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Abstract

This paper investigates retailers’ competition and cooperation in a closed-loop green
supply chain consisting of one common manufacturer and two competing retailers
under governmental intervention and cap-and-trade policy. Considering a consistent
pricing strategy of the manufacturer, this study develops one centralized policy and
three manufacturer-led decentralized policies viz. Collusion, Cournot (Nash), and
Stackelberg depending on different competitive behaviors of the retailers. Optimal
decisions are compared analytically through a special case where the retailers face
the same basic market, and numerically where they face both the same basic market
and different basic markets. A transfer payment mechanism is developed so that all
the channel members achieve Pareto improvement. Numerical results indicate that
(1) among the three decentralized scenarios, Nash behavior is profitable to the man-
ufacturer, customers, and the whole supply chain, but Collusion behavior is profita-
ble to the retailers only when the difference of their basic markets is small, (2) when
the retailers face the same basic market and play Stackelberg game, it is beneficial
for the retailers to be follower rather than leader, and (3) occurrence of both the gov-
ernment subsidy and cap-and-trade policy is profitable to all the channel members.
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1 Introduction

In today’s competitive business environment, the competitive behavior of manu-
facturers and retailers has become more responsive and an important factor of
every economy in the world. Most of the companies are focused on fulfilling
value to their customers. Every company wants to provide better products and
services than its competitors. That’s why, more and more manufacturers distin-
guish product varieties by differentiating one or more product specifications like
technology, appearance, color, etc. For instance, many manufacturers like IBM,
Xerox, HP, Dell, and Adidas are using unconventional production methods (prod-
uct greening) to distinguish their businesses from competitors. Similar to manu-
facturers, retailers like Wal-Mart and Tesco have unmatched supply chains which
focus on reducing selling prices of the products, while the other retailers try to
reduce prices of the products so as to compete with big retailers. For an online
business, one can use social media to increase competitive behavior. Supply chain
management (SCM) is very important for the retail market as it provides its ser-
vices directly to customers. Retail businesses can enhance service and boost sup-
ply chain speed by improving upstream and downstream processes. Therefore, an
effective supply chain provides a competitive advantage to all the retailers.

Cap-and-trade policy (CTP) can play a major role to protect our atmosphere by
shortening carbon emission. Under CTP, the government allocates some emission
credit (either free or through auction), which is called ‘cap’, to the manufactur-
ers when starting the business, and they can ‘trade’ (buy or sell) the emission
credit with each other in the carbon trading market or ‘bank’ them for future use.
That means, a company that reduces its emission is economically and environ-
mentally rewarded. Greenhouse gas (GHG) is the main target of this cap. The
European Union’s Emission Trading System (EU ETS) lowered the cap by 15% in
2015 than that in the program starting time in 2005. The Government of India has
also taken a few steps on CTP. In 2008, National Action Plan on Climate Change
(NAPCC) policy is instated for improving energy efficiency, solar technology, the
Himalayan ecosystem, “Green India”, etc.

Government subsidy can also play an important role in green manufacturing.
The government wants companies to promote and develop green products in order
to protect the environment. Sometimes they subsidize to encourage customers to
buy green products, and customers’ demand forces the manufacturers to produce
green products. The Government of Germany provided a subsidy to consumers
who exchange their old vehicles with new ones (Li et al. 2018). Again, the gov-
ernment can also give subsidies to manufacturers to produce more green prod-
ucts. Some enterprises like IBM, Xerox, HP, Dell, and Adidas are busy in green-
ing their products. Government subsidy to these enterprises not only improves the
environment, but also increases the manufacturers’ competitive advantage (Pujari
2006). To encourage green vehicle consumption, the Japan Government provided
100,00 Yen subsidy towards tax reduction and exemption (Li et al. 2018). For
providing these types of subsidy, governments may impose different types of
taxes like GST, VAT, etc. on the consumers. India committed to the voluntary
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Copenhagen Accord to reduce emissions intensity by 20-25% of 2005 by 2020
and adopted several measures including increased use of renewable energy,
nuclear energy, afforestation, and solar energy for sustainable development.'

Cooperative or non-cooperative behavior among vertical and/or horizontal play-
ers of a supply chain can play an important role in optimal decision making. In a
market, multiple retailers under governmental intervention may cooperate or com-
pete or play the Stackelberg game while making decisions. Most of the previous
literature considered either retailers’ competitive behavior, or government subsidy or
cap-and-trade policy for green innovation. No attempt has been made to consider all
these issues together in a closed-loop supply chain (CLSC). While considering all
these issues, the following questions may arise:

e What would be the optimal pricing strategy and greening level of the CLSC sys-
tem under consideration?

e  Which behavior of the retailers is the best from the point of view of the manufac-
turer, the retailers, and the consumers?

e What are the impacts of government policies on the green supply chain under
retailers’ different behaviors?

e What are the effects of retailers’ different behaviors on the wholesale price and
the profit of the manufacturer?

e Does the leader always get higher profit in the case of the Stackelberg game
between the retailers?

e Are the government policies beneficial to all the players in the supply chain?

In order to find answers to the above questions, this article constructs a manufac-
turer—retailer Stackelberg game in which the manufacturer is the Stackelberg leader
and two competing retailers are the Stackelberg followers. The manufacturer pro-
duces the green product and sells it to the retailers with consistent wholesale price
depending on the reactions of the retailers. The market demand is assumed to vary
with retail prices and greening level of the product, and its deterministic archetype is
known to the manufacturer and the retailers. Besides manufacturing a new product
from fresh raw materials, the manufacturer also remanufactures the returned prod-
ucts. To reduce the GHG emissions and encourage the manufacturer in green pro-
duction, the government gives some emission cap and subsidy. At the time of sell-
ing products to the customers, the retailers can behave differently. Depending on the
retailers’ behavior, we consider different scenarios viz. Collusion (C), Nash (N), and
Retailer-led Stackelberg (R) scenarios along with the centralized scenario. To the
best of our knowledge, we are the first to consider CTP and governmental interven-
tion with two competing retailers in a closed-loop green supply chain.

The remainder of the paper is organized as follows: In the following section, the
related literature is reviewed. Section 3 deals with notations and assumptions, model
formulation, and analysis. Numerical results are presented in Sect. 4. In Sect. 5, the

! Emission Trading Scheme: A Brief Overview and Indian Perspective. On February 7, 2015, By Hari-
haran.
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sensitivity of some key-parameters is examined. Some managerial insights are pre-
sented in Sect. 6. Section 7 concludes the paper with future research directions.

2 Literature review

In this section, we review the relevant literature across four research domains—pric-
ing policies in green supply chain (GSC), operational decisions under CTP, opera-
tional decisions under governmental intervention, and channel leadership.

2.1 Pricing policies in green supply chain (GSC)

In recent years, due to drastic changes in nature, a large number of customers desire
to buy green products even paying more penny. So, GSC becomes an interesting
area of research. This subsection deals with pricing policies of green products in
GSC. Zhu et al. (2005) suggested different aspects of green practices such as sale
of excess inventory, sale of scrap and used material, environmental auditing pro-
gram, cleaner production, patent, internal service quality, green design, green pur-
chasing, and green innovation. To identify the policies which promote environmen-
tal sustainability, Krishnan and Lacourbe (2011) modeled and analyzed a problem
with the dual goal of profit maximization and improvement of environmental qual-
ity of the products. They showed that firms are capable of achieving these goals in
some terms. Zhang et al. (2014) investigated the pricing and greening strategies of
a single-period green supply chain in which the manufacturer produces both green
and non-green products, and they substitute each other. They showed that, through
Rubinstein bargaining, the cooperating members can increase 33.3% profit from that
in noncooperative strategy. Yi et al. (2016) constructed a retailer oriented dual recy-
cling CLSC in the construction machinery industry. They explored how the collec-
tion efforts should be appropriately allocated to retailers and third parties, and found
that it depends on the relationship of the reverse logistics cost coefficients. Introduc-
ing the green product in the dual-channel supply chain, Li et al. (2016) discussed
the pricing and the greening strategies of the supply chain members using consistent
pricing strategies in both centralized and decentralized scenarios, and investigated
the existence of the dual-channel by comparing the profits of the channel members.
They further extended it by introducing an inconsistent pricing strategy. Using the
game-theoretic approach, Jamali and Rasti-Barzoki (2018) investigated the eco-
nomic and environmental aspects of sustainability by introducing a substitutable
green product of a non-green product in a dual-channel supply chain which includes
a retail channel and an online channel. Giri et al. (2018) analyzed the selling price,
warranty period, and greening level of a product in a CLSC consisting of one man-
ufacturer and one retailer. They showed that the channel members can improve
the greening level, warranty period, and profits through revenue sharing contract.
Recently, Mondal and Giri (2020) investigated the pricing policies, marketing effort,
and greening level of a product in a two-period CLSC under consideration of three
different collection options of used products. However, the present work is focused
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on the retailers’ different behaviors under governmental intervention and cap-and-
trade policy in GSC.

