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ABSTRACT Government organizations design and offer subsidy to achieve objectives such as ensuring
positive environmental externalities, stimulating sustainable product consumption, improving social wel-
fare. Motivated by two such pragmatic subsidy policies, consumers subsidy and manufacturer subsidy,
we formulate parsimonious models under centralized and decentralized settings in a three-stage game
framework to obtain a fair understanding about the circumstances under which it is beneficial for the
government to subsidize consumers or manufacturer. The effect of two contract mechanisms, namely revenue
sharing and green-marketing effort sharing contracts are examined to explore characteristics of supply chain
decisions under subsidy. Our study reveals that the effectiveness subsidy program significantly depends on
the participating member’s intentions to further the cooperation. We find that consumers subsidy leads to an
exceptional outcomes, total profits of the supply chain is always less when supply chain members cooperate
with each other compared to decentralized setting. Profits for individual decreased considerably under
both contract mechanisms. Government also reduces per unit subsidy to consumers. However, subsidy to
manufacturer leads to higher profits when supply chain members cooperate. Amount of government subsidy
is also higher. Consumers also receive higher quality products. Furthermore, both the contract mechanisms
are able to generate Pareto-efficient scenario and higher social welfare of government.

INDEX TERMS Supply chain management, game theory, contract mechanisms, government subsidies,

green market, social welfare.

I. INTRODUCTION

The evidence of various government subsidies are common
in industry such as energy-efficient home appliances [1];
energy-efficient LED [2], electric or hybrid plug in vehi-
cles [3]. For instance, major car manufacturers such as
Renault, Nissan Tesla, Hyundai, Audi, Volkswagen are
engaged in developing electric vehicles (EVs) to reduce
reliance on fossil fuels, minimize air and noise pollution,
satisfy growing demand of environment conscious consumers
and others. However, innovations such as developing battery
electric vehicles (BEVs) or plug-in hybrid vehicles (PHEVs)
need expensive green components. Fortunately, many gov-
ernments offer subsidies for cultivating innovation and invest
heavily in developing charging infrastructure to stimulate the
use of EVs [4]. In 2015, Zhengzhou Yutong Group Company
Ltd., a leading EV manufacturer received subsidy up to 60%
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unit cost from government of China [5]. Government also
promotes consumption of sustainable home appliances to
improve consumer welfare. For instance, it was reported by
the USA Environmental Protection Agency (EPA) [6] that
about $258 and $270 million in the year 2016 and 2017,
respectively were invested across the United States to stim-
ulate consumption of ENERGY STAR appliances includ-
ing clothes washers and dryers, dishwashers, dehumidifiers,
freezers, room air conditioners and cleaners, purifiers, etc.
Such initiatives are also common and well-practiced in coun-
try like Romania [7], China [8], India [9] and others. Besides
EVs or home appliances, government-funded energy efficient
lighting to cover cost of upgradation or subsidy to promote
consumption is also common. It helps considerable reduction
of energy-use and embeds significant savings in long term.
For instance, the Government of India provided grants up
to 75% through Ujwal DISCOM Assurance Yojana (UDAY)
to sell LED bulbs at a subsidized rate compared to market
price [10]. The government practice is also common in the
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European Union countries like, Ireland [11], France [12] and
others. The above evidences explain that government subsidy
policies are made in different ways and in different industry.

Despite the vast literature and mass media reports on sub-
sidy schemes and its outcomes to increase social welfare
(SW) and consumption, there has been little research atten-
tion paid to compare how government SW optimization goal
affect characteristics of supply chain (SC) decision under
influence of contract mechanisms. Researchers mainly focus
on how a subsidy policy can influence characteristic of pric-
ing and investment decision of SC members and purchasing
decision of consumers under decentralized settings [13]. It is
well documented that SC members can improve their indi-
vidual as well as overall SC profits through implementing
various contract mechanisms and get rid of double marginal-
ization effect. However, best of authors knowledge charac-
teristics of SC decision is not explored and compared if
the members try to cooperate through contract mechanisms.
We studied the effects of revenue sharing(RS) and green-
marketing cost sharing (ES) contracts. The main objective of
this study is to explore the following key questions:

1) Does the cooperation between two participating firms
affect government decision to set subsidy rates? If so,
what are the effects of cooperation through RS and ES
contracts on the green-marketing effort for the retailer,
greening levels (GL) of the product, and profits for SC
members?

2) How do system parameters affect two participating
member’s individual performance and the overall SC
performance under cooperation?

3) Which subsidy improves SW for government organiza-
tion and consumer surplus under cooperation?

In this study, we seek to answer the above questions by
formulating analytical models and analyzing their optimal
decisions under consumers subsidy (Policy C) and manu-
facturer subsidy (Policy M) policies. It is well documented
in literature that consumers subsidy have several advantages
such as sudden increase in consumption, economic growth
[14], as well as have adverse social and political effects also
[15]. According to Post [16], consumers subsidy programs
come to form ‘““policy traps”. On the other hand, subsidy to
manufacturer is also practiced to compensate higher invest-
ment cost of development sustainable technologies or product
quality improvement. To examine the strategic influence of
SC members on optimal subsidy rates, we investigate the
outcomes of both subsidy policies when the manufacturer and
retailer cooperate through RS and ES contracts. Our study
differs from the existing literature, the influence of retailer’s
green-marketing effort; pricing and the green awareness of
consumers are considered in demand function under three-
stage game structure. Consequences of two SC contracts are
examined to show how the cooperation between SC partic-
ipants influences the manufacturer’s investment decision in
producing greener product and the retailer’s green-marketing
effort decision, and most importantly how optimal subsidy
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decision of government evolve. Perhaps, this is the first
study where it is reported that outcomes of subsidy policy
largely depend on the way SC members cooperate with each
other. In literature, researchers explained how RS contract
can improve profits of SC members in pragmatic scenarios.
However, our study reveals that both the RS and ES contracts
degrade the performance of each member in Policy C, but
it looks promising under Policy M. It is also found that SW
can increase if manufacturer participates with the retailer
by sharing green-marketing expenditure in the presence of
subsidy to manufacturer, not to consumers.

A. LITERATURE REVIEW

The precise question examined in this study related to the
literature on subsidies and coordination mechanisms is how
government initiatives can affect the equilibrium outcomes in
centralized and decentralized supply chain settings.

Collaboration between SC members becomes one of the
key pivotal for success. In this direction, RS contract has been
acknowledged as an effective means to arbitrarily allocate the
total supply chain profit among participants by preserving
interest of individuals and the overall SC [17]. In RS contract,
the retailer shares a percentage of revenue with the manufac-
turer for wholesale price negotiation. In pragmatic scenario,
Blockbuster Inc. [17], Apple [18] applies RS contract in
their SC. In literature, performance of the RS contract has
studied extensively from both academicians and practitioners
in various supply chain settings ([19]-[27]).

According to Taylor [28], marketing effort decision for
retailer is important because the retailer better understands
about local market conditions and can thereby stimulate sales
and profitability. In such a scenario, manufacturers share
a fraction of retailer’s sales effort expenditure, commonly
known as the participation rate. Higher participation works as
a stimulant for the retailers to promote products([29], [30]).
He et al. [31] reported that cooperative marketing activities
are common practice in the United States and joint expendi-
ture is about $50 billion in 2008. According to Xie and Wei
[32], the participation rates of the manufacturers is around
25%-75% in reality. In a recent survey by J@rgensen and
Zaccour [33] stated that manufacturer participation in retailer
sales-stimulating efforts increases overall performance of SC.
Zhao et al. [34] showed that the manufacturer can also receive
benefits from providing percentage reimbursement for the
retailer’s expenditure. Recently, some authors ([35], [36])
extended the concept of retailer’s sales effort to green sales-
effort where the retailer invests in green advertising. We refer
the articles ([37]-[40]) where the authors highlighted the
essence of retailer’s expenditure on demand expansion in
various supply chain settings. In this study, we make no
assumption about the specific type of expenditure, it refers
to the dollars invested by the retailer on demand-enhancing
activities of green product, such as pre-sales advice, after-
sales service, in-store advertising (shelf space, promotional
displays, well-trained sales persons), and local media adver-
tising etc., and we call it green-marketing effort.
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TABLE 1. Compression of existing models with the present study.

