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Abstract

In order to accelerate the market development of green products, the government will adopt fiscal subsidies to
stimulate the enterprises and consumers. The game model of the manufacturer and retailer is established on the
basis of considering the government subsidies from the perspective of green supply chain. In consideration of the
green supply chain composed by the manufacturers and retailers and under the pattern that the government imple-
ments fiscal subsidies to the manufacturers and consumers respectively, the impact of the amount of subsidies on
the decision behaviors of the manufacturers, retailers and consumers is analyzed. Through the numerical simula-
tion, the impact of the amount of the government subsidies on the decision behaviors of manufacturers, retailers
and consumers is analyzed, and the difference in the subsidy patterns of the manufacturers and consumers is
further compared. The research conclusions reveal that (1) the manufacturers and retailers will select the pattern
of consumer subsidies; (2) the subsidy pattern of the consumers is mainly influenced by the relative size of price
sensitive coefficient and subsidy sensitive coefficient.

Keywords: GREEN SUPPLY CHAIN, GAME THEORY, SUPPLIER, GOVERNMENT SUBSIDIES,
DECISION BEHAVIORS.

1. Introduction dies have become an important means. In the field of

Nowadays, the resources are reducing day by day
and the environment continues to deteriorate, the de-
mand in the green industry keeps increasing, and pro-
ducing and purchasing green products have become
the consensus of many enterprises and consumers.
The manufacturing enterprise must strength the co-
operation with the suppliers and retailers, carry out
green supply chain management, so as to develop and
produce green products and provide more green prod-
ucts to the society [1].. In order to encourage the en-
terprises and the consumers and accelerate the devel-
opment of the green industry, the government subsi-
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green building, the central government and multiple
local governments have introduced the corresponding
policies and implemented fiscal subsidies. The Min-
istry of Finance and the Ministry of Housing and Ur-
ban-Rural Development joint issued the Implementa-
tion Opinions about Promoting the Development of
Green Building in China in 2012, and rewarded the
green building [2]. Till now the green building subsi-
dies [3] have been implemented in over 10 provinces
and cities including Shanghai, Xi’an and Beijing. In
May 2011, the German government announced that it
will additionally pay 1 billion euros (equivalent to 1.4
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billion dollars) to assist the research and develop-
ment of electric cars [4]. The energy-efficient prod-
ucts are promoted in construction, manufacturing
and other fields by fiscal subsidies, and the central
financial fund invested accumulatively is over 40
billion Yuan [5].

The domestic and overseas scholars have made
several corresponding researches. The research of
the green supply chain is mainly centered in the
driving and obstacle factors of the management of
green supply chain, performance evaluation of green
supply chain, game between the government and the
green product manufacturers, strategic decision-
making pattern of the green supply chain manage-
ment, design and structuring of green supply chain
management, connotation of the green supply chain
management and the risk management of green sup-
ply chain [1,6-7].

For the strategy research of government subsidies,
Fang Haiyan and others have researched the influenc-
es of the government’s implementation of the product
research subsidy policies on the enterprises, and given
the optimal research input strategies [8] of R&D en-
terprises under R&D competitions, R&D Cartel and
other R&D alliance organizations. Dundas and Roper
have concluded three special effects of the govern-
ment subsidies to the enterprises’ R&D, namely the
government R&D subsidies will accelerate the enthu-
siasm of participating in R&D activities, meanwhile
the progressive R&D activities aiming at improv-
ing the products will increase and the new product
R&D activities aiming at complete innovation and
R&D also will increase [9]. Meng Weidong and oth-
ers have respectively analyzed the double oligarchies
cooperative R&D game model for the government
R&D investment subsidy policies and unit product
subsidy policies, found that for the product R&D with
relatively low input coefficient, the R&D investment
subsidy policies shall be adopted, otherwise the unit
product subsidy policies [10] shall be adopted. From
the perspectives of resource dependence theory and
social expectations, Rijnsoever et al.(2014)made the
analysis from two levels of individual and alliance,
and quantitatively analyzed the Dutch electric car
subsidy program[11]. Li Youdong and Zhao Daozhi
(2014) established the Nash game between the manu-
facturers and retailers and the Stackelberg game, ana-
lyzed the influences of low carbon research cost allo-
cation coefficient and government low carbon subsi-
dies on the low carbon R&D investment of the supply
chain, and concluded the enterprise low carbon R&D
cooperation and government subsidy strategies [12]
under different forms of games. Holtsmark and Skon-
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hoft (2014) analyzed the possible influences of Nor-
wegian subsidy policies of electric cars and discussed
the rationality of the subsidy policies [13].

