Two-stage Green Supply Chains Considering the
Impact of Dynamic Subsidy Rates

Andi Lin"*, Wenkun Zhou?, Xinyue Li3

787898394@shu.edu.cn’ *, wenkunzh@sohu.com?, xinyueli@shu.edu.cn?

Shanghai University, 20 Chengzhong Road, Jiading District, Shanghai, China

Abstract. Nowadays, more and more companies are investing in the
development and production of environmentally friendly products. This paper
investigates a dynamic pricing strategy and a dynamic subsidization strategy for
a two-stage green supply chains containing a manufacturer and a retailer under
both centralized decision-making scenario and decentralized decision-making
scenario and investigates the investment behavior of manufacturer and the
pricing behavior of retailer. We find that not only does centralized decision-
making allow for greater efficiency at lower prices, but it also reduces
government efforts to induce manufacturers to produce environmentally
friendly goods. Firms also have more incentive to introduce discounts when
price reductions can better attract consumers, which allows firms to reserve
space for price reductions by raising the initial price of the product and gain
profit by this way. However, when consumers are more interested in the current
price of a product, the room for price cuts is therefore limited, which highly
constrain the capacity of obtaining benefits for the companies who produce
green products. This means that the government should choose the suitable time
period to provide subsidies in order to maximize the effectiveness of the
subsidies, and at the same time companies should choose whether or not to
offer promotions based on the type of customer.

Keywords: Green Supply Chain, Government Subsidies, Sustainable
Development, Energy Saving and Emission Reduction

1 Introduction

In recent years, with the continuous development of social and economic
development, people's living standards continue to improve, the social concerns of hot
spots also from high-speed development gradually changed to high-quality
development, and the ensuing "green", "ecological”, "energy saving" and other issues
gradually come into people's view. In order to enhance the competitive advantage of
enterprises and expand social influence, entrepreneurs also pay more and more
attention to the impact of their products and services on the environment!'l?], In the
automotive industry, for example, Lincoln, Volkswagen, Audi and other companies
have announced that they will cease production of fuel-efficient vehicles completely
or in some areas within the next 10 years., Companies such as BYD have signed

agreements to achieve a 30% share of zero-emission medium- and heavy-duty truck
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sales by 2030 and a 100% share of zero-emission medium- and heavy-duty truck sales
by 2040. At the same time, as the environment continues to deteriorate, governments
around the world are working to raise the environmental awareness of businesses and
consumers alikel*). Many countries and regions, such as Japan and North America, as
well as Europe, have taken a number of strong measures to increase the
environmental responsibility of producers !, At the same time, along with massive
energy consumption, carbon emissions, a major contributor to global warming, have
attracted the attention of countries around the world, and have led many to work on
carbon neutrality ). In order to achieve carbon neutrality, many countries have
adopted legislation and established relevant regulatory bodies [I7I¥], Research on how
to rationally guide enterprises to green production is of particular significance.

When talking about green supply chains, it is impossible to avoid the issue of
government guidance and subsidies, but it should be noted that government subsidies
are not static but dynamic. China's new energy vehicle industry, for example, the
relevant documents pointed out that, clearly "in principle, 2020-2022 subsidy
standards in the previous year, respectively, on the basis of 10%, 20%, 30%, the
public transport sector in line with the requirements of the vehicle 2021-2022 subsidy
standards in the mountain on the basis of a year of 10%, 20%"°). Most previous
studies have focused on the impact of static subsidies on a single supply chain, with
less consideration given to the impact of changes in subsidy rates and the resulting
price changes. This paper focus on what will change the willing of manufacturer to
invest in green products and how the pricing strategic of retailer will influence the
performance of supply chain while take the impact of the changing of subsidy rate.
Basing on this, we brings those issues into the study and makes the following main
innovations:

I.  To study the impact of changes in government subsidy rates in the two periods
before and after the establishment of a two-stage supply chain. The government
subsidy rate is often static in the existing domestic and international studies on
green supply chain, and the possible impacts of subsidy rate changes on the
supply chain are not considered. In this paper, we will try to fill this research gap
by establishing a two-stage supply chain model, comparing the impact of
different subsidy rates in different periods, and suggesting possible
recommendations for actual production management.

II.  Integration of dynamic production environments and the impact of dynamic
pricing. Most of the existing research on "dynamic supply chain" focuses only
on the dynamic production environment or the dynamic pricing strategy of
enterprises, but seldom considers the two together. However, the dynamic
production environment will inevitably cause the impact of firms' pricing, so it
is necessary to consider the two together.