2.2 Operational decisions under CTP

Dobos (2005) studied the effect of emission trading on production and inventories
under CTP, and found that optimal production quantities are reduced after applying
emission trading policy. Song and Leng (2012) investigated a newsvendor problem
under different carbon emission policies including the mandatory carbon emission
capacity, the carbon emission tax and the cap-and-trade system, and derived a spe-
cific condition under which the expected profit of the system is increased and car-
bon emission is reduced after implementation of CTP. Du et al. (2013) considered
an emission-dependent supply chain consisting of one emission-dependent manu-
facturer and one emission-dependent supplier under CTP. They proved that with an
emission cap, the manufacturer’s profit increases but the supplier’s profit decreases,
and the supply chain can be coordinated to get more profit under certain conditions.
Xu et al. (2016) analyzed pricing, sustainability and coordination issues (revenue
sharing and two-part tariff contract) in a two-echelon make-to-order (MTO) sus-
tainable supply chain under cap-and-trade regulation. They showed that an increase
in centralized profit is at most 1/3 of that in decentralized policy, and a two-part
tariff contract can achieve perfect coordination. In order to provide policy-making
information to the government, and production and emission reduction insights to
the manufacturer, Cao et al. (2017) analyzed the impacts of CTP and low carbon
subsidy (LCS) policies on optimal production and emission reduction level. Their
results showed that cap does not always have positive effect and carbon trading price
does not always produce a negative effect on the profit of the manufacturer, and
CTP and LCS are beneficial to the society under some conditions. Considering a
two-echelon MTO supply chain with one supplier and two retailers, Qi et al. (2017)
studied the pricing decision process under a carbon cap regulation through a game
theoretical approach. They showed that the consistent wholesale price of the manu-
facturer and the inconsistent selling prices of the retailers under a transfer payment
mechanism can help the channel members in achieving Pareto improvement. They
also provided the appropriate range of carbon cap which can reduce carbon emis-
sion. Pang et al. (2018) investigated the impacts of carbon trading price and con-
sumer’s environmental awareness on carbon emissions in supply chain under CTP,
and showed a relation between different manufacturers’ (green, non-green) optimal
per-unit carbon emissions and carbon trading prices. Besides considering CTP, the
present study considers government subsidy to the manufacturer to investigate retail-
ers’ different competitive behaviors.

2.3 Operational decisions under governmental intervention
Governmental intervention can encourage the members of the supply chain to deal

with environment-friendly products and improve the environment. Mitra and Web-
ster (2008) investigated the competition between new and remanufactured products
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and the effects of government subsidies for promoting remanufacturing activity.
They showed that the implementation of subsidies increases remanufacturing activ-
ity. Zhang (2014) considered the reference-dependence newsvendor model with both
consumer trade-offs and government subsidies to evaluate the influences on the opti-
mal electric vehicle (EV) production decisions. They found that factors like perfor-
mance of both EVs, subsidies, loss aversion, etc. influence the expected utilities of
EV production and the optimal production quantity. Luo and Fan (2015) constructed
a three-stage game model to investigate the influence of different types of subsidy on
the carbon reduction technology investment decision in supply chain. They showed
that besides increasing profits of supply chain members, the governmental interven-
tion can promote social welfare. Guo et al. (2016) analyzed supply chain under dif-
ferent subsidy policies of the government, and showed that a government’s selection
of subsidy policy depends on the consumer’s price sensitivity. Madani and Rasti-
Barzoki (2017) discussed pricing policies, greening strategies, and government tar-
iffs determining strategies in a competitive model with the government as the leader
and two competitive green and non-green supply chains as followers. They sug-
gested that the effect of subsidy rate is notably higher than the tax rate and it helps
to produce more eco-friendly product and increase the profits of the government and
the whole supply chain. Li et al. (2018) studied the impacts of the government’s
consumption subsidy and replacement subsidy towards environment-friendly prod-
ucts in a dual-channel supply chain. They observed that the replacement subsidy is
more efficient at protecting the environment, but the consumption subsidy is more
efficient at improving social welfare. He et al. (2019) investigated different chan-
nel structures for the manufacturer in a four-stage dual-channel CLSC consisting of
the government, a manufacturer, a retailer for trading new product and a third party
firm or platform for trading remanufactured product under government subsidy to
customers to encourage in purchasing remanufactured products. They found that the
higher subsidy level encourages customers and enhances channel performance but
it can hurt the sales of new products. Unlike previous works on governmental inter-
vention, this study considers retailers’ different competitive behaviors in GSC.

2.4 Channel leadership

Considering duopolistic retailers’ different competitive behaviors viz. Collusion,
Cournot, and Stackelberg, Yang and Zhou (2006) investigated the pricing and quan-
tity decisions in a two-echelon supply chain consisting of a manufacturer and two
competing retailers. They showed that duopolistic retailers charge higher selling
price under Collusion behavior and the lowest selling price under Cournot behav-
ior, and while facing the dissimilar market, if the degree of dissimilarity is large
enough then total profit of the duopolistic retailers exceeds the profit of the man-
ufacturer. Xiao and Qi (2008) studied pricing and coordination issues in a supply
chain with two competing retailers. They investigated different contracts and found
that the supply chain can be coordinated (fully or partially) under some condi-
tions. Wu et al. (2012) explored the pricing decision in a two-echelon supply chain
with one common supplier and two retailers through six different power structures
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characterizing the horizontal competition of the retailers and vertical competition of
the supplier and the retailers. They showed that when retail substitutability is low,
vertical competition has more impact than the horizontal competition, and competi-
tion between the retailers is not profitable to them. Zhao et al. (2012) analyzed the
pricing decision for a substitutable product in a duopoly supply chain with one com-
mon manufacturer and two competing retailers under fuzzy environment. Consider-
ing one centralized and three decentralized policies depending on power structures,
they showed that the maximal expected profit of the whole supply chain does not
depend on power structures. Ghosh and Shah (2012) investigated an apparel serial
supply chain in which players launch product “greening”, and showed how green-
ing levels, prices, and profits are affected by channel structure. They used a two-
part tariff contract to coordinate the green supply chain and showed that coordina-
tion can improve the greening level. Choi et al. (2013) investigated a CLSC with
a retailer, a collector and a manufacturer, and analyzed the performance of CLSC
under different channel leaderships, and found that the retailer-led game provides
the most effective policy while the collector-led game provides the worst policy for
collecting used-products. Liu and Xu (2014) studied the pricing problem in a supply
chain consisting of a manufacturer and two competing retailers in fuzzy environ-
ment using the Stackelberg game model. Huang et al. (2016) analyzed the effect of
pricing strategies and power structures on the performance of a two-echelon sup-
ply chain with one common manufacturer and duopoly retailers through building
six decentralized power structures. They showed that regardless of power structures,
Collusion behavior increases the selling price, and the benefit of the retailers under
Collusion behavior depends on power structures, retail substitutability and differ-
ent non-price parameters. Modak et al. (2016) developed both cooperative and non-
cooperative models for a CLSC consisting of a manufacturer and duopolistic retail-
ers with a recycling facility. They showed that besides making a positive impact on
the environment, recycling activities enhance the interaction between the retailer
and consumers. Jafari et al. (2016) investigated the pricing and ordering decisions
on a dual-channel supply chain with the monopolistic manufacturer and duopolistic
retailers under different behaviors of retailers viz. Bertrand, Collusion, and Stack-
elberg. They found that retailers’ different behaviors have no effect on the manu-
facturer’s decision; Collusion gives the highest profit to the retailer and the lowest
profit to the manufacturer. Yang and Xiao (2017) developed three game models of
a green supply chain with governmental interventions (subsidy or penalty) under
fuzzy uncertainties to find the optimal pricing and greening level decisions. They
observed that under strong governmental intervention, the manufacturer-led Stack-
elberg scenario is subservient and retailer-led Stackelberg scenario is supercilious
to the other scenarios considered in the supply chain; government subsidy is not
always beneficial to the supply chain; a relatively high green level floor for provid-
ing subsidy is harmful to the manufacturer. They also illustrated the coordination
issues of parallel and serial CLSC. In order to investigate the optimal pricing and
return product collection strategies, Giri et al. (2017) considered both dual forward
and reverse logistics (collection through a third party and e-tail channel) under the
centralized, manufacturer-led decentralized, retailer-led decentralized, third party-
led decentralized policies and Nash game. Mondal et al. (2020) extended the work
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of Giri et al. (2017) by considering used products collection through the retail chan-
nel and e-tail channel. This paper assumes that the manufacturer is the Stackelberg
leader and two competing retailers are the followers who follow different competi-
tive behaviors. Table 1 shows the difference between our study and previous studies.

