shown in Proposition 2.

Proposition 2: The subgame perfect equilibrium of the F-US game can be summarized as

kr*:fus =0, y;—US =0; q;-us :F;

2 2
n . =0; 1t =i; n =i.
F-US F-US 2b F-US 2b

The S-DS game

In the S-DS game, F chooses g first and, then given q, S reacts with k and y to maximize
I . (a,y.k) =IT° (g, y,k) - Once again, backward induction is employed to obtain its equilibrium. First,
if F orders q=0, it becomes trivial with y=0 and k=k' by S, where k'is a real number
arbitrarily picked from k [0,k]. On the other hand, if q >0, the optimal reaction (k,y) by S must
satisfy the first-order condition with respect to y, i.e. kg=cy. Notice that k=0 implies y=0,
thereby 1 .. (@00=0 . Note further that k>0 means y>0 , and it follows that
aré .. (a,y.k)/ ok = yq >0, indicating that the profit for S strictly increases in k and, hence, reaches its
maximum at k . In addition, for all (k,y) >0 with kq=cy, 1% ,(q.y.k) = (ka)?/ (2c) >0. Therefore, the
optimal reaction (k,y) to q>0 IS (k,kq/c) . TO summarize, the reaction function from S is

expressed as

10
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(k',0), ifg=0

(k(a), y(@) ={ (11)

(R,Kq), ifq>0
C
Given (11), if the firm chooses q=0, its profit is it (q)=117(q,y(@).k(g)=0. FOr g>0, its
profit function can be rewritten as

I () = 17 (0, Y(0),K(@)) = A {@_quz |

2
Due to the assumption a*-bc<0, 2k(a—k)-bc=2ak —2k?—bc=—(a—k)*+a’~bc<0, SO TIf ,(q) IS

concave. The first-order condition with respect to q immediately yields

A
bc -2k (a—k)

* pa—
Os ps =

Finally, given that q; ., >0 as its denominator and numerator are positive, the optimal
response (k(a),y(q)) from S can be easily obtained from (11). Plugging them into (4), (5) and (6),
one can determine the equilibrium profit for S, F, and the supply chain system. All equilibrium
variables of the S-DS game can thus be furnished as Proposition 3 below.

Proposition 3: The subgame perfect equilibrium of the S-DS game can be summarized as

Ak L Ac :
T’ qS*DS :?’
bc— 2k (a—k) bc— 2k (a—k)

k;os = Iz; y;—DS =

—_— Alck? — Al - _Abzc(bc—2l?a+3l?2)
TP ofbe-2ka-i)] T 2[be-2k@@-K)]" T glbe-2k(a-k)|

The F-DS game
In the F-DS game, F chooses k and q first, followed by S selecting y to maximize

S .. (a,y.k) =11°(q, y.k) under the given k and q. The reaction function for S is thus

k=", (12)

Given (12), the profit function for F is

ME o (@.K) = IT° (g, y(k, 4).K) = Ag +[k(""c‘ k) —gjqz . (13)

This profit function is concave both in g for a given k and in k for a given >0,
permitting the application of Zabel’s (1970) method for optimization. Next, we first optimize q
for a given k and, then find the optimal k. From the first-order condition with respect to q, we

have

11



295

296

297

298
299

300
301
302
303

304

305

306
307
308

309
310
311
312

313

314
315
316

317

318

__ AC
L bc-2k(a—k) (14)

Substituting (14) into (13) and taking the derivative with respect to k yield

ok c

o o, _ (a-20[atk)]

increases in k for k <a/2 and decreases in k if k >a/2 and, hence,

s =al2. By (14), (12), (4), (5) and (6),

This indicates that nr

F-Ds

;o is unimodal. Thus, k: . =k if k<as2, otherwise k;

F-DS

we can determine the equilibrium variables as shown in Proposition 4.
Proposition 4: The subgame perfect equilibrium of the F-DS game can be summarized as
(i) If k <as2, the equilibrium variables are the same as those in the S-DS game;

(ii) If k>as2, the equilibrium variables are
a. -~ _ Aa 2AcC

oo = Yres et o gt

H ) — - ) — -
oS T bc—a?)? ' T 2bc—a® | F S 2(2bc—a2)2

. 1 i — Alc — ~ Ajc(4bc-a’)

The S-VN game

Under the assumption of the S-VN game, S and F determine their variables simultaneously,
where S furnishes k and y and F provides a quantity q. It is easy to verify that (7) and (11) are
the reaction functions for F and S, respectively. If g=0, (11) implies that y=0 and k is arbitrary,
but (7) indicates that q(0,k) = A, /b >0. This means that q cannot be zero in the equilibrium. For
q>0, (11) implies that k =k and y = kq /¢ . Substituting these two equations into (7) and solving

it for g, one can have

— AcC
Gow = e —k@—k)

With this result, it is straightforward to derive other variables in the equilibrium as given in
the following proposition.

Proposition 5: The Nash equilibrium of the S-VN game can be summarized as

Ak AcC

k: = =, =

S-VN yS -VN bC k(a k) qS -VN bC k(a k)
Mey, - KT e o AC giVN:AOC(bC:ka+_2k )
2[bc-k(a-k)] 2[bc—k(a-k)] 2[bc —k (a—Kk)J?
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The F-VN game
In the F-VN game, F determines k and q at the same time as S gives y. Clearly, (10) and

(12) are the reaction functions for F and S, respectively. (10) and (12) are next solved

simultaneously. If y=0, we have q=A,/b from (10), and (12) further implies k=0. Thus,
(k,q,y)=(0,A, /b,0) is a Nash equilibrium for the F-VN game. It is actually the unique Nash
equilibrium. As a matter of fact, if y>0, (10) implies that k=0 and q=(A,+ay)/b>0,
contradictory to (12). Therefore, (k,q,y)=(0, A, /b,0) is the unique triplet that satisfies both (10)

and (12) simultaneously, leading to the following proposition.