Study Demand Contract Nature of government SW
function mechanism subsidy optimization
Hafezalkotob[13] Price; Energy saving level X To manufacturer X
Guo et al. [45] Price; Marketing effort X To manufacturer v
Madani and Rasti-Barzoki [46] Price; Marketing effort X To consumers X
Yang and Xiao [47] Price; GL X To manufacturer X
Zhang and Wang [48] Price X To consumer X
Fu et al. [49] Price X To manufacturer and consumer | X
Li et al. [50] Price X To consumers X
Mahmoudi and Rasti-Barzoki[51] Price; Marketing effort X To manufacturer X
Sinayi and Rasti-Barzoki [52] Price; GL X To consumers X
Tong and Li [53] Price; GL X To manufacturer X
Yuyin and Jinxi [54] Price, Energy-saving levels; v To manufacturer X
Carbon emissions level X
Chen et al.[S5] Price; Marketing effort X Jointly to retailer and manufac- | v/
turer
Giri et al.[56] Price; GL X To manufacturer X
Liu et al.[57] Price; CSR X To the retailer v
Peng and Pang[58] Constant X To manufacturer X
Safarzadeh and Rasti-Barzoki[59] Price; Energy price X Jointly to manufacturer and con- | X
sumer
Present Study Price; GL; Marketing effort v To manufacturer and consumers | v/
During past few decades, concerns related to environmen- TABLE 2. Decision and auxiliary variables.
tal sustainability issues has been transformed from a trendy
issue to a realistic priority for consumers, industry and gov- w; wholesale price
- . P market price of the product
ernment organization. Thus, green subsidy scheme becomes o areen-marketing effort
. . . .. . ¥
an emerging topic of interest for' practitioners and academic o areening level
researchers [41]-[44]. Mass media reports also supported that s per unit consumer subsidy. 5% € (0, p?)
subsidy provided by national or local governments affects the oL, subsidy received by the manufacturer, p, € (0,1)
growth of almost every industry. Table 1 presents a summary Thj player k’s profit, k € m, r
of recently published research on government subsidy and I, centralized supply chain profit
1
highlights the contribution of the present study. SW; SW of government
.. . TS* total amount of subsidy
Table 1 demonstrates that most of existing studies con- it
Q]. sales volume

sider single subsidy policy, therefore, comparative overview
of influence of subsidies are missing on pricing, green-
marketing effort, and investment in green product devel-
opment under SW optimization goal for government
organization. It is always important to explore how optimal
decision alter and which subsidy improve profits for SC
members or product consumption. In addition, it is notewor-
thy to analyze whether the cooperation among SC members
pressurized government organizations to provide more sub-
sidy. However, existing literature fails to shade light on those
issues. This study contributes to our understanding on the
influence of cooperation between SC members on optimal
subsidy decision of government organization.

Il. PREREQUISITES AND ASSUMPTIONS

We consider a two-echelon SC composed of a manufacturer
and aretailer, and examine interaction among the government
and SC members in a three-stage Stackelberg game frame-
work where the government determines optimal subsidy
rate. The manufacturer invests in producing green products
and sells those to consumers through a retailer. Meanwhile,
the government proposes subsidy policies for the manufac-
turer to compensate their growing R&D cost or directly
to consumers encouraging them to procure green products.

VOLUME 7, 2019

We formulate models to analyze single-period decision and
consider a full-information setting. To examine the optimal
pricing, green-marketing effort for the retailer and R&D
investment for the manufacturer under influence of gov-
ernment subsidy policies, we consider twelve scenarios,
namely Scenarios ij. Superscript i € {c,d, rs, es} signifies
optimal decisions under different SC setting, namely cen-
tralized(c), decentralized (d), RS contract(rs), and ES con-
tract(es), respectively. Subscript j € {b, ¢, m} refers to the
benchmark(b) model where either consumers or the manu-
facturer do not receive any subsidy, consumers receive sub-
sidy(c), and manufacture receives subsidy(m), respectively.
Table 2 represents list of notations used to differentiate deci-
sion auxiliary variables in different scenarios:

The following assumptions are made to establish proposed
models:

1) The market demand is linearly dependent on the retail

price, GL, and green-marketing effort; and its functional
a — bp} + céj" + d\/ej’:, where a, b,
¢, and d are non-negative parameters, represent poten-
tial intrinsic demand, and price; GL, green-marketing
effort sensitivities, respectively. Therefore, higher value

form is Dj’. =
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for a means the consumer has better perception about
the product. If ¢ = 0, the demand function is similar
to the previous study by Desiraju and Moorthy [60].
If d = 0, the demand function become similar to the
studies where demand function becomes price-greening
level sensitive([61]-[64]).

2) The manufacturer bears cost for green innovation [61]
and investment cost is considered as A@!” and per unit
manufacturing cost (c,,). Retailer bears cost for green-
marketing effort. In practice, retailers can stimulate
market demand through investment in local advertising,
in-store product demonstrations, improve personal sell-
ing strategies by recruiting skilled professionals, and so
forth ([28], [65]). Therefore, it is important to identify
the optimal green-marketing effort decision for the retailer
because of additional investment. The function of invest-
ment effort cost for the retailer is e}. For feasibility and
ensuring optimal solution, it is assumed that the green-
marketing effort sensitivity satisfies, d < V2 [60].

3) In consume subsidy, we call it Policy C, the government
provide subsidy 8, (0 < 8 < pi) on per unit product.
Therefore, the effective price paid by the consumer to
the retailer will be p. — 8. ([52], [66]). In Policy M,
the manufacturer receives a fraction (p’,, 0 < pi, < 1) of
the total R&D investment subsidy from the government
([67], [68]) to improve GL of the product.

4) Optimal decisions are derived in a three-stage game
framework in the presence of subsidy and the decision
sequence are defined as follows:

Step 1: The government decides subsidy rate
(8£ or ,0,’;1) by maximizing SW;
Step 2: The manufacturer decides wholesale price (w})
and GL (9));
Step 3: The retailer decides retail price (pj’:) and green-
marketing effort (e;).
However, in absence of subsidy, optimal decisions are
derived through last two steps.

5) Objectives for the government is to maximize SW. In this
study, SW function is considered as sum of profits for the
manufacturer and retailer, Consumer Surplus (CS), and
net government expenditures([49], [57], [69]). CS is com-
monly used as a measure to estimate product consumption
in the presence of subsidy([70], [71]).

lll. THE MODELS

The scenario where government provides consumer subsidy
is discussed in Subsection A. Characteristics of optimal deci-
sions under R&D investment subsidy to the manufacturer
are examined in Subsection B. Finally, when the government
does not provide any subsidy is discussed in Subsection C as
benchmark.

A. OPTIMAL DECISIONS IN POLICY C
Due to direct subsidy to consumers, market demand in Policy
Cis D\ = a—b(p.—8l)+cbi+d /el,i = c,d. The evidences
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are reported in the context of The US, where the Victorian
Energy Upgrades program is introduced where consumers
can enjoy rebate on purchasing LED lamp. In decentralized
SC setting, the manufacturer and retailer wants to optimize
their respective profits, and profit functions for the retailer,
manufacturer and SW for the government organization can
be described as follows:

7d = @pd —whp? — ¢ (1)
Tae = W = c)DE — 107 @)
swé =nd 4 7d 4+ cs? —sip? 3)

However, in a centralized setting, the manufacturer and
retailer jointly determine price, green-marketing effort and
GL that optimizes total SC profits. In this scenario, whole-
sale price does not make any impact on optimal decision.
Therefore, profit function for centralized SC and SW for
government organization are obtained as follows:

NS = (pS — cm)DE — €5 — M(6E)? )
SWE = TS, + CSS — 85D ®)

Optimal decisions for the decentralized and centralized
setting in Policy C are presented in Propositions 1 and 2,
respectively. For simplicity, we use additional notations and
those are presented in Appendix A. We refer to Appendix B
for the detailed derivation.

Proposition 1: Decentralized optimal decision in Policy C
is obtained as follows:

sd _ AM3h 4 aMo) —bepn(2 b+ )
€ bA3 ¢ bA3 ’
¢ aM3k —bey(4br+c?). g _ A
P = bA3 ’ [ A3 ’
¢ ATdRE AN, ATM)R
e = A32 o e = A32 5T = A—32,
4 APAMod + A) g 2A%b)?
Hcc = 3 5 CSC =3 N
A3 A3
2 A% M3\2 A% 2 Abi
TS = ———; SWi=—""; Q= :
A3 Az Az

Proposition 2: Centralized optimal decision in Policy C is
obtained as follows:

oo 2AL o 2ah—cn@+d) . Ac
¢T Ay PeT Az CC Ay
_ AZa22 . A2 . 2A%h\7
e. = ) ; cc = 3 ) CwSC = 2 )
A3 AV A3
— 4A2 b)\z W — Az)\, c 2 Ab)
c = ) s c — A ) c A
A3 3 3

One can found that optimal subsidy rate, GL, green-
marketing effort, SW, profits of each members in decentral-
ized setting or centralized supply chain profit increased with
consumers green product sensitivity and green-marketing
effort; and decreased with efficiency of the manufacturer’s in
R&D investment (See Appendix B). Consumers sensitivity
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with green product can improve overall supply chain perfor-
mance. By comparing optimal decisions obtained under cen-
tralized and decentralized scenarios in Policy C, the following
theorem is proposed:

Theorem 1: In Policy C

1) Per unit subsidy, and retail price, total SC profit, and TS
always higher in decentralized supply chain.

