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Abstract: Stakeholders such as governments, NGOs and customers have made businesses to consider
sustainable practices in their operations. Achieving sustainability goals, such as for e.g. carbon emissions
reduction often requires coordinated efforts between firms across different echelons in supply chains. This
paper aims to study this issue of sustainability efforts by firms in a two-echelon supply chain where pricing
decisions are also in mix along with emission reduction policy decisions. We consider a channel in which
a manufacturer sells through a retailer where retailer is the dominant firm. Both the firms can put efforts to
reduce their respective emission levels. We model a Stackelberg game where retailer as the leader
determines its retail price (margin) and its emission reduction efforts and the manufacturer responds by
determining its wholesale price and its emission reduction effort. The consumer demand is sensitive to retail
price as well as total supply chain wide emissions. We also solve the problem of a centralized decision
maker which serves as a benchmark solution. We obtain optimal equilibrium policies and obtain useful
managerial insights both through analytical as well as numerical means including the sensitivity of optimal
decision variables w.r.t. various exogenous model parameters. We find that in the centralized channel the
overall sustainability efforts are higher and in addition the consumers also pay a lower retail price in the
centralized channel compared to a decentralized one.
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1. INTRODUCTION

Increasing pressures from governments, customers and non-
profit organizations have made firms to put in greater efforts
to strive for sustainability in their supply chains (Seuring and
Miiller, 2008, Carter and Easton, 2011, Gold et al., 2010,
Klassen and Vachon, 2006). Sustainability cannot be achieved
without strong collaboration between supply chain partners
towards sustainable activities. Many firms have started to work
with their suppliers and customers in the whole supply chain
towards this objective. There are examples such as Walmart,
Avon, Safeway and Target which have re-structured their
relationship with their suppliers. In this partnership, suppliers
are responsible for sustainable innovation and obtaining
environmental standards. Target started collaboration with its
suppliers to reduce total supply chain carbon emission by 30%
by 2030 with respect to the 2017 emission level (Target, 2019).
It is challenging to find a win-win situation for all the
participants towards the sustainable developments in the
supply chains and therefore it is important to understand the
factors which may incentivize the firms in a supply chain to
invest in reducing their emissions. In line with the Paris
Agreement, there is a target to be climate neutral by 2050
which means establishment of an economy with net zero
emissions (European-Commission 2021). For instance, the UK

government has considered Emissions Trading Scheme (ETS)
to reduce emissions. This scheme is based on cap-and-trade
principle which contributes to Net Zero emissions target by
2050 (BEIS 2021). These types of governmental regulations
and schemes will assist in transition for businesses to reduce
their emissions. However, achieving net zero emissions will
require supply chain wide efforts by firms along with effective
collaboration between firms at different echelons.

This motivates us to explore incentives behind different firms’
actions to reduce supply chain wide carbon emissions. We
consider a two-echelon supply chain consisting of a
manufacturer and a retailer where the retailer is the dominating
firm in the supply chain. We develop a game-theoretic model
where both members put efforts to reduce their emissions
while trying to maximize their profits. We look to address the
following research questions:

1) What are the optimal pricing and emission reduction
strategies of the two firms in the supply chain and how do these
depend on various exogenous model parameters?

2) How do the optimal price and the overall emission levels
compare to a benchmark case of a centralized supply chain?
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3) What are the incentives of different firms towards reducing
the emission levels?

2. SUMMARY OF BACKGROUND LITERATURE

While our work is related to the larger stream of literature in
sustainable supply chain management, in this section we focus
on papers on game-theoretic models in sustainable supply
chain management. Table 1 summarizes such models and
highlights key differences along between our paper and these
existing models along with our contribution. To summarize, to
the best of our knowledge, except for Xia et al. (2021), this is
the only work that considers the following important and
relevant features in game theoretic model for sustainable
supply chain management: i) sustainability efforts by both
manufacturer and retailer, ii) a retailer led game structure
where the retailer is the dominating firm in the supply chain,
and iii) where prices are also included as decision variables for
both the players (wholesale prices for the manufacturer and
retail price for the retailer). One key difference between this
paper and Xia et al. (2021) is that we also consider government
policy in terms of carbon taxation on the emissions level
whereas Xia et al. (2021) do not consider that. Furthermore, in
an extension of this work, we focus on collaboration between
two firms in sustainability whereas the focus of Xia et al.
(2021) is on cross-ownership between two firms in general.

Table 1. An overview of related literature.