2 Literature review

Many scholars at home and abroad have made many in-depth studies on green supply
chain decision-making and achieved a large number of research results. Ying Xie[12]
et al. constructed a model through the least squares method to investigate whether
government intervention can serve as an effective mechanism to promote public-
private partnerships between construction companies, thereby contributing to eco-
modernization through the adoption of green supply chain management. Caurla[13] et
al. modeled the impact of direct subsidies of alternative carbon prices on biomass
consumption to meet French biomass energy consumption targets. Hussain[14] et al.
and Cao[15] et al. considered government subsidies as financial incentives for firms
to reduce carbon emissions under a carbon trading system. Zhang[16] et al. suggested
that carbon trading systems can help advance renewable energy investments and
reduce the level of subsidies required. Fang and Ma[l7] suggested that the
Government could subsidize the more burdensome ETS to ensure that carbon
reduction targets were met. Lin and Jia[18] emphasized that giving more subsidies to
renewable energy companies could increase the effectiveness of carbon trading
mechanisms for renewable energy development. Yu[19] et al. noted that government
financial subsidies can be used to support research, development and deployment of
green technologies.

The studies above mainly focus on the impact of a particular policy on green supply
chains over a single period of time.

At the same time, many scholars have added comparisons between two periods to the
study of supply chains. Li and Ma[20] proposed a Stackelberg dynamic model of a
dual sales channel supply chain with online and traditional channels. Shi[21] et al.
compared the rational Stackelberg game and the dynamic duopoly game models.
Ding[22] et al. focused on discrete and dynamical systems for duopoly games with
heterogeneous players. Xu[23] et al. studied a differential game model in which the
carbon reduction of a product is influenced by the manufacturer's greening efforts.
Jiang[24] et al. provided a dynamic game model for modeling advertising competition
considering promotions. Lou and Ma[25] examined the Stackelberg dynamic game of
household appliance supply chains and considers marketing efforts and carbon
reduction. Zhou and Ye[26] modeled a dual-channel supply chain based on a
differential game model, focusing on carbon reduction strategies. However, most of
these studies have only considered changes in product prices and to a lesser extent the
impact of changes in government subsidy rates on supply chains.

Based on the above shortcomings, this paper constructs a two-stage green supply
chain that integrates the impacts of changes in government subsidy rates as well as
changes in product prices. The third subsection of this paper describes how the
mathematical model is constructed, numerical experiments are conducted to obtain
the results in the fourth subsection of this paper, and a conclusion is made in the fifth
subsection.



3 Mathematical models

Table 1 .Symbols in this paper.

M Manufacturer
R Retailer
Wi Wholesale price at stage i l =12
’ j=B,E
Retail price at stage i in model i=12
Dji i j=B,E
Carbon emissions reduction of
6 green products compared to 0<o<1
traditional products
L The greening cost coefficient >0
a Total potential market demand
b The demand sensitivity

coefficient to the retail price
Price elasticity of demand for
k the product review from the 0<k<b
last stage to the current stage
The demand sensitivity

A coefficient to the greening A1>0
levels
"y Profit function for participant j i=12 j=RM
Li in stage i in model 1 l=BE
The amount of subsidies
S; granted by the government in i=12
stage i
s; Subsidy rate for phase i 0<sf<1
Investment decision variables
X1 for manufacturers' green R&D x; =01
Investments
e Carbon emissions per product

The carbon price in carbon
emission trading market

The supply chain in this paper consists of the government, the manufacturer (M), and
the retailer (R). At the beginning of the first phase, manufacturers face a consumer
market with primary demand of a. In this problem, we suppose that the market
demand D; depends on the greening levels, the difference between the previous and
the current stage selling price, and the current selling price.

The government firstly determines the rate of subsidy s;. In the actual problem, the
manufacturer does not choose the degree of energy efficiency and emission reduction
of the product, but rather chooses to invest in a technology and eventually acquire it
after paying a certain amount of R&D costs. Thus, the manufacturer will decide
whether or not to invest in R&D (x=1 or x=0) to reduce the carbon emissions of its
products and the wholesale price wy of its products after government. Following Liu,
Anderson[27], and Ma, Wang, and Shang (2013)[28], we suppose the additional cost

. . BoO? . S
in every stage is ﬁT evenly where @ is the greenness of the product which is equal to

the carbon footprint that green product can reduce compared to conventional products
and S is the greening cost coefficient. If the manufacturer chooses to invest in R&D,



it will sell green products in the following phases 1 and 2, and if it does not choose to
invest in R&D, it will sell non-green products. After observing the manufacturer's
decision, the retailer will choose its own retail price p; - At the beginning of the
second phase, governments, manufacturers, and retailers will re-select their decision
variables s,, w, and p,. That is to say, the manufacturer plays a Stackelberg game
with the retailer and the manufacturer is the leader of the game. For simplicity and to
make the study more relevant, the following hypotheses are proposed:

I.  R&D is not time-consuming. Manufacturers can start producing green products
as soon as they have made the investment decision and paid the corresponding
R&D costs.

II.  Supply and demand are in balance. All products produced in each period can be
sold out and the participants in the supply chain face a given market with a
constant overall market demand a.

III. Demand is a linear function based on the price of the product, the greenness of
the product, and the degree of price change.