2) GL, green-marketing effort for the retailer, sales volume,
and SW remain identical in both centralized and decen-
tralized settings.

We refer Appendix D for the proof of Theorem 1. In the
context of SCM literature, the results are noteworthy. It is
expected that the total SC profit is always higher in central-
ized setting, but it is not true in Policy C. Moreover, GLs,
green-marketing efforts, and sales volumes remain uniform in
both centralized and decentralized settings. Consumers also
pay the same price, because (p& — 85) — (pf — 8?) = 0.
Therefore, cooperation of two members does not improve
performance of SC and fail to ensure higher amount of total
subsidy from the government. Although, per unit subsidy
is always higher in decentralized setting, but it does not
guarantee higher product consumption.

B. OPTIMAL DECISIONS IN POLICY M

In Policy M, government subsidy goes to the manufacturer.
As an example, in the USA, $2 billion worth of grants for
the manufacturers was provided to stimulate sustainability
initiatives and increase energy efficiency businesses envi-
ronment through the American Recovery and Reinvestment
Act (ARRA)to produce advanced batteries and components
[72]. The market demand in Policy M is DI, = a — bp!, +
b, +d\/el,, i = c,d. The profit functions for the retailer
and manufacturer in decentralized setting, and SW for the
government organization are obtained as follows:

i = (0% — WD — ¢ (6)
T = Wh — co)D% — (1 — pIA(02)? %)
SWit = 7l + i + CSth — ParOm) (8)

Therefore, profit function for centralized setting and SW for
government organization are obtained as follows:

S, = (5 — cm)DS, — €5 — (1 — pSIABL)?
SWy, = TG, + CSy, — pi(65)

®
(10)

Similar to Policy C, we derive optimal decisions in Policy
M, hence detail derivations are omitted. We present optimal
decisions in decentralized and centralized settings in Propo-
sitions 3 and 4, respectively.

Proposition 3: Decentralized optimal decision in Policy
M is obtained as follows:

4 Ms 4 Ma+bew)Ma®h —2be? cuMy
Pm = My’ m 2bA4 ’
¢ 2MaaMs + beuMp)L — bc? ey ol _ AcM,
Pm = bA C Tm T TR
4 4
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)

. AAZAPMA? 2 A% Mo
Cm = v T = ;
A42 Ay
q _ AAMY2 _ 2AZMoA(2My*h + Ag).
nrm = A42 s cm — A42 s
8 A2 bM,2)? A2 2 M3 My
d _ 2747 d _ . dypd\2 _ 3 Mar,
Sy = Al TS, = pyA(6y,)" = Al
a ATMyh o, 4ADMoL
SWp = ———; Q= —".
Ay Ay

Proposition 4: Centralized optimal decision in Policy M
is obtained as follows:

e _2b . MQ2a+cuM)r—ccyMs
Py = M3’ m = As 5
e AcMz . ATdPMR?2 e AZMon
Qm = As ’ emZA—Sz’ com = A—S’
. 2A% DMy : e 2A%DbE® M3k
A% M3 2 AbMy
swe =258 ge = 28R
As As

Characteristics of optimal decisions in Policy M are almost
similar with Policy C. The main difference is that optimal sub-
sidy rate does not change with green-marketing effort or con-
sumer sensitivity. The expressions of optimal subsidy rates
in Propositions 3 and 4 also demonstrate that the market
potential does not make any impact on the subsidy rate.
Apart from that, one can find out that GL, green-marketing
effort, SW, profits of each members in decentralized set-
ting or total SC profit in centralized setting increased with
consumers green product sensitivity and green-marketing
effort; and decreased with efficiency of the manufacturer’s
R&D investment(See Appendix E). By comparing optimal
decisions obtained under centralized and decentralized SCs
in Policy M, the following proposition is proposed:

Theorem 2: In Policy M

1) per unit subsidy and retail price always higher in decen-
tralized SC.

2) GL, total SC profit, investment in green-marketing, sales
volume, SW and TS always higher in centralized supply
chain.

We refer Appendix F for the proof of Theorem 2. Unlike
in Policy C, the results are consistent. Overall performance of
SC increased in centralized setting and consumers also need
to pay less. It is noteworthy that under both policies govern-
ment reduces subsidy rate in centralized setting. By compar-
ing Theorems 1 and 2, one can find an indication that the
government subsidy rate might less if SC members cooperate
with each other. We would discuss this issue in Section I'V.

C. OPTIMAL DECISIONS IN ABSENCE

OF GOVERNMENT SUBSIDY

We consider this scenario as benchmark to compare pros and
cons of subsidies. In this scenario, manufacturer or consumers
do not receive subsidy. Market demand function in absence

169811
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of subsidy is D} = a — bp}, + c6] + d\/ez i = c,d. The
profit functions for the retailer and manufacturer in decen-
tralized scenario, and corresponding centralized SC profits
are obtained as follows:

7@, el = i —whDi — e (11)

md w68y = wi — e, )DE — o8 (12)

ME,(P 05 €5) = (P — codDfy = 205)°  (13)

The following Propositions 5 and 6 represent decentral-

ized and centralized optimal decision, respectively. Note that,

optimal decision in the absence of subsidy is derived in

two-stage game setting and derivation is similar and hence
omitted.

Proposition 5: Decentralized optimal decision in absence
of government subsidy is obtained as follows:

4 aMy+bey Ay 4 aM3z + bcy Az 4 Ac
Wy = ———— pp=—————— O = —;
bA; bA» Aj
g Ard*? A% 4 AT M2
€& =3 M= Tp= 5
Ao AV AY)
md. AZMMoA + Ay) . 2AbA
ch = —A P ) b= A,
2 2

Proposition 6: Centralized optimal decision in absence of
government subsidy is obtained as follows:

pZZZaA+cmA3; ngﬁ; ez:AQdZAZ;
Ay Ay A2
e A 2AbM

ch — Al ’ b — A]
By comparing optimal decisions, one can find that the
GL, investment in green-marketing, total SC profit, and sales
volume are higher and retail price is lower in centralized SC

compared to decentralized SC, because 95 —05 = AAC?/IK; > 0,

Ve = el = A2 o 0 Mg, - T, = S,
2

05— 0f = 24802 0, and g —pf = Hiee
respectively. The result is consistent with the existing liter-
ature. One may verify that profits for the manufacturer and
retailer in decentralized setting and total profits in centralized
setting are higher in Policy C or M compared to benchmark
scenarios(see Appendix G) where SC members does not
receive any subsidy. The results make sense. Government
subsidy can boost profits for each SC members, the results
also demonstrate the fact. To verify, which subsidy policy
improve performance of overall SC in both centralized and
decentralized decision settings, we propose the following
theorem:

Theorem 3: Under both centralized and decentralized set-
tings, GL, investment in green-marketing, retail price, total
SC profit, SW, total amount of subsidy, and sales volume
always higher in Policy C compared to Policy M.

We refer Appendix H for the proof of Theorem 3. Theo-
rem 2 reveals positive impact of consumer subsidy on sales,
profits and SW. However, Theorem 1 demonstrates that inte-
gration of two members in Policy C always reduces the
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overall SC profits. By comparing Theorems 1 and 2, one can
observe that TS is higher in Policy C under decentralized
setting, but it is reverse in Policy M. Outcomes are in the
spirit of Bagnoli and Watts [73], where the authors noted that
selling to environmental conscious consumers always affect
pricing decision of SC. In Section 4, we examine the effect of
two coordination mechanisms in detail to highlight behavior
of government subsidy if SC members cooperates.