Combing the aforesaid document analysis, we
can see that the research of government subsidy pol-
icies is carried out mainly from the perspective of
the general supply chain composed by the manufac-
turers and retailers, but rarely from the perspective
of green supply chain. There are related documents
[1] taking this point into consideration, however,
such documents neither take the retailers into the re-
search scope, nor research the government subsidy
patterns. The conclusions of the documents reveal
that there are two types available for the government
to adopt, namely the subsidies to manufacturers to
develop green products and the subsidies to consum-
ers to purchase green products. For example, Xi’an
city clearly indicated in the Notice about Promoting
the Green Building Work in Our Province in 2012
that the citizens in Xi’an could select the products
with the symbol of “green” when purchasing hous-
ing products, and simultancously enjoy the subsidy
policies [2] of “get fiscal subsidies if you purchase
green house”. Therefore, for the manufacturers,
retailers and consumers in the supply chain, when
implementing the fiscal subsidies, the government
shall consider the problem that which subsidy pat-
tern could bring the most profits and benefits and is
more acceptable for them. Thus the game model of
the manufacturers and retailers is established in this
paper on the basis of considering government sub-
sidies from the perspective of green supply chain.
The influences of the government subsidy amount
on the decision behaviors of manufacturers, retailers
and consumers are analyzed through the numerical
simulation and the differences between the manu-
facturer subsidy pattern and the consumer subsidy
pattern are further compared.

2. Problem Description and Parameter Speci-
fication

The supply chain in this paper is the two-stage
supply chain composed by the manufacturers and
retailers. The manufacturers are the market lead-
ers while the retailers are the market followers. The
manufacturers wholesale the green products to the
retailers, and then the retailers resell the products to
the consumers. It establishes the linear demand mod-
el D=a-bp+kgin this paper, namely the consum-
ers determine whether to purchase the green product
as per the market price and the green degree of the
product. The higher the green degree, the more will-
ing the consumers will be to purchase the product and
the greater the market demand will be [5]. Hereby the
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parameter symbols in this paper are explained as fol-
lows:

g : It is the green degree of the green product and
it reflects the environmental protection and energy
saving degree of the product;

P: It is the market price of the product and it is
the decision variable of the retailers. Thereinto, P
means the optimal retail price of the retailers under
established pattern (i =mmeans the pattern of the
government subsidies to the manufacturers, and i =c
means the pattern of the government subsidies to the
consumers);

w: It is the wholesale price of the green product
negotiated by the manufacturers and the retailers
and it is the decision variable of the manufacturers.
Thereinto w' means the optimal wholesale price of the
manufacturers under established pattern (i = m means
the pattern of the government subsidies to the manu-
facturers, and i = ¢ means the pattern of the govern-
ment subsidies to the consumers);

¢m : It means the unit cost of the manufacturer to
produce the product;

¢ : It means the marketing cost of the retailer to
sell the product;

b: It is the sensitivity coefficient of the demand
to the price, and » means that the quantity demanded
will decreaseb units for each unit increased in the
price;

a : It is the basic market demand of green product
and unrelated with the product price and the green
degree of the product;

k : It is the sensitivity coefficient of the consumers
to the green degree of the product, and the bigger the
green degree, the more willing the consumers will be
to purchase;

u : It means the quantity of the fund subsidized by
the government, and it is used to measure the strength
of the government subsidies;

B : It is the sensitivity coefficient of the consum-
ers to the government subsidies, and it means that the
quantity demanded will decrease A units for each unit
increased in the subsidy quantity of the government;

I1, : It means the profits of the retailers and I,
means the profits of the manufacturers;

3. Government Subsidy Model

3.1. SM Model of Government Subsidies to
Manufacturers

In order to encourage the manufacturers to pro-
duce green products with higher green degree, the
government will offer fiscal subsidies for the R&D
costs and manufacturing costs of the manufacturers.
For example, The Ministry of Finance and the Min-
istry of Housing and Urban-Rural Development joint
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issued the Implementation Opinions about Promoting
the Development of Green Building in China in 2012
and clearly indicated to give awards to the building
developer to construct the green building; in the sec-
ond half of 2011, United States Department of En-
ergy proposed the medium and long term R&D poli-
cies of energy technologies in the Four-year Technol-
ogy Evaluation Report and took the electric cars as
the focus of recent investment in R&D of the energy
technologies; the Japanese government plans to in-
vestment 21 billion yens on the accumulator project
of the new energy automobiles within 7years and in-
crease at least 3 times the one charge driving range of
the Japanese electric cars before 2020. At the moment
the market demand function is:

D=a-bp+kg (D)

The profit function of the retailers is:
[1,=(-w-c)D=(p-w-c)a-bp+kg) (2)

The profits of the manufacturers will be affected
by government subsidies, and its function is:

Hmz(u+w—cm)D=(u+W—Cm)(a_bp+kg) 3)

Deduce the first-order derivative about 7 from the
formula (3), make the derivative as zero and the prod-
uct price confirmed by the retailers is:

a+kg+bw+bc,
- 4
P 2 4)

Substitute the formula (4) into the formula (3) and
the profit function of the manufacturers is:

_(u+w—cm)(a+kg—bw—bc,,)
Hm_ 2 (5)

Deduce the first-order derivative about w from the
formula (3), make the derivative as zero and the opti-
mal wholesale price of the manufacturers at the mo-
ment is:

wm:a+kg—bcr+bcm —bu 6)
2b
Substitute the formula (6) into the formula (4) and
the optimal market price of the retailers under the pat-
tern of the government subsidies to the manufacturers
is:

3a+3kg +bc, +bc,, —bu
P T )

Now the actual payment of the consumers is equal
with the market price of the green products, namely:

P = = 3a-|—3kg+b:g +bc,, —bu
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Substitute the formula (7) into the formula (1) and
the optimal quantity demanded under the pattern of
government subsidies to the manufacturers is:

a—bc,, —bc, +kg+bu ®)
4
Substitute the formula (6) and formula (7) into
the formula (2) and formula (3) and the profits of the
retailers and the manufacturers under the pattern of
government subsidies to the manufacturers are:

D=

o (7bc, +bc,y, +bu+kg —a)(3a—kg —bc, +bc,, +bu) )
' 8b

bu+a+kg —3bc,, —bc, )(3a—kg —be, +bc,, +bu) (10)
8b

=

3.2. SC Model of Government Subsidies to
Consumers

The market price of the green products is gener-
ally higher than general products due to their high
R&D costs and marketing costs. The government
subsidies to the consumers are to compensate them
for the paid green costs and accelerate the consumers
to purchase the green products in higher green degree
with a relatively low price. For example, our govern-
ment has begun to carry out the fiscal subsidies [1]
to ten kinds of energy efficient and environmentally
friendly products since 2009. In September 2013, the
national relevant department issued the Notice about
Carrying on the Popularization and Application for
New Energy Automobiles for the new energy au-
tomobile industry and it made it clear that the gov-
ernment will offer fiscal subsidies to the consumers
to purchase new energy automobiles from 2013 to
2015. The government provides subsidies to the con-
sumers and the consumers will determine whether

to purchaser the green product as per the amount of
the subsidies. The greater the amount of the govern-
ment subsidies, the more willing the consumers will
be to purchase the green products but not the general
products, and the market demand will increase con-
sequently. Therefore the market demand function is:

D=a-bp+pu+kg (11
Now the profit function of the retailers is:

I, =(p-w—c,)(a—bp+ pu+kg) (12)
The profit function of the manufacturers is:

M, = (w—c,)(a—bp+ fu+kg) (13)

Similarly, if the backward induction is applied, the
market price of the retailers is:

=bw+bcr +2clz)+,8u+kg (14)

Incorporate the formula (14) into the manufacturer
profit function and it will get:

p

(15)

a+kg+ﬂu—bw—bcrj
2

I1, = (w—cm)(

Use the first order condition on the formula (15)
and the optimal wholesale price of the manufacturers
is:

c :bcm+ﬂu+a+kg—bcr
2b

Accordingly the optimal market price of the retail-
ers under the pattern of the government subsidies to
the consumers is:

(16)

c_ be, +3a+3pu+3kg +bc,
4b
Similarly, the actual payment of the consumers is:

(17)

_ be, +3a+3pu+3kg +bc,, —4bu

r :bcr+3a+3ﬁu+3kg+bcm _y

" 4p

Incorporate the formula (16) and formula (17)
into the profit function and the retailer’s profit and the
manufacturer’s profit under the pattern of the govern-
ment subsidies to the consumers are:

2
1_[g:(a+kg+ﬂu—bcr—bcm) (19)
16
I, =$(ﬂu+a+kg—bcr ~bc,))?

