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Abstract: Fashion supply chain members now search for trade-offs between sustainable
investment and the related incentives, such as savings on environmental taxes and gains in
incremental demands. To evaluate the economic and environmental performance of sustainable
investment from a power perspective, we develop an analytical model to study a two-echelon
sustainable supply chain consisting of one retailer and one manufacturer with three different
power structures. We derive the optimal solutions for various cases associated with different
supply chain power structures and sustainable investors. Though it is beneficial for both the
manufacturer and retailer to make sustainable investment, they often utilize high power to gain
economic benefit with less sustainable investment. Interestingly, the follower with less supply
chain power has more incentive to make a sustainable effort to achieve a higher profit. The optimal
amount of sustainable investment in the apparel manufacturer investment case is greater than that
in the retailer investment case in most scenarios.
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1. Introduction

Global textile consumption is estimated at more than 30 million tons per year, which causes
serious environmental impact within the fashion supply chain [1]. Facing increasingly crucial
environmental issues in fashion industries, many fashion brands have developed
pollution-abatement technologies and sustainable designs, which require substantial investments
[2]. The costly investments usually cannot be justified by purely economic indicators, and some
incentives are provided by environmental policy and market response (Krass et al. [3]). Regarding
the policy, environmental tax is often used as an efficient tool to promote firms to invest in
sustainable effort to control the pollution (Atasu et al. [4], Drake et al. [5], Krass et al. [3]). For
instance, the solar Investment Tax Credit (ITC) is used to support the deployment of solar energy in
the United States. It is currently a 30% federal tax credit claimed against the tax liability of residences
and allows the homeowner to apply the credit to his/her personal income taxes. Regarding the
market response, a number of studies have shown that the sustainable practices have positive effect
on the market demand (see, e.g., Swami and Shah [6], Shen [7], Tang et al. [8], Dong et al. [9], and Li
and Shen [10]). This phenomenon is also widely observed in real practice, especially in fashion
industry. For example, consumers are willing to purchase the H&M'’s organic cotton t-shirts, even if
these sustainable products are relatively more expensive than the regular ones [7].
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Based on these facts, on the one hand, fashion companies have more incentive to invest in
sustainable design [7,10]. Well-known examples include the sustainability practices in H&M, which
is the second largest user of recycled polyester in the world and used recycled polyester equivalent
to more than 180 million Polyethylene terephthalate (PET) bottles in 2016 [11]. On the other hand, it
is also significant for companies to look beyond their organizational boundaries and develop a more
efficient solution for a sustainable supply chain. Accordingly, sustainable supply chain practices are
also observed in retail industry. For example, Marks & Spencer, the largest retail group in UK,
invested 200 million pounds on a sustainable project called “Plan A” in 2007. This sustainable
project, which consists of 100 commitments to achieve environmental goals, covers Marks & Spencer
and its suppliers. According to the annual report of Plan A in 2016, 42% of the cotton sourced by
suppliers for Marks & Spencer products came from sustainable sources (32% in the previous year),
and their aim is to improve it to 70% before 2020 [12].

From the above observations, both apparel manufacturers and retailers search for trade-offs
between sustainable investment and the related incentives, such as savings on environmental taxes
and gains in incremental demands. Sometimes, core enterprises, such as H&M and Marks &
Spencer, involve their supply chain partners in their sustainable projects. It is important to
investigate the economic and environmental performance of sustainable investment by
manufacturers and retailers. In addition, it is interesting to investigate whether the fashion supply
chain partners with less power are hurt or benefit when they participate in supply chain leaders’
sustainable projects.

Very little effort has been made in the existing literature to explore the issue of sustainable
investment in a supply chain with the consideration of power structure, except Chen et al. [13], who
however did not consider that the retailer may invest the sustainable effort. In this paper, we aim to
investigate the joint effort of power structure and sustainable investment on the economic and
environmental performance of supply chains. We consider a fashion supply chain consisting of one
retailer and one manufacturer, and both of them have options to invest in sustainable effort.
Following the industrial practices, we consider that the sustainable investment will bring a decrease
of tax and an increase of demand. We analyze the retailer's and manufacturer’s sustainable
investment and pricing decisions in manufacturer Stackelberg (MS) model, the vertical Nash (VN)
model, and the retailer Stackelberg (RS) model, respectively. We derive the optimal solutions for
various cases associated with these three supply chain power structures and two different
sustainable investors. Besides, by conducting some comparisons, we obtain some important
managerial insights. To the best of our knowledge, this paper is the first to study the effects of
sustainable investment by different investors in supply chains with different power structures. We
show that it can be beneficial for both the manufacturer and retailer to make sustainable investment,
especially for the follower with less supply chain power. The optimal amount of sustainable
investment in the manufacturer investment case is greater than that in retailer investment case in
either VN or RS supply chain structure. In a MS structure, the retailer is willing to make more
investment than the manufacturer does, if the sustainable sensitivity of demand is relatively high.