IV. BEHAVIOR OF COLLABORATIVE DECISION

In this section, we analyze optimal decisions under two con-
tract mechanisms, RS and ES contract, in the perspective of
improving overall performance. In RS contract, the retailer
share a fraction of revenue (qu”, 0 < ¢j” < 1) with the
manufacturer for wholesale price negotiation. In ES contract,
the manufacturer shares a fraction (wj"s ,0 < Wfs < 1) of
retailer’s green-marketing expenditure to stimulate demand.
Demand functions in Policy C and M are

D.=a—b@p. —8)+ch +d,/el
and
Dl =a—bp, +cOl +d/e

(i = rs,es), respectively. Under two mechanisms, profit
functions for the retailer and manufacturer, and SW for the
government are obtained as follows:

In Policy C:

he = [(1 = 2 )p. = wiIDL — (1 — Y O)el
T = (W — e+ @D — yel — g0t (14)
SW! =nl. + i, + CSL—8D:

In Policy M:
why = (1 = ¢Iph, — whIDh, — (1 — y&)el,
Tom = Wy — Cm + OpaPp)Diyy — Y €y

. . 15
— (1= pj 8} )

SWi = x4l 4+ CSE— pl o)

If one substitutes wj” =0or q)j” = 0in (14)-(15), respec-
tively, then profit functions for the manufacturer, retailer, and
SW for government in RS or ES contract will be obtained.
Optimal decisions under two contract mechanism are pre-
sented in Table 3. The detail derivation of optimal decision
under the RS contract is presented in Appendix I and proof
of ES contract is omitted due to similarity.

The following theorem explores behavior of optimal deci-
sion in perspective of obtaining Pareto-optimal solution in
Policy C.

Theorem 4: In Policy C, profits for the manufacturer and
retailer decreased in both contract mechanisms with increas-
ing values of contract parameters.

We refer to Appendix J for the detail derivation. Similarly,
the following theorem is proposed for Policy M.

Theorem 5: Under Policy M
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TABLE 3. Optimal decisions in Scenarios CRS, CES, MRS and MES.

mm

Sce. CRS CES MRS MES
5i AN(M3—2M; ¢¢* —d” (7 ) AN(M5—6bbe”) (1-wg")
c bATS bAES - :
i Mz —2My ¢}7 —d> 752 (M3—6byy?) (1=957)
Pm - - My—AM,; ¢T5 —d2rs2 37
wi | AM2A(=7")+bem AT ) (1=¢) | AM2(1=95*)? +d2Y2 ) A+ Ms | (2AMy MeA(1= ¢33 ) +bem A7) (1=¢7,7) ANE34bem ALY
J bATS bAES bATS bAgs
i A(2b+My(1—¢L°))+bem ALS A(M3(1—922)2+d%yS )N+ M5 2AMa Mg (Mz—MadpTS)A+bcy ATS AXS by, ASS
bj bATS bACS TS bACS
gi Ac Ac(1—¢®)? Ac(My—4M, 75 —d>¢7°%) Acsy(1—2)?
J ATS Aes ATs Aes
o A2d2)\2(1—¢25)2 A2d2/\2(1—1/;25)2 4A2d2A2M65(1—¢:j)2 A2d2%2(1—¢f,f)2252
J Ang AgsZ A;‘ﬁs? Af,fz
i AZN(2MIA(1—¢0%)+4br—c?) AZATo(1-8%)? 2422 Mg A2AT5(1—98%)2
mj ATS2 Ae€es2 ATS2 Aes
) A2A2 (Mot d2 6T ) (1— 0TS A2A2 (Mo — 4B ) (1—e5)3 A2A2( Mot d2d7S ) Ma2(1— 0TS AZNZ (Mo — Abih8) e 2 (1 —pes)3
" A*(Ma+d®¢r™) (1—¢*) A% (Mo —4bpe®) (1—92®) AN (Mo +d= ¢y ) Me® (1—py) A% (Mo —4byp i) S5 = (1—1pp)
i Ars? Ags? Ars? N
I AZAYy AZAT3(1-9g*)? 24235, A2XS556 (1-pE)2
cj ATS2 A€es2 ATS2 Aes2
’ 2,2 AZpA2Z(1—wes)d 2,18, 2 A2pA2(1 - pesyin, 2
csi 24%p) 2ATBAT(1—c®) 8A%bA2 Mg 2ATBNT (19, 7)" 55
J Arsz Age? Ars2 Ags?
Tsi 24202 (M3 —2M; ¢7° —d?¢T52) 2AZN2 (M3 —6b9p2%)(1—C°)3 A2c203, AZCZN(M3—6bC2) 87 (1—8%)°
J Ars? Ags2 Ars? Ags?
SWi A2\ AZA(A—ug*)? AZN(My —4My 670 —d? 67 5%) AZAR7 (1—pp?)?
J ATS Acs ATS Acs
0i 246X 2AbN(1—g®)? 4AbAMg 246285 (1—y5?)?
J ATS Acs ATs Acs
1) In RS contract, Tic
. [ Mi@M2 =P M 220000 d
a) ms, > md if gl e [0, min {M 1 — o

Mo(4M\2a4-c2 d?)°
b) mfy =l if g € [0, 9]
where @2 * is the positive root of the cubic equation,
opl? — a1l + aapl — a3 =0
2) In ES contract,
a) ms, = i, i U € [0.ye].
where 2°* is the positive root of the cubic equation,
4 b8 Mah + Y — (6 b +d?*) +4 My(6 b+
MpPWYE? 4 (256 b*h — 2 d>(28 br + 2 My +
ADWE — Da =0
b) 7% > md, if Y& € [0, Y],
where 2** is the positive root of the equation,

U] — e + U — oAUt + gy —
agl//,ffz +ogyr —ah =0
Note that after solving a polynomial equation of degree
seven, one can always find at least one real root. We refer
Appendix K for the detailed derivation. Theorem 4 demon-
strates that the cooperation through RS or ES contract degrade
the profits of each member. It is not acceptable for the SC
members if the cooperation degrades performance of each
members, consequently, it is concluded that SC members
should not imply RS or ES contracts in presence of Policy C.
Theorem 5 reveals that cooperation between members can
improve profits for each member in Policy M. The graphical
representations of profits for the retailer, manufacturer under
decentralized settings, RS and ES contracts in Policies C are
presented in Fig. 1. The following parameter values are used
for numerical verification : a = 300, b = 0.5, ¢ = 0.4,
d=0.1,c,=3%50,1=1.
The above figures justify Theorem 4. Profits for retailer
and manufacturer in Policy C decreases with the increas-
ing values of contract parameters as shown in Fig. la-1b.
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FIGURE 1. Profits for the SC members in Policy C.

Similarly, graphical representations of profits for the retailer,
manufacturer under decentralized settings, RS and ES con-
tracts in Policy M are presented in Fig. 2.

Therefore, both SC members can receive higher profits
in Policy M by implementing RS or ES contracts as shown
in Fig. 2. By solving cubic equation for RS contract in Policy
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FIGURE 2. Profits for the supply chain members in Policy M.

M and comparing limits, one can find that RS contract leads
to win-win outcomes if ¢ € (0,0.2219). Similarly, ES
contract leads to win-win outcomes if ¥, € (0, 0.0553).
Therefore, the analysis provides following two insights, first,

169814

SC members can receive higher profits through cooperation
in Policy M, but not in Policy C. Second, the optimal rate of
subsidy reduced if SC members cooperate. Next we discuss
the nature of optimal decision under RS and ES contracts in
absence of subsidy.

Proposition 7: Optimal decision in RS contract in absence
of subsidy is as follows:

rs __ (AMrA(1 — ¢£S) + meAZS)(l — ¢£S . rs __ Ac .

wp = rs ’ 917 TOATS?
bA; AF

o — AM3 — My ) + ben Af

b bAZs ’

2 3242 2 2
g LA A
’ . ’
AZS2 AZS

o AAMa+ PPN - ¢

Trp = rs2 ’
Ab
| ANMy+ 2N+ AL 2AbA
cb — Al,;sz CxXbh AII;Y .

Proposition 8: Optimal decision in ES contract in absence
of subsidy is as follows:

_ AN~ VY 4 d2Y ) + bem AP

Wb bAZS 9
ges _ A=V
b — AZS ’
o _ AMM3(1 = Y + d*Y %) + ben Ay
Pp = AES ’
b
o A2 d2k2(1 _ wES)Z o AZ)\(I _ WZS)Z
Eb = AZS2 ’ mb = —AZS ’
s AXMy —4bYNE( — Yy
nrb - AZSZ )
e _ AP = 4DYHMI — Y% + AP = )
ch — AZXZ ’
05 = 2 AN — wgS)z_

AP
Based on the results in above two propositions, we propose
the following theorem to illustrate the influences of RS and
ES contracts in the absence of subsidy.
Theorem 6: 1) In RS contract,
a) my > 7’;117 if¢;* >0
b) n)) >y if
¢, € [O, min {
2) In ES contract,
a) ¢ >l if Y € [0, 1/2]
by 7§ = md it v € [0, 9],
where ;** is the real root of the equation, o w553 —
AUt oy — Ay =0
See Appendix L for the detail of Theorem 6. The graphical
representations of profits for the manufacturer and retailer in

2 2 MiAy 1}]
16 b2AA1+c2(AM 20+ d?)’°
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FIGURE 3. Profits for the supply chain members in absence of subsidy.

