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Public summary

m The study investigates a specific CSR activity that links donation behavior with consumer purchase under government
subsidy.

m To balance corporate income and social welfare, we explore how to design donation and product pricing effectively
using the Stackelberg game model.

m The study provides decision supports for firms and governments to improve firm performance and social welfare by
choosing appropriate policies.
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Abstract: As an important form for firms to demonstrate social responsibility, socially responsible donation (SRD) is be-
coming increasingly widespread and attracting more attention. It is important to encourage firms to effectively undertake
social responsibilities and improve social welfare. Recently, it has become very popular for firms to demonstrate their so-
cial responsibility through SRD campaigns. With the aim of solving the decision-making problem of a retailer-led socially
responsible supply chain considering government subsidy, this study established a three-stage Stackelberg game model. By
analyzing the impact of pricing and donation decisions on operations and management, either with or without government
subsidy, we found that to achieve better performance, retail firms will choose to implement donation activities. However, it
is not the case that the higher the donation, the better the performance. In addition, there is a gap: without government sub-
sidy, social welfare is not optimal when members’ performance in the supply chain is maximized, and more donations are
needed to maximize social welfare. This study proves that government subsidy can encourage supply chain members to
generate more donations, while improving the performance of the supply chain and social welfare. We propose an optimal
subsidy rate to eliminate the gap and maximize social welfare. We also analyze the impact of external parameters, includ-
ing the cost parameter and consumer preference level, on the equilibrium results. Finally, we extend this research to
provide management insights for businesses under uncertain market sizes and centralized decision-making scenarios.

Keywords: corporate social responsibility; government subsidy; socially responsible donation; consumer preference
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1 Introduction ing by 4.6% as compared to 2018\ Although many enter-
prises in supply chain networks demonstrate their social re-
sponsibility image through SRD, the successful implementa-
tion of this donation strategy has not been fully studied.

According to existing research, the implementation of SRD
is mainly based on two possible motivations. One is profit-
driven, expecting that SRD can increase profits!'*, while the
other is altruistic motivation, pursuing the maximization of
social welfare to improve society through social responsibil-
ity activities!”. According to their different motivations, firms
can be divided into profit-oriented and welfare-oriented firms.
In the retail industry, welfare-oriented retailers always choose
to implement more donation activities to significantly im-
prove social welfare. Profit-oriented retailers are more cau-
tious in decision-making regarding donation size!* and often
contribute less to social welfare than welfare-oriented firms.
Therefore, this study is to provide decision-making support
for profit-oriented firms when they undertake social respons-
ibility and encourage them to make more contributions to so-
cial welfare.

There are conflicting views on whether SRD campaigns
can optimize corporate economic performance. On the one
hand, consumers may perceive CSR attributes from purchase-

Corporate social responsibility (CSR) has become a hot topic
in all sectors of society. Recent researches show that con-
sumers tend to buy products with social responsibility attrib-
utes'-?. Most managers hold that CSR can not only improve
the competitiveness of firms but also be crucial to the success
of future business®. Stakeholders also expect firms to incor-
porate social responsibility into their business processes'.
Moreover, implementing of CSR activities has become a feas-
ible strategy for firms to improve corporate brand image and
enhance their marketing ability™ . This study focuses on so-
cially responsible donation (SRD) campaigns, a specific prac-
tical form of CSR whereby firms can donate a certain amount
of money for social welfare projects when consumers buy a
product or service. Socially responsible donation campaigns
connect corporate donation activities with consumers’ pur-
chases of products, and this has become a popular way for
firms to participate in CSR"-*. For example, in 2008, Star-
bucks donated 5 cents from each RED exclusive beverage
sold to the Global Fund to fight AIDS, tuberculosis, and mal-
arial®. Recently, Apple announced its donation of part of the
proceeds from purchases of each iPhone RED to the Global
Fund for COVID-19 Response™. In 2019, firms’ spending on
SRD only in the United States reached $2.23 billion, increas- @ https://www.red.org/products
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triggered donation and thus exhibit favorable purchasing be-
havior, which tends to be positively correlated with the
amount of donation!*'". On the other hand, other studies in-
dicate that this SRD campaigns may have the opposite effect
because more donations will lead to higher costs and reduce
enterprise profitability!"?. Excessive focus on social respons-
ibility may harm stakeholders’ interests. Some researchers
have made efforts to solve this puzzle through empirical stud-
ies, finding that the key elements in SRD campaigns for stra-
tegic success are retail price and the amount of SRD per unit.
These two factors are important because they directly correl-
ate with the total amount of donation, expenditure on public
welfare activities, and the degree of improvement in corpor-
ate benefits, and they can be controlled in the managers’ de-
cision-making processes'”l. Our contribution is the use of the
operation management method to support enterprise decision-
making in this regard. In addition, an increase in the indirect
investment cost of donation may be another important factor
that hinders profit-oriented enterprises from increasing dona-
tions. From the perspective of corporate practice, a complete
SRD strategy must consider additional processing and post-
maintenance costs related to social responsibility projects!'”.
The money required for each social responsibility project has
a certain limit. Excessive donation amounts lead to unreason-
able allocation and waste of resources. With an increase in
donation amounts, firms need to extend the scales of their so-
cial responsibility projects and pay greater preparation and
maintenance costs.

Firms may increase retail prices to cover costs. However,
existing research shows that this may not be a good solution
because higher product prices increase the cost of consumers’
participation in social responsibility!” and reduce profits.
Government subsidy is often considered as an effective
strategy for improving the contribution of enterprises to so-
cial performance. For example, Chinese government subsid-
izes the costs of donations based on tax incentives for firms
that donate property to charitable activities”. The successful
implementation of SRD to achieve a win-win situation
between profit-oriented firms’ economic performance and so-
cial welfare is a common concern and expectation of govern-
ments, managers, and researchers. Therefore, it is of great
management significance to explore the optimal donation and
pricing decisions in the supply chain considering SRD cam-
paigns under government subsidy. However, few studies use
the operation management method to provide decision sup-
port for profit-oriented enterprises to implement such social
responsibility activities. There have also been a few discus-
sions about government subsidy for corporate donations. The
specific impact of government subsidy on the SRD behavior
of profit-oriented enterprises and social welfare remains to be
further explored.