Proposition 6: The Nash equilibrium of the F-VN game can be summarized as
A .

k;—VN =0; yl*:—VN =0; q;—VN =T

b

2 2
ne,. =0; 1t =i;HT* :i.
F-VN F-VN 2b F-VN 2b

Remark: Propositions 1-6 demonstrate that the power structure has a significant impact on the
behavior of the responsibility holder. If a supply chain member is entrusted as a responsibility
holder who offers the wholesale price contract characterized by k, it seems to behave in an
equitable manner only if it assumes the leadership position. On the one hand, if responsibility
holder S is the Stackelberg leader, corresponding to the S-US case, it will always share social

responsibility with F at an optimal level of k. =bc/a if k >bc/a OF k;

S-Us S-Us

=k If k <bc/a. Similarly,

if responsibility holder F is the Stackelberg leader in the F-DS case, F will offer «* _ -a/2 to take
its share in achieving the equilibrium CSR performance level. On the other hand, if social
responsibility of the supply chain is allocated to S, but it is not the Stackelberg leader in the S-DS

or S-VN case, S will always push the k value to its maximum, i.e., k.., =k Or k., =k . If there is

no restriction on k , i.e., k >», S will not pull its weight but transfer all of its social
responsibility investment to F via the wholesale price contract. This observation indicates that
the right of offering k for S should come with a restriction on the upper limit of k, which may be
imposed by a third party, for instance, a government agency, or through a negotiation between
the supply chain partners so that social responsibility is indeed equitably shared. In a similar
fashion, one can examine the cases that F is the responsibility holder but not the Stackelberg
leader in the F-US or F-VN games. In both cases, F sets kx=0 and refuses to share any CSR

investment with S, eventually leading to no CSR performance for the supply chain (y; ,, =0 and

13
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yi w =0). This result shows the other side of the coin: when F is entrusted as the responsibility

holder to determine the wholesale price, a lower bound should be placed on k to ensure a
reasonable transfer of social responsibility cost from S so that the undesirable case of zero CSR
performance is avoided for the supply chain. Once again, this lower limit could be imposed by a
third party or negotiated between F and S.

In summary, the equilibrium value of the parameter k characterizes how CSR investment is
expected to be shared between S and F, and the CSR investment tends to be shared in an
equitable manner if the Stackelberg leader is allocated to decide k. Intuitively, in the US and DS
cases, the leader’s profit depends on the follower’s response (or threat) and the leader is thus able
to take advantage of its leadership position to stimulate (or guide) the follower by choosing a
reasonable k to equitably share the CSR investment. On the contrary, if the follower is entrusted
with the right of selecting k, it knows that its decision on k will be final as the leader has
already committed to its actions. As such, the follower does not have any economic incentive to
pull its weight. In the VN case, neither stimulation nor threat is possible because S and F have to
move simultaneously without any prior knowledge of commitments from their partner. Therefore,
each party with the right of determining k, in its best economic interests, pushes k towards its
boundary (k in Proposition 5 and 0 in Proposition 6), thereby forcing its partner to take on as
much CSR investment cost as possible.

4 Main results

This section analyzes the equilibriums and derives the optimal allocation of social responsibility
according to the methodology of comparative institutional analysis. Implications on business
practice are also explored for the resulting social responsibility allocation scheme within a
supply chain management context.

4.1 Optimal responsibility allocations based on the economic performance criterion

In Section 3, equilibriums are obtained by examining each supply chain member’s strategic
behavior under each of the six aforesaid scenarios. In equilibrium, each member has chosen its
optimal strategy to maximize its own profit. Here, we shall employ the comparative institutional
analysis approach to investigate the equilibriums and determine the optimal social responsibility
allocation scheme that maximizes the total equilibrium profit for the channel under each of the

14
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three power structures’.
The US case

From Proposition 1, we have

2 2 be—k(a—k)| _
Al ke |-k B]Z if k<2
ML (K) = 2b| bc-2k(a-k) [bc—Zk(a—k)} a .
Alc(3bc - a?) it IZ>E
2(2bc—a*)* "’ a
For all k e (0,bc/a], We have
dri’’,, A (-2ak” +2a%k® -bc(a’® + bk +ab’c?) AF(K) (15)
dk b[be-2k(a-k) T b[bc-2k(a-k)]

Where F(k)=-2ak* +2ak® -bc(a® +bc)k +ab?c? .

Then Fr(k)=-8ak®+6a%k? -bc(a? +bc) and Fr(k)=12ak(a-2k) . It follows that r') increases for
ke(a/2] and decreases for k e(a/s2,«). Thus F'(k) is unimodal in k and attains its maximum at
k=a/2 over (0,»). Note that F/(a/2)=a*/2-bc(a® +bc)<0 due to the assumption a*<bc, therefore,
F'@)<o for all ke(,«). Further, as r(o)=ab’c’>>0 and r(@=-abc<o, it implies that there exists a
unique k; <(0,a)c(bc/a) such that ri’y=o0, Fi)>o0 for k<k; and rky<o for k>k; . Thus (15)
implies that anr /dk =0 at k =k*, darn?" /dk >0 for k <k and an™" . /dk <o for k >k . Therefore, - is
unimodal in k and attains its maximum at k =k* over (0,) .

