Journal of Systems Science and Information
Apr., 2022, Vol. 10, No. 2, pp. 130-149
DOI: 10.21078/JSSI-2022-130-20

Manufacturer Rebates in a Green Supply Chain with Hybrid
Production

Zhibing LIN™
School of Economics & Management, Fuzhou University, Fuzhou 350116, China

E-mail: linzhibing@Qgmail.com

Lingmin DAI
School of Economics & Management, Fuzhou University, Fuzhou 350116, China
E-mail: 1078768593Q@qq.com

Mofan CHEN
School of Economics & Management, Fuzhou University, Fuzhou 350116, China
E-mail: 576531855Q@Qqq.com

Abstract This paper studies two manufacturer rebate strategies in a green supply chain. The results
show that: 1) Irrespective of the type of rebate strategy used, channel members benefit; 2) Rebates
for green products improve the green level of green products; 3) The more significant the slippage
effects are, the more beneficial the rebate strategies are, for channel members. On this basis, the model
is expanded to consider asymmetric potential market demands and asymmetric product substitution
rates, respectively. The results show that the product substitution rate does not affect the strategic

preference of channel members, but the potential market demand does.
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1 Introduction

With the rapid growth of the global economy, people’s living standards worldwide have
greatly improved. However, environmental problems such as pollution and global warming
are becoming increasingly grave. According to a report released by the International Energy
Agency in September 2019, global carbon dioxide emissions reached 32.8 billion tons in 2017,
and environmental pollution has become one of the most urgent issues facing the world™l. The
United Nations Intergovernmental Panel on Climate Change estimates that by 2099, the surface

21, To reduce

temperature of the earth will be eight degrees Celsius higher than it was in 1999
environmental pollution, the Society of Manufacturing Engineers proposed the concept of green
manufacturing in 19960, Since then, many of the world’s largest economies and companies
have also participated in green manufacturing. For example, General Motors Company achieved

full-cycle production at its Detroit tooling plant in 2007, in which 100% of the plant’s waste
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materials and emissions can now be recycled in the production processl. At the same time,
with the concept of environmental protection gradually creeping into the public consciousness,
consumers are increasingly choosing green products. It has been reported that 75% of European

(Bl However,

consumers are willing to pay higher prices for environmentally friendly products
as new products, green products have no absolute advantage in competing with conventional
products and are even at a disadvantage in some aspects. For example, compared with fuel-
powered vehicles, electric vehicles are often at a disadvantage in terms of mileage and price,
which severely hinders their sales. As of January 17, 2020, the Gasgoo listed on its website
that, from July to September 2019, monthly sales of new energy vehicles in China fell by 4.7%,
15.8%, and 18%, respectively.

To improve the market competitiveness of products, enterprises often offer promotions (ad-
vertisements, rebates, etc.). In the 1970s, Procter & Gamble Company (P & G) took the lead in
sales promotions by issuing rebate coupons to consumers. Since then, an increasing number of
manufacturers and retailers have used rebates as a strategy to attract and retain customers. For
example, as of October 20, 2015, the Amazon(Z.CN) listed on its website that Amazon(Z.CN)
used “F coin rebates”, in which consumers place orders at the original price on the rebate
network, and then are issued rebates approximately two months after the order is received and
confirmed, with the rebates being in the form of an F coin, forcing consumers to go through a
similar platform for their next purchase to redeem the F coin. Rebate strategies that reduce
the price in the short term to improve product sales without changing the label price are widely
used by companies. In fact, Chen, et al.l found that if not all consumers redeem the rebates,
manufacturer rebates are beneficial to channel members. The slow extension of green products
and the effectiveness of manufacturer rebates in the conventional products market motive us
to introduce the manufacturer rebates in the green products market and examine the effects of

manufacturer rebates.

2 Literature Review

Rebate strategies can be divided into two categories, depending on the objective, with one
for enterprises and one for consumers. The rebates for enterprises, also known as channel re-
bates, are transfer payments offered from the manufacturer to the retailer based on the final

[l studied the impacts of linear rebates and tar-

sales or order quantities. For example, Taylor
get rebates on supply chain decisions. Ha, et al.[¥l constructed a model with two competing
manufacturers and a common retailer and found that intense competition makes manufacturers

1 studied two cases of re-

reduce the rebate value or even stop offering rebates. Muzaffar, et al.
bate strategies (mail-in rebates and channel rebates) in a two-level supply chain. By comparing
them, the authors found that channel rebates are an effective tool for manufacturers to control
retail prices. Considering retailers’ risk aversion, Demirag, et al.'% analyzed manufacturer’s
rebate decisions and the retailer’s joint inventory and pricing decisions. Li, et al.l'] introduced
the CVaR criterion to study channel rebates and penalty contracts with different degrees of risk
aversion under stochastic demand.

Rebates for consumers include manufacturer rebates and retailer rebates. Manufacturer

rebates refer to promotional offers where manufacturers provide rebates to consumers. This
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strategy has been widely studied and scholars have obtained many meaningful insights. For

[12] assumed that the estimated value of the rebate at the time of

example, Khouja and Zhou
purchase decision is independent of the probability of redemption at the time of the redemption
decision, and found that the consumer surplus decreases when a manufacturer offers a rebate.
Yang, et al.l'3] combined the manufacturer rebate with the manufacturer suggested retail price
and proved that the optimal strategy of the manufacturer is determined by the slippage behavior
of consumers and their loss aversion. Herrén and Siguel'¥, however, found that manufacturers
make higher profits when the coupon is redeemed than when it is not redeemed. Yang, et
al.l'] studied two types of promotional models (mail-in rebates and retailer promotions), and
showed that quantity discount contracts and buy-back contracts to coordinate the supply chain.
Zhang!'9 investigated the impacts of manufacturer rebates on the performance of the manu-
facturer and the retailer when the manufacturer sells the products in two different markets and
found that, while it might seem counterintuitive, higher redemption rates are actually beneficial
to channel members. Cao, et al.['”) studied optimal rebate strategies (both trade-in rebates and
customer rebates with gift cards or cash coupons) from a business-to-consumer (B2C) platform
perspective.