From the above literature review, it is observed that several works have been done
on CTP, governmental intervention, channel leadership, CLSC, and GSC. However,
no attempt has been made to consider duopoly retailers’ different behaviors under
CTP and governmental intervention in CLSC. In this paper, a two-echelon CLSC
model consisting of one single manufacturer and two competing retailers with man-
ufacturer’s consistent pricing strategy and retailers’ different behaviors under CTP
and governmental intervention is developed to study the optimal pricing, greening
level and profitability of channel members.

3 Model formulation and analysis

In this section, we develop the proposed models and derive the optimal results for
each model analytically.

3.1 Notations and assumptions

The following notations are used for developing the proposed models:

w; Unit wholesale price of the manufacturer to the retailer i (i = 1,2)
Di Unit selling price of the retailer i (i = 1,2)

0 Level of green innovation

D; Demand function of the retailer i (i = 1,2)

D Total demand

Dy Return quantity

Cp Unit manufacturing cost of the end product from the raw materials
c.(<¢c,) Unit manufacturing cost of the end product from the used products
c, Unit carbon trading cost

e Carbon emission for unit product

E, Carbon emission of the manufacturer

E Carbon cap given by the government to the manufacturer

a; Basic market demand to the retailer i (i = 1,2)

T Fraction of demand which is returned, 0 < 7 < 1

A Green investment cost coefficient

A, Price paid by the manufacturer to the customer to collect the used product
IT,, Profit of the manufacturer

I1,; Profit of the retailer i (i = 1,2)

I Profit of the whole supply chain

The following assumptions are made to establish the proposed models:
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Al. The market demand faced by the retailers is deterministic and linearly
dependent on the greening level and the selling prices of the green product. The
demand functions of the two retailers are assumed as D; =a; —ap; + fp; +v0,
i=1,2;j=3—1i. So, the total demand is D = (a, + a,) — (a — B)(p, + p,) + 270.
The parameters o and f represent the self-price sensitivity and the cross-price sen-
sitivity, respectively. We assume a > f, which indicates that the self-price effect is
greater than the cross-price effect i.e. if there is any change in the selling price of
retailer Z, it has more effect on its own demand than the rival’s demand (Hanssens
et al. 2003; Kurata et al. 2007). y is the sensitivity of greening level.

A2. The return quantity Dy is assumed as Dy = tD. The manufacturer pays A,
per unit to customers for returning the used items and he remanufactures these return
items at a cost of ¢, per unit.

A3. Similar to Zhu and Dou (2011) and Yang and Xiao (2017), here we con-
sider that the government offers a subsidy s = k6,(6 — 6,)) to the manufacturer for
producing each unit of green product, where 6, is the greening level floor given by
the government. If 6 > 6,, the subsidy is k6,(6 — 6,,); otherwise, the punishment is
—k6y(6 — 6,).

A4. All the remanufactured products have the same quality as that of the new
ones (Savaskan et al. 2004). So, remanufactured products are sold with the new
products in the same market. As we assume c,, > c,, so remanufacturing a used
product is more profitable than manufacturing a new product.

AS. In order to ensure that all players of the supply chain are profitable in the
business, we assume that p, >w; > 0,p, > w, > 0;c,, —c, > A, > 0. To avoid
complexity in calculation, we assume C, = c,, — ¢, — Ay > 0.

A6. Carbon emission for a unit product depends on the greening level and is
given by e = ¢, — w0, where ¢ is the basic emission and y is the adjustment factor.
Since both the new and the remanufactured products are sold in the same market,
in order to avoid complexity in calculation, we assume that carbon emission due
to manufacturing is the same as that of remanufacturing. So, the total emission is
E,, = (D — Dg)e (due to new production) + Dye (due to product remanufacturing)
ie. E, = De. If E,, > E, then the manufacturer has to buy the shortage of emission
permit at the cost of ¢, per unit to produce more. The opposite situation occurs when
E,, < E i.e. the manufacturer can sell the emission permit in the same emission trad-
ing market at the same trading price and get some profit. This produces an additional
income (Xu et al. 2016).

We consider a two-echelon closed-loop green supply chain consisting of a single
manufacturer (remanufacturer) and two competing retailers. The manufacturer pro-
duces (at a cost of c¢,, per unit) and sells the green product with greening level 6 to
the retailer i at a price w;,i = 1,2 per unit. Qi et al. (2017) showed that the consistent
pricing strategy of the manufacturer gives the best possible optimal result. Here we
consider the consistent pricing strategy of the manufacturer i.e. w; = w, = w. The
retailers sell the product to potential customers through the traditional retail chan-
nel at selling prices p; per unit and p, per unit, respectively. In the reverse channel,
the manufacturer collects the used products, which is a fraction of total demand, at
a cost A, per unit and remanufactures these returned products at a cost ¢, per unit.
So, the total cost due to remanufacturing is (A, + ¢,) per unit. The manufacturer has
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to invest some extra money to achieve green innovation. We assume an increasing
and convex cost component 462, (A > 0) (Ghosh and Shah 2012) to characterize the
diminishing investment with respect to 8. The profit function for the manufacturer is
given by

I0,,(w,0) = wD + sD — ¢, (D — Dg) — (¢, + A))Dg — c,(E,, — E) — A6* (1)

Here, the first term indicates the revenue obtained from selling the product to the
retailers and the second term denotes government subsidy. Production costs (includ-
ing recycling cost of the returned products) of the new and the remanufactured prod-
ucts are given in the third and the fourth terms, respectively. Carbon trading cost is
represented by the fifth term. The last term denotes the extra cost for producing a
green product.

The profit function for the retailer i is given by

I,,(p;) = (p; — WD, i = 1,2. )

We develop the models under centralized and decentralized scenarios. As we are
interested in competition and cooperation of the retailers, in the decentralized sce-
nario, we mainly study retailers’ different behaviors with the manufacturer as the
Stackelberg leader and the retailers as the followers. The duopolistic retailers can
implement the following three scenarios:

e Collusion scenario (C)—both the retailers act jointly to maximize the total profit
of the downstream market (Fig. 1b).

e Nash scenario (N)—both the retailers work independently by setting their selling
prices and giving service to the customers assuming the rival’s decision variable
as a parameter (Fig. 1c).

e Retailer-led Stackelberg (R)—one retailer (say, retailer 1) acts as the Stackelberg
leader and another one (say, retailer 2) as the follower, assuming the rival’s deci-
sion variable as a parameter and vice-versa (Fig. 1d).

The case of the manufacturer-led Stackelberg game is explained in Fig. 2 for better
understanding the sequence of decision making. During calculation, we use a back-
ward induction method in which the downstream members first decide their deci-
sions for the given decisions of the upstream member, and then the upstream mem-
ber decides its decisions.

3.2 Centralized policy (J)

In this policy, the manufacturer and the competing retailers work jointly to optimize
their decisions viz. greening level and retail prices, through optimizing the joint
profit of the manufacturer and the retailers. Due to joint optimization, the internal
transfer price w does not play any role (Fig. 1a). The profit function for the central-
ized policy is given by
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Dr, Ay

(b) Collusion

—— > Forward Flow
VR —— Reverse Flow

Dg, Ap
Dr, 4y

(¢) Cournot (Nash) (d) Stackelberg

Fig. 1 Graphical representation of the closed-loop supply chain

Fig.2 Sequence of decision making in MS-game
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@,.p,.0) =p,D, + p,D, +sD — ¢, (D — Dg) — (¢, + Ay)Dg — c,(E,, — E) — 16?

Using the first order conditions for optimality of II(p,, p,, 8), the equilibrium solu-
tion for the centralized policy can be obtained as given in the following proposition:

2
Proposition 1 If A > max{2y¥, 2(:—_‘{}) }, the centralized policy has the following

unique solution

5 aXy +aX, +4a+ pX;
P A+ plaa—p) - 92
' a, X, + a; X, +4(a + P)X;
P2 A+ plaa—p - 921
Wila, +a, - 2a - ]
T 2RMe-pH ¥

0]

where WY, =kb,+cy, ¥, =c, +k0; — Cot + e, Vs =7+ (a— ¥, X, = 4ai—
Ysly + Ga+ HY ], Xy =44+ Ysly — (a + 3,1, X3 =¥, [A(a - p) — y¥s]

Proof Proofs of Proposition 1 and subsequent propositions are given in “Appendix”.
O

3.3 Manufacturer-led-decentralized policy

There are industries like GM, Toyota (automobile markets), Canon, Xerox, HP (for
printing), where the manufacturers are larger than the retailers. So, in such cases, the
manufacturer acts as the Stackelberg leader and the retailers as the followers. The
retailers first give their best responses to the manufacturer and then the manufacturer
sets his optimal decisions to maximize the profit. With a common manufacturer, the
retailers may cooperate or compete or play Stackelberg game for their pricing strate-
gies. In the following subsection, we discuss about the pricing policies and profits of
the retailers with different pricing strategies under manufacturer-led structure.