Effort in a
two-echelon | Prici
Game supply chain ng
Papers Struct | BY deci
ure* sion
Manufa Ret s
aile
cturer
r
(Xu, Chen, and Bai
2016) RS \ \
(Bai, Chen, and Xu
2017) MS R
(Dai, Zhang, and Tang
2017; Ghosh and Shah
2015; Xu et al. 2017,
Yuyin and Jinxi 2018; MS v v
Wang, Brownlee, and
Wu 2020)
RS
(Yang and Xiao 2017;
Chen, Wang, & Chan | MS v \
2017)
VN
(Swami and Shah 2013) [ MS [V R
(Xia, Zhi, and Wang MS N N N
2021) RS
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Effort in a
two-echelon | Prici
Game | Supply  chain ng
Papers Struct by deci
ure* sion
Manufa Ret s
aile
cturer
r
(Yenipazarli 2016) RS N N
(Taleizadeh, Alizadeh-
Basban, and Sarker
2018; Wang, Zhao, and
He 2016; Heydari, RS v v
Govindan, and Basiri
2020)
RS
(Sang 2019) MS |V \
VN
This paper RS N N N

RS: Retailer Stackelberg, **
“VN: Vertical Nash

MS: Manufacturer Stackelberg, and

3. MODEL DEVELOPMENT, ANALYSIS, AND
RESULTS

We consider a two-echelon supply chain consisting of an
upstream manufacturer who sells products to a downstream
retailer, where the retailer has greater bargaining power. Both
firms put efforts to reduce their carbon emissions and make
decisions to maximize their own profits. Table 2 denotes the
relevant notation used in this paper.

Table 2. Notation.

Notation | Description
p Unit retail price of the retailer
c Unit production cost of the manufacturer
w Unit wholesale price of the manufacturer
m Unit margin of the retailer
€mo Initial total carbon emission of the manufacturer
Manufacturer greening effort level, considered to
" be equal to the reduction in manufacturer
m emission. Thus, final emission level is: e,,; =
€mo — Um. Where Uy, €, =0
ero Initial total carbon emission of the retailer
U, Retailer greening effort level, considered to be
equal to the reduction in retailer emission. Thus,
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final emission level is: e,; = e, — u,. Where

Up,€erq =0
T Manufacturer cost of greening effort
tm Manufacturer greening effort cost coefficient
T, Retailer cost of greening effort
t, Retailer greening effort cost coefficient
o Carbon emission tax coefficient
a Baseline market demand constant

B Sensitivity of the customer demand with respect
to the price, f = 0
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3.1 Centralized channel

Equation (1) represents optimization problem of a centralized
decision maker who determines optimal retail price and
greening efforts to maximise total supply chain profit.

max [ (P, U, Uy)] where M
P UmUr

T[sc(pl Um, ur) = (p - C)(a - ﬁp + y(um + ur))
- tmurzn - trurg - 0-(emo - um)
- U(ero - ur)
The optimal results of retail price, manufacturer greening
effort, and retailer greening effort are shown in Table 3.

Table 3. Equilibrium results of centralised channel

a subscript/superscript

Furthermore, we include the following features/assumptions in
our model.

i) Demand is decreasing in retail price (p) and increasing in
total sc greening effort (u,, + u,). Therefore, Demand = D =
a—Pp+yu,+u,). See, for e.g., Yenipazarli (2016),
Ghosh and Shah (2015) and Swami and Shah (2013).

ii) The cost of effort is proportional to the square of the effort,
and therefore accounts for the diminishing marginal returns
from investments in sustainability efforts of the two firms. See,
for e.g., Swami and Shah (2013), Ghosh and Shah (2015) and
Liu, Anderson, and Cruz (2012). It means that: Ty, = t,,u2,
and T, = t,u?.

iii) Carbon tax that each firm has to pay is proportional to the
emission level. Hence: Tax,, = c(epo — Uy) and Tax, =

U(ero - ur)-

iv) Without any loss of generality, we assume that the unit
manufacturing cost at the manufacturer’s end (c) is zero. The
model can be easily modified to consider a non-zero-unit
manufacturing cost but that will not have an impact on the
insights that we attempt to obtain.

Sensitivity of the customer demand with respect | Model Beg s;)(;n Optimal Results
14 to the total supply chain greening effort, y > 0 arablies
c Refers to a Centralised channel when used as a pe oy (tm + tr) + 2atit,
subscript/superscript Y2(—tm — t;) + 4B tyt,
d Refers to a Decentralised channel when used as a | Cenralized ue, _ ayt, + 2Bat,
subscript/superscript Y2(=tm — &) + 4Btnt,
m Refers to the Manufacturer when used as a ue ayty + 2foty,
subscript/superscript ’ y2(—t, — t.) + 40t t,
, Refers to the Retailer when used as a
subscript/superscript ) ) ) )
The results in Table 3 are obtained by simply applying first-
sc Refers to the overall Supply Chain when used as | order conditions in maximization w.r.t. the decision variables.