Proposition 2 indicates that any k always leads to the same constant equilibrium channel

profit for the F-US game, hence,

HTF*-US (E) = ﬁ < i

2
5 <2b (a_.g.lJ = HKUS (a) < H:US (ke*) , for any ke (0,).

bc
Therefore, (s,k;) is the unique optimal responsibility allocation in the US case, meaning that
S will be allocated as the responsibility holder with the right to choose k =k [0,k;] when S is the

upstream Stackelberg leader.
The DS case

From Proposition 3, we have

® The comparative institutional analysis (Williamson 1985) suggests that transaction cost savings (efficiency
enhancement) via actors’ rational behavior drive the evolution of institutions. As such, comparative efficiency
advantages dominate the choice of institutions. Applying this idea to our study, to determine who should be allocated
the right of offering a wholesale price contract, a rational recommendation is the one who is able to achieve higher
system-wide profit for the supply chain.
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. Avc(-6k* +6ak® - (2a” + be)k +abe) _ AG(K) (16)
dk [bc—2k (a—k) | [be-2k(@a-k)]

where G(k)=-6k®+6ak? — (2a? +bc)k +abc -

AS G'(k)=-18k? +12ak — (2a> +bc) =—2(3k —a)’ —bc <0 , G'(k)<0 for all ke(,«), iImplying that G(k)
decreases in k for ke(,«). Note that g@)=a@-=)=2(2nc-a?) >0 and c(a)=-2a><0, there exists a
unique k< (,a) such that (. ")=0, ck)>o for k<k” and ci<o for k >k It follows from (16)
rdk <o for k>k*. Thus m*_ is unimodal in

S-Ds

that arr,, /dk =0 at k =k, an",./dk >0 for k <k* and any",,
k and attains its maximum at k =k*.
From Proposition 4, we have

L s (K), if Es%
™y _
HF—DS(k)_ A§C(4bc—a2) _ a3’ (17)
2be_aty ' TR,

It is confirmed that - (k) is continuous in k . Given that 11", (k) increases in k when

k<2, (17) indicates that 1. (k) reaches its maximum at E:%. Therefore, for any k < (0,)

a
2

2 2
.= « a c(4bc—-a“) . (a o [
HTFfos (k)< H-II;—DS (E) = AZO(ZbC —a?y? = HE—DS (Ej < l_[;—DS (ke ) )

Thus (s,k™) arises as the unique optimal responsibility allocation in the DS case.
The VN case

From Proposition 5, for k <(0,«) , we have

ATy Agc(_4|23 +3ak ? —azlz+abc)_ AZcH (k) (18)
dk 2lbc—k(a-k)[ 2bc—k(a-K)[

where H (k) = -4k ® +3ak ? —a%k +abc.

Then H'(k)=-12k* +6ak —a? =—3k*—(3k —a)> <0 , indicating that H(k) decreases in k . As
H(a/2)=a(bc-a’/4)>0 and H(be)=bcla—vbc)-a*vbe <0 (due to a’<be ), there exists a unique
kK™ e(al24bc) Such that wi™)=0, HK&) >0 for k<k™ and Hk)<o for k>k™ . Given that the

e

denominator of (18) is positive, it follows that anr, /dk =0 at k=k™, an?,/dk>0 for k<> and

S-VN

dar,, /dk <o for k> k. Therefore, o™

S-VN

is unimodal in k and achieves its maximum at k =k over
(0,0).
Furthermore, Proposition 6 indicates that a constant equilibrium channel profit is always

attained for any k when F is responsible for determining k [0, k]and, hence,
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Ao(bc+a )

BTN =TIy (@) ST (K.T) -

Iy, (k)=
"o (K) = 2b

Therefore (s,k*) is the unique optimal responsibility allocation in the VN case.
These results can now be summarized as Proposition 7.
Proposition 7: According to the economic performance criterion, (s,k’), (s,k.) and (sk;™) are
the unique optimal responsibility allocation for the US, DS and VN cases, respectively.
Proposition 7 furnishes the optimal allocation schemes as well as the corresponding k
values at optimality under the three power structures. Next, Corollaries 1-3 further establish that
it remains optimal to entrust S with the right of offering the wholesale contract over a certain
range of k values, even if they are not set at their corresponding optimality.
Corollary 1: If pc<(3++5)a?/2, then il «)>nl" (k) for k <(0,«); otherwise, if bc>@3+y5)a?/2, there
exists a unique k* >k’ such that i7", «)>nl" (k) for k (k] and ml*, (k) <1t (k) for ke(k? ).
Proof: Note that for all ke@©wx) , TTf (k)=A/(2b) and 1im_ 1l (k)=A/(0) . Earlier

arguments indicate that 117", (k) increases in k for ke(0,k/] and decreases in k for

k e (k.,bc/a] and, then, stays constant at M for k >bc/a. One can verify that

2(2bc —a?)?
(B++/6)a®> 1. (bc) Alc(3bc- a’) Ab - -
be < ()=~ :snsus(aj 2oy > >y =TT} s (K ), foranyk .

Therefore, if bc<

2
@, then 7" )>m " k) for all ke@©wx). On the other hand, if

2
bc>@, there exists a unique k* ek’ bc/a) such that i, )>ml" () for all ke k*1 and

(k) <11 (k) Tor all ke(k? «). Corollary 1 is thus proved.
Corollary 2: There exists a unique k* >k such that nl" )>m k) for keqk* and
L o (K) < TIE o (k) FOF K e (k7 o0) -

Proof: Since [ . (k) reaches its maximum at k~e@/2a) , then (17) implies that
0o (k) > 1T o (a/2) =11C o (a/2) =117 o (k) for all k >as2. Further, due to lim_ II1{ " (k)=0 and the
unimodality of 11{" (k) , it follows that there is a unique k* >k such that n”_ )=n", (k) for all
ke(0k) and ml* k)<l (k) forall k <k «). Corollary 2 is then proved.

Corollary 3: There exists a unique k**>k™ such that nT, &)>nr, k) for ke@k* and
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T, (K) <I1E, (k) fOT ke (k).