The rest of the paper is organized as follows. In Section 2, we conduct a literature review. In
Section 3, we introduce the three models of different sustainable investors. In Sections 4 and 5, we
analyze the optimal solutions with the manufacturer’s sustainable investment and the retailer’s
sustainable investment settings, respectively. All of the optimal solutions in different structures are
compared and managerial insights are derived in these two sections. In Section 6, we compare the
different investors’” sustainable investment decisions and related performance. Section 7 concludes
the paper. All proofs are relegated to the Appendix A.
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2. Literature Review

Our work is related to two streams of the research in the operations management/operations
research literature. The first stream is the literature taking the sustainability issue into consideration.
The second stream is the literature considering the impact of the power structure.

Sustainability issue has received extensive attention in the operations management and
operations research literature, and there is growing consensus that the sustainability issue should
be integrated into operational decision (Benjaafar et al. [14], Choi [15], Drake and Spinler [16], Dong
et al. [9]). Letmathe and Balakrishnan [17] and Dobos [18] are two early papers that study the
production and inventory policies by taking the sustainability issue into consideration. Recently,
there are many other papers studying the production and/or inventory management with
sustainable effort investment and/or the regulation on the carbon emission consideration (e.g.,
Bouchery et al. [19], Benjaafar et al. [14], Zhang and Xu [20], Nouira et al. [21], and Toptal et al. [22]).
There are also some other papers studying the effects of carbon emission with respect to other
issues. For example, Choi [15] addressed how a carbon footprint taxation scheme could be imposed
on a fashion quick response system. Rosi¢ and Jammernegg [23] investigated the impact of carbon
emission policy on the transportation mode. Yalabik and Fairchild [24], Liu et al. [25], and Chen and
Hao [26] studied the effect of carbon emission on operational decisions for firms in a competitive
environment. Jaber et al. [27], Zhang et al. [28], Du et al. [29] and Dong et al. [9] considered the
supply chain coordination with consumer environmental awareness and/or emissions reduction
incentives. Drake et al. [5] analyzed the effects of emission tax and emissions trading regulation on
the technology choice and capacity decisions. Li and Shen [10] studied the sustainable design
operations by comparing the non-profit manufacturer and for-profit manufacturer business modes
in fashion industry. While also considering consumer environmental awareness and emissions
reduction investment, we focus on the joint effects of sustainability issues and power structure in
this paper.

In the literature, the supply chain power structure is modeled with respect to the sequence of
actions of manufacturer and retailer. The manufacturer Stackelberg game has been widely
considered in the literature (Shi et al. [30]). For example, Anupindi and Bassok [31], Lariviere and
Porteus [32], Dong and Rudi [33], and Taylor [34] used manufacturer Stackelberg games to study
the interaction of supply chain members. The interaction has also been modeled as Vertical Nash
game, in which both supply chain members make their decisions simultaneously. Examples can be
found in Iyer and Villas-Boas [35], Inderst and Wey [36], etc. To model the situation of a power
retailer, there are some papers that consider retailer Stackelberg games, such as Dukes et al. [37],
Geylani et al. [38], Raju and Zhang [39], and Wang et al. [40].

Differing from the above literature that mainly focuses on one specific game, there are some
papers that study the impacts of the different power structures. Choi [41] analyzed the impact of
power structure with the consideration of price competition. Ertek and Griffin [42] explored the
impact of power structure in a two-stage supply chain. Majumder and Srinivasan [43] investigated
the impact of contract leadership on the performance of supply chain. Nagarajan and Sosi¢ [44]
studied the effects of different power structures on dynamic supplier alliances in a decentralized
assembly system. Shi et al. [30] analyzed the impacts of power structure on supply chains with
uncertain demand. Xue et al. [45] examined how different power structures affect the supply chain
performance and consumer surplus. Chen and Wang [46] studied the effects of power structure on
the channel selection between a free channel and a bundled channel. Chen et al. [47] investigated
the impact of power structure on the retail service in a dual channel supply chain. Chen et al. [48]
examined the effects of power structure on the pricing and effort decisions for a supply chain with
uncertain information. Zheng et al. [49] studied the impact of the power structure on dual-channel
closed-loop supply chain. Chen et al. [13] examined the effect of power structure on the supply
chain coordination. In our paper, we study the effect of power structure on the supply chain
performance with the consideration of consumer environmental awareness and emissions
reduction investment. The majority of above studies did not consider the carbon emission, except
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Chen et al. [13], who however did not consider that the retailer may invest the sustainable effort,
which is different from our study.