3.3.1 Collusion policy

In this subsection, we assume that the duopoly retailers agree to act jointly to maxi-
mize the total profit in the downstream market. For example, Beijing-based Guotong
Electrical Appliance Company and Asia Financial Service Company, GOME with
its foreign counterpart Best Buy Inc. (Wang et al. 2011), Europe’s largest clothing
retailer Inditex and its flagship store Zara, H & M and Alexander Wang (apparel
retailer), Samsung Group and Tesco in South Korea as Tesco Home plus, etc. act
cooperatively. So, the total profit of the two retailers is given by
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IL.(py,pp) =11,y + 1, = (p; = w)D; + (p, —wW)D;.

Now, the problem is reduced to a two-player Stackelberg game. So, the Collusion
policy is formulated as follows:

max IT,,(w, 0,p, p,)
(w,0)

subject to
P, and p, which are obtained from

max I1 ,D5)
(P1p2) r(pl P>

We first calculate the decisions of the retailers from their joint profit. For any given
wholesale price w and greening level 0, the optimal decisions of the retailers can be
obtained from the first order necessary conditions for optimality, which are given as
follows:

_ g+t af+(a+ Plla—pw+ 0]
pi=

[2(a? = )]
Substituting (3) in the manufacturer’s profit function and solving the first order nec-

essary conditions for optimality, we can obtain optimal decisions of the manufac-
turer as follows:

where i = 1,2;j =3 —i. 3)

. w2 . . . . ..
Proposition 2 [f A > max{y¥,, 4(‘1—_313)}, in Collusion policy, the optimal decisions
of the manufacturer are given by

o (a) + a,) 24 — ¥, ¥5) + 2W, [2A(a — f) — y¥;]
2%, ’

_ Wsla; +a, - 2(a - HY,]

B 23, '

OC

and optimal decisions of the retailers are
c_ al-Y,-+anj+Y3

v = , here i =1,2;j =3 —i.
p; TeE) where i J i

where Y, =2AGa + ) — Wily + Ga + AP, 1, ¥, = 24(a + 58) + Wsly — (a + 3/, ],
Y; =4(a + PllAa— ) —y¥Y;1¥,and 2|, = 4M(a — p) — ‘Pg

3.3.2 Nash policy

In the proposed two-echelon CLSC, suppose that the manufacturer sets the same
wholesale price for the retailers. The retailers decide to act independently to maxi-
mize their own profits by choosing their respective selling prices. In the real world,
GOME and Suning (home appliances), Wal-Mart and Tesco, Shoppers Stop and
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Big Bazar (family store in India), Amazon and eBay (online retailer), Carrefour and
Auchan, H & M and Zara, Walgreens and CVS (drug store in US), Kroger and Pub-
lix, Macy’s and Belk? are few examples where the retailers work independently. The
Nash model can be represented as

(max I1,,(w,0,p[,p,)

(w,0)

subject to

p, and p, which are obtained from

r?pa)x IT,,(py)

1

max IT,,(py)
2

L

As mentioned before, we use backward induction method to obtain optimal deci-
sions. Thus retailer-1 (retailer-2) maximizes its profit I1,, (I1,,) with respect to p,(p,)

2
treating p,(p,) as parameter. As 0611712,,. = —2a < 0, for any given wholesale price w

and greening level @, the optimal ‘solution is obtained by solving the equations

My — gand L2 = 0, simultaneously. The optimal solution is given b
! P y P g y

_ 2aa+a;p+ Ca+ p)aw+y0)
pi - 402 _ ﬁz

, wherei=1,2;j=3-1. @

Substituting (4) into the manufacturer’s profit function (1) and solving the first
order conditions for optimality, we obtain optimal decisions of the manufacturer as
follows:

2ay¥, a‘P§
2a—=p "’ 2Aa—p)(2a—p)
sions of the manufacturer are given by

_ (a; + a))[AQ2a = p) — o ¥5] + 2%, [A(a — p)2a — p) — ay'¥;]
B 2%, ’

Proposition 3 /f 1 > max{

}, in Nash policy, the optimal deci-

WN

a¥sla, +a, —2(a — P¥,]

o~ =
23,

and optimal decisions of the retailers are
az +aoal.+ 272
pY = #, where i = 1,2 =3 —i.
! 2Qa+ Pz,

where  Z, = J2a* — 5af — 4p%) + ay(y — 3p%,) — a(a — f)(a + 20)¥2, Z, = i(10a — 7p)
—(y + 3a¥ )W, Z; = 2aQ2a + P Aa — B) — y¥,¥;], and £, = 2A(a — p)a — f) — a¥2.

2 https://study.com/academy/lesson/types-of-retail-competition-definition-examples.html.
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3.3.3 Retailer-led Stackelberg policy

We now assume that one of the retailers (say, retailer-1) is the Stackelberg leader and
other retailer (say, retailer-2) is the Stackelberg follower. This type of situation can be
noticed in the business of large retailers, for instance, Tesco launches Jack’s, Wal-Mart
operates Sam’s club, etc. In this case, our problem is

max I1,,(w, 0, p5(w, 0, p1), py(w, 0))
subject to p; is obtained from
4 I?paf IL, (1. P2)
1

subject to p, which is obtained from
max I1,,(p,)
®2)

In the following, we obtain the best response of the retailer-2 for given values of

w, 6, p, by equating (;Lp’z to zero as
2

a, +aw+ pp; +y0
Dy =

2a

)
Substituting (5) in the profit function of retailer-1 and solving the first order optimal-
ity condition for p;, we can obtain the best response of retailer-1 as

_ 2a,a + ayf + (a + )Qa — f)w + Qa + p)yo
h 2(2a2 — f?)

P

(6)

Again, substituting (5) and (6) into the manufacturer’s profit function and solving
the first order conditions for optimality, we can obtain the best response of the man-
ufacturer which is given in the following proposition.

¥,y \P§1p4
4a(2a2=p2)" 16a(a—p)2a’—p2)
policy, the optimal decisions of the manufacturer are given by

Proposition 4 If A > max{ }, in Retailer-led Stackelberg

WR = [2a,a(a + B)2a — B) + a, P, 1[8aA(2a? — f?) — ¥, W, W51 + W, Vs [8ad(a — )(2a® — ) — y¥;¥s]
[5A

o = Y;[2a,a(a + f)Qa — p) + a, ¥, — (a — f)¥,¥s]
PN ’

s

and optimal decisions of the retailers are

r_ 2010+ af + (@ + P)Qa — HHw' + Qa + p)yo”
Pr= 2202 — p2)
ay + aw® + ppf + yoR
- 2a '

where Wy = 4a® + 2a%p — afp* — B3, W5 = 2%, — p*(a — p) and I, = 16ai(a — p)
(2a? — f7) - V2Y.

s

Py
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3.4 A comparison of optimal results
3.4.1 Special case

As it is difficult to compare the optimal results of the proposed models derived
above, in this subsection, we consider a special case in which both the retailers
face the same basic market i.e. a; = a, = a. Using the solution procedure shown
in the previous subsection, we present optimal solutions of the proposed models
for the special case in Table 2.

Proposition 5 When the duopolistic retailers face the same basic market they
charge the same selling price to the customers and get the same profit while playing
Nash and Collusion games. But in the case of Stackelberg game, they charge differ-
ent selling prices and so get different profits.

Proposition 6 In the special case, the greening level of the product follows the pat-
tern @’ > 0N > 6% > €.

Proposition 6 shows that the greening level of the product produced by the
manufacturer depends on the duopolistic retailers’ different competitive behav-
iors. As usual, the centralized policy suggests a higher green product. Among the
duopolistic retailers’ three different behaviors, the Nash behavior helps the manu-
facturer to produce a higher green product while Collusion behavior forces the
manufacturer to produce a lower green product. The reason behind this outcome
is described as follows: In a manufacturer-led Stackelberg game, the manufac-
turer optimizes its decisions after knowing the decisions of the retailers. When
the retailers work independently (in Nash situation), in order to get more market
demand they tend to sell their products with lower selling prices. This induces the
manufacturer to set a lower wholesale price for the retailers. But according to our
assumption, the manufacturing cost is constant. So, naturally, a lower wholesale
price results in a revenue loss to the manufacturer. In order to get more govern-
ment subsidy and reduce GHG emissions, the manufacturer has no option without
increasing the greening level of the product. The opposite situation holds when
the retailers work jointly.