To address these gaps, this study aims to explore whether
and how profit-oriented retailers integrate SRD campaigns
into their business strategies in the context of government
subsidy by establishing a Stackelberg game model. More pre-
cisely, we attempt to address the following key issues: First,

@ https://www.mca.gov.cn/article/xw/mtbd/202108/202108
00035719.shtml
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does social responsibility donation provide economic bene-
fits for profit-oriented firms? Second, is government subsidy
effective in raising the donations of profit-oriented enter-
prises to a level similar to that of social welfare firms? Third,
how do governments and enterprises make optimal decisions
when considering donation subsidy? In addition, unlike previ-
ous studies that mainly focus on the production donation of
firms, this study pays attention to the donation behavior re-
lated to sales volume and takes it as a basis to solve the
abovementioned problems.

This study finds that SRD can realize profits only when
consumers have high social responsibility preferences. Op-
timal pricing and donation decisions are available, but profit-
oriented retailers’ decisions do not maximize social welfare.
The existence of donation subsidy increases corporate profits,
and ultimately, social welfare. However, excessive subsidy
damage social welfare, and the government must set an ap-
propriate donation subsidy rate. Extending studies have
shown that larger market sizes and centralized decision-
making are conducive toward increasing the positive effect of
government subsidy. The remainder of this paper is organ-
ized as follows: Section 2 summarizes the relevant literature.
Section 3 puts forward the basic assumptions of SRD behavi-
or in the supply chain under the government subsidy and the
related notation description, followed by Section 4, which
gives more specific economic consequences when retailers
adopt SRD campaigns with and without government subsidy.
Section 5 presents an equilibrium analysis and discusses the
impact of government subsidy on the supply chain. A few ex-
tensions are explored in Section 6. The final section con-
cludes the paper and proffers management implications.

2 Literature review

Three main streams of research are closely related to our
work. The first stream focuses on CSR supply chains, while
the second stream is related to the SRD campaigns of firms,
and the last stream concentrates on government donation sub-
sidy policies.

Our work is based on the previous literature on CSR sup-
ply chains and contributes to this accordingly. Many studies
have attempted to clarify the benefits of firms taking CSR
activities in a supply chain. For example, Flammer"” proved
through empirical research that the economic performance of
firms was significantly affected by social responsibility per-
formance. Albuquerque et al.”*” conducted an empirical study
on the causal relationship between CSR and corporate finan-
cial performance, and proved their positive relationship. With
the deepening research on social responsibility, the social re-
sponsibility dimension has been gradually introduced into
supply chain management in recent decades. Ni et al.’" ana-
lyzed a two-stage supply chain model with social responsibil-
ity and discussed the distribution of social responsibility
among members of the supply chain. By including consumer
surplus in the profit function, Panda®™ proved that firms with
a sense of social responsibility in the supply chain could
achieve higher performance by adopting a game-theoretic
model. These studies only regarded social responsibility as a
general concern for consumer surplus or as a type of ex-
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penditure cost. Instead, we focus on specific CSR behaviors.

Research that considers SRD campaigns has been attract-
ing increasing attention in recent years. Servaes and
Tamayo®™ pointed out that consumers’ perceptions of firms’
participation in social responsibility activities have a signific-
antly positive impact on their purchasing decisions. As a
manifestation of CSR, SRD can often build goodwill, reputa-
tion, image, or status in a market“", thus becoming an emer-
ging field of research. In most of the current literature, stud-
ies on SRD have focused on the impact of different factors on
the effectiveness of SRD campaigns through empirical re-
search, such as price discounts™ and unethical behavior of
others®™. Xu and Li”” used a game-theoretic model to study
an e-retailer’s incentives to share demand information with its
supplier, who may implement SRD. In contrast to these stud-
ies, the focus of our research is to examine the efficiency of
product pricing, the amount of SRD per unit, and donation
subsidy through a tractable theoretical framework.

This study also involves the literature on the design of gov-
ernment incentive policies. Many studies have proven that
government subsidy can achieve the desired effect while ad-
justing firm strategy” *\. Aiming at the relationship and influ-
ence between government subsidy and CSR, Chu and Sap-
pington®” studied the relationship between the design of addi-
tional fiscal policies and the willingness of power firms to
provide maximum energy efficiency services and social un-
dertakings. Liu et al.t'" studied the government’s decision to
subsidize CSR investments in the supply chain. However,
these studies did not explore the relationship between govern-
ment subsidy and specific social responsibility activities. In
terms of socially responsible behavior, Arya and Mittendorf{"*!
studied the impact of government subsidy on product dona-
tions by retail firms and found that the subsidy could reduce
the double marginalization of the supply chain and improve
corporate performance. Chu et al.’! constructed a two-phase
discount newspaper vendor model to investigate the effect of
tax incentives on optimal pricing and quantity decisions in a
supply chain that used inventory donations as a CSR tool.
These publications focus on firms using part of their outputs
for social welfare, assuming that total donations have no dir-
ect relationship with product sales. In summary, the design of
a reasonable subsidy mechanism from the perspective of max-
imizing social welfare and motivating members of the supply
chain to effectively implement sales-related SRD remains to
be studied.

Compared to the abovementioned studies, this study first
reflects the real CSR activities of firms and contributes to the
implementation of CSR activities. Second, we establish a
model to analyze the relationship between social welfare and
SRD campaigns. Third, the previous literature on CSR dona-
tion behaviors mainly focus on output donation, while that on
SRD mainly focuses on empirical research. Thus, the previ-
ous literature cannot provide support for enterprises to effect-
ively implement SRD campaigns and the government to im-
plement incentive policies. This study also fills this research
gap in the literature. Moreover, to better understand the rela-
tionship between government subsidy and CSR, we use a
three-stage Stackelberg game model to analyze and obtain op-
timal supply chain decisions. The research results can provide
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a reference for the government to formulate subsidy policies
and long-term strategic decisions for leading firms. Finally,
the implications of government policies and firm manage-
ment are discussed.