Accordingly, the market demands for two stages can be shown as follows,
respectively:

D =a—bp; +x, A0 (D
D, =a—bp, +x; A0 — k(p, — p1) (2)

where b is the demand sensitivity coefficient to the current price of the product.
Obviously, consumers' desire to buy decreases as prices rise, thus b > 0. A1is the
demand sensitivity coefficient to the greening levels in retail and direct channel, as
well as the green awareness. Following the study before us, we suppose that as the
carbon footprint of a product decreases, the product becomes more environmentally
friendly, then consumers are more likely to buy it. Besides, consumers who have
higher green awareness are more willing to pay for the environmentally friendly
products. k is the price elasticity of demand for the product review from the last stage
to the current stage. That is to say, promoting this behavior may stimulate
consumption. And we suppose that 0 < k < b to make sure the consumers care more
about the current price of a product. All symbols appearing in this paper are
summarized in Table 1.

3.1 Basic model without government subsidies

3.1.1 Decentralized decision-making

Under decentralized decision making, the manufacturer and the retailer are two
different decision makers who make decisions for the purpose of maximizing their
respective profits. In the first stage, the manufacturer chooses whether to invest in
green R&D and determines the wholesale price of the product w,, the investment
decisions are expressed as x; = 0,1.Their profits are affected by the price of the
product p; and product Greenness 8 .If choose to invest, the manufacturer will



produce environmentally friendly products with greenness 6 in the next two phases,
and pay for $62 Retailers then choose retail price p; as followers.

In the second stage, the retailer's decision objective and decision variables are the
same as in the first stage. The manufacturer's decision objective remains unchanged,
but it only needs to choose the wholesale price of its product, and its profit is affected
by the degree of price change p, — p; . Multiply the quantity demanded in equation
(1) and (2) by the unit price to get the total profit

With the assumptions above, the profit functions can be expressed as follows:

my = (a—bpy +x; A0)w; + [a — bp, + x40 — k(p, — p1)lw, — x,86%  (3)

nf = (a = bpy + x,20)(py — w,) + [@ — bp, + x40 — k(p, — p1)] (P2

— w2) (4)

Where k < b, to ensure that consumers will be more sensitive to the price of the

product itself rather than to changes in the price of the product. And w; < p; to ensure
that retailer’s sales practice can be profitable.

By solving Eq. (3) and Eq. (4), we get
Proposition 1 :Optimal pricing:
., (a+ A0x,)(6b? + 7bk — k?)
PL =T (4b? + 4bk — k?)
(a + 18x,)(6b? + 5bk — k?)
2b(4b?% + 4bk — k?)

p; =

Proposition 2 :Optimal profit:
¥ = (a®b + a’k + 2abAOx; + 2akA8x; — 4Bb%0%x, + bA?0%x,% — 4BbkO?x,
+ kA202x,% + 3k2A0pyx, + Bk2602x,)/(4b% + 4bk — k?)
Re _ (b + k)(a+ A6x,)?
5 = 3(4b? + 4bk — k?)

3.1.2 Centralized decision-making

Under centralized decision-making, manufacturers and retailers are controlled by the
same decision-maker or group. In this scenario, the decision-maker aims to maximize
the overall benefits of the supply chain when making decisions. the profit functions
can be expressed as follows:

x,56?
nf =l + nf = (a — bpy + x,40)p, — 12 (5)
X, 80?
n§ =y + 5 = [a—bp, + x,20 — k(p, — p)Ips — 12 (6)

By solving Eq. (5) and Eq. (6), we get

Proposition 3 : Optimal pricing



cv _ (@+20x1)(2b + 3k)
PU = ""4b2 1 4bk — k2
o (a+29x,)(2b + k)
P2 = "4h2 + 4bk — k2
Proposition 4 :Optimal profitability
% = (2a®b + 2a%k + 4abA0x, + 4aA0kx, — 48b?6%x, + 2bA?*0%x,?
— 4Bbk6%x, + 2220%kx,? + Bk?6%x,)/(4b% + 8bk + 3k?)

Proposition 5 : Investment intention

Make Wy=ni'(x=1)—-n¥*(x=0) and W§=n5x=1)—n5x=0)
reparents the investment intention to research on green products of the supply chain
under decentralized decision-making situations and centralized decision-making
situations in the basic model respectively. Obviously, investment behavior will occur
when W > 0. By the calculation before, we get:

__ 6(-4B6Ob2+6bA?+2abA—4PObk+A20k+2alk+pOK?)

a %% we =
) B 4b2+4bk—k? Ve
0(-4BOb%+20bA%+4abA—4pObk+22%0k+4alk+POk?) WE — W = A0 (b+k)(2a+16) >0
4b2 +4bk—k? » "B B ™ 4p2t4bk-k2
b) ows _ awp _ 16(2a+20)(4b%+8bk+5k?) <0
20b  9b (4b2+4bk—k2)2

0 owg§ _ 9Wp _ A6k(2a+20)(2b+k) >0
20k ok (4b2+4bk—k?2)2

Proposition 5 (a) and (b) shows that compared with decentralized decision-making
model, centralized decision-making model will make it easier for the supply chain to
invest in green products.