Retailer rebates refer to promotional activities where the retailer provides rebates to con-
sumers. Many researchers have studied this issue. For example, Khouja, et al.l'8l studied the
promotional behavior of retailers offering gift cards and found that the profitability of retailers
using gift cards depends on the repurchase rate of consumers and the redemption rate of the
gift cards. Demirag!'®! studied the pricing and ordering strategies of retailers with different risk
preferences when retailers offer rebates to consumers in order to increase product sales. Yang,

et al.[20]

constructed a retailer rebates model based on economic order quantity, compared the
rebates promotional activities with the everyday low price model, and concluded that the mar-
ket positioning of retailers plays a vital role in the choice of their promotion strategies. Zhou,
et al.l?!l studied optimal strategies for an e-commerce provider. The results showed that, in
contrast to the traditional supply chain model, the consumer surplus in a centralized structure
is lower than that in a decentralized structure.

Much of the research on green product promotion has considered government subsidies to
enterprises, with a few studies considering government subsidies on green products to customers.
However, there are no extant studies considering rebate strategies in a green supply chain.
The rebate strategy, as an effective promotional method, has been widely used in enterprise
operations. However, most of the studies on rebate strategies only consider the supply chain
model with a single product. In reality, though, competition between products is normal.
Therefore, this study considers manufacturer rebates in a green supply chain in a competitive
situation, focusing on the following questions: 1) How does the rebate strategy affect the
decisions of channel members and the channel performance? 2) Which rebate strategies are
preferred by manufacturers and retailers, respectively? 3) What kind of factors affect the

strategic preference of channel members.
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3 Assumptions and Notations

This study considers a two-echelon green supply chain consisting of one manufacturer and
one retailer. The manufacturer produces two products (green products and conventional prod-
ucts) and needs to invest in green technology for producing the green products. The investment
cost is %SQ, where the green level is s. It is assumed that green technology does not affect the
marginal cost of green products. Therefore, without loss of generality, the marginal costs of
conventional products and green products are assumed to be zero[??l. The manufacturer is the
Stackelberg leader, and first decides on wholesale prices wy (green products) and wsy (conven-
tional products), the green level s, and the rebate value r. Then, the retailer determines the
retail prices p; (green products) and ps (conventional products).

Referring to Xing, et al.l?3!, the demand functions are denoted as follows. Without rebates,
the demands for green products and conventional products are g; = al*elaﬁ:%ll;fflpﬁm
g = 2=f2a1—patbopr—02)s pogpectively. Here, a; and as represent the potential market de-

1—0102
mands for green products and conventional products, respectively, 6; is the substitution rate

and

of green products for conventional products, and 5 is the substitution rate of conventional
products for green products; A is the green sensitivity factor of consumers.

To simplify the calculation, the potential market demands and the substitution rate of
products are assumed to be symmetric (a1 = as = a, 1 = 03 = 6). In the extended section,
the models with asymmetric potential market demands and different product substitution rates
are discussed.

1) When the manufacturer offers rebates to customers who purchase the green products,
a(1—0)—(p1—tr)+0pa+As

the demand for green products and conventional products are ¢] = 102 and
@ = al=f)-p fo(g’;l_”)_e’\s, respectively, where ¢ is the rebate sensitivity factor.

2) When the manufacturer offers rebates to customers who purchase conventional products,
the demands for green products and conventional products are ¢ = al=06)-p 114199(21) 2=t +As 4nd
qs = “(1*9)7(7”";:27;”9”179)‘5, respectively.

The rebate frequency of manufacturer is §. The redemption rate of customers is k. To avoid

trivial cases, it is assumed that k£ < t and A € (0, \/(1—92)[8122;(3(5;-)1-152—1-6“)]

and c represent rebates for green products and conventional products, respectively. All proofs

). The superscripts g

are given in the Appendix.

4 Model Analysis
4.1 No Rebates Model (Model N)

In this subsection, the model without manufacturer rebates is considered. The manufacturer
decides the green level and the wholesale prices first, then the retailer decides the retail prices
p1 and po, respectively.

The profit functions for the manufacturer and the retailer are:

1

Tm = W141 + W2g2 — 552, (1)
T = (p1 — w1)@1 + (p2 — w2)ge. (2)
Using backward induction the following are obtained: wj = %, wy = g5, 8" =

—da(1-0) & 3a(\%0+46%—4)

Mta07—40 P1 = Tg(Tya07—2) >

p5 = ?jT“. Then, the profits of the manufacturer and the retailer
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2 2 21y 4 2 2
« _ a2(A2+80-8) _ a?MAo8(1-602)(A2+46—4)]
are T, = gnegger—g and m; = 16(A2+462—1)2

4.2 Rebates for Green Products (Model G)

, respectively.

This subsection considers the model in which the manufacturer offers rebates to customers
who purchase green products. The manufacturer is the Stackelberg-leader, and first determines
the wholesale prices, green level, and rebate value. Next, the retailer determines the retail

prices. The profit functions of channel members are as follows:

= Blwy — kr)q] + (1 = B)wiqr + Bwaqd + (1 — Blwage — 382, (3)

7 = (p1 —w1)[Ba] + (1 = B)aq1] + (p2 — w2)[Bq3 + (1 — B)ga]. (4)

The Hessian Matrix of 7J with respect to p; and ps is

o L —2 920
T1-602 99 2

It is easy to verify that the Hessian matrix is negative definite. Therefore, solving the first
order conditional equations, the optimal response functions of the retailer are obtained p§ =
44 m g osa gy B "topd = & + %2. Substituting the optimal response functions into 7g,, the

Hes51an matrlx of 7r$n with respect to s, wi, ws, and r are obtained.

2002 -1)  —pkA A —O\
o L —BkX  2Bkt(B-2) —B(k+t) —BO(k+1) 5
T I S ) B 2
—0A —B0(k + 1) 26 -2

Denote |H? | as the i-th order sub-determinant. Therefore,

44(2 — B)(1 — 02) — BkA

HY . |=-1, |H,| =Bk

| m1| ’ | m2| 6 4(92 . 1)2 ’
\HE3| = 7y, and [HY,| = gy, where A = (28kt — 2kt)A? + (6% — 1)(8k? — 8kt +
ﬁtQ + 60kt). It is easy to know that |HY,| < 0, |HZ,| > 0, |HJ 4| < 0, and |HZ,| > 0.