The second order conditions can be verified as the
corresponding Hessian matrix can be shown to be negative-
definite

3.2 Decentralized channel

Here, the retailer being the leader, first decides its retail margin
(p* — w?) and its greening effort (u%) to maximize its profit.
The manufacturer, in response, determines the wholesale price
(w®) and its greening effort (u,) given the retailer’s optimal
decisions. Equation (2) expresses manufacturer’s profit
function.

max|[m,,(w, u,,)] where )
W, Um
T (W, Up) = wla — f(m + w) +y(upt+u,)]
- tmurzn - 0'(€m0 - um)
Equation (3) shows retailer’s profit function.
max|[m,.(m, u,)] where 3)
muy
nr(m' ur) =mla - p(m+w) + y(um+ur)]
— truf — o(ero — Uy)

The optimal results of the decentralized channel are listed in
Table . We use the standard backward induction approach to
solve this game.

Table 4. Equilibrium results of decentralised channel.
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Decision
Model Variable  Optimal Results
s
d oyty, + 2tut.a
w
(=2t — t)Y2 + 8Bty t,
pd Qtra +yo)(—=6Bty, +v*)
— 2 2
Decentralize 2B(=8Btmt, +yitm + 2y7t;)
d ud Zaytr + YZU
" (=2t — 4,)y2 + 16BLt,
d —ayty — 4oty +y%o
uT

=8Bt t, + V2it, + 2y%t,

To obtain the results in Table 4 we first solve the followe, i.¢c.,
manufacturer’s problem to obtain its optimal decisions given
retailer’s choice of its margin and sustainability effort. We
then use retailer’s optimal response to solve for the retailer’s
optimization problem.

3.3 Key results and findings.

Some key results and insights from our analysis are discussed
below.

Corollary 1: sensitivity of emission reduction efforts:

uS,, ud, uf and u¢ are increasing in y and o; and decreasing

inf,t, and t,.

Corollary 2: sensitivity of retail prices

p¢ and p? are increasing function in y and o; and decreasing
inf,t, and t,.

The results in Corollary 1 and 2 can be obtained by simply
analyzing the signs first derivative of optimal decision
variables w.r.t. different model parameters

Corollaries 1 and 2 indicate that when customers are more
conscious towards sustainability, or when the government’s
carbon taxation rate is higher, the firms put a greater greening
effort. However, the firms also tend to pass on the burden of
greater carbon reduction to customers and the customers pay a
higher retail price. On the other hand, the firms’ greening
efforts as well as retail prices are lower when customers are
more sensitive to price or when implementing green efforts is
more costly for the firms.

Numerical Analysis:

We also conducted numerical analysis to obtain further useful
managerial insights. We conducted numerical analysis for a
wide set of model parameters and summarize here some of the
key observations which may provide useful insights for firms
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as well as policy makers. These insights are summarized
below. Quite expectedly, we find that retail price in a
decentralized channel is higher than that in a centralized
channel. In addition, both the firms’ greening efforts are higher
in a centralized channel as compared to a decentralized one.
Thus, a centralized channel not only results in lower emissions
level but also lower price for the consumers. Finally, we find
that profits of both the firms are increasing in y and o; and
decreasing in S, t,, and t,..

4. EXTENSIONS AND FURTHER RESEARCH WORK

In an extension of the work presented in this paper, we
consider a model in which pricing are not decision variables
and firms focus only on their optimal emission reduction
policies and obtain some interesting insights. Furthermore, we
investigate the issue of collaboration between the two firms
and specifically model a cost sharing arrangement between the
two firms towards reduction of total supply chain emissions.

REFERENCES

Bai, Q., Mingyuan C., and Lei X. (2017). Revenue and
promotional cost-sharing contract versus two-part tariff
contract in coordinating sustainable supply chain
systems with deteriorating items. [International Journal
of Production Economics 187, 85-101. doi:
https://doi.org/10.1016/].ijpe.2017.02.012.

BEIS. 2021. Participating in the UK ETS. Department for
Business, Energy & Industrial Strategy, Accessed
October.
https://www.gov.uk/government/publications/participati
ng-in-the-uk-ets/participating-in-the-uk-ets.

Carter, C. R., and Easton P. L. (2011). Sustainable supply
chain management: Evolution and future directions.
International Journal of Physical Distribution and
Logistics Management 41(1) 46-62. doi:
10.1108/09600031111101420.

Chen, X., Wang, X., and Chan, H.K. (2017). Manufacturer and
retailer coordination for environmental and economic
competitiveness: A power perspective. Transportation
Research Part E: Logistics and Transportation Review
97, 268-81. doi:
https://doi.org/10.1016/j.tre.2016.11.007.