RS and ES contracts in the absence of subsidy are presented
in Fig. 3. The parameter values remain unchanged.

Theorem 6 also supports the findings of existing literature,
each member can receive higher profits compared to decen-
tralized setting if they collaborate with each others, in this
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FIGURE 4. Comparisons of the optimal retail prices, GLs, and
green-marketing efforts for the retailer in Policy M and benchmark
scenario.

way overall profits is also improved. Graphical representa-
tions of profit function as shown in Fig. 3a-3d also support
the claim. One can find that RS contract leads to win-win
outcomes if ¢;° € (0, 0.1522). Similarly, ES contract leads
to win-win outcomes if y;* € (0, 0.0386). Note that, how to
design contract so that each SC member can receive higher
profits compared to decentralized setting and total profits
would be equal to centralized profits is not the main objec-
tive of this study. One can employ several hybrid contract
mechanisms, for example, revenue-and-green-marketing cost
sharing (RSES) contract(see Appendix M) in this regards for
SC coordination.

V. MANAGERIAL INSIGHTS AND DISCUSSION

This study explores the characteristics of optimal decisions
in two contract mechanisms under two government subsidy
policies. Results obtained in presence of consumers subsidy
contradict the common believe that optimal decision under
centralized setting or under RS or ES contract mechanisms
outperforms decision under decentralized decision. However,

169815



IEEE Access

S. Saha et al.: Is It a Strategic Move to Subsidized Consumers Instead of the Manufacturer?

=
o

. L | L
a 0 o0 0o 1 oo
0.25 0.90 0.95 .0

(a) Optimal subsidy rates in Policy C

d

700000 ‘_‘——_\\___ e
£5
o ey e
: s
TSR
500000 [
400000 [
300000 [
. . A TSR
- 0.85 0.50 0.95 1.00
(b) TSs in Policy C
|
0.4z o
AES
m
0.40f r=
Fm
o.zsf
oasl
0.3af I
m
.
0.85 0.50 0.95 1.00
(c) Optimal subsidy rates in Policy M
TS
a000 |
3500 F
3000 F TS
2500 [
2000 | TS
o
1500 \_\\_— T5m=
_____._____.___‘—-v—— Ly Tan
0.85 0.50 0.85 1.00
(d) TSs in Policy M
=
41000 ¢
ap000 [
39000 |
az000 [
s
SWiE
arooo [
swir
u . - . . . Swl:

0.6 0.7 0.8 0.8 0
(e) SWs in Policy M

FIGURE 5. The optimal subsidy rates and TSs in Policy C and Policy M,
and SWs in Policy M.

performances of SC members improve under manufacturer
subsidy. The optimal retail prices, GLs, and green-marketing
efforts for the retailer in Policy M and benchmark scenario
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are shown in Fig. 4.

From Fig. 4, one can observe that GLs of the product
improves under contract mechanisms. Moreover, consumers
can receive green products at less prices with higher GL if SC
members implement contract mechanisms. The retailer can
also invest more in green-marketing effort under cooperation
due to higher demand. Consequently, cooperation between
SC members improve performance under Policy M. The
optimal subsidy rates and TSs in Policy C and Policy M; and
SWs in Policy M are shown in Fig. 5.

Figures 5a-5b demonstrate that optimal subsidy rates and
TSs always higher in decentralized setting compared to other
four scenarios in Policy C. TSs are decreased under RS
and ES contracts. If per-unit subsidy decreases, consumers
demand also decreases. However, the nature of optimal sub-
sidy rates is remain similar in Policy M, but TSs are increased.
Therefore, government organizations adjusted subsidy rate
and total amount of subsidy according to cooperation. In pol-
icy M, one can observe that cooperation does not degrade the
performance. There are numerous issues such as high cost
of environmental technologies associated with new product
manufacturing or product up-gradation, lack of perception in
implementing complex environmental management system,
legislation restriction, hiring specialized labour, highly price
sensitive consumers etc. [74] that a manufacturer can experi-
ence in a pragmatic scenario to integrate sustainability mea-
sures. In this regards, researchers highlighted the influence
of contract mechanism and government subsidies. However,
present study reveals that SC performance may worse off
if members imply contract mechanism in presence of con-
sumer subsidy. In contrast, overall performance, SWs, GLs
are increased if SC members coordinates and government
provides subsidy to manufacturer.

VI. CONCLUSION

Issues related with government subsidy to encourage green
product manufacturing and consumption have received con-
siderable attention from both academics and practitioners.
However, the influence of cooperation between SC members
in presence of subsidy is not as clear. It is noteworthy to
analyze whether the cooperation forces government orga-
nizations to redefine subsidy rates. This study investigates
the interaction between two SC members in price-GL and
green-marketing effort sensitive demand under SW optimiza-
tion goal of government organizations. Optimal decisions are
derived for twelve scenarios, and results are compared to
explore effectiveness of consumer and manufacturer subsidy
in presence of RS and ES contracts. The following outcomes
are of managerial significance.

It is found that the effectiveness of cooperation between
two members are highly correlated with subsidy policies.
Contract mechanisms such as RS and ES contracts fail to
improve performance in presence of consumers subsidy.
Jia et al. [75] found that the absence of government support
is one of the key obstructions in countries like Brazil, India,
Malaysia for green SC practice. In this direction, perhaps this
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is the first articles, where it is found that the cooperation
through RS or ES contracts in presence of consumer subsidy
can produce sub-optimal outcomes. Therefore, cooperative
motive of SC members is pivotal for successful implemen-
tation of consumer subsidy. Due to higher demand under
cooperation, government reduces per-unit subsidy, which can
discourage consumers also. However, characteristics of opti-
mal decision is totally different in Policy M. In that policy,
consumers receive product at less price with higher GL. SW
maximization goal for government is also improved and each
SC member receives higher profits. Although, the optimal
government subsidy rates decreased if SC members cooper-
ate, till amount of government subsidy is higher compered
to decentralized scenario. Apart from short-term benefits,
the technology innovation or product development through
subsidy to manufacturers can help to ensure future sustain-
ability. Overall, an appropriate mix of supply chain coordi-
nation mechanisms and subsidy policy is crucial to achieve
sustainability goal.

The main focus of this study is to explore the behavior of
contract mechanisms under two subsidy policies. Therefore,
one of the immediate extension of this study is to design
contract mechanisms in presence of government SW opti-
mization goal. In practice, direct selling channel for the man-
ufacturer or closed-loop supply chain for re-manufacturing
is common, therefore, it will be interesting to explore char-
acteristics of optimal decision under those settings. One can
analyze other subsidy schemes where both the consumer
and manufacture or retailer and manufacturer jointly receive
subsidy.

APPENDIX A
LIST OF NOTATIONS
A=a—bey; My =2b—d*; My =4b—d>

M3 = 6 b —d* My = 14b — 3d*; Ms = bc, A°;

Mo = M — My,

Y1 =20+ My +d*¢2)(1 — ¢gPDA + A2

T2 = Ao(1 = Y&y — d* Ay (1 = 298)

Y3 =25 b(1 — ¥&) —d* (1 — Y& + AY

Ti = My — d*¢p)2AMe(My + d>gp)(1 — di) + Ap)

Ty = (M3 — 2Migp)y — d¢n* )My — 4 Mgy — d>¢)s?)

%3 = 2(4 b(1 — ¥ —d?*)? + 7 d> Moy (7 — 6y%)
+4bd> Y (T —8)

%4 = 3@ b1 =y — d*? 4+ 2 bd*(1 — Y2 4 17y)
—d* (1 + (T = 695

S5 = 2 My — 2 b+ Moy + 8by?

T6 = 96 B*A(1 — Y& — d*(d*A(2 - 3Y)
+ (1= Y3 — 4y) — 2 b2 d*A(12 — 17¢5)
+7 A =YD — Yy’

7 = 14b(1 — ¢&)? — d*(3 — 4y%)

Ay = Mok —?
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Ay = Mod + Aq
A3 = M) —¢?
Ay =AMy — 2 My
As = My?) — ¢ My
A = A3+ d*¢?
AL = D3(1 = Y& + &P Ay
A5 = Ag— 4 My Al + (4 M1PA+ 2 dP)pps?
AL = Mgl =20y = 2d* Moy (1 — Y)? + d (P
+d?’A — 16 bAYE® — (16 bA — ¢* + 2A) Y& yes?
AZS = Ay — 2M1)\¢1’;S
2= Ml — Yy — dP (1= 295%)

APPENDIX B

OPTIMAL DECISION IN DECENTRALIZED AND
CENTRALIZED SUPPLY CHAIN IN POLICY C

The optimal solution of the retailer’s optimization problem
defined in (1) is obtained by solving

d

omy,
871:;; =a—bQ2pl —w! =5+ c0? +d\Jed =0
c

and
omd _dot —wh — 2/ _
ded 2,/ed

After simplification, retail price and green-investment effort
2 a+2 b(w+81)+c208—d* w?
M,

. Profit function for the retailer is concave

0

are obtained as p¢ = and ¢! =
d?(a—bwd —83)+chd)?
M-2

82271(1
because . 5 =-2b<0and
pe
3’rd y 32rd _ 32rd ?
apd? 9ed? opdaed
De € c”%c

M3
= 2 > 0
4 d*(a — b(w? — §%) + c04)?