Therefore, the profit function of the manufacturer 79, is jointly concave in s, wi, ws, and r.

Solving the first-order conditions, the optimal decisions of manufacturer are obtained: w{ =

o= 02)[2k(4t—38t— Bk)+60(k2—t2)]+2kt9>\2(6 D 9 — a g9 — 20kAA-B)1=6) g _ a(l= 02)(t—k)(1—6)
24 » W2 T 9 A ) A :

Substituting the manufacturer’s optimal decisions into the retailer’s reaction functions, opti-

mal decisions of retailer are obtained: p{ = a(1792)[4k(6t*ﬁk*5ﬁt)+59(k2+2kt73t2)]+6kt9A2(571),

pj = 3“ . Then, the profit of the manufacturer and the retailer are, respectively:
o2 6(1@2 +13)(1 = 0%) +2kt[(1 - B) (N2 —T7—80) — 1+ 692]

g _
T =

—8A !
B+t (0% —1)% + k2t2(9§ —1)[BAN2(B—1)(38—4) — 3%(136% — 1280+ 51) +
32(0 — 1)(4 + B0 — 78)] + 4k220 (B — 1)? + 48kt(k% + t2)[(0* + 1)(38 — 4) +
2202 —1)(3 1) +26(40 — 38)]

g —
T = 16A2
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om L, 00 o 28 g 05t o o o g du g

m>0= 86 o5 Y oag <V 9g >V 5 > U 5 > U 53

Proposition 1
9 >0, 24 > 0.

The profits of channel members, the green level, the rebate value, the wholesale price,
the retail price and the market demand for green products in the rebate period are positively
correlated with the rebate frequency, while the market demand for green products outside the
rebate period is negatively correlated with the rebate frequency. With the increase of rebate
frequency, the differentiation of green products and conventional products is more significant,
and the manufacturer attracts more customers to buy green products by improving the rebate
value and green level. At the same time, the manufacturer raises her wholesale prices to ensure
profitability, which leads to an increase in retail prices. However, consumers do not reduce their
purchases in the rebate period, because the positive impacts of the increase in the rebate value
and the green level dominate the negative impacts of the increase in retail price. Although
consumers reduce their purchases of green products outside the rebate period and purchase
conventional products instead, the impacts of manufacturer rebates on the aggregate demand
for green products are positive and more significant than that for conventional products. So,

the profits of channel members increase with the increase of rebate frequency.

Proposition 2 6 m < (), 8k L < 0, %qkl <0, %qu >0, %Sk <0, %Tk <0, %pkl <0, awl < 0.
Proposition 2 shows that the higher the redemption rate, the lower the rebate Value. Thus,
consumers get less surplus when they purchase green products than when they purchase conven-
tional products, and eventually purchase conventional products. This reduces the demand for
green products and also reduces the enthusiasm of manufacturers to invest in green technology,
resulting in a decline in green levels. Ultimately, it reduces the profits of the manufacturer and

the retailer.

67r Bql 6q2 8;01

Proposition 3 >0, 27 50, %0 50, %2 <0, 87 50, %% 50, 20 50, 20 5 0,

Proposition 3 shows that the rebate sensitivity factor and the redemption rate have opposite
effects on channel members. Specifically, with an increase in the rebate sensitivity factor, the
manufacturer increases the rebate value and the green level, which is preferred by consumers.
This leads to an increase in the sales of green products in the rebate period. Eventually, the

profits of channel members are improved.

4.3 Rebates for Conventional Products (Model C)

This subsection considers a supply chain model in which the manufacturer offers rebates to
customers who purchase conventional products. The manufacturer first decides the wholesale
prices, the green level and the rebate value. Then, the retailer decides the retail prices. The

profit functions of the manufacturer and the retailer are, respectively.

2

76, = BurgS + (1 — Bwngs + Blws — kr)gs + (1 — Bwags — =57, (6)
. = B(p1 — w1)gf + (1 = B)(p1 —w1)q1 + B(p2 — w2)qs + (1 — B)(p2 — w2)g2.  (7)

Similar to Model G, the optimal decisions can be obtained by backward induction, and are

shown as follows:
e 2a{(1—0*)[8kt — 403kt — B(k + t)?] + 2(8 — 1)ktON?}

1 — C ’
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e — a{kX\?[Bk — 4t + 35t + B0*(t — k)] + 2(6% — 1)[Bk?(2 — 0) + 2(38 — 4)kt + BOt%]}
2 — )
C
aX(f — 1)(Bk? — 8kt + Bt% + B0t? + 68kt + BOk? — 230kt)
ST =
C )

a1 = 0%)(k = )(\ — 4+ 46)

(6]

o6 — 3a{(1 — 92)[4152(2 — B) = Bk + )] + 2ktON2(3 — 1)}
P = a{(1 — 0%)[kt(24 — 200) +Cﬁk2(/\2 —4) + BO(k? — 3t + 2kt)] + kt\%[(58 — 6) + £62]}
2 — )

where C = [B(k +t)? — 4kt(2 — B) — B2 (k — t)2]/\20— 4(1 - 6%)[B(k + t)? — 4kt(2 — B3)].
The profits of the manufacturer and the retailer are, respectively:
o _ @°B(L=0%)(k — 1) + 2kt(1 — B)[a*(\ — 8) + 8]
(02 — 1){4N2(k® + t2)(260— 1) + 32k%2[\2 + 4320 + (6 — 1)(B0 — 78 + 4)] +
8BK2t2N2[0(1 — B) — 8 — 48]} + (62 — 1)2[4Bkt(k? +t2) (38 — 4) + B2(k* +t*)] +
o g2 222204 (B — 1)% — B2(6 — 1)(130 + 51)]

kA CQ
Proposition 4 ag—é”>0,%—sg<0,%—’;>0,%—%l<0,%>O,%—%<O,%—%>O,%—%<O,
Iz > 0.