3 Model setup

In this section, we describe the basic setup of the model and
list the assumptions about the products, retailers, suppliers,
and consumers. On this basis, we consider two models: one
without government subsidy and the other with government
subsidies. Notably, this study only focuses on government
subsidy for the indirect costs involved in the implementation
of SRD campaigns. For example, the government provides
publicity channels and funds to subsidize the costs of firms
implementing social responsibility. In the decision system, we
consider a three-stage Stackelberg game formed by a single
retailer, supplier, and government. Only one commodity is
produced in a supply chain. The retailer first declares dona-
tions and the supplier supplies the retailer with goods in one
lump sum at a wholesale price. The retailer sells the products
to customers at a fixed price. The government provides sub-
sidy to socially responsible enterprises to encourage them to
undertake social responsibility. Consistent with previous stud-
ies, in the game between donation firms and the government,
we assume that the government is in an absolutely dominant
position. In other words, the government occupies an abso-
lute optimal position in the tripartite game. Table 1 summar-
izes the notation for the decision variables and parameters.
We assume that d is a function of the indirect costs of SRD
campaigns and has the form d = vI,/k, where k is a cost
parameter. Consistent with the assumption commonly used in
the existing literature!'*", the indirect cost of social respons-
ibility increases with SRD per unit. This is because SRD cam-
paigns have a positive impact on the product demand of con-
sumers with socially responsible preferences, thus increasing
the total amount of the final donation. An excessive donation

Table 1. Notations of the model.

Parameters

B
k  Cost parameter for the investment of highlighting CSR activities

The degree of consumer preference for social responsibility

q Market demand
Market size
Indirect costs of socially responsible donation
Profit of the player
Decisions
d
p

Socially responsible donation (SRD) amount per unit sold
Retail price per unit product
w  Supplier’s unit wholesale price

7 The rate of government subsidy for the cost of SRD campaigns
Superscripts/Subscripts
Different models, no subsidy (i = N) and indirect cost subsidy

(i=1)
Different players, the government (j = G), the supplier (j = s),
and the retailer (j =r)

i
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amount for a social responsibility project will lead to unreas-
onable allocation and waste of resources, which is not condu-
cive to the improvement of social welfare. In this case, the
scale of the corresponding social responsibility projects will
expand, and the firm will need to pay more preparation and
maintenance costs. For instance, Apple RED previously only
participated in disease-fighting social responsibility programs
in the United States, but with the increase in donation
amounts, its social responsibility programs expanded to a
global scale. Therefore, the human resource, financial, man-
agement, post-project evaluation, and subsequent mainten-
ance costs required in the implementation process due to geo-
graphical distance language communication and management
of donation implementation will naturally increase with the
expansion of the program scope. I, represents the cost of or-
ganizing an activity related to SRD, and it meets the law of
marginal cost, namely, I, >0, I, <0.

As CSR is the focus of this study, we suppose no shortage
and unsalable products in the supply chain. Donation, as a
tool of social responsibility, can increase brand loyalty, by
making consumers feel warm, as well as brand awareness',
which further increases consumer demand for products.
Therefore, the retailer uses SRD as a corporate social prac-
tice and highlights its CSR by arranging investments related
to social work to increase consumer demand. Specifically, the
demand for products is ¢ =a—p+Bd, where [ represents
consumers’ preference for socially responsible products®**.
The impact of 8 will be discussed further later. Members of
the decision-making system, following the Stackelberg game
of full information, are risk-neutral and rational.

Regarding the government, we mainly discuss the subsidy
policy that subsidizes the indirect cost of implementing the
SRD campaign, which is expressed as @ = 71, 7 is the rate of
government subsidy. The government pursues the maximiza-
tion of social welfare; therefore, its profit is expressed as so-
cial welfare, namely, 7; =SW =x,+7,+CS—®. Its profit
function includes the profit of the retail firm (item 1), profit of
the supplier (item 2), consumer surplus under linear demand
(item 3), and loss of government subsidy (item 4), where the
consumer surplus is CS = ¢*/2. Maintaining consistency with
the hypothesis of previous studies™”, we assume that the elast-
ic parameters are sufficiently large (k > [3(ﬂ— 1)2] /8) to en-
sure that the profit function of firm is concave and that the ex-
pression has certain economic feasibility.

4 Model formulation and solution

4.1 Model N: Social responsibility supply chain without
subsidy

In this section, we consider the basic situation of a CSR sup-
ply chain without government subsidy. As previously men-
tioned, only a single product is produced in the supply chain.
The retailer first declares SRDs and makes the corresponding
indirect investment to prepare and implement its social re-
sponsibility behavior to gain consumers’ preferences and in-
crease demand. The supplier supplies goods to the retailer at a
wholesale price in lump sum, and the retailer sells the
products to customers to meet their demands. This situation
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can be better understood using a real example from Wal-Mart
China. As a large retailer, Wal-Mart supermarket decided to
upgrade its assistance to children in poor areas of China in
2011. Wal-Mart donated 5 cents to charity when customers
bought a unit of designated products at their stores. In this
situation, the retailer and supplier’s profits are as follows:

7 = (p-w—d)(a—p+pBd)—kd’, (1

2
The social welfare without government subsidy is as follows:
A3)

Based on the goal of maximizing corporate profits, we
solve this game using backward induction, and the equilibri-
um results are presented as follows:

Lemma 4.1. Without subsidy, in Model N, the equilibrium
results under the retailer profit maximization are as follows:

_a(12k+B~-1)+c(dk+B-p)

B 16k—(B—1)
8ak +c(8k— (8- 1))

T 16k—(B—1)

oo @=0B=1)

16k—(B—-1)"

v 32k(a-c)
Caek—@B-1)"

v k(a—cy

n =———7.

" 16k—(B-1)

¥ =(w=c)a-p+pd).

SW" =x¥ + 7" +CS".

N+

N*

)

Under this condition, optimal decisions exist for the
amount of SRD per unit and pricing. In addition, the decision
result d"* increases with the degree of consumers’ social re-
sponsibility preference 8.

Corollary 4.1. The equilibrium amount of SRD per unit is
as follows: when 8> 1, d"* > 0; when 8 < 1, d* = 0.

Corollary 4.1 shows that in the absence of donation sub-
sidy, the retailer uses SRD as a CSR tool only when con-
sumers have a high degree of preference for social responsib-
ility. In this case, the retailer’s profit first increases and then
decreases with an increase in the amount of SRD per unit, and
there is an optimal level. However, when consumers have a
low preference for social responsibility, the retailer will not
implement donation because the reputation of socially re-
sponsible behavior is inadequate to obtain sufficient demand
growth. Under these conditions, the retailer has no financial
motivation to engage in social responsibility. These results
are oriented toward maximizing the retailer’s profit.
However, when the retailer makes decisions based on maxim-
izing social welfare and paying attention to the impact of
SRDs on corporate profits and social welfare, we present the
following findings.