4b (18)
3.3. Theoretical Proposition and Proof
We can get the following theoretical propositions
after comparing and comprehensively analyzing the
aforesaid two models.
Proposition 1. Regardless of how the subsidy
amount changes, the w” <w®will constantly stand

wo=w

(20) up and the p™ < p“also will constantly stand up.
m ¢ _a+tkg—bc.+bc, —bu bc, +Pu+a+kg—bc, —bu—Pu <0
- 2b 2b S 2

m_ e _ 3a+3kg+bc, +bc, —bu  bc, +3a+3pu+3kg +bc, _ —bu=3pu <0

pe=p 4b

This proposition reveals that the government sub-
sidies to the manufacturers will function obviously,
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namely the manufacturers will endeavor to adopt
various measures to reduce the wholesale price of the
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green products. However, the effect of the reduction
in the wholesale price is not obviously if implement-
ing subsidies to the consumers. Similarly the changes
in the market prices could be analyzed.
C m
Proposition 2 w _P >0 and o _ 1 <0.
ou 2b ou 2

It reveals that in the SC model, the wholesale price
will increase with the increase of the subsidy amount.
However, in the SM model, the wholesale price will

decrease with the increase of the subsidy amount.

Ecology

op© op™
Proposition 3 L =ﬁ >0 and p_ - 1 <0.1It
ou 4b ou 4
reveals that in the SC model, the market price of the

green products will increase with the increase of the
subsidy amount. However, in the SM model, the mar-
ket price of the green products will decrease with the
increase of the subsidy amount.

Proposition 4. When
b< ﬂ > P rr'” <p f :

b>p,p" > py,

m_oc_ 3a+3kg +bc, +bc,, —bu _bcr +3a+3pu+3kg+bc, —4bu  3bu _3pu _ 3u(b—-p)

Pr —DPr 4b
Obviously when b > B, p™ > p&, b< B, p" < p;. .
Thus, the actual payment of the consumers is

comprehensively influenced by the sensitivity coef-

ficient b of price and the sensitivity coefficient £ of
subsidies. In case that the consumers are very sensi-
tive to the price, namely, the changes in the price of
the green products will generate great influence on
the consumer purchase behaviors, the retailers will
consider this psychic reaction of the consumers if the
subsidies are offered to the consumers at that time.

Then the market price of the green products will be

greatly reduced and more consumers are urged to pur-

chase the green products.

oy’ 1 < 0. With the increase
Ou 4

of the fiscal subsidies to the manufacturers, the con-
sumers’ actual payment is continuously reducing. It
reveals that the government subsidies make the man-
ufacturers continuously reduce the costs and the con-
sumers benefit from it.

Proposition 5 (1)

C C
(2) Py _3B-4b , when 38>4b, Pr _; when
Ou 4b ou
c
38<4b, agr <0 - In case of government subsidies
u

to the consumers, whether the consumers can benefit
from it mainly depends on the relative size of B and

b.

2m 2 m
Proposition 6. (1)6 I, :2>0, Oy _b_,,
> 4 out: 4
2 2r¢ )
ﬂ=£>0 and aﬁ=£>0. Thus, it can be
ou? 16 our  4b

seen that whether in the SC model or in the SM mod-
el, the profits of the manufacturer and retailers both
increase with the increase of the subsidy amount. It
reveals that the government subsidies are favorable to
the manufacturers and retailers.

(2) 5. > and I1;, > I1), . It can be seen that for
the manufacturer’s profit, the value in SC model is
always bigger than the value in SM model. For the
retailer’s profit, the value in SC model is also always
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bigger than the value in SM model. Therefore, it can
be believed that under the same amount of the gov-
ernment subsidies, the pattern of subsidies to consum-
ers could make the manufacturers and retailers obtain
more profits compared with the pattern of subsides
to the manufacturers. The manufacturers and retailers
are more willing to accept the pattern of subsidies to
the consumers, but not the pattern of subsidies to the
manufacturers.

4. Numerical Experiment

In order to better analyze the mutual effects of
the parameters, the numerical experiment is hereby
made. The main parameter assignments are a =500,
B=13 b=11, k=17, ¢ =22and ¢, =31.

4.1. Impact of the Amount of Government Sub-
sidies on the Wholesale Price of Green Products

It can be seen from Fig.1 that the wholesale price
will improve with the increase of the subsidy amount
if applying subsidies to the consumers, while apply-
ing subsidies to the manufacturers, the wholesale
price will reduce. In case of further comparison, it
will find that regardless of the subsidy amount, the
wholesale price in the SC model is always higher than
the wholesale price in the SM model. Thus, it can be
believed that after the manufacturers have received
the government subsidies, they will endeavor to adopt
various means, such as reinforcing the R&D and
technical innovations and purchasing environmental
materials, to reduce the wholesale price and encour-
age the retailers to wholesale more green products.
Thus, the conclusions in proposition 1 and proposi-
tion 2 are correct.