op

Proposition 4 shows that the manufacturer’s profit, the rebate value, the demand for con-
ventional products in the rebate period, the wholesale price and the retail price of conventional
products are positively related to the rebate frequency. The wholesale price and retail price of
green products are negatively correlated with the rebate frequency. Proposition 1 and Proposi-
tion 4 show that it is beneficial for the manufacturer to offer rebates, regardless of the type of
products. However, unlike with Model G, the rebates for conventional products increase the de-
mand for conventional products and inhibit the demand of green products, so the manufacturer
has no incentive to invest in green technology, resulting in a decline in the green level.
a_q;lzr(())positiont't O <0, 980 >0, P2 <0, 25 >0, 2 <0, 2 >0, 22 <0, % > 0,
ok '

Proposition 5 shows that the rebate value, the wholesale price, the retail price and the de-
mand of conventional products in the rebate period decrease with the increase of the redemption
rate, while the green level and demand for green products in the rebate period increase with
the increase of the redemption rate. This demonstrates that the higher the redemption rate
of consumers, the greater the promotional costs for manufacturer, which reduces the rebate
value and lead to a decline in the demand for conventional products in the rebate period. To
maintain margins, the manufacturer increases the green level and wholesale price of green prod-
ucts, thus improving the market competitiveness of green products. However, with the increase
of the redemption rate, the slippage effect is not significant, and the gains for green products
cannot compensate for the losses for conventional products, which leads to a decline in the

manufacturer’s profit.

. omy, ap3 aps 0s® ore owy ows 8_(1‘1:
e Propg)sﬂzlong >0, 5 <0, 52 >0, 5 <0, 5 >0, 5 <0, 52 >0, 5t <0,
d2 a1 992
% >0, 91 5 0, 9 <,

Proposition 6 shows that the higher the rebate sensitivity factor of conventional products,



Manufacturer Rebates in a Green Supply Chain with Hybrid Production 137

the lower the green level of green products, and the less beneficial the sales of green products
in the rebate period are. However, the higher the rebate sensitivity factor of conventional
products, the more competitive the conventional products are, which ultimately leads to an
increase in the manufacturer’s profit.

Because the retailer’s profit in Model C is complex, the sensitivity analysis is not feasible.
It is discussed through numerical analysis. The parameter values are given as follows: a = 10,
0 = 0.4, A = 0.6, The results are shown in Figure 1.

30—

N
&
1

The profit of retailer

Figure 1 The effects of rebate parameters on the retailer’s profit in Model C

Figure 1 shows that the profit of the retailer increases with an increase in the rebate fre-
quency and decreases with an increase in the redemption rate in Model C. These trends become
increasingly obvious with the increase in the rebate sensitivity factor. In other words, the higher

rebate sensitivity factor aggravates the impacts of rebate frequency and redemption rate.

5 Strategies Analysis
5.1 The Effects of Rebate Strategies

This subsection discusses the effects of rebate strategies on the performances of channel
members. Firstly, the effects of rebates for green products are explored, and the results are

shown in Table 1.

Table 1 The effects of rebates for green products

* g * g * g * g * g * g * g
Wy —wy W2 —W; P1—P1 P2—Py S —S Tm = Tm Ty — T

(=) (0) (=) (0) (=) (=) (=)

Table 1 shows that: 1) The wholesale price and retail price of green products in Model N
are lower than those in Model G. 2) Rebates for green products have no effects on the optimal
decisions for conventional products. 3) Although the wholesale price and the retail price of green
products increase in Model G, the rebate strategy increases the demand for green products,
ultimately improving the profits of channel members. 4) The green level in Model G is higher
than that in Model N. This shows that rebates for green products are not only beneficial to

channel members, but also beneficial to the environment.
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Secondly, the effects of rebates for conventional products are discussed, and the results are
shown in Table 2.

Table 2 The effects of rebates for conventional products

* c * c * (& * C * c * c
wy —wy W2 —wWy pip—P1 P2—P2 S —S Tm — Tm

(+) (=) (+) (=) (+) (=)

Table 2 shows that, 1) The retail prices and wholesale prices of green products are lower
in Model C than those in Model N. 2) The wholesale prices and retail prices of conventional
products are higher in Model C than those in Model N. 3) Consistent with Model G, the
manufacturer’s profit in Model C is higher than that in Model N. 4) As the competitiveness of
green products declines, the manufacturer reduces her investment in green levels to reduce the
loss of profits, which eventually leads to the decline of green levels.

Because the retailer’s profit in Model C is complex, the sign of 7" — 7¢ could not be judged
by theoretical analysis. It is discussed by numerical analysis. The parameter values are given
as follow, a = 10, § = 0.4, A = 0.6, the results are shown in Figure 2.

01 0.4
0 o1 02 03

B k

Figure 2 The effects of rebates on retailer’s profit in Model C

Figure 2 shows that, 1) The profit for retailers is higher in Model C than that in Model
N. 2) The difference in the retailer’s profits between Model N and Model C increases with the
increase of the rebate frequency and decreases with the increase in the redemption rate, and

the increase of the rebate sensitivity factor widens this gap.

5.2 Rebate Strategy Preference

This subsection discusses the strategic preferences of channel members. First, the influence
of the redemption rate on the rebate strategy preference of channel members is considered, and
the parameter values are given as follows: 8 = 0.3, t = 0.8, A = 0.6, a = 10, § = 0.4. The
results are shown in Figure 3. Second, the influence of the rebate sensitivity factor on the rebate
strategy preference of channel members is considered, and the value of the parameters are given
as follows: 6 =0.3, k =0.2, A\ = 0.6, a = 10, # = 0.4. The results are shown in Figure4. Third,



Manufacturer Rebates in a Green Supply Chain with Hybrid Production

139

the influence of the rebate frequency on the rebate strategy preference of channel members is

considered, and the value of the parameters are given as follows: k = 0.3, t = 0.5, A = 0.6,

a =10, 8§ = 0.4 and the results are shown in Figure 5.