Proof: it is trivial to verify that lim_ 11{", (k)=0 and lim_ I, (k)=A/(2b) =

K50
", (k) for all kc(0,c). Then the unique maximum of i’ (k) at k™ e(a/2,vbc) implies that part
(iii) holds. Corollary 3 is thus proved.
Remark: Under the basic model setting that CSR performance-related cost incurs only by the
supplier, to maximize the channel profit of the supply chain, Proposition 7 indicates that the right
to price CSR performance via a wholesale price contract should be allocated to the supplier
regardless of the power structure. The corresponding optimal k values are derived therein for the
three power structures, US, DS, and VN, respectively. When k is set at a value other than its
optimality, Corollaries 1-3 further reveal a range of values within which it remains optimal to
allocate the right to S for each of the three power structures. Except for the US case with
bc < (3++/5)a? /2 where it is always better, in terms of system-wide profit, to allocate the right to
S, Corollaries 1-3 highlight the importance of placing appropriate caps on k (k7 k™ k): within
these limits, the system-wide profit will be higher if the right is allocated to S; once these
thresholds are exceeded, it would be better to entrust the right to F. Intuitively, if S’s right of
pricing CSR performance into a wholesale price contract is not appropriately restricted, it tends
to abuse the right by shifting too much cost to F, thereby hurting the overall channel profitability.
These results demonstrate that the responsibility holder allocation depends on how to restrict the
right by placing a cap on k rather than the power structure within a supply chain. In contrary to
the suggestion of Amaeshi et al. (2008) that the more powerful member in a supply chain should
be held responsible, Proposition 7 tends to partially support the argument based on the principles
of corporate legal personality and separate existence of a corporation that each member is
responsible for only its own activity if the right corresponding to the responsibility is
appropriately restricted. Note further that given c, (then w, is fixed), the wholesale price w(y) is
determined by k and y. Therefore, Proposition 7 indicates that, with an appropriate restriction
on the right to price CSR performance, the system-wide optimal economic performance can be
achieved by allocating the right to the supplier who incurs the investment in social responsibility.
It is reasonable to question who controls the allocation right of the contract and how the
optimal allocation scheme is implemented. Note that this research assumes that information is
complete and symmetric for both parties, and the decision-makers are rational. When the channel
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profit is chosen as the economic criterion for the supply chain, the comparative institutional
analysis suggests that the profit maximization drives S and F to reach the optimal allocation
scheme given in Proposition 7. As for the implementation issue, for the US and VN cases, it is
confirmed that 11 (k))>md,, and mf(k)=>mE, , and 10, (k. ™)=>mnd,, and
nt, (ky=mnt",, , indicating that the optimal allocation scheme not only increases the system-
wide profit, but also enhances each party’s individual profitability. Therefore, the implementation
of the optimal solution is not an issue as it is in the economic interest of each participant in these
two cases. On the other hand, in the DS case, we have 113" (k,") > T1% o and 15 o (k") <T1E o,
indicating that F’s profit actually goes down by implementing the optimal allocation scheme
although the system-wide profit increases. In this case, due to the complete and symmetric
information assumption, an appropriate lump-sum transfer payment from S to F exists such that
the optimal allocation becomes a win-win solution for both parties. As a matter of fact, let A be
the transfer payment, as long as A > IT{" s ~ 1505 (k,”) and [ 15 o (k) ~ 13 o5 |[-A> 0, the
optimal allocation of S being the responsibility holder makes both S and F better off. Due to the
fact that TT5 oo (k") + 115 o (k™) > T1¥" o +T1IE ¢ as per the argument leading to Proposition 7,
the existence of such a A is guaranteed. Furthermore, the assumption of complete and symmetric
information allows for establishing this transfer payment as an enforceable clause of the
wholesale contract, which is consistent with the implicit assumption of enforceability based on
transfer payments in Hsueh and Chang (2008) as well.
4.2 Optimal responsibility allocations according to the CSR performance criterion
In the US case, Propositions 1 and 2 clearly indicate that

Ysus (K) > 0=y s (k), fork € (0,). (19)

In addition, for all k <(o,bc/a),

dys s A(be-2k)

dk [bc-2k(a—k)]

2"

Then y; . increases for all kc(vbc/2] and decreases for all ikc(/bcizbera). Thus y; ., is
unimodal in k and attains its maximum at : - ybc;2 OVer (0,bc/a). Note that for k< (c/a,«),
Vo0 (K) = ¥y s (bc/a) < v s (K1) + SO y; s F€AcChes its global maximum at ;. Moreover, (19) implies that

s,k is the unique optimal responsibility allocation in the US case according to the CSR
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performance criterion.

In the DS case, part (i) of Proposition 4 indicates that y; ()=y. . ) for all k<a/2. For
k>al2,we have

dys o Av(bc-2K7)

dk [bc-2k(a-k)]

Then y; . is unimodal in k and attains its maximum at ¢~ - -bc/z . Note that for k >a/2,
Vi os(K) = Vi 05 (al2) = Vi s (al2) < ¥ oK) - THUS (s, is the unique optimal responsibility allocation
according to the CSR performance criterion in the DS case.
In the VN case, from Proposition 5 and 6, i_tfollows that for all k < (0,),
Vo ) =K S0y, (),

bc—k(a—k)
and

dyiw  Albe-k?)

d [be-k(@-k)]

Then y; ., is unimodal in k and reaches its maximum at g~ _ joc . Note that for all k<(0,),
Vi s () =0< ¥ W (K) <o (k™) ThUS (s i) is the unique optimal responsibility allocation according to

the CSR performance criterion in the VN structure.

Proposition 8: According to the CSR performance criterion, (s,k;), (s,k") and (s,k;") are the

unique optimal responsibility allocations in the US, DS, and VN cases, respectively.
Corollary 4: (i) For all ke©,«) , vy, ®)>y: k) and y. &) >y. &) . (if) There is a unique

ke >k =k such that y;  (k)>y; () forall ke and y; &) <y; (k) forall ke «).