N a N
Proposition 4.1. 2= > 0 and 2= > 0 if 0 < d < d", then
o o od od
W >0 and 002 <0 if d" <d < d"’; when social welfare is
maximized, the optimal amount of SRD per unit is
" 32k-T7(B-1)

DOI: 10.52396/JUSTC-2022-0017
JUSTC, 2022, 52(11): 4


https://doi.org/10.52396/JUSTC-2022-0017

Zzsrg "

Du et al.

From Proposition 4.1, we know that the social welfare level
first increases and then decreases with an increase in SRD.
Moreover, there is a gap between firms’ donation decisions in
pursuit of profit and social welfare maximization. To illus-
trate Proposition 4.1 better, we use Fig. 1 as a graphical rep-
resentation of our results. Comprehensively considering the
conditions of the models and previous literature!”’'", we set
the parameter values as follows: a =100, ¢=10, =2,
k =10. Under these parameter settings, we show the retailer’s
profit and social welfare as SRD changes in Fig. 1. Under the
condition of no subsidy, we notice an important phenomenon:
When the retailer maximizes the profit, the firm’s optimal
SRD decision does not make the social welfare optimal (i.e.,
d" <d"). Social welfare can only be maximized by encour-
aging profit-oriented retailers to increase their donations.
Therefore, it is necessary for the government to implement
subsidy policies to reduce the indirect cost of retailers’ SRD
campaigns. Through subsidy policy, retailers are encouraged
to increase donations for improving social welfare and optim-
izing the allocation of social resources. The related analysis
will be extensively discussed in the next section.

4.2 Model I: Government provides indirect investment
cost subsidy

In addition to the donation itself, it is expensive to prepare
and maintain social responsibility activities, and this is also a
major obstacle for firms to make donations. To enhance so-
cial welfare, the government needs to choose a subsidy for the
indirect cost of SRD campaigns to encourage retailers to in-
crease the amount of SRD per unit. In this section, we con-
sider a three-stage game in which the government subsidy is
provided. The decision variable of the supplier is the whole-
sale price, the decision variables of the retailer are the retail
price and amount of SRD per unit, and the decision variable
of the government is the subsidy rate. The decision sequence
is expressed as follows.

Step 1: The government determines 7.

Step 2: The retailer determines d.

Step 3: The supplier determines w.

Step 4: The retailer determines p.

We limit the government subsidy of indirect costs to
7 €(0,1) to ensure that the government subsidy does not des-
troy the existing market mechanism. In this case, the govern-
ment subsidy is less than the retailer’s indirect costs. Accord-

140¢F

- m,

120f -

100} ;

80f //_:\

60} i '

S i

20p g : ':;T"@ ‘‘‘‘‘ e

o, A\i B S
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d

Fig. 1. The impact of the SRD on the retailer’s profit and the social
welfare.

ing to the notation described in the previous section, we ob-
tain the following profit function:

7= (p-w—d)(a-p+pd) - kd* + Tk, @)
rl=w=-c)(a-p+pd), ®)
7'(5}:7‘[2+7T£+CSI—¢. (6)

By solving the game model via backward induction, we
can obtain the equilibrium solutions and establish the follow-
ing results.

Lemma 4.2. Given the investment subsidy 7, in Model I,
the equilibrium results are as follows:

a—(a+c)B+12ak+4ck)(t—1)+cB

pr(r) = > ,
(B=1) "+ 16k(t—1)
) 8k(a+c)(t—1)+c(B-1)
w(r) = >
(B=17+16k(r-1)
a-c)(B-1)
d" (1) = > ;
(B-17+16k(r—1)
k(t—1D(a-c)
(1) = > ,
B-17+16k(r—1)
32k (a—-c)(r—1)
ar(r) = 5
((B-1) +16k(x-1))
k(a—c) (56k(t— 1) - (B- 1Y)
(1) = 5 .
((B=1) +16k(x-1))

The only optimal amount of SRD and optimal pricing de-
cisions indicate that the retailer can obtain the optimal bene-
fits when using SRD as a CSR tool. Focusing on the equilibri-
um solutions in Lemma 4.2, the conclusion is similar to that
shown in Corollary 4.1. When consumers have a high degree
of social responsibility preference (8> 1), the retailer takes
the initiative to implement SRD campaigns (i.e., d" (1) > 0).
In the presence of government subsidy, members of the sup-
ply chain still have sole optimal management decisions.
Therefore, it is theoretically feasible for governments to sub-
sidize donations.

5 Equilibrium analysis

5.1 The impact of donation subsidy on the optimal
decisions

Based on the optimal decisions in the two models, we invest-
igate how the government subsidy affects the SRD decisions,
pricing decisions, and profits of members in the supply chain.
It should be noted that we only consider the parameter range
that satisfies the feasibility of all models. For clarity, we sum-
marize the impact of government investment subsidy as
follows:

Proposition 5.1. In Model I, the more the investment sub-
sidy, the higher the amount of SRD, retail price, and the profit
of the retailer; the more the investment subsidy, the higher the

wholesale price and profit of the supplier. That is,
T+ I I I+ e

ad" (1) >0, op (1) >0, owr (1) >0, 7 (1) -0, 7 (1) 0.
or T T 0

T T
The results show that when firms choose to implement
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social responsibility activities, the government donation sub-
sidy can encourage them to increase their amount of SRD, al-
though this also leads to an increase in the product price. This
is because the value of the government subsidy is always less
than the indirect cost of donation. As the number of SRD in-
creases, the demand for the final product increases, and the
supplier also increases the wholesale price to capture a higher
profit. The retailer’s donation expenditures and procurement
costs increase. At this time, the retail enterprise usually raises
the product price to compensate for losses”*. However, char-
ging higher prices to obtain more consumer surplus violates
the rights and interests of consumers with social responsibil-
ity, to some extent. Therefore, when the government encour-
ages firms to use SRD as a tool of CSR, the subsidy level
must be set carefully. A lower subsidy cannot incentivize
firms, while excessive subsidy may cause retail prices to rise.
The government’s goal is to maximize social welfare; there-
fore, we next explored the impact of government investment
subsidy on corporate performance and social welfare.
Proposition 5.2. When the government provides a subsidy,
social welfare increases first and then decreases with an in-

crease of the subsidy rate, and the optimal subsidy rate is
5

Th7e above-stated results indicate that government subsidy
is an effective measure for improving social welfare.
However, there is a ceiling for the subsidy. Given the optimal
subsidy rate, each participant has a unique equilibrium solu-
tion. We summarize the optimal decision for each participant
and the final equilibrium profit in Table 2. From Table 2, we
find that the final donation can meet the requirements for
Ta-c)(B-1)
32k-7(8- 1)2)'
under the optimal subsidy rate. Corollary 5.1 summarizes
these results.