Proposition 5 (c¢) and (d) shows that manufacturers' willingness to invest in research
and development of green products declines as consumers' price sensitivity rises, but
rises as consumers' sensitivity to price changes rises.

Proposition 6:

— aa* * C — ,,C* C* M _ _M* Mx R _ . Rx
MakeAp = p; —p3» Ap" =pi" —p; ,Ang =Tg; — Mgy ATp =gy —

Mho ATy = Mgy — TR

c _ __ 2k(a+16xq)
a) Ap" =Ap= 4b2+4bk—k?

k2(b+k)(a+10x,)? c _
vz < O AT =

W o_ _ b+ @+a0x,)?

>0,Amg = 2b(4b2+4bk—k2)

_4k2(b+k)(a+/19x1)2 <0
(4b?%+4bk—k?)?

<0,AnE =

b) a1 _ (a+A0x1)(24b%+56b3k+22b%k%-8bk3+k*) 0 a3 _
ob 2b2(4b2+4bk—k2)? ’ 9b
_ (a+210x1)(24b*+40b3k+14b%k?—8bk3 +k*) <0 00p _ _ 4k(a+26x1)((2b+k) <0
2b2(4b2%+4bk—k?)?2 " ab (4b2+4bk—k2)2
o ang _ Zﬂ _ 4 9mE _ _ 2(a+A0x1)*(4b*+8bk+5k?) <0 Ty _
b ob b (4b2+4bk—k2)?2 ’

dob



k(a+10x1)%(8b3+16b%k+8bk2—k3)
2b2(4b2%2+4bk—k2)2
4k2(a+;19x1)2(12b2+20b k+9bk2)2
(4b2+4bk—k?)3

aAng _ 46An§ _
ob ob

>0,

>0

ap; a+A0x1)(4b%+4bk+3k? op; a+A0x1)(—4b%+4bk+k?
d) i fanon) )5 0,20 _ faxtom) ) when k<
ok 2(4b2+4bk—k?2)2 ok 2(4b2%2+4bk—k?2)2
ap; op3 dAp
(2\/2—2)1) S E<O’ when (2\/?—2)b<k<b , E>O’E_
(a+A0x1)(4b%+k?) >0
(4b2+8bk+3k?2)2
&) an§ 2 anM 4an§ _ 2k(2b+k)(a+26x1)? >0
ap " ab T 8b  (4b2+4bk—k?2)2
k% 7k k% sk
) Opy _ apt5 3P opy _ ~3pt5 3P dbp _ k >0
da ~ 4b2+abk-k2 ~ "’ da  4abZ+4bk—k2 ~ ' da  4bZ+4bk—k2
) an§ 2 on¥  onR  a+i)(a+26x) > 0 98 my _ k(b+k)(a+16xy)
g da  ~ 9a | B8a  4b2+4bk—k2 ’ da  b(4b2+4bk—k2)
0.2 n§ 4.9 k8 8k2(b+k)(a+A6x,) <0
’ 8a | da (4b2+4bk—k?2)2 ’
h) ap; _ 0x,1(6b%+7bk—k?) >0 ap; __ 0x1(6b%+5bk—k?) dAp _ k6xq >0
1 2b(4b2+4bk—k2) " 91 2b(4b2+4bk—k2) "' 91 4b2+4bk—k2 ’
i) an§ 2 on¥  onR  46x,(b+k)(at+2A6xy) S0 arml  kOx;(b+k)(a+A6x1)
ar  “ ea T 8r  ab2+4bk—k?2 Y b(4b2+4bk—k2)
0 ar R _ 2k?0x,(b+k)(a+10x1) <0 oA n:g _ 8k20x,(b+k)(a+10x,) <0
ary (4b2+4bk—k?2)2 aryi (4b2+4bk—k?2)2

Proposition 6(a)means that in the long run, companies will always maintain the
attractiveness of their products through price concessions. This also makes the
profitability of a particular product diminish over time.

Proposition 6(b)~(c)means that as consumers become more price-sensitive at this
stage, they are more likely to buy products at lower prices, which forces firms to
struggle to attract consumers through discounting strategies and further undermines
the ability to maintain long-term profitability.

Proposition 6(d)~(e)means that the more consumers are concerned about price
differentials, the more likely merchants are to raise prices in the first stage, and that
prices in the second stage will fall and then rise as consumers' sensitivity to price
differentials rises. This may be due to the fact that as consumers' price difference
sensitivity rises, even if merchants increase their price reductions, the price of the
goods remains high after the price reductions due to the elevated prices in the first
stage. And as consumer spread sensitivity rises, firms' profitability also rises.