Proof: Part (i) is straightforward. For part (ii), when k >a/2, since Iim__ ()=0 and

*
0 yS—DS

Vo 0s (M) = Vi o (@/2) = ¥. e (@/2) < ¥, s (k) » then the unimodality of y;  at k;~

implies that there is a
unique i such that y; ()= y; k) forall kc@izkry and y; &) <y; (k) for all kci?,«). Note
further that y; _ )=y. ..)for all k <a/2. Then part (ii) is proved. This completes the proof of

Corollary 4.
Remark: When the objective is to maximize the channel CSR performance, the current model
demonstrates that the optimal social responsibility allocation is to designate S as the

responsibility holder and entrust it with the (optimally restricted) right to price CSR performance
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in a wholesale price contract under each of the three power structures. Corollary 4 further reveals
that, even if k is not set at its optimality, a higher CSR performance is always achieved by
assigning S as the responsibility holder in the US and VN cases where S is stronger (US) or
equally powerful (VN). But for the DS structure where the downstream F is more powerful, to
make the weaker player S to be the responsibility holder, an appropriate restriction on the right

(k) has to be imposed; otherwise, the more powerful F will arise as a better choice. Therefore,

Corollary 4 is by and large compatible with the suggestion of Amaeshi et al. (2008) that the more
powerful player should bear social responsibility.

4.3 Conflict between the economic and the CSR performance criteria

Due to the uniqueness of i:, i, k", k., k,” and k., we show the conflict between the social and
economic performance criteria by asserting i’ -k, k~ k.~ and i <k

For the US case, as k' =vbc/z<bc/a, SUbStituting ¢ - besz into the expression of anl’, /dk in

(15) yields
dITg s ___ ANe
k| mm  8(v2bc-a)

Given that dry’ (k) /dk =0 and 17" (k) reaches its maximum at k,’, k: «k;. Furthermore,
the unimodality of i7", with respect to k implies that i - k.

S-uUs

For the DS and the VN cases, we can similarly ascertain that

—ng_iDS = . T <0
dk K=k =2 2b (\/ﬁ—a) ,
and
dIty - A§c[4bc(\/E—a)+ aZ\/ELO
dk K=Ky =Vbe 2(2bc - a\/E )3 .

As dIT o (k") /dk =0 and dI1g,, (k,”)/dk =0, we have i~ and > k™.

These results are now summarized in Proposition 9.
Proposition 9: Assume that k., k., andk,” are the optimal k values corresponding to the three
power structures as given in Proposition 7 and k; =k =+bc/2, andk,” = bc are the optimal k
values corresponding to the three power structures as given in Proposition 8, then i’ - k-, k" >k,

and > i
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Remark: Propositions 7 and 8 indicate that the optimal economic and CSR performances could
be attained by allocating S as the social responsibility holder with appropriate restrictions on k
when each criterion is independently considered as a single objective. Proposition 9 further
points out that these two criteria are inherently in conflict with each other and it is impossible to
achieve both optimality simultaneously under any of the three power structures. In other words,
if the economic performance is to be maximized, the channel CSR performance measured by y
will not achieve its maximum, and vice versa. Proposition 9 highlights the tradeoff between the
economic and CSR performance criteria. This finding sheds significant insights for supply chain
managers (the primary member, in particular) who are under increasing pressure for socially
responsible business practices: it might well be the case of finding a right trade-off between
social and economic performances. Recent research indicates that supply chain managers have
started to address consumer confidence and trust about whether goods and services are provided
without compromising ethical and environmental standards (New 2003).

4.4 Comparisons of economic and social responsibility performance

This subsection compares the channel optimal profits, sales quantities, and CSR performance for
the decentralized system under the three power structures with those of the integrative case with
and without social responsibility considerations. The results are summarized in Proposition 10.

Proposition 10: Let g; and g, be the optimal sales quantities for the integrative case with and
without considering social responsibility, and (q; ys (k). s ps (ko) e (k7)) and (yg s (k)
Ve os (k) , yeu (k7)) be the optimal quantity and the CSR performance vectors as per the

optimal social responsibility allocation schemes for the three power structures as given in
Proposition 7. The corresponding profits below are distinguished by their subscripts in a similar

fashion. Then
() o> w®)>a o >0 ok >ay, AN g >0 () > a5
(i) m > Ol (k) > 10, ) > T o (k) > I, , and 11) > 118, (k™) > 115, and
(iii) If bc<2a?, then yg uo (k)< vy, Yeps (k) <yy and yg (k™)< vy
Proof: For part (i), we only prove that ¢ >q; (k) >q; as the other two cases can be shown in
a similar fashion. From part (i) of Proposition 1, for k <(o,bc/a], We have
q; > qs_ys (k) =W (k) =abc—a(a’® +bc)k +(a® +bc)k > > 0.

Since a? <bc, we have
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[a(a2 + b(:)]2 —4a’bc(a’ +bc) = —3(abc)? — 2a*bc +a® = —3(abc)® +a*(a® —2bc) < 0.

Thus the equation w k) =0 does not have any root over (0,bc/a], and the convexity of w )
and W (0) = a’bc > 0 imply that w(k) >0 for all ke (o,bc/aj. FOr ke(pera,), @S g =(Ac)/(bc—a?)
and q; ,, = (AcC)/(2bc—-a*) and they share the same numerator with the latter having a larger
denominator, it is obvious ¢ >q. (k). Then g >q; ) for all ke(«). Therefore, g >q. (k) -
Note that k <a<bc/a as per the proof of Proposition 7, Proposition 1(i) yields

Abc-K @K A _
blb—2k; (@—k)] b

q;us (Ee*) =

For part (ii), for the same reason, we only prove 1t >11; (k) > 1T, . From (6), n"(q,y) IS Strictly
concave in (q,y) - Then m; " a;,y))>1"(a,y) for any (q,y)#(;.y;) - From part (i), ¢'>q ().
hence 1 > (k) . Furthermore, the optimality of k: implies that 11 (') > I1% s (k)= A2/ (20) = T}, .