4.2. Impact of the Amount of Government Sub-
sidies on the Market Price of Green Products

Fig. 2 reveals that in the SM model, the product
market price will continuously decrease with the in-
crease of the subsidy amount. In the SC model, the
market price of the green products will increase with
the increase of the subsidy amount. It is completely
consistent with the conclusions in proposition 3.
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Figure 1. Influences of Government Subsidy Amount on
Wholesale Price of Green Products

In addition, if we compare the SC model and SM
model after observation, we will find that the actual
payment of the consumers in the former is higher than
the one in the later. This is because according to prop-
osition 2, when b < B, p,' < py., the assignment in this
payeris b=11< =13, so such condition occurs and
it just verifies the proposition 4. As the actual pay-
ment of the consumers is higher in the SC model, the
consumers are more willing to accept the pattern of
government subsidies to the manufacturers.

What’s more, it can be seen from the figures that
the actual payment of the consumers gradually de-
creases with the increase of the subsidy amount in
the SC model. Because the assignment in this time is
38 =39 < 4b = 44, the conclusions in the second part
in proposition 5 are verified. In the SM model, the
actual payment of the consumers is equivalent to the
market price of the green products, and we can see the
Fig. 2 that the actual payment of the consumers also
gradually decreases with the increase of the govern-
ment subsidy amount and the first part of proposition
5 are verified. In general, it can be believed that the
government subsidies to the manufacturers or con-
sumers both could play the role of regulation to a cer-
tain extent and make the consumers satisfied.

4.3 Impact of the Amount of Government Sub-
sidies on the Profits of Manufacturers and Retail-
ers

Let’s observe the Fig.3 and it will find that in the
SM model, the profits of the manufacturers and re-
tailers both gradually increase with the increase of
the government subsidy amount, and their difference
value is relatively small. In the SC model, the profits
of the manufacturers and retailers also both gradually
increase with the increase of the government subsidy
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Figure 2. Influences of Government Subsidy Amount on
Market Price of Green Products

amount, but their difference value is relatively large,
and the difference value in the in the trend of expand-
ing. Therefore, the conclusions in the first part of
proposition 6 are correct.

In addition, it also can be seen that for the profits
of the manufacturers, the value in the SC model is
always bigger than the value in the SM model; for the
profits of the retailers, the value in the SC model is
always bigger than the value in the SM model; There-
fore, the conclusions in the second part of proposition
6 are correct, namely, the manufacturers and retailers
are more willing to accept the pattern of subsidies to
the consumers.

5. Conclusions

In order to guide the market development of green
products, the government will offer fiscal subsidies

3500
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2500

2000

1500

1000

500

12 14 16 18 20 22 24 26 28 30 32 34

Figure 3. Nfluences of Government Subsidy Amount on
Manufacturers and Retailers

Metallurgical and Mining Industry




to stimulate the enterprises and consumers. The in-
fluences of changes of the subsidy amount on the
decision behaviors of the manufacturers and retail-
ers are studied in this paper under the condition that
the government respectively implements fiscal sub-
sidies to the manufacturers and consumers. The re-
search results reveal that (1) the manufacturers will
strengthen the R&D and technical innovations and
make the wholesale price reduce after receiving the
government subsidies; (2) the actual payment of the
consumers are comprehensively affected by the price
sensitivity coefficient  and subsidy sensitivity co-
efficient . When < B, p;" < p;, the consumers are
inclined to the pattern of government subsidies to the
manufacturers, while when b> 8, p" > p¢, the con-
sumers are inclined to the pattern of government sub-
sidies to the consumers; (3) no matter it is under the
pattern of subsidies to the manufacturers or subsidies
to the consumers, the profits of the manufacturers and
retailers both gradually increase with the increase of
the subsidy amount as well as the green degree of the
product, and it reveals that the government subsidies
are favorable to the manufacturers and retailers; (4)
the manufacturers and retailers are more willing to
accept the pattern of subsidies to the consumers. The
game problem under complete information is ana-
lyzed in this paper, in the future, the game problem
under incomplete information could be researched
and the situation of the application of R&D invest-
ment subsidy pattern by the government could be fur-
ther probed into. The game problem under complete
information is analyzed in this paper, in the future, the
game problem under incomplete information could
be researched and the situation of the application of
R&D investment subsidy pattern by the government
could be further probed into.
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