Corollary 5.1. In Model I, the optimal subsidy rate can im-
prove the level of social welfare and eliminate the gap to
maximize social welfare.

From these results, we can conclude that government sub-
sidy has significant positive effects. The government subsidy
for the indirect costs of SRD campaigns can improve the level
of social welfare and bridge this gap (the retailer’s optimal
choice cannot achieve the optimal level of social welfare).
Therefore, the government should subsidize the social re-
sponsibility activities of SRD campaigns. The object of the
subsidy is an indirect cost that cannot be ignored when social
responsibility firms implement SRD campaigns. The exist-
ence of this government subsidy leads to the maximization of
social welfare. In other words, a profit-oriented retailer can
make decisions that maximize social welfare when the gov-

N+
swo

maximizing social welfare (i.e., d"=d

Table 2. The equilibrium results of Model 1.

ernment sets the optimal subsidy rate. Government support al-
locates social resources better, which is also in line with the
rule that the market sometimes requires government financial
support.

Next, the focus of this research is to visually demonstrate
the specific impact of government subsidy on the economic
performance and social welfare of firms through a numerical
example. Referring to the parameters in the previous literat-
ure" . we set the parameter values as follows: a =100,
c¢=10, B=2, and k =10. Then, according to the range of
government subsidy rates, 7€ [0,0.9], we draw the trend
charts of the members’ profits in the supply chain and social
welfare influenced by the government subsidy rate in Fig. 2.

As shown in Fig. 2, within the scope of the government
subsidy rate, the profits of supply chain members increase
with the government subsidy rate. However, the level of so-
cial welfare initially increases and then suddenly drops after
exceeding a certain threshold. The main reason is that govern-
ment subsidy can increase a retailer’s donations, and con-
sumers are willing to buy socially responsible products at a
higher price. This, in turn, leads to an increase in market de-
mand and, ultimately, an increase in the profit of the domin-
ant retailer. As the number of orders increases, the supplier
takes the opportunity to increase the wholesale price to ob-
tain higher profits. The final result is that an increased sub-
sidy will lead to higher commodity prices and better firm per-
formance, but encroach on consumer surplus. As the govern-
ment makes decisions from the perspective of maximizing so-
cial welfare, it is impossible to increase the subsidy indefin-
itely. Social welfare increases as the government subsidy rate
increases and then decreases outside this range. These results
are consistent with those of Proposition 5.2.

Compared to the situation without government subsidy, the
level of SRD, retail price, and wholesale price are higher
under government subsidy.

Proposition 5.3. As for the optimal decision-making,
d»>d", w>w", p>p".

Proposition 5.3 reveals that government subsidy can effect-
ively optimize the level of SRD. The optimal decisions of
firms with government subsidy are better than those of firms
without government subsidy. Because an increase in dona-
tion will stimulate consumers’ intention to purchase, demand
will increase. The supplier then raises the wholesale price to
obtain higher yields. Retail prices are largely influenced by
wholesale prices; thus, retailers set higher retail prices to
compensate for purchasing costs. Consumers with a stronger
sense of social responsibility are more willing to pay for
products that have CSR attributes™. For example, the per-
centage of the European population willing to buy CSR
products increased by 40% over three years. In this case,

I

I

dal w p
T(a-c)B-1) 16ak +c(16k—7(8—1)%) 8ck—Tc(B—1)B+a4k+78-7)
32k -7(8-1)? 32k-7(8-1)% 32k-7(8—1)°
nl* " ﬂg
2a—cPk 128(a — ¢)*k> Ta— )Pk
3%U-TB—17 (32%-76-1*’ 3%—7(B—17
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Fig. 2. The impact of government subsidy rate on SRD, the corporate profits, and social welfare.

the existence of government subsidy helps to optimize the
distribution of social resources.

Proposition 5.4. As for the performance of profits and
social welfare, 7> 7', 7' > ', SW" > SW™",

Proposition 5.4 elaborates the relationship between the sub-
sidy, corporate profits, and social welfare. Compared with the
absence of subsidy, government subsidy can increase the re-
tailer’s donation, which in turn leads to increased market de-
mand, ultimately increasing the profit of the dominant retail-
er. As the number of orders increases, suppliers seize the op-
portunity to raise the wholesale price and gain higher profits.
In brief, compared with the situation without subsidy, the ex-
istence of government subsidy can effectively improve CSR,
corporate profits, and overall social welfare. In addition, our
analysis also explains an interesting phenomenon where the
supplier does not need to undertake donation activities; the
government does not subsidize it, but its profit increases with
the increase in subsidy. Notably, this phenomenon is actually
a common form of hitchhiking. For supply firms that do not
actively undertake social responsibilities, the government
may regulate their behavior through tax policy.

5.2 The impact of the cost parameter and consumer
CSR preference

Because the donation amount of supply chain members is
limited by their corresponding implementation costs, we ana-
lyze the impact of the cost parameter on the decision vari-
ables by using mathematical methods.

Proposition 5.5. By increasing the cost of SRD campaigns,
regardless of whether there is a government subsidy, the op-
timal amount of SRD, the overall level of firms’ profits, and
social welfare will decline.

Referring to the previous requirements, by taking the fol-

lowing parameter values: a = 100, ¢ = 10, 8 =2, we can ob-
tain the changes in the impact of the cost parameter on the
level of SRD, the firms’ profits, and social welfare, as shown
in Fig. 3.