For part (iii), we first prove y; . (k.) <y, . Note that

o o A Aja
k k) = vbc/2)= =
Ysous (ko) < AX Ys-us (k) =ysys (Whec/2) 2 Pbe — a) 2a(+2bc —a)

- Aja __Aa A _y
2\Jbc/2+/2bc —2a2  2(bc—a?) bc-a? !

where the first equality is implied in the deduction of Proposition 8, the second and the third

inequalities are due to bc <2a” and bc >a’, respectively.

Ve s (k7)< y; can be proved in a similar fashion. Now we prove y; ., (k.”)<y;. By bc<2a?,
we have H(a)=-a(2a?-bc)<0 (H (") is introduced in Eqg. (18)). Since H(a/2)>0, H(k™)=0,
and H(-) is a decreasing function as per the earlier discussions, it is ascertained that k., e (a/2,a).

Further, the deduction of Proposition 8 implies that y; ., (k) increases in k in (0,+/bc). Since

k™ <a, we have

(3

bc bc—-a’? '

* ik * a a *
Ysown (ke ) <V¥s-w (a) ZA'; < Ab y

Proposition 10 is thus proved.
Remark: Proposition 10 clearly demonstrates that, with the presence of CSR, the integrative
system-wide optimal profit and sales quantity are not attainable via a decentralized system
regardless of how CSR is allocated between the two members (S and F) due to double-

marginalization. Nevertheless, it does point out that the channel profit and sales can be improved
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by implementing the optimal social responsibility allocation schemes in the decentralized system
compared to the integrative case without considering social responsibility. An intuitive
interpretation is that the sales are improved because the market demand curve is shifted upwards
by socially responsible activities (Propositions 1, 3 and 5 show that equilibrium vy is strictly
greater than 0, while in the case without CSR, y is always equal to 0), leading to a higher
system-wide profit. This enhanced profitability, as discussed at the end of Section 4.1, provides a
basis for both parties to improve their individual profitability either automatically or via an
appropriate credible transfer payment. Proposition 10 thus helps to explain the recent trend in the
business world: more and more companies (often primary firms of global supply chains) commit
resources to socially and environmentally responsible activities such as establishing and
implementing certain codes of conduct as a means to eventually improving their economic
performance’®. And the prediction of efficiency improvement justifies the empirical findings that
CSR is positively related to corporate financial performance (Margolis and Walsh 2001; Orlitzky
et al. 2003).

In the proof of Proposition 10 (iii), the assumption of bc <2a? is introduced together with
bc >a?. The following arguments are furnished to justify these two assumptions: (1) For a given
market demand characterized by a and b, the impact of the CSR investment on the supplier’s
cost should be restricted to a reasonable range (i.e. a®/b<c<2a’/b); (2) the upper bound

assumption of bc <2a? ensures that the optimal k ’s under all three power structures (i.e. k., k.”
and k™) is less than a. As such, by implementing the optimal allocation scheme, the firm’s unit
profit margin increases in y (as (a—k)y appears in the profit function (4)), leading to the firm’s
interests in the supplier’s CSR investments (otherwise the firm always prefers to y=0 because
any increase in y will result in a decrease in its unit profit margin).

5 Discussions

In Section 4, when the optimal allocation decision is considered, it is assumed that the
responsibility holder simultaneously determines k along with the other variable. This section
examines the case that k is first determined by the responsibility holder and then other decision

variables are subsequently decided as per each of the six aforesaid games.

10 For example, Cone/Roper Cause Related Trends Report (1999) shows that nearly 50% of larger corporations have programs
associated with social issues.
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Corresponding to the six games, S-US, F-US, S-DS, F-DS, S-VN, and F-VN, defined in
Section 2, we now modify them by assuming that k is first determined by the responsibility
holder, followed by other decision variables. The modified games are denoted as SS-US, FF-US,
SS-DS, FF-DS, SS-VN and FF-VN games, where SS and FF indicate that the supplier and the
firm are, respectively, assigned as the responsibility holder and decide k prior to other decision
variables. Then we change the subscripts of the equilibrium and optimal decision variables in
Sections 2-4 in a similar fashion to reflect the corresponding modified scenarios. For example,

M, and iy

FF-US

represent the equilibrium supply chain system profits of the SS-US and FF-US
games, respectively.

According to Zabel’s (1970) method, it is easy to check that the equilibrium variables for the
SS-US and FF-DS cases are identical to those in the S-US and F-DS cases, respectively.

Especially, we have i, =ml",, and

S! FF-Ds

-, for all k. Now let us turn to the other four
scenarios. First, the equilibrium variables are derived as follows.

() The FF-US game:

(i) if k <a/2, the equilibrium variables are

Ak .« Albc—k(a-k)I.
bc—2k(a—k) % blbc—2k(a-k)] '

*

-
Kerus =K 3 Yerous =

s* _
Mee ys =

AZk? e AZ[bc—k(@a—k)]* . o A k2 . [bc—k(a—k)]?
2blbc—2k(a—k)] T 2bbc-2k(a—k)? % 2b|bc-2k(a—k) [bc—2k(a-K)P |

(i) if k >a/2, the equilibrium variables are

A . . A, (4bc-a’) .

- -
FF-US :E’ Yerous =

2bc—a? ' % op(2bc-a?)’
o - Na? L _ AZ(4bc—-a%)° . i _ A?(16b’°c® - 4bca® —a*) .
FRUS “ap(2bc—a?) T T gpb(2bc-a?)? | Y 8b(2bc —a?%)?
(1) The SS-DS game:
(i) if k <Joer2, the equilibrium variables are
. — . k . c
Kss_ps =K 3 Yss s :bc—+(a—IZ); Oss-ps =W+M;
o Alck? - Alc . 1+ Alc(bc—2ka+3k?)