Dai, R., Zhang, J., and Tang, W. (2017). Cartelization or cost-
sharing? Comparison of cooperation modes in a green
supply chain. Journal of Cleaner Production 156, 159-
73. doi: https://doi.org/10.1016/j.jclepro.2017.04.011.

European-Commission. 2021. "2050 long-term strategy."
Accessed October. https://ec.europa.eu/clima/eu-
action/climate-strategies-targets/2050-long-term-

strategy_en.




Pouneh Arbabiun et al. / IFAC PapersOnLine 55-10 (2022) 1711-1715

Ghosh, D., and Shah, J. (2015). Supply chain analysis under
green sensitive consumer demand and cost sharing
contract. International Journal of Production Economics
164, 319-29. doi:
https://doi.org/10.1016/j.ijpe.2014.11.005.

Gold, S., Seuring, S., and Beske, P. (2010). Sustainable supply
chain management and inter-organizational resources: A
literature review. Corporate Social Responsibility and
Environmental Management 17 (4), 230-45. doi:
10.1002/csr.207.

Heydari, J., Govindan K.,, and Basiri Z.. (2020). Balancing
price and green quality in presence of consumer

environmental awareness: a green supply chain
coordination approach.  International Journal of
Production Research. 1-19. doi:

10.1080/00207543.2020.1771457.

Klassen, R.D., Vachon, S. (2006). Extending green practices
across the supply chain: The impact of upstream and
downstream integration.  [International Journal of
Operations & Production Management 26 (7), 795-821.
doi: 10.1108/01443570610672248.

Liu, Z., Anderson, T.D., and Cruz, J.M. (2012). Consumer
environmental awareness and competition in two-stage
supply chains.  European Journal of Operational
Research 218 (3), 602-13. doi:
https://doi.org/10.1016/j.ejor.2011.11.027.

Sang, S. (2019). The cost sharing contract of greening level
and pricing policies in a green supply chain. [AENG
International Journal of Applied Mathematics 49 (3), 1-
8.

Seuring, S., and Miiller, M. (2008). From a literature review to
a conceptual framework for sustainable supply chain
management. Journal of Cleaner Production 16 (15),
1699-710. doi: 10.1016/j.jclepro.2008.04.020.

Swami, S., and Shah, J. 2013. Channel coordination in green
supply chain management. Journal of the Operational
Research Society 64 (3), 336-51. doi:
10.1057/jors.2012.44.

Taleizadeh, A.A., Alizadeh-Basban, N. and Sarker, B.R..
(2018). Coordinated contracts in a two-echelon green
supply chain considering pricing strategy. Computers &
Industrial ~ Engineering 124, 249-75. doi:
https://doi.org/10.1016/j.cie.2018.07.024.

Wang, Q., Zhao, D., and He, L. (2016). Contracting emission
reduction for supply chains considering market low-
carbon preference. Journal of Cleaner Production 120,
72-84. doi:
https://doi.org/10.1016/j.jclepro.2015.11.049.

Wang, Z., Brownlee, A.E.I, and Wu, Q. (2020). Production
and joint emission reduction decisions based on two-way
cost-sharing contract under cap-and-trade regulation.
Computers & Industrial Engineering 146, 106549. doi:
https://doi.org/10.1016/.cie.2020.106549.

1715

Xia, Q., Zhi, B., and Wang, X. (2021). The role of cross-
shareholding in the green supply chain: Green
contribution, power structure and coordination.
International Journal of Production Economics 234,
108037. doi: https://doi.org/10.1016/1.ijpe.2021.108037.

Xu, J., Chen, Y., and Bai, Q. (2016). A two-echelon
sustainable supply chain coordination under cap-and-
trade regulation. Journal of Cleaner Production 135, 42-
56. doi: https://doi.org/10.1016/j.jclepro.2016.06.047.

Xu, X., He, P., Xu, H., and Zhang, Q. (2017). Supply chain
coordination with green technology under cap-and-trade
regulation. International Journal of Production
Economics 183, 433-42. doi:
https://doi.org/10.1016/].ijpe.2016.08.029.

Yang, D., and Xiao, T. (2017). Pricing and green level
decisions of a green supply chain with governmental
interventions under fuzzy uncertainties. Journal of
Cleaner Production 149, 1174-87. doi:
https://doi.org/10.1016/j.jclepro.2017.02.138.

Yenipazarli, A. (2016). To collaborate or not to collaborate:
Prompting upstream eco-efficient innovation in a supply

chain. European Journal of Operational Research 260.
doi: 10.1016/j.ejor.2016.12.035.

Yuyin, Y., and Jinxi, L. (2018). The effect of governmental
policies of carbon taxes and energy-saving subsidies on
enterprise decisions in a two-echelon supply chain.
Journal of Cleaner Production 181, 675-91. doi:
https://doi.org/10.1016/].jclepro.2018.01.188.