Proposition 7 In the special case, the selling prices and wholesale price fol-
low the following pattern pic >pf >pi.v >p{ and if (a—p)¥Y, >y, then
wCé>wk>uwN i=1,2.

Proposition 7 shows that duopolistic retailers’ different behaviors affect the
wholesale price of the manufacturer which is contrary to the result of Yang and
Zhou (2006) and Huang et al. (2016) who showed that duopolistic retailers’ differ-
ent behaviors have no effect on the optimal pricing policy of the manufacturer. The
reason behind this type of different outcome probably lies in the consideration of
green products, government subsidy and CTP. In our model, if the condition given
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in Proposition 7 holds then the wholesale price becomes higher in Collusion policy
and lower in Nash policy. As the manufacturer produces the lower green product in
Collusion, it gets lower government subsidy. So, in order to maintain profitability,
the manufacturer sets higher wholesale price in the case of Collusion behavior. The
opposite result can be seen in the case of Nash behavior.

The selling prices of the retailers follow the pattern similar to the wholesale price
of the manufacturer. The reason behind this type of outcome is that a higher whole-
sale price of the manufacturer forces the retailers to set their selling prices higher.
In the case of centralized policy, since there is no double marginalization effect, the
centralized decision-maker can set a lower selling price to get more profit from the
market.

Proposition 8 In the special case, the profits of the manufacturer follow the pattern
Y > 1R > 1€,

Proposition 8 shows that the duopolistic retailers under Nash behavior help the
manufacturer to get higher profit while the manufacturer’s profit becomes lower
when the duopolistic retailers play Collusion behavior. This is due to the fact that in
case of Nash behavior of the retailers, the manufacturer produces the higher green
product and sells it to the retailers with the lower wholesale price. The retailers
also sell these products with lower selling prices to the potential customers. Higher
greening level and lower selling prices of the product help to increase the market
demand which in turn increases the profit of the manufacturer.

Due to algebraic complexity, we are unable to compare the profits of the retailers
under different competitive behaviors. But one can easily calculate the difference
between the profits of the retailers in the Stackelberg game, which is given in the
following:

4ap 2o = p)*(Aa +3p)la - (= P¥ I

2
23

R R __
Hr2_Hr1_ >0

This means that when the duopolistic retailers face the same basic market and play
Stackelberg game, the follower gets higher profit in comparison to the leader. So, it
is beneficial to be a follower rather than a leader. This is a contradiction to the intui-
tive expectation but this result is consistent with the result of Yang and Zhou (2006).
Actually, the leader gets a higher profit only when its basic market is higher than the
follower. In the case of a similar basic market, in order to get higher market demand,
the follower sells the product with lower selling price. The higher market demand
produces a higher profit to the follower. That’s why, in this particular situation, the
follower gets higher profit than the leader although the leader is more powerful.

Now, one question may arise whether all the results given in the propositions
for the special case hold for the general case. Due to algebraic complexity, it is
difficult to answer this question. However, we discuss this matter taking numeri-
cal examples in the next section.
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3.5 Transfer payment through bargaining

To achieve the Pareto improvement for the players of the supply chain, in this
subsection, we coordinate through transfer payment mechanism. Suppose that
the three players of the supply chain are denoted by 1, 2 and 3 and their profits
in two policies (say, (model I) and (model II)) are (IT}, 1T}, II}) and (11, I1¥,
Hg’ ), respectively. We assume the profit of any one of the three players (say,
player 1) in model II is higher than that in model I and profits of the remain-
ing two players in model II are lower than those in model I. So, the profit gain
by player 1 is AIl; =TI —II! and the profit loss by other two players are
AL, =T, — I and AIL; = Hgl — ¥, respectively. If the increment of profit of
player 1 is greater than the decrement of the total profit of the other two play-
ers, then player 1 can design a transfer payment mechanism to coordinate the
channel members. Transfer payment (7)) to player 2 lies between A\II, and
AIl, — Allyie. Ty € (AL, (AIN, — AIL)) and transfer payment (7,) to player
3 lies between AIL; and AIL, — AIL i.e. T, € (AILL, (AIT, — AIL)) such that
T, + T, < AIl,. Players’ profit shares depend on their bargaining powers. More
bargaining power implies more profit share to the channel members. In the fol-
lowing, we discuss the bargaining model (Maiti and Giri 2017) following Aust
and Buscher (2012) to share the extra profit /\IT:

U = (U, (AIL)Y" (U, (AL (Uo(AlLy))»

where u,,, y,; and u,, are positive parameters such that u,, + 4, + p,, = 1, and are
called the bargaining powers of the manufacturer and the retailers, respectively;
AHi’s (i = m, rl, r2) are profit shares to the manufacturer and the retailers, and U;’s
(i = m,rl, r2) are the utility functions which can be taken as (Seyed Esfahani et al.
2011)

U, (AIL,) = AIT'»
Url(AHrl) = Anjil
UrZ(AHrZ) = Anj;

where 4,,, 4,;, 4,, >0 are the risk attitudes of the players.

m> rl>

Now, the optimization problem becomes,

Max U = (U, (ALY (U, (/\I,1))*1#1(U,,(/\I1,,)) =4
subjectto ATl = AIL, + AIl, + AIl,,; ATL,, AIL,, /I, > 0.

The optimal solution of this problem is
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AnH
All, = — ATl
Amﬂm + /lrlrurl + irZMrZ
Ari My
AL, = L AT
] Amﬂm + Arl:url + /lr2:ur2
Ay
All, = EaL ATL

Am”m + Arllurl + AerurZ

4 Numerical analysis

In this section, we perform a numerical study for the developed models to explore
the answers of the following questions: How do the retailers’ different pricing strate-
gies affect the equilibrium results and profitability of the channel members? Is there
any economic inspiration for the retailers to choose Collusion rather than Nash strat-
egy? Do the government subsidy and CTP help the manufacturer in decision mak-
ing? We consider the following data sets which are closely related to Xu et al. (2016)
and Yang and Xiao (2017) with some adjustments:

Set 1: a; =500;a, = 300;a = 0.6;6 = 0.15;y = 0.8;7 = 0.35;k = 0.5;6, = 1.5;
ey = Liy = 0.2;¢,, = 1505¢, = 70;¢c, = 12;4, = 50;4 = 300;E = 300.

Set 2: a; =500;a, = 450;a = 0.6;6 = 0.15;y = 0.8;7 = 0.35;k = 0.5;6, = 1.5;
ey = Liy = 0.2;¢,, = 1505¢, = 70;¢c, = 12;4, = 50;4 = 300;E = 300.

Set 3: a; =500;a, = 500;a = 0.6;6 = 0.15;y = 0.8;7 = 0.35;k = 0.5;6, = 1.5;
ey = Liy = 0.2;¢,, = 1505¢, = 70;¢c, = 12;4, = 50;4 = 300;E = 300.

Set 4: a; =500;a, = 550;a = 0.6;6 = 0.15;y = 0.8;7 = 0.35;k = 0.5;6, = 1.5;
ey = Liy = 0.2;¢,, = 1505¢, = 70;¢c, = 12;4, = 50;4 = 300;E = 300.

Set 5: a; =500;a, = 700;a = 0.6;6 = 0.15;y = 0.8;7 = 0.35;k = 0.5;6, = 1.5;
ey = Liy = 0.2;¢,, = 1505¢, = 70;¢c, = 12;4, = 50;4 = 300;E = 300.

Here, Set 1 and Set 2 represent the situation where retailer 1 has greater basic
market than retailer 2, and the basic market for retailer 2 in Set 2 is higher than
that in Set 1. Set 3 distinguishes from other Sets by making the same basic market
for the two retailers. Set 4 and Set 5 are taken by considering that the retailer 2
has greater basic market than retailer 1, and the basic market for retailer 2 in Set
5 is higher than that in Set 4. We have checked all the conditions which are nec-
essary for the existence and uniqueness of the optimal solution. For example, for
the centralized policy with the numerical data of Set 2, the principle minors are
M| = —2a=-12<0, |M,| =4(a*> - *)=135>0 and |H|=-795.248 < 0.
It clearly shows that the Hessian matrix is negative definite for the chosen data
set. The condition A = 300 > max{6.384,7.48513} also holds. We use Mathemat-
ica 9.0 software for derivation of the optimal results following the sequence of
events given in Fig. 2. Optimal results of the proposed models for each numerical
example are presented in Table 3.