According to Fig. 3, the amount of SRD per unit, firms’
profits, and the level of social welfare decrease with the cost
factor of corporate donation, regardless of the existence of
government subsidy. In other words, they are negatively re-
lated to the corporate donation cost parameter (k). This phe-
nomenon can be explained as follows: First, an increase in in-
direct costs reduces the level of SRDs by retailers. Further-
more, consumers will reduce the purchase of products with
lower CSR attributes, which leads to less demand for this
product in the market. Therefore, the retailer reduces the re-
tail price to stimulate consumers to purchase, resulting in a
decline in the retailer’s total profit. The supplier’s profits will
also be reduced because of the reduction in the number of re-
tailer orders. Simultaneously, consumer surplus decreases
with the market demand, and the overall level of social wel-
fare declines. These results are consistent with Proposition
5.5. Hence, when firms implement a donation policy, they
must improve their efficiency and minimize process costs.

As the donation and pricing decisions of supply chain
members are influenced by consumers’ preferences for social
responsibility, we also use mathematical methods to analyze
the influence of the sensitivity parameters of consumer de-
mand on optimal decisions. Through the numerical example,
we draw the influence trend of the consumer CSR preference
factor on SRD, supply chain members’ profits, and social
welfare in Fig. 4. The specific parameter settings are the same
as those described above.

Proposition 5.6. As the consumer’s preference for CSR in-
creases, regardless of whether there is a government subsidy
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Fig. 3. The impact of the cost parameter on SRD, the firms’ profits, and social welfare.
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Fig. 4. The impact of consumer CSR preference on SRD, the corporate profits, and social welfare.
or not, the optimal amount of SRD, the level of corporate The results of the numerical analysis are consistent with the
profits and social welfare will rise. conclusions of Proposition 5.6. Fig. 4 shows a comparison of
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corporate donation, retailer profit, supplier profit, and social
welfare in two different situations. The profits of supply chain
members and the resulting social welfare level with govern-
ment subsidy are higher than those without government sub-
sidy. The retailer’s CSR behavior has a positive impact on
consumer demand. When the retailer increases its social
donation level, the increased demand can compensate for the
retailer’s donation expenses and even make the retailer more
profitable. For the supplier, as its order increases, its profit in-
creases. In addition, we can see that with the improvement in
consumers’ social preferences, the increments in corporate
profits and social welfare (due to the existence of govern-
ment subsidy) are more significant. Therefore, governments
should enhance citizens’ social responsibility awareness be-
fore implementing subsidy policies. Only when consumers
pay more attention to social responsibility can the implement-
ation of government subsidy policies significantly optimize
the allocation of social resources.

6 Extensions

In this section, we expand the basic content of this study from
two aspects: Uncertainty of market size and centralized
decision-making. In subsequent work, we discuss each exten-
sion in detail.

6.1 Equilibrium result under uncertainty

Based on the assumptions of the basic model, we extend the
research content to explore equilibrium results under uncer-
tain market sizes.

The rapid economic development of the market economy
leads to a great deal of uncertainty. In recent years, with the
acceleration of product iterations, the emergence of alternat-
ive products has been bound to meet the market demand for
existing products. In real firm’s activities, this effect leads to
uncertain market demand. Therefore, we assume that the mar-
ket size is a. Excluding the market occupied by competitors’
alternative products, the market potential of this firm is Aa,
where A represents the level of market encroachment by al-
ternative products and A = 0 indicates that the market is com-
pletely encroached by alternative products. Thus, the demand
function is expressed as ¢ = da— p+3d. A larger A value in-
dicates a larger market size. We employ numerical analysis to
study the impact of market size uncertainty on the final de-

cision variables and equilibrium results. The results are depic-
ted in Fig. 5.

As can be seen from Fig. 5, the decision variables increase
with the market size, and the retail price and wholesale price
are significantly affected, while the decision result of dona-
tion is less affected. Regarding the equilibrium result, the
profits of firms and the government increase with the market
size, and the influence of market size changes more signific-
antly with an increase in market size. Therefore, firms and
governments should adjust their strategies in time for a larger
market size with greater potential changes to ensure that the
decision results conform to market demand. When the market
size is small, the decision results change minimally; therefore,
arelatively conservative strategy can be adopted. Addition-
ally, through verification, the previous conclusion still holds
true when the market size changes.

6.2 Equilibrium results under centralized decision-

making

In this section, we explore the equilibrium results of govern-
ment subsidy under centralized decision-making. In a central-
ized channel, there is a single sales channel in which both
suppliers and retailers are willing to cooperate and want to
implement joint decisions. The pricing and donation de-
cisions are made by a single decision maker. Therefore, the
total profit function of this channel is: 7°=(p—-c—d)-
(a—p+Bd)—kd* +tkd*. The government’s objectives can be
expressed as follows:

mg= n°+CS - Q. (7
By solving the game model, we can obtain the following
results.
Proposition 6.1. In centralized decision-making, social
welfare increases first and then decreases with the increase in

government subsidy, and the optimal subsidy rate is 7@ = %,
3a-c)k
8k—3(-1+8)"
From Proposition 6.1, in the case of centralized decision-
making, the impact trend of the government’s subsidy on so-
cial welfare is the same as that under decentralized decision-

making in the supply chain. However, the government’s op-
timal subsidy rate under centralized decision-making is lower

the optimal social welfare is 7 =

@
2000
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Fig. 5. The impact of market size on decision variables and equilibrium results.
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than that under decentralized decision making. Under central-
ized decision-making, social welfare is better than under de-
centralized decision-making. Therefore, enterprises in the
supply chain should strengthen cooperation to achieve higher
performance, reduce double marginalization, and improve so-
cial welfare. In addition, the results show that a centralized
supply chain has a low demand for government financial sup-
port when it achieves optimal social welfare, which helps to
reduce the financial pressure of the government. In other
words, it is necessary for the government to actively adjust
policies, encourage and guide firms to strengthen cooperation,
and integrate production and retail. Thus, the resources can be
allocated more efficiently.