Substituting optimal responses for the retailer, profit function
for the manufacturer is obtained as

a _ 2bw? —cp)a—bwd —58) + o)
mc —
M

T

—

dmd. 2 blatblem—2 wi+88)+co)
> owd T M;
— anlliilc _ 2 bC(Wg_Cm) d _ .
= 0 and el = T M T 200¢ = 0, simultane-
ously, the wholesale price and GL are obtained as w¢ =

c
blem+80)Maa—bc? ¢ (A+bs¢ . .
(atblent ;))A)zz < and g¢ = L(Z—ZC)).PI‘Oflt function for

Solving first-order conditions

. 92rd 4 p2

the manufacturer is also concave because —2%& = —=—>- < (0
dwd? M
and
2_d 2_d 2_d \?2 2

anmcxanmc_<8nmc): MyAy -0
awd>  9pd? owdood 4d*(A — bsd))*A?
respectively.
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Substituting, optimal responses in (3), SWf is obtained as
follows:

swé
c
_ (a+blem—8)M(a—b(cm+88)c*)+(AM3 —bM59)))
= e

Therefore, optimal value of 821 is obtained by solving
aswg

0. On simplification, optimal subsidy rate is

dasd
. . d? swé
obtained as 8¢ = AM3% qwd i5 concave because ¢ =
c bA, c d(S‘lz
c
2
_2b7AA; <0.

2
Sinzlilarly optimal decision for centralized supply chain is

obtained by solving
aII¢

o = a—b@pE—en = 8) + B +d\fef =0
D¢
TIE, _ d(pe — cm) — 2,/¢€ _0
e 2,/e
and
orII¢ . ,

simultaneously. One simplification, one can obtain optimal

. 2(a+b8HA+cm A d*(A+b85)*)2
decision as p¢ = 2+ ‘A)1+C’” 3 e =40 Z 0" and ¢ =
1

%&g)c' Note that the Hessian matrix(H() for the centralized
supply chain profit function can be found as:
[ 92M¢,.  9%MIS, 9%ME, |
Ipt  dpcdel ApLavs
¢ a;;gaeg %egz 36228966
o°IIS, 9IS, 9°TIS,
| 0pcans 0¢85 962
d
—2b
NG
—| 4 —d@l-cw
32 0
N 2e¢3/
c 0 —2)
The values of principal minors of H{ are HY| = —2b < 0;
. MiA2 . - A
Hp = qagme > Gand Hy = —samis s < 0,

respectively. Consequently, the centralized profit function
will be concave if Ay > 0.
Substituting, optimal values in (5), SWS is obtained as
c (A+bSOMaM3h—c)+b((*+d* M (em+85) =2 b3 cmtHM))
Swe = c A2 c c
Therefore, optimal value of ¢ is obtained by solving dj?:c =
2 DPA(P8EH2 atd?8E=2 blew+85)A) '
A12
can obtain § =

= 0. On simplification one
d? Sw¢
dse?

2 A)
A3

2 .
—% <0,ie. Az > 0.

. SW¢ is concave if
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APPENDIX C
PROPERTIES OF OPTIMAL DECISION UNDER IN POLICY C
1) In centralized decision setting, differentiating decision
and auxiliary variables (in Proposition 2) with respect to

a) consumer sensitivity with GL(c), the followings are

obtained:
38¢ 4 Ach 30 AR+ A3) 0
ac A3? dc A5?

3 /e 2 Acdr ISWE  2A%ch

= > 0; = > 0;
ac A3? dc A3?
O, _ 2A% c(4bh+ A3)h o

ac A33

b) consumer sensitivity with green-marketing effort(d),
the followings are obtained:

8¢ 4AdI? 305 2 Acdh
P _ 240 . e _ -~ 0;
ad A3? ad A5?
8./eC AR d*r + A3
= > 0;
ad A3?
ASWE  2A%d)N?
= > 0;
od A32
ATIS.  2A%d(4 br+ A3)r? 0
= > U.
ad A3?

¢) to manufacturer investment efficiency (1), the follow-
ings are obtained:

8¢ 2 Ac? a0¢ AcM,
_ = — 5 < 0’ —_— = = 3 < 0,
EN A3 R Az
N Ac* d ASWe A% ?
C=—cz<0; — ¢ = C2<0;
N A3 A Aj
aTIS, A2 24 br + A3) 0
= — < 0.
A As?

2) In decentralized decision setting, differentiating deci-
sion and auxiliary variables (in Proposition 1) with
respect to
a) consumer sensitivity with GL(c), the followings are

obtained:

38 2 AcM;3a 3¢ AQc*+ Az)
= = >

=" >0 =" >0

ac bA3? ac A3?
dyed 2 Acdr aswd  2A%ch 0

ac A3? ac A3?

dmd.  2A% cAMMzh+ Az) 0

ac A33

amd _ 4 A? cMr)? o

ac A3’

b) consumer sensitivity with green-marketing effort(d),
the followings are obtained:

384 2 Adr(c® + 4 bhr) 0 307 2 Acdx .
=—F > 0; = —
ad bA32 ad — A3?
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dy/e?  AQd*r+A3)L o aswfzz A2 d)?

= ; 0;
od INe od | Ay
omy, _ 4 A% dM;3)° . 0:
od A33
ard 2 A7 d(M3x + )2 0
= > U.
ad A3?

¢) manufacturer investment efficiency (i), the follow-
ings are obtained:

384 Ac? M; 304 AcMy
YU y D T = — < 0;
A bA32 A As2
dy/ed Ac*d aswed  A62 2
= — < U; = < 0,
E A3? GYY A5?
and, A% A(Mzn+ Ar)
= < 0;
dc A33
amd _ 2 A% 2 Mo o
dc A33

Above inequalities ensure the claim.

APPENDIX D

PROOF OF THEOREMS 1

By comparing optimal decisions for centralized and decen-
tralized SC settings in Policy C, the following inequalities are
obtained:

AM> AMo)
d 2 . 2 .
Sg_SCZ_bA3 <0, pg—pg:—m<0,
0 =00 =0 et —Jed = 0;
. 2 A2 Mo2?
me-nd = -2 <o,
A3
: ) . ' d .
Q05— 0 =0; SWE—SW? =0;
2 A% M2
7S¢ —18¢ = 2522 <0
A3

Above inequalities ensures the proof.

APPENDIX E
PROPERTIES OF OPTIMAL DECISION IN POLICY M
1) In centralized decision setting, differentiating decision
and auxiliary variables (in Proposition 4) with respect to

a) consumer sensitivity with GL(c), the followings are

obtained:
3 _ o 305 _ AM3(M>? ) + M3 ¢?) - 0
dc dc As?
3/€S, 2 AcdMy M) aSWS 2 A% cM3%A
= >0; = >0;
ac As? dc As?
OTIG, _ 2 A2 CM; M3 o
dc A52

b) consumer sensitivity with green-marketing effort(d),
the followings are obtained:
ops, 4bd 005, 2AcdM>(2 b+ M3)x
; = >

= > T =
ad — Mj? ad As?

05
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3/e5,  AMy((4 b+ dHMax — (6 b+M))L
od N =0
ASWE 2 A% dMo(2 b+ M3)A? '
od - A52 >0
A1,  2A%d(Mah + 2 b
d A5 =0

¢) manufacturer investment efficiency (i), the follow-
ings are obtained:

W _ . W _AcM® M

=0 —== 0;
9% 92, A2
d\/es, At dMa My _0.5Wa A c2M32<0'
EY As? VY As? '
8Hgm _ _A2 c? My M3 <0
E) As?