From Table 3, we note that the centralized policy gives better performance
than other policies as usual. Since this policy is free from double-marginalization
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Table 3 Optimal results for general situation

Pricing Set  w )2 23 0 I1,, I1,, II,, I

policy
Set1 — 585.522  452.189 2.77159 - - - 134,498.0
Set2 - 618.425 585.092 3.39898 — - - 190,858.0

Centralized Set3 - 629.392  629.392 3.60812 — - - 214,141.0
Set4 - 640.360 673.693 3.81725 — - 239,672.0
Set5 — 673.263  806.596 4.44465 — - - 329,751.0

Set1l 519.815 772.239 638.906 1.37306 65,144.90 33,721.6 4000.37 102,866.9
Set2 602.935 847.409 814.075 1.68387 96,162.30 28,117.7 19,005.4 143,284.4
Collusion ~ Set3 630.642 872.465 872.465 1.78748 107,903.0 26,3154 26,3154 160,533.8
Set4 658.348 897.522 930.855 1.89108 120,345.0 24,5459 34,779.5 179,670.4
Set5 741.468 972.691 1106.02 2.20190 161,874.0 19,434.4 67,096.7 248,405.1
Set1l 519.679 753.183 605.035 1.57127 74,029.50 32,714.5 4371.38 111,114.4
Set2 602.768 816.807 779.770 1.92696 109,525.0 27,487.5 18,797.7 155,810.2
Nash Set3 630.465 838.014 838.014 2.04552 122,960.0 25,846.2 25,846.2 174,652.4
Set4 658.161 859.222 896.259 2.16408 137,198.0 24,2554 34,0145 195,467.9
Set5 741.250 922.846 1070.99 2.51977 184,723.0 19,786.2 65,238.6 269,747.8
Set1 519.096 756.610 605.163 1.55796 73,320.50 32,790.3 4444.51 110,555.3
Set2 602.630 820.170 780.111 1.91308 108,727.0 27,506.9 18,899.9 155,134.8

Stackel- Set3 630.474 841.357 838.428 2.03146 122,140.0 25,849.0 25,946.8 173,935.8
berg

Set4 658.319 862.543 896.744 2.14983 136,357.0 24,242.6 34,107.9 194,707.5
Set5 741.853 926.103 1071.69 2.50495 183,838.0 19,732.5 65,276.6 268,847.1

effect, the customers get higher green product in comparatively lower prices.
Higher greening level and lower selling prices increase the market demand. As a
result, the total profit of the whole supply chain increases. While considering the
decentralized policies, we note that the Nash behavior of the retailers is profit-
able for the manufacturer and the whole supply chain, but the behavior which is
beneficial to the retailers depends on the basic market of the retailers. The reason
behind this type of outcome is that, when the retailers work independently (i.e.
in Nash behavior), they sell the higher green product with lower selling prices
to get competitive advantage of the market. The higher green product helps the
manufacturer to get a higher government subsidy. But when they work jointly (i.e.
in Collusion behavior), there is no competition between them. So, they decide
to sell a lower green product with a higher selling price, which decreases the
market demand and government subsidy to the manufacturer. Through higher
selling prices, the retailers may or may not manage to get higher profit, but it
definitely hurts the manufacturer. Again, when they play the Stackelberg game
between them, they sell the comparatively higher green product at a lower sell-
ing price than that in case of Collusion behavior. It gives a slightly higher profit
to the manufacturer than that in case of Collusion behavior, but it may hurt one
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of the retailers. It is interesting to note that the retailer with a higher basic mar-
ket charges higher selling price without any hesitation. When they face the same
basic market, they sell their products at the same price in case of Nash and Col-
lusion but when they play the Stackelberg game between them, the rival sells the
product with a lower selling price. That’s why profit becomes higher. Hence, it is
better to be a follower than a leader for the retailers when they face the same basic
market. Thus, from Table 3, we have the following insights on wholesale price,
selling prices, greening level, and profitability of the manufacturer and the retail-
ers: (1) The wholesale price of the product does not follow the pattern similar to
the special case. In case of different basic markets, the variation of the wholesale
price depends on the basic market parameter. Generally, the manufacturer sets a
higher wholesale price when the retailers make their decisions jointly but some-
times the Stackelberg game between them forces the manufacturer to set a higher
wholesale price. (2) Similar to the special case, for the general case, the duopo-
listic retailers set higher selling prices in case of Collusion behavior while, in
case of Nash behavior, they demand lower selling prices. (3) The greening level
of the product does not depend on the market size; it is always higher in case
of Nash behavior and lower in case of Collusion behavior. A higher market size
influences the manufacturer to produce a higher green product. (4) Similar to the
special case, the duopolistic retailers’ Nash behavior always promotes the manu-
facturer and the whole supply chain through improving the profits. The profit of
the manufacturer is more than twice the total profit of the retailers. So, being a
Stackelberg leader, the manufacturer should try to find out a way that will induce
the retailers to work in Nash behavior. (5) Although Nash behavior is profitable
to the manufacturer and the whole supply chain, it is not beneficial for the retail-
ers. Moreover, Collusion behavior of the retailers always does not make higher
profit to both the retailers. It is not favorable to the retailer with lower value of
a;/a, as it produces a lower profit to that retailer. The retailer with a higher basic
market gets higher profit. This insight will help the retailers to decide proper sell-
ing prices before agreeing to work jointly. (6) When the duopolistic retailers play
the Stackelberg game, the leader gains higher profit only when the basic market
to the leader is higher than the rival. Due to this reason, the leader gets a lower
profit than the rival when they play the Stackelberg game and face the same basic
market.

Table 4 represents the optimal results for data Set 2 when the government does
not offer any subsidy, and both the government subsidy and carbon cap do not
play any role in the supply chain. For the first case, the manufacturer is forced to
set a higher wholesale price for the product with a lower greening level in order
to maintain profitability. Although the wholesale price increases, due to lower
green product, the customers refuse to buy the product with higher selling price.
So, retailers have to reduce the selling prices. In the centralized policy, due to
joint decisions, they manage to sell the lower green product with a slightly higher
selling price. In the decentralized policies, as the greening level decreases, the
market demand also decreases. So, the profits of the manufacturer, retailers, and
the whole supply chain decrease in all policies. Due to no government subsidy
and no cap on emission for the second case, the manufacturer can produce lower
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Table 4 Optimal results when no subsidy occurs and both cap and subsidy do not occur

Optimal No subsidy No cap no subsidy
decisions
C N R J C N R

w - 603.084 603.020 602.876 — 598.071 598.149  597.997
D1 619.301 847.254 816.725 820.081 615.283 844.024 813.231 816.611
§23 585.968 813.921 779.688 780.028 581.949 810.690 776.194  776.537
0 2.87028 1.42569 1.63089 1.61918 1.22431 0.61143 0.69889 0.69391
I, - 96,153.90 10,9476.0  108,681.0 — 94,5173 108,038.0  107,233.0
I1,, - 28,049.3 27,401.8 274223 - 28,451.4 27,756.3 27,779.1
II,, - 18,949.2 18,726.9 18,829.6 - 19,280.0 19,020.1 19,126.1
II 190,352.0  143,152.4  155,604.7  154,932.9 189,676.0 =~ 142,248.0  154,814.0  154,138.0

green product and sell it at a lower wholesale price. As a result, the retailers also
set lower selling prices to hold their markets. When CTP occurs, the manufac-
turer can emit less and earn some revenue through emission trading. In that case,
the profit of the manufacturer is higher than that in the case where CTP does not
occur. In the second case, the rate of decrement of the wholesale price is slightly
higher than those of selling prices. So, the profits of the retailers are higher in this
case than those in the first case. Therefore, a government subsidy to the manufac-
turer and CTP play important role in sustainable development.

From Tables 3 and 4, it can be noted that the centralized policy outperforms the
other policies. Retailers’ Nash behavior among the decentralized policies gives bet-
ter result from the viewpoint of the whole supply chain. For the manufacturer, the
retailers, the customers, and the whole supply chain, the model with both the gov-
ernmental intervention and carbon cap are beneficial.