Proposition 6(f)~ (I) means that as the market size increases and consumers are more
concerned about the greenness of products, the greater the profit margins of
merchants and their ability to maintain long-term profitability, and although price
reductions of commodities increase in the second stage, overall consumers have to



pay more prices in both stages.
3.2 Carbon emission reduction allowances

In this subsection, the government subsidizes manufacturers based on the degree of
energy efficiency and emission reduction of the products they produce. The amount of
subsidy available for each product is:

SE = sfzefx, (7)

Where z is the carbon price in carbon emission trading market and e is the carbon
emissions of per product.

3.2.1 Decentralized decision-making

Manufacturers and retailers make their decisions on a profit-maximizing principle,
respectively, and, unlike the base model, the manufacturer receives a subsidy of S; for
each unit of product sold. On this basis, by Combining Eq. (5), (6), and (7), we obtain
the following equation:

ny' = Dy (w; + SF) + Dy(w, + 57) — Bx, 67 (8)
iy = Di(p; — w1) + Dy (p2 — wy) €©))

By solving Eq. (8) and Eq. (9), we get

Proposition 7 :Optimal pricing

a) ppy = (ab* —ak? + 7abk + 6b*A0x; — A0k?*x; + 7bA0x,k — 2b3Sfx; —
2b%kSEx, +bk2SEx, + b%kSEx, )/(2b(4b? + 4bk — k?))

b) pp, = (ab? — ak? + 5abk + 6b2A0x; — AOk?x; + 5bA6x,k — 2b3SEx; —
b2kSEx, + bk2SEx, — 2b2kSEx, )/(2b(4b? + 4bk — k2))

3.2.2 Centralized decision-making

In this subsection, we will further study our discussion of the centralized decision-
making scenario in depth, on the basic of the carbon emission reduction allowances.
Similar to the centralized decision making in the base model, the manufacturer and
the retailer are controlled by the same decision maker or group of decision makers,
who in this case make decisions with the goal of maximizing the overall benefit to the
supply chain. The profit functions can be expressed as follows:

g =i +nf (10)
By solving Eq. (10), we get
Proposition 8 : Optimal pricing:

2) Cx __ 2ab+3ak+2bA0x;+3kA0x;~2b%SE +k25E —2bkSE+prSE
PEr = 4b2+4bk—k?




b) cx _ 2ab+ak+2bA0x, +kA0x; —2b2SE +k2SE —bksF —2bksE
PE2 4b2+4bk—k?

Proposition 9

. * C _ ,,Cx C* M _ _M* Mx* R _ _Rx
Make Apg = pgy —Pg2 » APs =DPg1 —PE2 » ATE =Ty — Mg, ATy =mpy —
R* C _ Cx Cx*
g2, AT = Mgy — Mg 5

2) OPEY _ 5k _ _ _2b*42kb o OPEy _ ,E2 _ kb _
asE ask 4b2+4bk—k2 > 3SE ask 4b2+4bk—k?
by ZPEi_ KO+ S0, OPEa_ _ Kbk Py _ k2 _
asE  8p2+8bk-2k2 > 9sf  4b2+abk-k2 ’ ask ask
2b2+2kb—k?
-———<0
4b2+4bk—k?
C
dAp dAp b(2b+k)
o ZrEplrE___bOMD_ g
ask ask 4b2+4bk—k
arp§ an b(2b+3k
R e el
253 055 4b?+4bk—k?
arn¥  bb+k)(a+SEp+10x,) o  (b+k)%(a+sEb+16x,)
e) E — 2 2 O; E — 2 > < O
ask 4b2+4bk—Ik ass 4b2+4bk—Ik

Proposition 9(a)means that in both centralized and decentralized decision making,
increasing the amount of subsidy in the first stage will reduce the optimal price in the
first and second stages

Proposition 9(b)means that in both centralized and decentralized decisions, increasing
the amount of subsidy in the second stage will increase the optimal price in the first
stage, but will decrease the optimal price in the second stage.

Proposition 9(c)~(d)means that increasing the amount of subsidy in the first stage or
decreasing the amount of subsidy in the second stage in both centralized and
decentralized decision making will reduce the scope for merchants to use price
reduction strategies.

Proposition 9(e)means that increasing the amount of subsidies in the first stage or
reducing the amount of subsidies in the second stage would limit the ability of firms
to maintain long-term profitability.

Proposition 10 : Investment intention

Make Wp=nM'(x=1)-n¥'(x=0) and W§=nf(x=1)—nt(x=0)
reparents the investment intention to research on green products of the supply chain
under decentralized decision-making situations and centralized decision-making
situations in the model with subsidy respectively. Obviously, investment behavior will
occur when W > 0. By the calculation before, we get:

0(4aA(b+k)+2b2A(SE+SE) - 212 (sF -s5) +Abk(sE+355)+2p226)
@ Wp= 2(4b2 +4bk—k?2)
20(b+k)(4a+2b(SE+5E)-k(sE-sE)+210)

2(4b2+4bk—k?)