2) In decentralized decision setting, differentiating deci-
sion and auxiliary variables (in Proposition 3) with
respect to
a) consumer sensitivity with GL(c), the followings are

obtained:
apd 309 AMy(4MR*A + ¢* My) 0
— =0 ——= > 0;
dc dc A4?
dy/ed 4 AcdMs My 0
ac A4?
aSWad 2 A% cMy?)?
n = cMy7)™ > 0;
ac A42
aﬂrﬁm _ 4 A2 cMy My -
ac A4?
amd _ 16 A% My MyA? o
ac A43

b) consumer sensitivity with green-marketing effort (d),
the followings are obtained:

dpd 8 bd 364 8 AcdM>(2 b + My)i
dme " d T a2 -0
/el 2 A(AMy*(4 b+d?)h—c*(My My—4 bd?)))
ad A4?
. 0 aswd _ 8 A2 Mr(2 b + My)A? - 0:
ad A4?
and,  8ATdQMy*)+bchn
ad A4? >0
amd 8 AT AMY (AM* A + 3 ¢* M3)A?
ad - A43 > 0.

¢) to manufacturer investment efficiency (1), the follow-
ings are obtained:

Wi _ . Wi AAM My

- ’

a0 an A2
3./ ed 2 Ac? dM> M.
emz_ c 2 4<O;
W A4?
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2
aswd _ AT My <0:
G A4?

37‘[,?1"1 _ 2A2 2 My My o:
o A4? '
amd, _ _8AT My’ My o

E A4?

Above inequalities ensure the claim.

APPENDIX F
PROOF OF THEOREMS 2
By comparing optimal decision between centralized and
decentralized decisions in Policy M, the following inequal-
ities are obtained, pg, — pd, /¢S, — \/ed, O, — Q4
7SS, — TSY, as shown at the bottom of the next page.

Above inequalities ensures the proof.

APPENDIX G

PROFIT DIFFERENCE IN PRESENCE AND ABSENCE OF
SUBSIDY

Difference between profits of SC member in the pres-
ence of subsidy (Propositions 1-4) and absence of sub-
sidy(Propositions 5-6) are obtained as follows:

A2 M523 (As + A3)

d d
Tone — TTmp = A2A3 >0,
d d _ A% My M3)3(An + A3) 0
Te Ty = 2 2 =Y,
Ar“ A3
A2 2 M3x
d d
b —mt, = ——— >0,
mm mb Ay Ay
d o d A2 2 My M3A2(c2 M3 + 2A4) o
T Ty = A 2A ’
2 pa? Zbi 4A
4 A° ba
e, — I, = A(A 8,
1 3
- . 2A7DbA 0
—_n¢, ==-——"=- 3
cm cb A]AS

Above inequalities ensure the claim.

APPENDIX H

PROOF OF THEOREM 3

By comparing centralized optimal decisions between Policy
C and M, the following relations are obtained:

oo _AABAAL e e 4 Ab? ch
— = — >0 — = — >0
Pe = Pm AaAs e == TATAS
: _ 2 AbdAA
\/;E‘_\/e;n:m>0;
2 A2 bA(Mar A3 + A2
Me - e, = ( 22 3+ A1%) ..
A3~ As
4 AV* A
C-Q=——L>0
Qe = Cn AsAs
4 A% p2)2
SWE—SWE = ———— > 0;
A3As
2 bx

c c A% D 3.2 2 4

TSC_TSmZW[ZMZ)\‘ A]—SC M2)\.A4+C M3A]
3 5

—2bc*(12 b* + 8 bMy — d* Ms)] > 0.
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Similarly, by comparing decentralized optimal decisions
between Policy C and M, the following relations are obtained,
Pe = Pl — T TIE — 15, 1)) > 0;

0% — 0%, and TS — TSY, as show at the bottom of the next
page.

The above inequalities ensure the proof.

APPENDIX 1

OPTIMAL DECISION UNDER RS CONTRACT IN POLICY C
The optimal solution of the retailer’s optimization problem
deﬁned in Equatlon (14) is obtained by solving =

8p
0 and a ,S = 0, simultaneously. After simplification,

one can obtain the price and green- marketlng effort as

_ 4atd bSF+4 P —d> w

pc - 2(M2+d2¢gs)

d>((a+b8[ +c07)(1—¢!*)—bw!*)?
(M> +d2¢rv)2

we + 2(1—¢gf) and € =
. Profit function for the retailer is

= -=2b(1—-9¢") <0 and 27

apzr ap rv2

R Ma+d>¢2) (1-¢2) 0

ders? W0 ) T T A2((atborefP ) I—gr)—bwi)E
Using retailer’s response, proflt ‘function for the manu-

: : rs o __ 1

facturer is obtained as 7). = LT der PO—gr ) [2 b((a +

b8 4+ O — @F) — bwl)((2a + 268 + 2 c6F —

cmalz)tﬁ”2 2a + 2b8.° 4+ 2 c0F — Mi(wF — 2 cm))¢?) —

MoyWZ —c)] — AG”Z Therefore, by solvmg ”J? = 0 and

32
concave because

337;,& = 0, the optimal wholesale price and GL are obtalned as
rs _ (@Ma+ben A1 +bMr)(1-¢7) rs _ _(A+b8P)c -
wr B(As—2 M1 47) and 6° = 5 A2=2 Mg Profit

rs

07T,
function for the manufacturer is concave because —=8 =
c

4 bZ(M27M1¢Lr‘S) 8 ”mc 82 ;Vf( 82 );:SL' 2 —
~Ghrarerra—gpy < 0and U8 X Ty — (awgsaags) =
4 b2(Ay—2 My ¢7*) 0
(M2+d2¢”)2(1 ¢rs)2 > L.
Flnallcy optlmal value of subsidy rate is obtained by solv-

dasw,
ing dam = 0. On simplification one can obtain §° =

AM3—2 My ¢ —d2 ) . .
(M5~ ;Z’,s ¢ % QW function under coordination is
[

d? swrs 2 bEAAS
= — ‘- < 0.
asrs (A2—2 M1 ¢F)

concave because

APPENDIX J

PROOF OF THEOREM 4

Differentiating profit functions for the supply chain members

with respect to contract parameters, the followmg relations
btained, PTae 9T 00F dmg omg 908 o

are obtained, 535, 5, Gk, Gy gyes an as shown

at the bottom of the next page.

The above inequalities ensure the proof.

]/fﬂY E)

APPENDIX K
PROOF OF THEOREM 5
1) In RS contract
a) The difference between profits for the retailer
in Table 3 and decentralized scenario (Proposition 3)
is obtained as

rs d
Tom — Tmm

242095 (M1 (4M2°2.— ¢ M) —Mo(4M A+
= >

AgAlS
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d

mm

Therefore, =5,
Mi(4M220—c2 M)
M>(4M*A+c? d?)
The difference between profits for the manu-

facturer in Table 3 and decentralized scenario

(Proposition 3) is obtained as xS d

242 2 2 3 Zrm B jTrm
4 A202(Ma—d? g (Ma—M1 93 A2 —M3 ALSY)
A42 A > 0. There-
fore, 7’

s> holds if @15 < ¢I* where ¢°* is the
positive root of the cubic equatlon 010¢,r,f o+
¢l — a3 = 0 where, ag = 16 b> M} M33* —
42 d> MM (b+Mo)r+c* d>(2b*2 b2 +d? Ma)+
M3(My—d?)); a1 = Mi(32 6> M3A>+4 M2 (8 b3+
My(bMy — b* d? — d? Mu))r — *B@ b3 (b + M) +
(11 bMy — bd? +7 d* Ma)M>?); ap = 16 b> M52 +
4 (b +M)M3 (8 bMy — 3 d* Mo)r — c* M>(20 b* +
9 b2 d*> M> + (10 b> + 17 bM; — 8 d* M>)M>>);
oy =4 62M22(b2 + 4 bM; — d? M>)Ay.