:?11_[ R | - = = .
S8 T e —2k(a—K)P T ¥ 2lbc—2k(a—-k)] | S 2[bc-2k(a—k)I

(i) if ik > ybe/2, the equilibrium variables are
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* /bc - .o c .
667 kssfos = ?1 Yss-ps = Ao 1 Qss_ps = fo )

2\W2bc —a 2bclv2bc —a

668 0 e A img oo AR, o AlB-2a2o),

8lv2bc —a 2y2bcly2bc -a 8blv2bc —a
669 (1) The SS-VN game:
670 (i) if ik <Jbc, the equilibrium variables are

. — . Ak . Ac
671 k = k ; =+ ; R = —— ;

SS-VN Yss-wn be—k(a—kK) Oss-wn be—k(a—K)
672 Hgg—VN :L ; HSF;—VN :L ; HES—VN = AéC(bC _—EEH——ZIZZ) '

2[bc—k (a—k)T 2[bc—k (a—k)] 2[bc —k(a-k)J?
673 (i) if i > Joc , the equilibrium variables are
674 Ko :\/E; . :L; . :L;
SS—UN Yss-wn Zﬂ—a Oss-wn 2bc—a\/R

675 Abz 3bc—a\/E

2 2
s = Ajc 3 s i Ay 2 s LT
SS-VN 2(2\/E_a)? SS-VN 2‘2bc—a\/E) SS-VN 2b zﬂ_a

676 (IV) The FF-VN game:

677 (i) if k<as2, the equilibrium variables are
. . k . A,C
FF-VN Yer-wn be—k(a—kK) Arrw bo—k(a—K)
2.1, 2 2 2 L. L2
679 HS* _ Ab_Ck _ ' Ex _ /%)C _ ' T* _ AJC(bC —_ka+_2k ) )
FEN T 2lbc —k (a— k)P e 2bc—k(@a-k) ™ 2bc-k(a—k)P
680 (ii) if k> as2, the equilibrium variables are
* a. - 2A,a | . 4A,C
681 Kss-wn =5 Yrrow :ﬁ’ Qrrwn = 4bC—Oa2 )
2,42 2 2l A2
682 s __2Aca B 2AsC 2 st 8Aybc _
prva (4b_C _ az)z FF-VN 4bc — az FF-VN (4bC B a2)2
683 By examining the equilibrium variables for the six modified games, we can establish

684  Proposition 11 as follows.

685 Proposition 11: For the modified games where k is determined by the responsibility holder
686  before the other decision variables gand y are furnished by F and S, respectively, it remains true
687  for the optimal responsibility allocation schemes derived in Propositions 7 and 8 under each of
688  the three power structures as well as the comparative statics established in Propositions 9 and 10.
689 Proof: We first verify Proposition 7. For the FF-US game, we have
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A k* L fbe—k@-kKF | ~_a
| 2b|bc-2k(a-k) [bc-2k(a-k) | 2
FF-US —
A?(16b°c* —4bca® —a*) -2
8b(2bc —a?)? 2

(20)

Clearly, 07 (k) =111 (k) =1L (k) for all k<a/2<a<bc/a. Recall that F(k)=-2ak* +
2a%k® —bc(a? + be)k +ab?c? is introduced in analyzing the US case in Section 4.1, it is easy to
verify that F(a/2)=abc(bc—a?)/2>0. Then nT" (k) increases at k =a/2. By the definition of k.
in Section 4.1, we have T} (k) >T1L s (@/2) =111 s (@/2) >TT5 6 (k) , Where the last inequality
is derived due to the fact that the supply chain system profit function (20) increases over (0,a/2)
and remains constant for k e[a/2,.0). Thus, (S,k.) remains the optimal responsibility allocation
for the US case according to the economic performance criterion, even if k is first decided by
the firm. In a similar way, we can also confirm that for all k ,

TTE s (k") = Tgg_ps (k) 2 g ps (k) , (21)
Ty (k) = TE (k) 2 Ty (k) @nd Ty (K,7) = Ty (72) 2 Ty (K) - (22)

(21) and (22) imply that (s,k.”) and (S,k.;™) are the optimal responsibility allocations for

the DS and VN cases, respectively.

Now we prove that Proposition 8 remains true. We can easily determine that for all k ,

Ys_us (lz;) > Yo us(@12) = Ve us(al 2) = Ve s (|Z) ) (23)
Ys-ps (E;*) = Yss-Ds (E;*) > yss-ps (K, (24)
Ysoun (Ky ) =Yss un (Ky ) = Yss o (K) @nd yg vy (ky ™) > Yee oy (@7 2) 2 yee yy (K) - (25)

Then (23), (24) and (25) imply that (s,k;) , (s.,k;”) and (s,k;”) are the optimal
responsibility allocations for the US, DS and VN cases, respectively.

Finally, since the assumption that k is first decided by the corresponding responsibility
holder does not have any impact on the optimal responsibility allocations, Propositions 9 and 10
follow immediately. Proposition 11 is thus proved.

Remark: Two points are worth mentioning here. First, as the responsibility holder’s k decision
induces the subsequent US, DS or VN game, it has to take into account the subsequent
equilibrium variables due to backward induction. This consideration helps to avoid the extreme

case of not sharing the CSR investment at all. Second, Proposition 11 shows that Propositions 7-
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10 are robust to the change of the sequence of determining k as long as k is appropriately
specified.