— BO,WE =Wy +




aws  awg _ 4abA+4ark+2b2A(SE+SE)+(SE-sE)Ak?+4b220+42%k0+(SE+35F)bak

b = 26

( )zab ab 2(4b2+4bk—k?2) ﬁ

(C)awg _owg _ 20(ab3(SE-sE)+aak?+8abk?+4b2k(35E —SE)+(75E-35F)bKk? +2AK20+4b 1K)
20k 9k 2(4b2+4bk—k?2)2

Proposition 10 (a) shows the willing of investment.

Proposition 10 (b) and (c) suggested that compared with the basic model, subsidy may
change the influence of b and k.

4.Numerical example

To illustrate the above theoretical results, this section provides a set of numerical
analysis. By referring to Howes, r. , Skea,J., & Whelan, B.(2013), Zhu, Q. Dou,
Y.,2011 and Xu et al. (2017)[29][30][31],we set a = 60 (unit/year), b =1,e =
2 (tCO2e/unit), A = 0.2,s; = 0.3,s, = 0.2 .The carbon price in Beijing carbon
emission trading market is 1.3(x10$/ tCO2e). And according to Zhang et al. and Jia J
etal.[10][11], wesetk = 0.5, =8,0 =0.8.

4.1Comparison of optimal solutions

Given the data, the optimal solutions under different scenarios can be calculated and
summarized in Table 2. As same as the study before, the result shows that centralized
decision will increase the efficiency of supply chain in both two stage no matter the
manufacturer invest the more environmentally friendly product or not. The efficiency
of the supply is calculated and compared in each situation. As expected, table 1 shows
that Centralized Scenario will achieve higher efficiency. The results also indicate that
whether it is centralized decision-making or decentralized decision-making,
companies tend to prefer capturing profits through price reduction.

Table 2. Comparison of optimal solutions.

. . Centralized Decentralized
Centralized Decentralized L L
Symbol Scenario Scenario Scenarl'o 'w1th Scenarl'o 'w1th
Subsidies Subsidies
12 36.522 48.26 36.348 48.26
P, 26.087 43.043 25.903 43.043
M - 939.13 - 939.13
R - 469.565 - 469.565
m5¢ 1878.26 1408.695 1887.44 1408.695
X 0 0 1 0
Channel efficiency 75% 75%

4.2Effect of A on optimal solutions

In order to explore more implications for management practices, we conducted a
sensitivity analysis of consumers' green awareness in this subsection. In this part, we
examine how A affects supply chain performance effects. We set the value of 4
varying from O to 1. Fig.1 shows the effects of A on the two period selling prices and
the total profit.



It is shows that as the awareness of consumers increase, the profitability of investing
also rises, which means the investment variable x will change from 0 to 1. Besides,
we can see that firms are more likely to make higher profits by investing in green
products with subsidies than they would be in the absence of subsidies. This may be
able to explained as follows: Higher green awareness means that consumers are more
likely to buy green products than non-green products, which also makes it more likely
that companies will profit from producing environmentally friendly products. At the
same time, businesses have more opportunities to pass on the increased costs of
producing green products to consumers.

The results indicated that the high green awareness will give producers courage to
invest the greenness of products.

From the above analysis, we can draw the following interesting conclusions: Raising
the green awareness of consumers will indeed help save energy and reduce emissions,
and this may be one of the important directions of the Government's work in the
future. But at the same time, it will also give businessmen more opportunities to shift
costs. One of the parties, either government, manufacturer, or consumers, will pay for
the non-economic aspects of environmentally friendly products, but when consumers
find that their environmental awareness has been "exploited", will anyone be willing
to be the "wrongdoer"? This may be a future research direction.
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Figure 1. Effect of A on optimal solutions



4.3Effect of s; and s, on optimal solutions

In order to obtain more management implications, sensitivity analysis on s; and s, is
conducted. Here we set s, = 0.2 when s; varying from 0 to 1, as same as s,. We
similarly examine the effect of subsidy rates on whether firms invest in research and
development of green products: when investing in green products makes firms more
profitable, we consider that firms have sufficient incentives to engage in investment
behavior, which means when 7™ (x = 1) > ™ (x = 0),x = 1, and the Investment
behavior will happen.