7 Conclusions

The influence of corporate donation behavior on firms and so-
ciety has received considerable attention from academia and
practitioners. Although many scholars have explored the
factors affecting the effectiveness of corporate SRD cam-
paigns through empirical investigation, few have provided
support for pricing and donation design from the operational
management perspective. Through the established models,
this study defines management decision-making whereby
firms can successfully implement SRD campaigns. In addi-
tion, from the perspective of social performance, through two
Stackelberg game models, we analyzed the profits of all
members and social welfare, and further discussed the gap
between profit-oriented and welfare-oriented retailers. This
study examined the impact of government subsidy on profit-
oriented firms’ decision-making and found that government
subsidy could address the gap in the social performance con-
tribution between the two different retailers. Finally, we ex-
plored two important extensions in terms of the uncertain size
of market demand and the increasing centralization of supply
chain channels.

7.1 Theoretical contributions

This study provides three important theoretical contributions.
First, compared with previous studies that only regarded so-
cial responsibility as a general concern of consumer surplus
or a type of expenditure cost”-*, this study reflects the real
practice of CSR and contributes to the implementation of
CSR activities. Based on the premise of maximizing corpor-
ate profits, this study explores how to maximize social wel-
fare under government subsidy and draws conclusions and ac-
tionable suggestions that are more in line with corporate
motives. We have further broadened the scope of research on
CSR in supply chain management. Second, the previous liter-
ature on corporate donation behavior mainly focuses on out-
put donation“>*! believing that product donation is benefi-
cial to firms. However, this study focuses on the form of
donation related to consumer purchasing behavior. In addi-
tion, the literature on SRD behavior mainly focuses on empir-
ical research, rarely using the method of operations manage-
ment to provide support for firms to implement strategic de-
cisions. This study also fills this research gap. Last but not
least, the indirect costs in the process of SRD campaigns can-
not be ignored, and this hinders profit-oriented firms from in-

creasing their contribution to society. This study considers
this neglected factor in previous studies. Using a three-stage
Stackelberg game model to obtain and analyze optimal man-
agement decisions, we recognize that government subsidy can
effectively improve business performance and social welfare
by offsetting the indirect cost of donations. Our study contrib-
utes to the literature on government subsidy.

7.2 Managerial implications

In addition to the theoretical contributions emphasized above,
this study also provides management contributions to the ef-
fectiveness of the firm and government decision-making. Our
findings will help firms succeed in implementing SRD cam-
paigns and help the government provide support in optimiz-
ing social welfare. The specific management implications are
as follows:

First, when consumers have high social responsibility pref-
erences, a retailer’s SRD is conducive toward improving the
overall level of corporate profits and social welfare. There-
fore, it is necessary to promote consumers’ awareness of so-
cial responsibility through relevant advertising and publicity.
Moreover, as the supply chain leader, retailers should act-
ively use CSR activities to help improve the overall perform-
ance of the supply chain, promote the sustainable develop-
ment of relevant parties, and establish a good corporate im-
age. Second, we find that supply chain performance and the
resulting social welfare under government subsidy are higher
than those under non-government subsidy. To maximize so-
cial welfare, the government needs to set incentives to stimu-
late retailers to offer higher social donations. In actual busi-
ness operations, the government plays a key role in the social
responsibility of the entire supply chain. Therefore, when so-
ciety needs donation behaviors (for example, in the situation
of the current COVID-19 pandemic, corporate donation is of
great significance), the government should provide subsidy to
reduce the corresponding indirect costs incurred in corporate
donation activities, such as promotion of the activity and con-
struction of supporting facilities, to increase the enthusiasm of
firms. Notably, we find that, once the subsidy exceeds a cer-
tain range, the level of social welfare declines. Therefore,
from the perspective of social welfare maximization, the gov-
ernment should not increase the level of subsidy indefinitely.
Third, an interesting discovery is that the profit of the suppli-
er increases with government subsidy under the government
subsidy mechanism, and the profit is higher than that under
the non-government subsidy mechanism. However, the sup-
plier, as a follower in the supply chain, does not clearly bear
CSR. This free-riding behavior is inconducive to maintaining
a long-term relationship with the retailer. To create more op-
portunities to cooperate with retailers and improve market
competitiveness, suppliers should actively undertake social
responsibility. The government can formulate corresponding
punishment measures to avoid this free-riding behavior.
Fourth, the larger the market size, the more significant the
positive effect of the subsidy. It is necessary for the govern-
ment to implement subsidy policies for larger markets. Mean-
while, compared with decentralized decision-making, central-
ized decision-making can improve corporate profits and so-
cial welfare and reduce the financial burden of the govern-

DOI: 10.52396/JUSTC-2022-0017
JUSTC, 2022, 52(11): 4


https://doi.org/10.52396/JUSTC-2022-0017

2;481'{’

Du et al.

ment. Therefore, firms in the supply chain should strengthen
cooperation, and the government should also encourage firms
to form centralized production and sales chains.

7.3 Limitations and future research

Although our study provides significant management insights
into government subsidy strategies and corporate SRD de-
cisions, there are still some limitations. First, we consider
only a three-level supply chain. The analysis of more com-
plex supply chain structures is a promising research direction
because there may be upstream (downstream) competition
among suppliers (retailers). Second, environmental issues are
currently receiving more attention, and the supply chain struc-
ture is gradually forming a closed loop, which is also an inter-
esting phenomenon that is worth considering.
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manufacturer-quality  and

Proof of Lemma 4.1. We solve this game using backward induction. First, the retailer determines the optimal retail price satisfy-
ing the first-order condition on/dp" = a+d —2p+w+d = 0. We can obtain p** (w) = [1/2](a +d + w + d). Substituting p"* (w)
into Eq. (2), and according to the first-order condition of the supplier’s optimal wholesale price,
onljow=[1/2](a+c—-2w—d+pBd)=0, so w"(d) =[1/2](a—d +d). Then, we obtain the following results: p"*(d) =[1/4]
(Ba+c+d+3dpB) and w" (d) =[1/2](a+c+d(—1+p)). Therefore, substituting p"*(d) and w"*(d) into Eq. (1) and solving

- -1 12k+4-1 4k+p-p*
on" /16d = 0, we obtain d™* = %. Substituting d* into p** (d) and w*" (@), it gives pN*:a( +186k )(-;C( 1)z+ p-F) and w"*=
—(-1 2
Bak+c(Bk—C1+5) ). Similarly, substituting d"*, p*, and w"* into Eqs. (1) and (2), we obtain 7 and 7".