To illustrate the shapes of and relationships among the channel profit functions, a numerical
example has been developed for the US case as shown in Table 1, and the resulting graph is

depicted in Fig. 1 (As a matter of fact, the relative relationships among the curves in Fig. 1 can
be theoretically confirmed). Fig. 1 clearly points out the optimal allocation at k, (Proposition
11). If k is not set at its optimality k, and k is offered by the responsibility holder ahead of the
other two decision variables, q and y, Fig. 1 also furnishes the ranges of k values within which
the profit is indifferent (0 <k <a/2), the channel profit is higher if S is the responsibility holder
(al2<k <k,), or it is better to entrust F as the responsibility holder (k >k, ). Fig. 1 also
schematically confirms Proposition 7 and Corollary 1 when k is not set at its optimality and k is
determined with the responsibility holder’s other decision variable simultaneously. For the DS
and VN cases, similar numerical experiments and graphical representations can be obtained and

are omitted here for the sake of space.
Table 1. Channel profit for the S-US (SS-US), F-US, FF-US cases

bc> (3++/5)a/2 bc<(3++/5)a/2
(M) | M os | MEs | Mos (Mhcs) | MFos | 1B on
0 0.25 0.25 0.25 0.333333 | 0.333333 | 0.333333
03 0.309299 025 [0.309299 | (503344 | 0.333333 | 0.503344
0.6 0.336389 0.25 |0.323696| 0.626298 | 0.333333 | 0.604167
0.9 0.322674 0.25 |0.323696| 0.584883 | 0.333333 | 0.604167
12 0.297115 0.25 |0.323696 | 0.499847 | 0.333333 | 0.604167
15 0.275543 0.25 |0.323696 0.4375 0.333333 | 0.604167
18 0.259758 0.25 |0.323696 0.4375 0.333333 | 0.604167
2.1 0.248293 0.25 |0.323696 0.4375 0.333333 | 0.604167
2.4 0.239755 0.25 |0.323696 0.4375 0.333333 | 0.604167
2.7 0.237387 0.25 |0.323696 0.4375 0.333333 | 0.604167
3.0 0.237387 0.25 |0.323696 0.4375 0.333333 | 0.604167

Parameter values are set as follows: wy =cy =1,a5=2,Ay =ag — Wy =1,
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For the bc > (3++/5)a/2 case, a=0.8,b=2,c=1; For the bc<(3++/5)a/2 case, a=1b=15c=1.

S-US S-US
4 (SS-US) s (SS-US)
Y, FF-US / FF-US
PN / /\/
AT N Fus |/ TN
A / : \ NOAL : Y
T e 20 [ 5 TN
b IN— R
al2 k' k! k/bc/a K a2 k- k bela K
Case (i): be> (3++/5)a/2 Case (ii): bc<(3++/5)a/2

Fig. 1 The Comparison of equilibrium profits (the US case)

6 Concluding Remarks
Social responsibility allocation is considered in a two-echelon supply chain, consisting of a
downstream firm F and an upstream supplier S bound by a wholesale price contract. The CSR
performance of the supply chain is assumed to be a global variable y and the related cost is
incurred only by S and is expected to be shared with F via the wholesale price contract that is
characterized by a parameter k. With the duality of responsibility and rights, the allocation is
conceived as a two-dimensional vector. The first dimension assigns a supply chain member as
the responsibility holder and entrusts it with the right to price the CSR performance in the
contract. The second dimension specifies an upper bound k for the key parameter k in the
wholesale price contract, which effectively places a restriction on the right of the responsibility
holder. The power structure of the supply chain is captured as the Stackelberg leader-follower
relationship. Different combinations of responsibility holder assignment and power structures
lead to six distinct games and their corresponding equilibriums are derived accordingly in
Propositions 1 through 6. By analyzing the equilibriums as per the methodology of comparative
institutional analysis, the following key results are obtained:

(1) Under each of the three power structures, the optimal social responsibility allocation
scheme is always to assign the supplier as the responsibility holder with appropriate restrictions
on k based on both the economic and the CSR performance criteria (Propositions 7 and 8).

When the economic performance drifts away from its maximum, such restrictions are mandatory
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for the supplier to be the responsible holder under all the three power structures with a minor
exception (Corollaries 1-3). Otherwise, if the cap on k is set at a level that exceeds a threshold, F
will turn out to be a better responsibility holder for the channel profit. In the model setting in this
research, the investment for ensuring the global social performance y incurs by S only. Therefore,
the optimal allocation scheme of entrusting S with the right of pricing y tends to support
arguments based on the principles of corporate legal personality and separate existence of a
corporation. On the other hand, if the maximal CSR performance is not attained, to make the
supplier a better responsibility holder, an appropriate restriction on the right is only required for
the DS case when the supplier is a relatively weaker player (Corollary 4). From this perspective,
this result is compatible with the suggestion of Amaeshi et al. (2008) that more powerful
members should be held accountable.

(2) Under all the three power structures, it is impossible to achieve optimal economic and
CSR performance simultaneously. Inherent conflict exists between these two criteria when social
responsibility allocation decisions are made (Proposition 9). This result highlights the need for
finding an appropriate tradeoff between these two criteria for supply chain managers who are
faced with increasing social responsibility pressures in practice, as observed by New (2003).

(3) Under all the three power structures, the integrative channel profit is not attainable due
to double-marginalization, but the system-wide profit will be improved by implementing optimal
social responsibility allocation schemes compared to the case without considering social
responsibility at all (Proposition 10). This result helps us understand the recent trend of investing
in social responsibility in the business world, and justifies the empirical findings that CSR is
positively related to corporate financial performance (Margolis and Walsh 2001; Orlitzky et al.
2003).

Finally, Proposition 11 shows that Propositions 7-10 are robust relative to the sequence
change of determining k (i.e., k is first offered by the responsibility holder) as long as k is
appropriately specified.

The current model assumes that information on both the cost parameter of social
responsibility investment and the parameter of the market impact of CSR performance is
symmetric for the supplier and the firm. In reality, the supplier may possess more information on
the cost parameter while the firm is likely to understand the market impact better. This

information asymmetry raises a new question: How do moral hazard and/or adverse selection
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influence social responsibility allocation? Another potential extension of this research is to
consider other well-known contract structures such as the buy back contract, the revenue sharing
contract, the quantity flexibility contract, to name a few. Still another consideration is to explore
the situation that both the supplier and firm incur their individual CSR costs. These open
questions warrant further investigations.
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