Fig.2 shows that the benefits to supply chain participants can indeed be improved to a
large extent by increasing the rate of subsidy, in both the first and second stages. In
particular, while increasing the subsidy rate would improve the performance of the
supply chain in general, we find that increasing the subsidy rate at one stage reduces
the revenue profile at another stage to some extent. This may be due to the fact that
while a high subsidy reduces the price of the product, increase product attractiveness
and rewards the environmental behavior, it also limits the scope for price reductions
to some extent, thus making it difficult for merchants to gain a competitive advantage
through concessions. Fig.3 demonstrates the minimum subsidy rate and the amount of
subsidy required to make manufacturers willing to make green investments.
Manufacturers will not engage in investment behavior when the subsidy rate or
subsidy amount lies below a straight line, while the opposite is true above. In addition,
studies have also shown that centralized decision-making allows the government to
induce firms to invest in green R&D through lower subsidies compared to
decentralized decision-making. However, in both decision scenarios, increasing the
subsidy rate in the second stage (reduced subsidy rate for phase 1) would reduce
overall subsidy expenditures, which means that the government can increase the
efficacy of subsidies through this way.
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Figure 2.Effect of s; and s, on optimal solutions
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4.4Effect of b on pricing and profile

In this subsection we explore the impact of price sensitivity on supply chain
participants. Here we set b varying from 0.5 to 1.5. Fig.4 shows the optimal pricing
and maximum profitability Influenced by b.

Studies have shown that as consumer sensitivity to current prices increases, the
optimal price of the product and the profitability of the supply chain decreases. In
addition, while the optimal price of a product in the first stage is always higher than in
the second stage, it is also more likely to be influenced by consumers' price sensitivity.
When competition reaches the second stage, it seems that firms don't need to make as
many concessions on price, but , compared to phase one, are more likely to lose
significant profits due to increased price sensitivity among consumers.

This phenomenon may be due to the fact that when consumers care more about the
price of the product, enterprises will have to reduce the initial price of the product for
this reason. It also further limits the room for enterprises to reduce the price in the
second stage which is planned to stimulate consumption and grab more profits by
reducing the price.
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4.5Effect of k on optimal solutions

In this subsection we explore how consumer sensitivity to price differentials affects

the performance of supply chain participants. For this purpose, we set k varying from
0t00.2.

Fig.5 shows that as k rises, the prices will rise in the first phase and fall in the second
phase while the profit perform contrarily. Though not obvious, total profits do go up
as consumers pay more attention to the price difference. In addition, we can see that
retailers and firms with centralized decision-making are less affected by this change,



while manufacturers with decentralized decision-making have to make significant
changes.

This phenomenon suggests that merchants can indeed utilize promotional activities to
improve profitability. At the same time, merchants should also set reasonable initial
prices for price-sensitive products to allow room for price reductions in future
promotions.
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5Conclusions

5.1 Conclusions and managerial implications

This paper examines a two-stage pricing strategy and subsiding issues for a green
supply chain under two different decision situations and mainly investigates the
investment behavior of manufacturer and the pricing behavior of retailer. Through the
preceding analyses, the results are presented as following: Not only does centralized
decision-making allow for greater efficiency at lower prices, but it also reduces
government efforts to induce manufacturers to produce environmentally friendly
goods. Firms also have more incentive to introduce discounts when price reductions
can better attract consumers, which allows firms to reserve space for price reductions



by raising the initial price of the product and gain profit by this way. However, when
consumers are more interested in the current price of a product, the room for price
cuts is therefore limited, which highly constrain the capacity of obtaining benefits for
the companies who produce green products.

In the actual production application, enterprises should reasonably determine whether
consumers are more concerned about the current price of the product or the strength
of the price reduction, in order to choose a reasonable pricing strategy. In addition, for
the government, choice a different rate of subsidy at different stage can indeed
improve the effect of subsidies to a certain extent.

5.2 Future directions

This paper seeks to add the impacts of subsidy rate changes and price changes on
supply chains to traditional green supply chain research. However, a large number of
shortcomings remain. Firstly, the time span of the study is limited to two phases and
there is a lack of exploration of extending the model to multiple phases. Second, the
article only discusses the impact of changes in subsidy rates, and future research
could be expanded to include the impact of changes in subsidy strategies.

Acknowledgments.Thanks to my girlfriend, Ms. Jung Cheol, who gave me a lot of
encouragement during my creation.

References

[1].Korpeoglu CG, Kérpeoglu E, Cho SH. Supply chain competition: A market game
approach [J]. Manage Sci 2020;66(12):5648-5664.

[2]. Ye X, Zhou Y. Dynamic pricing and joint emission reduction strategies in a dual-channel
supply chain considering goodwill [J]. Chinese Journal of Management Science
2021;29(02):117-128.

[3].HallJ. Environmental supply chain dynamics [J]. Journal of Cleaner Production,
2000, 8 (6):455-471

[4]. Pujari D. Eco-innovation and new product development: understanding the influences on
market performance [J]. Technovation, 2006,26 (1):76-85

[5].Y. Teng, W. Pan. Estimating and minimizing embodied carbon of prefabricated high-rise
residential buildings considering parameter, scenario and model uncertainties [J]. Build.
Environ., 2020,180: 106951.

[6].J.D. Chen, L.Y. Shen, X.N. Song, Q. Shi, S.P. Li. An empirical study on the CO2
emissions in the Chinese construction industry [J]. J. Clean. Prod., 2017,168: 645-654,
[7].D. Ghosh, J. Shah. A comparative analysis of greening policies across supply chain
structures [J]. Int. J. Prod. Econ., 2012,135(2):568-583.