From all the aforementioned results, it can be seen that the duopolistic retailers’
Collusion behavior is only helpful to the retailers under certain conditions but their
Nash behavior is beneficial to both the manufacturer and the whole supply chain.
As the manufacturer produces higher green product in Nash behavior, s/he can get
higher subsidy and profit in this policy. So, from the environmental viewpoint, it is
necessary for the manufacturer to design a transfer payment mechanism to achieve
Pareto improvement of all members in the supply chain. It is necessary for this
mechanism that, the increment in profit of the manufacturer must be greater than the
decrement in total profit of the retailer 1 and retailer 2. Comparing Nash and Col-
lusion behaviors for Set 2, we note that the profit of the manufacturer is increased
by 13,362.7 (from 96,162.30 to 109,525.0), whereas the profit of the retailer 1 is
decreased by 630.2 (from 28,117.7 to 27,487.5) and that of retailer 2 is decreased
by 207.7 (from 19,005.4 to 18,797.7). So, the increment in profit of the manufac-
turer is greater than the decrement in total profit of the retailer 1 and retailer 2.
Thus, the transfer payment 7 to the retailer 1 is such that 7', € (630.2,13,155.0)
and the transfer payment 7), to the retailer 2 is such that T, € (207.7,12,732.5). It
is necessary that 7| + T, < 13,362.7. Supply chain members’ profit shares depend
on their bargaining powers and risk attitudes. As the manufacturer is the leader, we
consider the bargaining power (y,,) of the manufacturer as u,, = 0.5 and bargaining
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Table5 Sensitivity of the

optimal results with respect to 4 Policy A " P1 P2 0
200 - 617.226  583.893  5.14621
250 - 617.948  584.615  4.09397
Centralized 300 - 618.425  585.092  3.39898
350 - 618.763  585.430  2.90571
400 - 619.016  585.683  2.53747

200 602.349  847.875  814.541  2.53747
250  602.701  847.595  814.261  2.02437
Collusion 300 602935 847.409  814.075  1.68387
350  603.101  847.276  813.943  1.44143
400 603.226  847.177  813.844  1.26001
200  602.097 817.169  780.132  2.90571
250  602.500 816.951 779914 231722
Nash 300 602.768  816.807  779.770  1.92696
350 602959 816.704  779.667  1.64920
400  603.101  816.627  779.590  1.44143
200 601.963  820.546  780.473  2.88469
250 602364  820.320  780.256  2.30050
Stackelberg 300  602.630  820.170  780.111  1.91308
350 602.819  820.063  780.009  1.63734
400 602960 819.983  779.932  1.43107

powers of the retailers as y,; = p,, = 0.25. Also, as the decrement in profit of the
retailer 2 is higher, risk attitudes of the manufacturer and the retailers are taken as
A, =11, 4., =18 and A,, = 2.0. Then profit shares to the manufacturer and the
retailers are obtained as 4592.79, 3757.74 (€ T)), and 4175.27 (€ T,), respectively.

5 Sensitivity analysis

In this section, we discuss the sensitivity of some key model-parameters to inves-
tigate the effect of those parameters on the optimal results. We change the value of
one parameter at a time and keep other parameter-values unchanged. Here, we con-
sider the parameter-values given in data Set 2. Tables 5 and 6 represent the effect of
green investment cost coefficient A and that of the adjustment factor k, respectively
on the optimal decisions in all policies, and Figs. 3 and 4 represent the sensitivity
of the parameters A and k, respectively on the profitability of the channel members.
Figure 5 represents the joint effect of green level floor 6, and emission cap E on the
total profit of the supply chain.

It is obvious that a higher value of 4 has negative effect on the greening level of
the product i.e. if A increases, the greening level of the product decreases. The rea-
son behind this result is that when A increases, the green innovation related cost also
increases. In order to maintain profit intact, the manufacturer has no option without
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Fig. 3 Profit change w.r.t. 4

reducing the greening level of the product. Therefore, for higher value of A, the
greening level of the product will be lower. Table 5 shows that for lower values of 4,
the greening level decreases rapidly. As a higher value of A lowers the greening level
of the product, the manufacturer gets lower government subsidy, which may affect
its profitability and this forces the manufacturer to increase the wholesale price of
the product.

In the centralized policy, since there is a single decision-maker, the selling price
of the product increases. However, in other policies, the customers refuse to buy the
lower green product at a higher price. So, the retailers decrease the selling prices to
increase the demand and keep the profit intact. For a lower value of A, as the green-
ing level changes drastically, the selling prices also decrease faster. When the value
of A increases, the rate of decrease becomes slower. As the manufacturer charges a
higher wholesale price for a lower green product, and a lower green product causes
lower government subsidy, the profit of the manufacturer decreases. Although the
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Table 6 Sensitivity of the

optimal results with respect to k Policy k " P1 P2 0
01 - 619.158  585.825  2.97548
03 - 618.824 585490  3.18667
Centralized 0.5 - 618.425  585.092  3.39898
07 - 617.961  584.628  3.61252
09 - 617.433  584.099  3.82738

0.1 603.070 847.292  813.959  1.47722
03 603.018 847.358  814.025  1.58043
Collusion 0.5 602935 847.409 814.075  1.68387
0.7 602.821 847.444  814.110  1.78756
09 602.675 847.463  814.130  1.89151
0.1 602988 816.751  779.714  1.68996
03 602.8906 816.789  779.752  1.80830
Nash 0.5 602.768  816.807  779.770  1.92696
0.7 602.605 816.804  779.767  2.04595
09 602405 816.781  779.744  2.16531
0.1  602.844  820.109  780.054  1.67781
03 602755  820.149  780.093  1.79530
Stackelberg 0.5  602.630  820.170  780.111 1.91308
0.7 602469  820.171  780.110  2.03120
09 602272  820.151  780.088  2.14968

selling prices are lower, due to lower green product, the demand at the retailers’ end
decreases. As a result, the profit of each retailer decreases. Hence, the overall profit
of the supply chain decreases (Fig. 3).

From Table 6 we note that the adjustment factor has a positive impact on the
greening level and it can improve the greening level rapidly. A higher value of the
greening level helps the manufacturer to get more government subsidy and so s/he
can decrease the wholesale price. The rate of decrement of the wholesale price is
slightly higher in Nash case. In the centralized policy, the higher greening level of
the product helps the decision-maker to obtain higher government subsidy. So, the
selling prices of the product decrease as k increases. Due to the improved greening
level of the product, the retailers can increase the selling prices up to a certain level
of k. After that, although the greening level increases with k, the selling prices of
the product decrease. This result is similar to that of Yang and Xiao (2017). The
reason behind this result is that higher selling prices of the product may decrease the
market demand and this may harm the profit of the retailers. So, the retailers cannot
increase the selling prices infinitely with the greening level; they have to decrease
the selling prices of the product after a certain level. Therefore, under strong gov-
ernmental intervention, the conflict between the selling prices and the greening level
of the product tends to reduce. This shows that increasing the adjustment factor is
beneficial to both customers and the environment. An improved greening level and
lower selling prices of the product increase the market demand, which increases the
profits of the manufacturer, the retailers, and the whole supply chain. The rate of
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increment of the retailers’ profit is higher than those of the manufacturer and the
whole supply chain (Fig. 4). From this outcome, one can easily comment that even if
government subsidy is given to the manufacturer, with the issue of higher greening
level with higher adjustment factor, the retailers actually get more profit.

Among the four decentralized policies, as the total profit of the supply chain is
higher in Nash policy and lower in Collusion policy, we consider the joint effect
of green level floor 6, and carbon cap E on the total profit of these two policies
and the centralized policy in Fig. 5. As the green level floor increases, the green-
ing level of the product also increases. As a result, the market demand increases.
The total profit of the supply chain increases as the green level floor increases up
to a certain value. After that, although the green level floor increases, the total
profit of the supply chain begins to decrease. The reason behind this result is that
up to a certain level of the green level floor, the increased profits as a result of
increasing customer demand outweigh the green investment costs. After that, an
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increase in retail price due to higher green product reduces the market demand.
Again, the manufacturer has to invest more money to produce the higher greening
product. This reduces the profit of the manufacturer, retailers, and the whole sup-
ply chain. A carbon cap also has a positive impact on the total profit of the sup-
ply chain. As the carbon cap increases, the manufacturer gets the license to emit
more and produce more products. Due to higher production, the selling prices
of the product become lower, which increase the market demand. A higher mar-
ket demand improves the profits of the manufacturer, the retailers, and the whole
supply chain. But due to environmental issues, the manufacturer should produce
higher green product, and to do so, the government should lower carbon cap.
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6 Managerial implications

In this section, we present some significant managerial implications for the sup-
ply chain under consideration. From the discussions of the numerical results given
above, we have the following important observations:

1. Green innovation investment cost has a negative impact on the greening level and
profits of the supply chain members and the whole supply chain.

2. A higher value of adjustment factor not only increases the greening level of the
product, but also decreases the selling prices of the product. This can reduce the
channel conflict between the greening level and the selling price. A higher value
of the adjustment factor becomes beneficial to the manufacturer, the retailers, and
the customers too. This outcome is similar to the result of Yang and Xiao (2017).