Figure

Figure 4 The influence of ¢ on the rebate

Figure 5 The influence of 3 on the rebate strategy preference

The difference of channel members'

3 The influence of k£ on the rebate strategy preference

The difference of channel members'
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Figures 3~5 show that, 1) the redemption rate, the rebate sensitivity factor, and the rebate
frequency do not change the strategies preference of channel members. Both members prefer
the rebate strategy for green products, which not only helps to increase the profits of channel
members, but also helps to improve the green level. 2) The advantages of rebate strategies for
green products are more significant with the decrease of the redemption rate and the increases
of the rebate sensitivity factor and the rebate frequency. Moreover, the impact of different

rebate strategies on the retailer is more significant than that on the manufacturer.

6 Model Extension

Based on the previous analysis, this section expands the model from the following two
aspects: 1) The potential market demands are asymmetric, being a; and as for green products

and conventional products, respectively; 2) The substitution rates are asymmetric, i.e. 61 # 5.

6.1 Asymmetric Potential Market Demands

The demands for green products and conventional products without rebates are, respec-
a1—0az2—pi1+0pa+As az—0a1—pa+0p1—0Ors
—62 1-62 :

tively: ¢ = and o = The demands for green prod-

ucts and conventional products with the rebate strategy for green products are, respectively:

¢ = “1_9“2_(”11__0t2r)+9p2+’\5 and ¢§ = az_eal_pzj_ee(gl_”)_e’\s. The profit functions of the man-

ufacturer and the retailer with the rebates for green products are, respectively:

78, = Blun — k)i + (1~ BJunds + Busd + (1~ Bluwndo — 35 3)

7l = (p1 —w1)[BG] + (1 = B)q1] + (p2 — w2)[B45 + (1 — 5)da]. 9)

The demands for green products and conventional products with the rebate strategy for
a1—0az—p1+60(pa—tr)+As
1-02

conventional products are, respectively: ¢f = and ¢5 = ﬁ[ag —6fa; —

(p2 —tr)+6p; — OAs]. The profit functions of the manufacturer and the retailer with the rebates

for conventional products are, respectively:

iy, = Bwrdf + (1 = Blwigr + B(wz — kr)gs + (1 — Blwzge — 5527 (10)

7y = B(p1 —w1)df + (1 = B)(p1 — wi1)d1 + B(p2 — wa)ds + (1 — B)(p2 — w2)G2.  (11)

6.2 Asymmetric Product Substitution Rate

The demands for green products and conventional products without rebate are, respec-
a—01a—p1+0ipa+As a—02a—p2+02p1—02As

1—0102 1_0102 '
ucts and conventional products with the rebate strategy for green products are, respectively:

7 = “_91“_(”11:;:9):'91”"”\5 and g5 = “_02“_p2'1"f29(1’;12_tr)_02’\5. The profit functions of the

tively: gq; = and gy, = The demands for green prod-

manufacturer and the retailer with the rebates for green product are, respectively:

79 = B(wr — kr)g] + (1 — B)wiqy + Pwaqs + (1 — B)wagy — %sz, (12)

7 = (p1 —w1)[BF] + (1 = B)q,] + (p2 — w2)[Bg5 + (1 — B)qs). (13)

The demands for green products and conventional products under the rebate strategy for

a—01a—p1+01(p2—tr)+As
1—6162

conventional products are, respectively: gf = and g5 = ﬁ[a — Osa —
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(p2 — tr) + 6ap1 — O2As]. The profit functions of the manufacturer and the retailer with the
rebates for conventional products are, respectively:
1
T = Bwid] + (1= Bwrdy + Blws — kr)gg + (1 = Buwady — 557, (14)
T = (p1 —w1)[6q] + (1 = B)@] + (p2 — w2) (875 + (1 — B)T,). (15)

6.3 Numerical Analysis

In this subsection, the extended models are discussed by numerical analysis. First, the
influence of asymmetric potential market demands on the rebate strategy preference of channel
members is considered. The parameter values are given as follows: § = 0.4, £k = 0.3, t = 0.5,
8 =0.7, A=0.6, as = 10 , with the results shown in Figure 6.

05

0.5

The profit difference between channel
members under the two rebate strategies

-1.5

. .
0 5 10 15
a

Figure 6 The influence of a; on the rebate strategy preference

Figure 6 shows that, 1) with the increasing of potential market demand for green products,
the profit difference of channel members under different rebate strategies first decreases and
then increases. 2) When the demand for green products is small, it is more favorable for
channel members to choose the rebate strategy for conventional products. However, when the
potential market of green products is high, channel members prefer the rebate strategy for green
products. 3) The influence of a; on the profit difference for retailer is more significant than
that on the profit difference for manufacturer.

Second, the influence of asymmetric product substitution rates on the rebate strategies
preference of channel members is discussed. The parameter values are given as follows k = 0.3,
t=0.5,0=0.7,A=0.6,a =10, 5 = 0.4. The results are shown in Figure 7.

Figure 7 shows that, as 6, increases, the profit difference between channel members with
different rebate strategies first decreases and then increases. When 6; is small, the rebates for
green products decrease the actual price of green products, thereby attracting the consumers in
the potential market of green products, ultimately leading to an increase in channel members’
profits. When 6; is large, green products have a high substitution value for conventional

products, and then the rebates for green products are attractive for customers both from the
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conventional products market and green products market, which increase the market demand
for green products, ultimately increasing the profits of channel members. In summary, when 6,
is small or large, the advantage of rebates for green products is more significant, but asymmetric

product substitution rates do not change the channel members’ rebate strategy preferences.

0.34

The profit difference between channel
members under the two rebate strategies
°
I

Figure 7 The influence of 61 on the rebate strategy preference

7 Conclusion

This study constructs a green supply chain model composed of one manufacturer and one
retailer, and analyzes two rebate strategies for manufacturers simultaneously producing green
products and conventional products. The differences between the rebate strategies are com-
pared, with the following results.