> 7 holds if ¢}

=

b)

2) In ES contract

a) The difference between profits for the retailer
in Table 3 and decentralized scenario (Proposition 3)
is obtained as 7, — 42 Mz [(8 b(1— &%) —

m ™ Cmm =

d>(2-3y¢ ))(1 P5) Ay —2M2A”2] Therefore,
¢ > md holds if @< < @¢&**, where ¢&* is
the positive root of the cubic equation 4 b(8 M)\ +
AN — (6 b+ d*) + 4 Ma(6 b + My)ane? +
(256 b?). —2 d*(28 bA +2 Mah + AN — Ay = 0.
The The difference between profits for the man-
ufacturer in Table 3 and decentralized scenario
(Proposition 3) is obtained as m&, — nd

aramr AP (M = 4 by)® b(1 Yo - d2<2

3V ))(1 ¢rs)3A4 4M3A”2)] > 0. Therefore,
Nf;;l > 7T hOldS if & < wes*** where wes*** is the

real root of the equatlon ao¥ T —ar S +ay eSS —

b)

My M 2 AAMy(M2% A3 — b (2 b+ Mb)) AcMy%(4 b+ M3)A
c d 2 M c d 202 A3 2 c d 2 3
Pm m Mz My = Pm bAs5A4 = m m JAVYAY ~
AdMOAM*) — M A2 Mo (M2 h — 2 M) =22 M A
Jer — Jed = 2A2M27A — ¢ 1)>0; me, —md = 2MQRM2"A — ™ My) c” M 5)>O;
AgAs A42A5
2 AbMa)(2M22 A — ¢ M) A%(4 b+ M3)M>2)?
C d 2 2 1 c d 3 2
— = 0; SW¢ —SwW¢ = 0;
A2 2 My M3A[(4 b+ dPMAAs + M{(M2322 — ¢*My) — ¢ d? My My
rse —7sd = A2 M 3A[(4 b+ d7) 4+21(2 c'My) —c 2 Marl
Ag”As
2 2
ol =AM3)LA2>O‘ ed_gd:AcM3k>O f \F AdiM3 Ao
¢ " bA4 A3 ’ ¢ " A3 A4 A3A4 ’
d a ATMy M3AA(MA(5A1—d?h) -2 bc2) d A% MaA(Mad(AA1 — d?A) + A?)
Tre = TTpm = B 5 e = T = P > 0;
A3 A4 A3“Ay
nd —mnd = AZA [A2 M3A(3 Ma(M + 2 M2))2 Ay + c*(14 bMad + As) — ¢ Mad(23 Ma Ay + 4(b% + 2M3%)))] > 0;
2AM AA A2 M2)2
d d 3 2 d d 3
—l =" 0, SsWl_swi=—23" >0
Oc — O YV c m YV
155 _ 74 — A2 M3M(8M22 A2 Ay — ¢ My(ME)2 + 8 Mo Ay + c4))
¢ A3 A4?
omps. =2 A?A2QdAQ2 b+ (My + d?¢) (1 — PN + (M) + 2 d* @) ALY) ~0
aprs o Azs3
dmp _ 2APRQ M+ dP¢000(1 = ) + M+ 29N
dprs - AZS3 <
0T —4 Abd?*A2¢r
rs = rxz < O
depr AT
Omge _ —A2 PN — YO OMs — 6 LY — YEWE + (L +YDAY)
oyes - Asr3
an,recs _ _A2 d2k2(1 _ wézS)Z(4)\'(M2 —4 bwfs))wgs + AES) 0
e Ag )
008 _ —4Ab22 Y — ) _
awgs - A$y2 <
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as 1//2?4 + a41//,ff3 —as l/f,jfz +aeys’ — a7 = 0, where
ag = 16 b*(256 bM322 +64 bc> My k. — c*(1008 b* —
444 bd® + 49 d*); a1 = 64 b(64 bM; M31* +
4 beEPMy2(6 b+ 5 M3)x — ¢*(1680 b> — 888 b% d? +
146 bd* — 7 d%)); a, = 192 bM3 (320 b* — 100 bd* +
7 dMHA2 416 beEMr2(2112 b2 — 560 bd? +33 d*)a —
4 476608 b* — 46636 b d* + 9676 b* d* —
759 bd® + 16 d%); a3 = 16 M;5(5120 b —
2240 b* d* +284 bd* —9 d®)A> 48 ¢>M»2(8320 b> —
3136 b% d? + 338 bd* — 9 d)r — ¢*(483840 b* —
329408 b* d? + 79964 b* d* — 8028 bd® + 271 d®);

as = 4 M3(15360 b> — 8320 b? d* + 1424 bd* —
75 d922 + 16 2M>2(4800 b3 — 2272 b2 d* +
335 bd* — 15 d®)x — c* (456960 b* — 340192 b3 d* +

92452 b* d* — 10796 bd® + 453 db); as =
16 M5(384 b* — 144 bd® + 13 d*))?> + 8 (4 b +
M>)M>%(816 b*—350 bd%+37 d*)r—c*(258048 b* —
206272 b* d? + 60916 b* d* — 7860 bd® + 373 d®);
ae = 16 M5(2 b+Me))>+32 > M5 (152 b*—56 bd>+
5d*%—c* M2 (20160 b3 — 11996 b? d2 +2348 bd* —
151 d®); and a7 = 8 ¢ d*M»2% Mz As.

APPENDIX L
PROOF OF THEOREM 6
1) In RS contract,
a) The difference between profits for the retailer in
Proposition 7 and decentralized scenario in Proposi-

2 2 4rs
d_ 2A2 MA2¢) .
tion 5, satisfies 7" b - T = TRAT > 0if

¢Zs >0
b) The difference between profits for the manu-
facturer in Proposition 7 and decentralized sce-

nario in Proposition 5, satisfies 7] b 71‘2 =
AZ02@15(2 ¢ My Ay —(16 B2AA|+>(4M) 2 A+c? dz))¢”) .
— > 0if

A Ars

¢ 2 2 MiAr
b = 16 L2AA|+c2(AM 2 A+c? d2)°
2) In ES contract
a) The difference between profits for the retailer in
Proposition 8 and decentralized scenario in Proposi-
tion 5, satisfi d A 2P -2950) 0
ion 5, satisfies /) — 75, = A AT >
ifyp* <1/2.
b) The difference between profits for the manu-
facturer in Proposition 8 and decentralized sce-
nario in Proposition 5, satisfies w7 — ni =

st A PRV OGP QAL P31 =20+

2(1 — Y M) i Y < Pg*, where £ is the
real root of the equation (16 bMyA? — 4)1//;)”3 —
4(Ma(2 b+M3)k2 +2® Mad—3 Y2 +(Ma(2 b+
MaA? — 4 2 Mo + 3 ¢y — 02A2

APPENDIX M

RSES CONTRACT

In RSES contract, the retailer shares a percentage revenue
with the manufacturer and the manufacturer also shares a
percentage of green marketing-expenditure with the retailer.

169822

The profit functions for the manufacturer and retailer are as
follows:

rees rees rees rees rees rees }’EES
Ty = Wy — Cm+ @y D= — Yy,

rees — ((1 _ ¢reeS)pree¥ reeY)Dreev

—(1- wgeev)e;;ees _ XegeesZ

The outcome in RSES contract is presented in Corollary 1.
Corollary 1: RSES contract coordinates the GSC if ¢, =

I/Il};ses and ¢b c 1\221)» , MZA(3)»AA/IIZ -2 ¢ )

wholesale price for the manufacturer is wy** = ¢;u(1 — ¢,°")

and profits for the manufacturer and retailer are 7n,7° =

AZA(MZ}L(brSES—CZ) rees A Mz)uz(l q)rses

). In that scenario,

and 7y , respectively.
Proof The optimal solution ofL the retailer’s optimiza-
tion problem i is obtained by solvmg the following first order

an
conditions FPs ,m —0and 2 a ,m —%0, simultaneously. After sim-

plification, one can obtain retail prlce and green-marketing

rses __
effort as p - (1_¢[I;S€S)(4 b(l_l//gsm‘) d2(1 (prsea)) [(2 (1(1

¢rses> +2 bwmcs)(l _ ,(//.VSES) a - ¢r&es)(d2 rses _

_ rses rses rses d ((a+c‘0”“)(1 ¢rver) b rvex)Z
2 C(l ' 1//b )9 )] and e = ' @ b(1— 1//””) d2(1 ¢gse:))2 >
respectively. Based on the retailer’s response, the manu-

facturer can coordinate the retailer’s decision in pricing
and green-marketing effort by setting p’* = p& and
Vep® = /e Therefore, the wholesale prices are obtained

_ (1=¢p) 201
as W;;Sgs|(pr‘“"q=[75) = A Gh 2 b - 2a(c* (1= +
dPMPPE — YY) + 2 b((4 b + dPh + 2 em(l —

I/f}’ses) + )»(4 6‘9(] wrseS) + Cmd2(2 _ qb;ses _ wl})’ses») +
(C2 + dZA)(cde(l ¢rseS) +2 c@;;SES(l _ Ilfgses))] and

Zscs ﬁ \/_ bA [a(4 b)h(wrus ¢;ses> _ 6‘2(1 _
¢”“))+bcmk(M2 4bwraes d2¢ries)+c(M2)L_CZ)QZ;"SL)S(I_
¢;°**)]. Because, the wholesale prices must be unique so by
equating | e —pey = wp'| = Jeg ONe can obtain
groes _ AQ DMyt

b (1 ¢r:e$)A
dination can be achieved if = 6¢. On simplification,
one can obtain ¢,°* = ;. By using back-substitution, one
can obtain the optimal decision as presented in Corollary 1.
Note that, the manufacturer needs to set lower wholesale price
compared to marginal cost [17], which is well documented in
existing literature. The total supply chain profits is also equal

to centralized supply chain profit.

2 rses
(=" . Now, supply chain coor-

9 rses
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