3. The government should set a higher value of green level floor to promote green
product development as it has a positive impact on the greening level of the prod-
uct.

4. Profits of the manufacturer and the whole supply chain become higher when the
retailers work independently than those of the case when they work cooperatively
or they play the Stackelberg game between them. But retailers can get higher
profits only when they agree to work cooperatively, and the difference between
their basic markets is sufficiently low. The retailer with a larger basic market can
get higher profit.

5. In the case of the same basic market, if the retailers play the Stackelberg game,
the follower gets higher profit. So, for the retailers, it is beneficial to become a
follower than leader when the basic market remains the same.

6. When the retailers work in Collusion scenario, they charge higher selling prices
than other scenarios. When they work in Nash scenario, the opposite situation
occurs. This result is similar to the result of Yang and Zhou (2006).

Firstly, the retailers get higher profit when they work cooperatively, and the differ-
ence between their basic markets is sufficiently low but their conflicting (Nash) situ-
ation is beneficial to the manufacturer, the customers, and the whole supply chain.
If a mechanism (here transfer payment mechanism) is developed in which the retail-
ers always agree to work independently, it will be beneficial. Secondly, although a
higher value of the green level floor increases the greening level of the product, it
affects the profit of the manufacturer. So, a green investment cost sharing contract
can encourage the manufacturer to undertake green manufacturing. Thirdly, the
nonoccurrence of governmental intervention and CTP decrease the greening level
and increase the selling prices of the product. The government sector should discuss
about the awareness of environmental issues (GHG emissions, global warming) so
that the manufacturer and retailers can agree to obey the governmental intervention
and CTP. Lastly, in order to address the environmental issue, a comparatively high
adjustment factor and green level floor should be set by the government to motivate
the green innovation without worrying about the profit of the supply chain. A higher
level of information sharing also helps to increase the overall profit.
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7 Conclusions and future research directions

In today’s competitive business environment, many manufacturing companies con-
sider the greening level of the product as an important factor due to the growing
environmental awareness of consumers, and there are many retailers for selling these
products. Due to the presence of multiple retailers in the market, there is competi-
tion among them. Keeping this in mind, this paper presents a two-echelon CLSC
model consisting of one manufacturer and two competing retailers. The centralized
and manufacturer-led decentralized policies are developed. Further, the manufac-
turer-led decentralized policy is studied under retailers’ different strategies such as
Collusion, Nash and Stackelberg game policies under governmental intervention and
CTP to find the optimal selling prices and greening level of the product. For ana-
lytical comparison of the optimal results, a special case is considered in which the
retailers face the same basic market. A transfer payment mechanism is developed
so that the channel members can achieve Pareto improvement. From the analytical
comparison and numerical study, we have the following observations which are also
the answers with regard to the questions prescribed in the introduction section: (1)
Among the three different behaviors of the retailers, the Nash behavior is beneficial
to the customers, the manufacturer, and the whole supply chain but Collusion behav-
ior is beneficial to the retailers only when the difference between their basic markets
is small enough. (2) When both the government subsidy and carbon cap are consid-
ered, the policy becomes profitable to all the channel members. (3) In case of the
retailer-led Stackelberg game, the leader cannot always get higher profit; they can
get a higher profit only when the basic market is higher. If the basic market remains
the same, it is beneficial to be follower rather than leader.

Although this work is well-sustained by the literature and it integrates govern-
mental subsidy and carbon cap, similar to other works, there are some limitations
due to some assumptions which can be relaxed in future research. In this paper, we
have assumed deterministic demand. One can extend this work by assuming stochas-
tic demand. We have assumed only manufacturer-led decentralized policy. Consid-
eration of other decentralized policy can be an appropriate extension of this work.
One can also use different types of contract for supply chain coordination. We have
considered a single manufacturer and two competing retailers. So, consideration of
multiple manufacturers, multiple retailers, or multi-period scenarios would be useful
for future study.

Acknowledgements The authors are sincerely thankful to the Editor, the Associate Editor and anony-
mous reviewers for their helpful comments and suggestions on the earlier version of the manuscript. The
funding was provided by University Grants Commission (F.No. 16-9(June 2017)/2018(NET/CSIR)) and
Council of Scientific and Industrial Research (Grant Number 25(0282)/18/EMR-II).

@ Springer



890 C. Mondal, B. C. Giri

Appendix
Proof of Proposition 1

The profit function for the manufacturer is given by
I0,,(w,0) = wD + sD — ¢, (D — Dg) — (¢, + Ag)Dg — c,(E,, — E) — 16*
The profit function for the retailer i is given by
I,,(p,) = (p; —w)D;, i = 1,2.
So, the profit function of the centralized policy is given by

IV(py,py. 0) = p,D; + poDy + 5D — ¢,(D — Dg) — (¢, + Ag)Dy — ¢ (E,, — E) — 26>
=p\ Dy + Dy + (P10 — ¥)[(a, + ay) — (@ — f)(p; +p,) + 270 + ¢ E — 16>
where ¥, = kb, +c,w, ¥, =c¢,, + k0§ — Cyt + c ..

m

Now,
J 27171/
o =a; —2ap; +28p, + (r — (@ — B, )0 + (a — )¥s, I _ o< 0,
op; op;
J 217/
o =a, —2ap, +2fp; + (y—(a—ﬂ)‘}’l)¢9+(a—ﬂ)‘{‘2, o _ —2a <0,
op, op;
or v .
T (r = (@ = BY)) ) +py) + @y =200 — 2y¥,, = —2A+4y¥, <0, if 1> 2y¥,,
i i v
3 =2 —— =y—(a=-pP¥;, — =7 - (a - pPV¥,.
P10Ps 0p,06 0p,08

The corresponding Hessian matrix is given by

9*1TV 1T 1

‘;’2'%, 312}1(31)2 %@H’IH —2a 2p y —(a— PY,
H={ oo o o | = | 2# — 2 v (a=pY,

I P faid y—(a-p¥, yv-(a-pY¥, -2+ 4yY¥,

209p, 209p, 90

Now, the leading principle minors are M, = —2a <0, M, = 4(a* - p*) > 0 and
|H| = 4(ax + ﬂ)[‘l‘% —2Ma—-pP)] <0if 1 > z(jjﬂ). Thus, the Hessian matrix is nega-
tive definite if

p2 . . . . .
A> max{qu’l,z(ajﬂ)}. Using the first order conditions for optimality i.e.
o _ oY _ o’ . . . .
Pl 0, Pl 0 and - = 0, the optimal values of the decision variables can be
1 2

obtained as given in Proposition 1.
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Proof of Proposition 2

Solving the equations % =0 and 3;1' = 0 simultaneously, we get the optimal
1 2

solution as

_ aa+ap+(a+plla—pw+y0]
P = > 5 , wherei=1,2j=3-1.
[2(a* — )]
Substituting these values in the manufacturer’s profit function (1), we get the profit
function of the manufacturer as follows:

(a; +ay) — 2((a - Pw— yé’)

MC(w, 0) = (w+¥,0 — ¥,) > +c,E — 16

Now,

0Hi 1 aZHS

—Zt=3 lay +a, +2(r0 — (@ = p)2w + ¥,6 — V)], o2 =~ Ha=p) <0,

orc

=5 =3 [—440 + (a) + a))¥) + 2y (¥,0 — W) + 2w (y — (a — P)¥,)].

aznc 02HC

S = AV <0ifA>y¥, o =y — (@ = pY,.

The corresponding Hessian matrix of the manufacturer’s profit function is given by

9%11¢ 9%11¢
- " —2(a—p) y—(a—=pY¥
- a2 owdd | — 1
H <02an 0¥VH§> <y—(a—ﬂ)‘{’1 —2A+2y%,

200w 002
T, . 2 . 2
Now, T will be negative if A > y¥, and |H| = 4A(a — f) — ¥5 > 0if 1 > P

Therefore, the Hessian matrix corresponding to the manufacturer’s profit function
2

will be jointly concave w.r.t w and 0 if A > max{y¥,, 4(:‘_iﬂ) }

Using the first order conditions for optimality i.e. % =0and %’ﬁ = 0, the optimal
decisions of the manufacturer can be obtained and putting these decisions in retailers’
profit functions the optimal decisions of the retailers can also be obtained, which are
given in Proposition 2.
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Proof of Proposition 6

oV — 22¥5(a = p)’la — (a = )¥,]

6 —
25,[24(a - f) - P2
oV gf = 22t Pla— PP Ysla - @— p¥al o
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23,

Proof of Proposition 7
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