1) In the green supply chain, the rebate strategies help increase the profits of channel
members. Specifically, the more significant the slippage effects are (the smaller the k or the
larger the t), the more beneficial the rebate strategies are, and the effects of the rebate strategies
are more significant for the retailer than they are for the manufacturer. In addition, the rebate
strategy for green products is more beneficial to channel members and to the environment than
the rebate strategy for conventional products.

2) In Model G, the higher the rebate sensitivity factor is, the higher the green level is. This
means that the channel members can improve the rebate sensitivity factor through promotions
and achieve a win-win situation in terms of protecting the environment and enhancing their
profits. However, in Model C, the increase in the rebate sensitivity factor reduces the green
level. In this case, the channel members should be cautious about promoting rebate strategies.

3) When the potential market demands of products are asymmetric, it is more beneficial
for channel members to choose products with higher potential market demand to employ the
rebate strategy. This shows that the potential market demand is an important factor affecting
the choice of the rebate strategy for channel members.

Although this study provides important conclusions, there are still many areas that call

for further study. 1) This study only considers manufacturer rebate promotions and does not
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consider the rebate strategy of retailers. 2) It is assumed that consumers are homogeneous, and

the heterogeneity of consumers is not considered. 3) This study mainly assumes a deterministic

market demand, and does not consider the uncertainty of market demand caused by consumers’

unfamiliarity with green products.
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Appendix
Proof of Proposition 1
ord,  a?kt(k—t)*(1—0)*(0 + 1)

a8 A2 =0

ord  8a’k*t*(k —t)2(1 — B)(0 — 1)*(0 + 1)?

o8 PE 0

9q]  at(k+t)(k—1)%(0 —1)%(0 + 1)

8—6 - A2 > O,

dq3 abt(k +t)(k —t)%(0 — 1)%(6 + 1)
8_5 = — A2 < 0,

9s9  2aktA(k —1)%(0 —1)%(0 + 1)
a—ﬁ - A2 > O,

ord a(0? —1)(k —t)(0 — 1)[2ktA* — (1 — 6%)(k* + % + 6kt)]
B g |

Because 0 < A < \/(1_92)[82;@(5;?24_6“”, then 0 < 2ktA\? < ﬁ(l —0%)[8kt — B(k* + 2 +

6kt)]. So, 2ktA2 — (1 — 62)(k + 2 + 6kt) < —=2ED g it means 227 > 0.

Ipf _ 2akt(k —1)(0 —1)°(0 + 1)[kAN* — (1 — 6°)(k + 3t)]

B A? '
Because 0 < A\ < \/(1792)[8122;{31(524)&%%0]’ then 0 < kX% < (1792)[8]6;;(?&]6;)“2%“)]. So,
—02)(k— — . op?d
kX2 — (1 —0%)(k + 3t) < =2 )(k%?l[fz)ﬁ(kﬁt)] < 0, it means aiﬁl > 0.

Oq1  2akt(k —1t)(0 — 1)(k6% — 3t — k + 36%t + t\?) -0

o3 A? ’

Ogo _ 2ak0t(k —t)(0 — 1)(k6* — 3t — k + 30°t +1)\%) =0

o3 A2 ’

owd  2akt(k —1)(0 — 1)%(0 + 1)(2k0? — 2t — 2k + kX2 + 20%t)

a5 = 1 > 0.
Proof of Proposition 2

ord,  a*Bt(k* —2)(B-1)(0 —1)3(0 + 1) -0

ok A2 '

ord  8a’BEt*(k* —t*)(6 - 1)*(0 — 1)*(0 + 1)
ok e <0

o¢f  at(B—1)(0 —1){2¢2(1 — B)A* — (1 — 6%)[8t* — B(5t* + k* + 2kt)]}
ok A2 '

Because 0 < A < \/(1_92)[82;(’1(5;?2%“”7 then 2¢62(1 — B)A? < £(1—60%)[8kt — B(k* +* +

6k)]. So 262(1 — B)A2 — (1 — 62)[812 — B(5E2 + k2 + 2kt)] < BU=EEED ¢ means
%l <0
ok .
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dq5 _ 041
B _HW > 0.
D9 2aBtA(K* — t*)(B —1)(0 — 1)%(0 + 1)
T YE <0.
ord  a(0—1)2(0 + 1){2t2(1 — B)A? — (1 — 6%)[8t2 — B(7t? — k? + 2kt)]}
ok A? '
Because 0 < A < (1_92)[82;@(5;?2%“)]7 then 2¢62(1 — B)A? < £(1—6%)[8kt — B(k* +* +

6kt)]. So 22(1 — B)A2 — (1 — 62)[812 — B(TE2 — k2 + 2kt)] < U= —tD(=k) it means
o <0.

] aBt(6 —1)*(6 + 1){(1 — B)2k>N* — (> — 1)[B(K* + 51> + 2kt) — 2k* — 6£°]}
ok A? '

Because 0 < A < |/ UMW ELOM] then 2k2(1— B)A2 < & (1—67)[8kt — B(k? +2 +

6kt)]. So (1— 5)2k2A2 (0% —1)[B(k*+5t2+2kt) —2k*—6t%] < 1(1-6%)(k*—t?)[6t—B(k+5t)] <0,
op? g 8;0

it means ;- =5 <0.

Proof of Proposition 3

org, a2k — (B -1 - 130 + 1)

>0,
ot A2
oy 8a?Bk2t(k? — t2)(B — 1)*(B — 1)1(0 + 1)?
- =- YE >0,
9g)  ak(B—1)(0 — D{2°(1 = BIN® — (1 — 0*)[8t> — B(5¢> + k* + 2kt)]}
o A2 '
Because 0 < A\ < \/(1 ) [8];2tg(kzﬁ;rt2+6kt)] then 2t%(1 — B)A? < £(1 —6%)[8kt — B(k* + 12 +

6k1)]. So 262(1 = B)A? — (1= 02)[82 — B(5¢% + K* + 2kt)] < PU—A - tH(ktt)

, it means
¢ _ 9
> 0. F2 = ql <0.

ore a0 —1)%(0 + D{2K2(1 — B)N? — (1 — 6%)[8t* — B(7H* — K + 2kt)]}
ot A2 .