[8].L.Y. Shen, X.N. Song, Y. Wu, S.J. Liao, X.L. Zhang. Interpretive Structural Modeling
based factor analysis on the implementation of Emission Trading System in the Chinese
building sector [J]. J. Clean. Prod., 2016,127:214-227,

[9]. Chen Qi. Four ministries and commissions adjust new energy vehicle subsidy policy, 30%
subsidy regression in 2022 [J]. Automobiles & Accessories,2022(01):48.



[10].Zhang C, Liu Y, Han G. Two-stage pricing strategies of a dual-channel supply chain
considering public green preference[J]. Computers & Industrial Engineering, 2021, 151:
106988.

[11].Jia J, Zhang J. Dynamic ordering and pricing strategies in a two-tier multi-generation
durable goods supply chain[J]. International Journal of Production Economics, 2013, 144(1):
135-142.

[12]. Xie Y, Zhao Y Q, Chen Y H, et al. Green construction supply chain management:
Integrating governmental intervention and public—private partnerships through ecological
modernization[J]. Journal of Cleaner Production, 2022, 331: 129986.

[13]. Caurla, V. Bertrand, P. Delacote, E. Cadre. Heat or power: how to increase the use of
energy wood at the lowest cost. Energy Econ., 2018, 75:85-103

[14]. Hussain J, Pan Y, Ali G, et al. Pricing behavior of monopoly market with the
implementation of green technology decision under emission reduction subsidy policy[J].
Science of the Total Environment, 2020, 709: 136110.

[15].]. Cao, M.W. Ho, D.P. Jorgenson, C. Nielsen. China’s emissions trading system and an
ETS-carbon tax hybrid. Energy Econ., 2019,81:741-753

[16]. M. Zhang, L. Liu, Q. Wang, D. Zhou. Valuing investment decisions of renewable
energy projects considering changing volatility. Energy Econ., 2020,92:104954

[17].C. Fang, T. Ma. Stylized agent-based modeling on linking emission trading systems
and its implications for China’s practice. Energy Econ., 2020, 92:104916

[18].Lin B, Jia Z. Is emission trading scheme an opportunity for renewable energy in China?
A perspective of ETS revenue redistributions [J]. Applied Energy, 2020, 263: 114605.

[19].J. Yu, X. Shi, D. Guo, L. Yang. Economic policy uncertainty (EPU) and firm carbon
emissions: evidence using a China provincial EPU index. Energy Econ., 2021, 94:105071
[20].Li T, Ma J. Complexity analysis of the dual-channel supply chain model with delay
decision[J]. Nonlinear Dynamics, 2014, 78(4): 2617-2626.

[21].Shi L, Le Y, Sheng Z. Analysis of price Stackelberg duopoly game with bounded
rationality[J]. Discrete Dynamics in Nature and Society, 2014, 2014.

[22].Ding Z, Li Q, Jiang S, et al. Dynamics in a Cournot investment game with
heterogeneous players[J]. Applied Mathematics and Computation, 2015, 256: 939-950.

[23]. Xu C Q, Zhao D Z, Yuan B Y, et al. Differential game model on joint carbon emission
reduction and low-carbon promotion in supply chains[J]. Journal of Management Sciences
in China, 2016, 19(2): 53-65.

[24]. Jiang H, Feng Z, Jiang G. Dynamics of an advertising competition model with sales
promotion[J]. Communications in Nonlinear Science and Numerical Simulation, 2017, 42:
37-51.

[25]. Lou W, Ma J. Complexity of sales effort and carbon emission reduction effort in a two-
parallel household appliance supply chain model[J]. Applied Mathematical Modelling, 2018,
64:398-425.

[26]. Zhou Y, Ye X. Differential game model of joint emission reduction strategies and
contract design in a dual-channel supply chain[J]. Journal of Cleaner Production, 2018, 190:
592-607.

[27].Liu, Z. (Leo), 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), pp. 602—613. d0i:10.1016/j.¢jor.2011.11.027.



[28].Ma, P., Wang, H. and Shang, J. (2013) ‘Contract design for two-stage supply chain
coordination: Integrating manufacturer-quality and retailer-marketing efforts’, International
Journal of Production Economics, 146(2), pp. 745-755. doi:10.1016/j.ijpe.2013.09.004.
[29]. Howes,r.,Skea,J.,& Whelan,B.(2013).Clean and competitive: Motivating environmental
performance in industry.NT: Taylor & Francis.

[30]. Zhu,Q.Dou,Y.,2011.A game model for green supply chain management based on
government subsidies.J.Mnag.Sci.China.14(6)86-95

[31]. X. Xu, P. He, H. Xu, Q. Zhang.Supply chain coordination with green technology under
cap-and-trade regulation. Int. J