16k—(B—1)
- -1
Proof of Corollary 4.1. Because d" = w

6k—(B-1)"
retailer will not implement donations, that is, d** = 0.

Proof of Proposition 4.1. From the process of Proof of Lemma 4.1, by simultaneously substltutlng dv, p

a—c>0,and 16k—(8-1)" >0, so d* >0 occurs at 8> 1. If B < 1, the

, and w"* into

" L Ta—c) +a (18- 1) -32k) + 14d(a - O(B-1) e W (d) . & [SW* (@]
Eq. (3), we can obtain SW" (d) = D . Then solving T =0 an —
0*|SW" (d) w"
gives d¥ =[T(a-c)(B-1)]/ [32k—7(ﬁ— 1)2] and % =—-(32k-7(8- 1)2) < 0. Therefore, W >0 occurs at
OSW" (d .. .
0<d<d" and BV (@) <0 occurs at d > d"". Thus, Proposition 4.1 is proven.

Proof of Lemma 4.2. To solve the three-stage game of government participation, the first phase is to solve the game between
the retailer and supplier For the retailer’s optimal retail price decision, the first-order condition is dx’/dp = 0. Therefore, we can

obtain p” (w) = —(a +d +w+Bd). By substituting p* (w) 1nto Eq. (5), and according to the first-order condition of the supplier’s

optimal wholesale price, dr!/0w =0, we obtam wh(d) = —(a+c d+Bd). Then substituting p” (w) and w" (d) into Eq. (4) gives

a v e d 62 vEY d
the following  result, 7" (d)= —[a +2ad(B— 1)+ d*(B— 1) +16k(z=1))].  When "a;) , ’; dz()
a—ap

1
§[(ﬁ_ 1)’ +16k(t—1)] <0. We can obtain optimal donation decisions for retailer d" (1) = . According to

8k(a+c)(t—1)+c(B-1) a—(a+c)B+12ak+4ck)(t—1)+cB
(B=) +16k(r—1) B-1Y+16k(r-1)
tuting d” (t), w" (1), and p™ (7) into Egs. (3) and (4), we can obtain n”* (1), 7’ (1), and 7; (7) in Lemma 4.2.
ap" () _ 4k(a—o)(B—1)(1+3p)
o (B-1Y+16k(r—1))

B-1+16k(r-1)

d" (1), so we can get w" (1) =

and p" (1) =

. Similarly, by substi-

Proof of Proposition 5.1. From Lemma 4.2, we can get Because f>1 and a—c>

op" od* 16k(a - -1 od*
0, s0 D0 For ar(p, WO __1KaZIB=D " s that (@—o)B-1>0, so 2P S0 For wh (),
ot 9t ((B-1)*+16k(T—1)) ds
a I+ 8k _ _1 (9 I d(j* Jx 1%
e (@) = @-aB-1 >, and noting that (a-c)(8—1) > 0, so W’—(T) > 0. so 9 > 0. For 7 (1) and 7 (T), proofs are
or (B=1)+16k(r—1)) Os ds or or
omitted for brevity.
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Proof of Proposition 5.2. From Lemma 4.2, the government’s objective function can be expressed as nl (1) =

k(a—c)* (56k(t—1)"—(B—-1)’ on': 16622 (B—-1Y(Tr=5 o' 5
( - ) From 7«l; (1), we can get 7 () - (zﬂ ) (7 )3. And we ﬁndﬂ(’—(T) >0at7< =. And
(817 +16k(x— 1)) ot ((B-1)+16k(r—1)) v 7

on; (1)

or

is proven.

5 . . . 5 L . ..
<0Oatt> 7 Thus, when the optimal subsidy rate is 7 = 7 the overall welfare of society is optimal. Thus, Proposition 5.2

_ 80k(a—c)(B—-1) e
(32k=T7(B- 1) )(16k—(B— 1))’
Because (32k—7(8—1))(16k—(8—1)")>0 and

Proof of Proposition 5.3. From Lemma 4.1 and Table 2, we can get d”* —d""

40k(a—)(B-1)’ ve _ 20k(a=0)38*—1-2B)
(32k=T((B~1))(16k~((B~1)) (32k=7(B—-1Y)(16k— (B— 1))’
B>1,s0d"—d" >0, w* —w"™ >0and p—p" >0.
Proof of Proposition 5.4. The proof is the same as that of Proposition 5.3; here, it is omitted for brevity.
Proof of Proposition 5.5. When the government does not subsidize corporate donations, By taking the first derivative, we can

9d* _-16@-0@B-1) _  omd) _-ka-of@B-D' @) _ ~32k(a—c)(B—1)*(16k - (B- 1)

, p"-p

get - < > - B < Oa
o (16k-(B-17) o (16k-(B-1)) Ok (16k—B-1)
aswr  ~(a=cy(B=17(96k— (8~ 1)) (16k~(8-1))
= " < 0. At this point, the optimal amount of SRD, the overall level of cor-
Ok (16k-(8-17’)

porate profits, and social welfare will decline as the cost of SRD campaigns increases. Similarly, under government subsidy we

od" on'” o' aSw" . .
can get ¥ <0, % <0, 67; <0, T < 0. Therefore, we can get the conclusion in the proposition.

Proof of Proposition 5.6. The proof is the similar to that of Proposition 5.5; here, it is omitted for brevity.
Proof of Proposition 6.1. The first step is to establish the concave condition of the centralized channel profit function. The
concavity condition can be tested by using Hessian matrix. Hessian matrix of 7€ is:

*nc  Fn°
(o _ (9p2 apd _ -2 1 +B
D= gn o2 "\ 14p 2-k-parn) |
adp  od?
5 . . . on° on‘ .
If |HC (p,d)| =4k(1—1)—(B—1)" >0, 7€ is concave with respect to d. By solving s =0 and ad =0, we can obtain the
p
1-B+2k(t—1 -1 2k(t—-1 - -1
P = al =p+2ka=1))+c(B )'f+ Kr=1)) and d° = M. Substituting p© and d“* into Eq. (7), we can ob-
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onl: 1 onl: 1 1
ng @ >0at7t< 3 And ; (1) <0at7t> 3 Thus, when the government subsidy rate is 7 = 3 the overall welfare of society
T T,
is optimal, that is, 75 = Zv(a;c)kz. Thus, Proposition 6.1 is proven.
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