Because 0 < A < \/(1 ) 8’;’;“(’3(’“;')”2%“)] then 2k%(1— B)A2 < &(1—6%)[8kt — B(k? +12 +

6k)]. So 2k2(1 — B)A2 — (1 — 62)[812 — B(TH2 — k2 + 2kt)] < U=EBE==k)

, it means
o’ <.
9s9  2aBkNKk* —t2)(B—1)(0 —1)%(0 + 1)
o az i~
ap! _ apk(6 —1)*(0 + D{(1 = B)2k>N* — (6> — 1)[B(K* + 5¢* + 2kt) — 2k* — 61°]}
ot A? '
Because 0 < A < /4=l 8’;2tg(k;')”2+6kt)] then 2k%(1— B)A2 < &(1—6%)[8kt — B(k> +12 +
6kt)]. So (1—B)2k2A\2—(02—1)[B(k?+5t>+2kt)—2k*—6t2] < +(1—62)(k?—t2)[6t—B(k+5t)] < 0,
. opf owy _ Op]
it means —; -5 = 5 > 0.

Proof of Proposition 4
Omg,  aPkt(0® —1)(k — 1)>(\* + 460 — 4)? -
a8 C? ’

0s¢ _ 8BakftA(6® —1)(k —1)*(\* +46 — 4) “0
op C?2 ’
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ore a n2 2 2 2 21712

55 = o0~ Dl =07 +46 = D{((1 = 67)(k + ) + 4kt (1 4 6%)|A
+4(0* — 1)(k* + 6kt + t*)} < 0,

wi _ 4akOiN* (0 — 1)(k —1)*(\* + 40 — 4)

8 = = <0,

ows  dakt(9? — 1)(k* — t2)(X* + 460 — 4)(46% + \* — 4) -

op C?2 ’

q§ aft(0% — 1) (k — t)2(\2 + 40 — 4)(4k + 4t + kX2 — t)2)

o5 =~ ol <0,

dgs _ at(0® — (N —4)(k+1)(k —1)*(\* +40 — 4) ~0

B C2 ’

Ipi _ 6akOIN (6> — 1)(k —1)*(N* +460 — 4) “0

op C2 ’

Ops  2akt(0? — 1)(k? + 2kt — 3t2)[16(0 — 1)2(0 + 1) + \2(46? + 460 + \? — 8)]
95 = o2 > 0.

Proof of Proposition 5
ome,  a?Bt(0* — 1)(k* — t2)(6 — 1)(A* + 40 — 4)?

ok Cc? <0,

Op§  6aBOtN (62 — 1) (k> — 2)(B — 1)(\? + 46 — 4) -0

ok C? ’

%’;j = %@(1 — 0% (A +40 — H{[N\* — 4(1 — 0H)][B(k* + 5t* + 2kt) — 2k* — 6t%] — BO% (k — 1) \?}.
Because

o [A= 82802 + 2+ 6kt) — ke 4(1 — 02)[B(k + )2 — 4kt(2 — B)]
< (3 —1) S\ B0 — k2 - F) — B0k — 1)?

4(1 — 02)[B(k? 4 5t2 4 2kt) — 2k? — 6t2]
B(k? + 5t2 + 2kt) — 2k2? — 612 — 302 (k — t)?’

. op3
s0 [A2 — 4(1 — 0%)][B(k* 4 5t* 4 2kt) — 2k* — 6t*] — 0% (k — t)*A? > 0, it means 22 < 0.
9s°  8afOAO> — 1)(k2 — 12)(0 — 1)(A> + 460 — 4)

ok 2 >0,

orea(l—02)(N2 +460 — 4){B0%(k — ¢)222 + [\ — 4(1 — 62)][B(7t* — k2 + 2kt) — 8%]}
ok C? '
Because

o [Q=)[B(k + 2 + 6kt) — k] A(1— 02)[B(k + )% — 4kt(2 — B)]
< (G —1) S\ B2 -4k —5) B0k — 1)2

- 4(1 — 62)[3(7t% — k2 + 2kt) — 8t?]
B02(k — )2 + B(7t2 — k2 + 2kt) — 82’
so [B02(k —t)? + B(Tt? — k% + 2kt) — 8t%]\2 + 4(0% — 1)[B(7t? — k* + 2kt) — 8t?] > 0, it means
9 <0.
owi  4aBOtN2(6% — 1)(k* — 12)(B — 1)(A? + 460 — 4)
ok C2

>0,
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ows  aft

= 2 (0% — 1)(\? 4+ 40 — ){[\>—4(1—0%)][B(3k> +3t*+2kt) — 4(k* + t*)]+ B0 (k—1)*\?}.

Because

o [A= 621806 + 2+ 6kt) — 8k] 4(1— 02)[B(k + )% — 4kt(2 — B)]
< (G —1) S\ B0 -4k - 5) - B0k — 1)?

A(1 — 62)[B(3K2 + 3t2 + 2kt) — 4k2 — 41]
B(3K% + 312 + 2kt) — 4k2 — 482 + B02(k — £)2’

so [B(3k? + 3t? + 2kt) — 4k? — 4t2 + B2 (k — t)?]N\% — 4(1 — 62)[B(3k? + 3t + 2kt) — 4k? — 4t?] > 0,

. dws
it means 22 < 0.

QL 95— 1)V 440 — )[BT — K2 + 2k1) — 8 + 0%k — 1)°]22
—4(1 = 0%)[B(k? + 5¢* + 2kt) — 8¢7]}.

Because

o [Q=)[B(R + 2 + 6kt) — k] A(1— 02)[B(k + )% — 4kt(2 — B)]
< (G —1) S\ B2 -4k - 5) - Bk —1)2

A(1 — 02)[B(k? + 52 + 2kt) — 8t2]
B(7t2 — k2 + 2kt) — 82 + 362 (k — t)2’

so [B(Tt% — k% + 2kt) — 8t% + BO%(k — t)?]\? — 4(1 — 6%)[B(k? + 5t2 + 2kt) — 8t%] > 0, it means
%i > 0.
945 at 2 2 2 2 21,2 21712
S5 =~z (B = DO +40 — D{[B(k* + 5t + 2kt) — 8% — 3% (K + 2kt — 3¢*)]A
—4(1 — 0%)[B(k* + 5t% + 2kt) — 8t7]}.

Because

o Q=B 42 4 Gkt) — 8kt _ | 4(1— 62)[B(k +1)° — 4kt(2 — B)
2%t(6 —1) Bk + )2 — 4kt(2 — ) — BO2(k — 1)2

- 4(1 = 62)[B(k? + 512 + 2kt) — 8t2]
B(k2 + 52 + 2kt) — 8t2 — 302(k2 + 2kt — 3t2)’

so [B(k% + 5t2 4 2kt) — 8t2 — 302 (k? + 2kt — 3t2)|]A\2 — 4(1 — 62)[B(k? + 5t + 2kt) — 8t%] > 0, it

9q5
means 57 < 0.

Proof of Proposition 6

ore, a’BE(0% — 1)(K* = #*)(8 = 1)(N\* +40 — 4)
= - > 0,
ot C?
ops 6a80kA2(07 — 1)(k* — 2)(8 — 1)(N* + 460 — 4)
=- <0,
ot C?
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Ops _ PR 42 1y(32 1 40— )18k + 5E2 1 2ht) — 242 — 612 — BE%(k — £)2]A2
815—@( = 1)(A +40 — ){[B(k" + 5t~ + 2kt) — 2k~ — 61" — B0~ (k — 1)7]
—4(1 — 0%)[B(k* + 5t% + 2kt) — 2k* — 6t7]}.
Because

2Kt(F — 1) Bk + )2 — 4kt(2 — B) — 502 (k — t)?

A(1 — 62)[B(K2 + 512 + 2kt) — 2k2 — 62]
B(kZ + 512 + 2kt) — 2k% — 612 — 302 (k — )2’

e \/(1 — 02)[3(K2 + 2 + Gkt) — 8k1] _ \/ A(1 — 02)[B(k + t)2 — 4kt(2 — B)]

so [B(k? + 5t + 2kt) — 2k2 — 62 — 862 (k — £)2]A2 — 4(1 — 02)[B(k? + 5t + 2kt) — 2k2 — 6£2] > 0,

) aps
it means %2 > 0.

05 8BaBORA(? — 1)(k* — ) (B — 1)(X* +40 — 4) “0

ot C?

ore a0 —1)(A? + 40 — 1){B6?(k — t)>X\* 4 [\? + 4(0% — 1)][B(Tk* — t* + 2kt) — 8K?]}
ot C? '
Because

o [0 =Bk + 2 + 6kt) — k] 4(1— 02)[B(k + )% — 4kt(2 — B)]
< (G —1) S\ B2 -k - 5) - B0k —1)2

4(1— 02)[B(Tk2 — 12 + 2kt) — 8K2]
S\ BOKZ 2 1 2kt) — 8K2 + BO2(k — )2

. ore
s0 3602 (k —t)>A\? 4 [A\* + 4(0% — 1)][B(7k* — t* + 2kt) — 8k?] > 0, it means Z— > 0.

Owi _ 4aBOkN(0° — 1)(K* —t*)(8 — (N + 40 — 4)

ot o 2 < 07
% = %(92 —1)(X* +40 — ){[\? + 4(6% — 1)][B(3k + 3t* + 2kt) — A(k* + 1*)]

+86%(k — t)?A?}.
Because

o Q=B + 2+ 6kt) — 8kt _ | 4(1— 62)[B(k +1)? — 4kt(2 — )
2Kt(B — 1) Bk + )2 — 4kt(2 — B) — BO2(k — t)2

\/ A(1 — 62)[B(3k2 + 312 + 2kt) — 4k2 — 442

B(3k2 + 3t2 + 2kt) — 4k2 — 412 + BO2(k — )2’

so [B(3k? + 3t? 4 2kt) — 4k? — 442 + B6% (k — )% \2 +4(0% — 1)[B(3k? + 3t2 + 2kt) — 4k* — 4¢%] > 0,

dws
vE 0.

it means

% = 05— 1) + 40— )[BT — K + 2kt) — 8+ B2k — 1))
—4(1 — 6%)[B(k* + 5t% + 2kt) — 8t%]}.
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Because

o [Q=)[B(k + 2 + 6kt) — k] A(1— 02)[B(k + )% — 4kt(2 — B)]
< (G —1) S\ B2 -k - 5) - B0k —1)2

4(1 — 02)[B(k2 + 5¢2 + 2kt) — 8t2)
S\ B — K2 1 2kt) — 82 + BO2(k — 1)2

so [B(Tt% — k% + 2kt) — 8t% + BO%(k — t)?]\? — 4(1 — 6%)[B(k? + 5t2 + 2kt) — 8t%] > 0, it means
% <0,

dq3 _ ak 2 2 2 2 201.2 21112

o7 = gz (8= 1D +40 — D{[B(* + 5t + 2kt) — 817 — 5% (K + 2kt — 3%)] A
—4(1 — 6*)[B(k* + 5t + 2kt) — 8t°]}.

Because

e \/(1 — 02)[B(k? + 2 + Gkt) — 8kt] _ \/ A(1 — 02)[B(k + )2 — 4kt(2 — )]

2%t(6 — 1) Bk + )2 — 4kt(2 — ) — BO2(k — 1)

4(1 — 02)[B(k? + 5t2 4 2kt) — 8t2]
B(k% + 5t + 2kt) — 8t2 — 362(k? + 2kt — 3t2)’

so [B(k% + 5t2 4 2kt) — 8t2 — 302 (k? + 2kt — 3t2)|]\2 — 4(1 — 62)[B(k? + 5t + 2kt) — 8t%] > 0, it
means aaqt; > 0.
Proof of the results in Table 1 and Table 2.

Because the optimal decisions and profits of channel members in the model without manu-

facturer rebates are the special outcomes in the models with manufacturer rebates while g = 0.
So, according to Proposition 1 and Proposition 4, we can easily verify the results in Table 1
and Table 2.