Table 1 summarizes the closely related literature on operations management and operations
research with the consideration of sustainability issues and power structure. Regarding the
literature on the sustainability issues, it can be found that, even though the existing literature has
examined various aspects of sustainability issues, most studies considered that the manufacturer
invests the sustainable effort. How retailer's investment decision affects the economic and
environmental performance of the supply chain is not yet fully addressed. Regarding the literature
on the power structure, it can be found that the majority of the above literatures did not consider
the sustainability issues. However, it is important to investigate the jointly effect of the power
structure and sustainability issues on fashion supply chain. Addressing these questions hence
outlines the contribution of our study.

Table 1. A summary of closely related literature.

Sustainability Issues

Carbon Sustainable Investment
Papers Emission Decision Consumer Power
Manufacturer Retailer Environment Structure
Investment Investment Awareness
Decision Decision
Choi [15], Drake and Spinler [16],
Dobos [18], Bouchery et al. [19], v
Rosi¢ and Jammernegg [23],
Chen and Hao [26], Jaber et al. [27]
Benjaafar et al. [14], Letmathe and v v
Balakrishnan [17], Zhang and Xu [20]
Toptal et al. [22] v v
Zhang et al. [28] v v
Dong et al. [9], Li and Shen [10],
Nouira et al. [21], Yalabik and v v v
Fairchild [24], Liu et al. [25],
Du et al. [29]
Shi et al. [30], Choi [41], Ertek and
Griffin [42], Majumder and
Srinivasan [43], Nagarajan and v
Sosi¢ [44], Xue et al. [45], Chen and
Wang [46], Chen et al. [47],
Chen et al. [48], Zheng et al. [49]
Chen et al. [13] v \4 \4 \4
This paper v v 4 v 4

3. Modeling Framework

Consider a fashion retailer (she), who purchases single type products from an apparel
manufacturer (he) and sells to consumers. The retailer needs to decide the unit selling price p. The
manufacturer’s unit production cost is ¢, and he decides the unit wholesale price w. Clearly, we
have p>w > c.

In addition, the fashion supply chain members can invest some sustainable effort to improve
the functionality of the products. Investing on sustainable effort is costly, but it can make the
products be suitable for more needed consumers and reduce pollutant and related environmental
taxes. Thus, investment on the sustainable effort has positive effect on the demand (see, e.g., Swami
and Shah [6], and Dong et al. [9]). We assume that the market demand is deterministic. Let D(p, e)
be the demand quantity, which equals to the retailer’s ordering quantity.

Q =D(p,e) =a—Pp+ve. 1)
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Notice that the primary effect of the environmental taxation has induced the choice of less
environmentally damaging technology alternatives (Dong et al. [9]). Accordingly, we assume that
the sustainable effort cuts the apparel manufacturer’s environmental tax, which is denoted as T(e).
For easy exposition of the analysis, we assume that T'(e) = —te, where t is determined by tax rate
and per unit pollutant emission equivalent. For instance, according to the Chinese Environmental
Protection Tax Law, the tax base of atmospheric and water pollutants is determined by the
pollution equivalent number, which is converted from the pollutant emission amount and taxable
pollutants will be taxed at RMB 1.2 to RMB 12 per pollution equivalent, respectively. Essentially,
the sustainable effort reduces environmental tax by controlling per unit pollutant equivalent.

Due to the savings on the environmental tax and the positive effect on the demand, both the
retailer and manufacturer have motivation to invest in the sustainable effort. We consider the
following investment function:

I1(e) = €2 ()

It indicates that the investment is convex, increasing in e. This setting is popular in the
literature (see, e.g., Savaskan and Van Wassenhove [50], Li et al. [51], and Dong et al. [9]).

To avoid the trivial outcome, we assume that the investment coefficient is high such that 1 >
(y + Bt)?/2B. This is also reasonable because in reality the investment cost for improving the
sustainable level is usually high (Dong et al. [9]).

Based on the above settings, we consider two cases: the manufacturer makes sustainable
investment, and the retailer makes sustainable investment. Both members’ objectives are to
maximize their profits. Let II;* and II;; denote the retailer's and manufacturer’s profits,
respectively, when manufacturer makes sustainable investment. Let IIy and IIj, denote the
retailer’s and manufacturer’s profits, respectively, when retailer makes sustainable investment. The
profit functions are given as follows:

1. The manufacturer makes sustainable investment.

m*(p) = @-w)Q =@ —w)(a—pp+ve) 3)
Iw,e)=w—c—T(e)Q —I1(e) = (w—c+te)(a—Bw+m)+ye) — Ae? 4)
2.  The retailer makes sustainable investment.

i (p,e) = (p—w)Q —I(e) = (p —w)(a — fp +ye) — Ae? (5)
mw)=w-c—T()Q =Ww—-c+te)(a —B(w+m)+ye) (6)

Notice that sustainable investment increases market demands, consequently, the retail price
and wholesale price have growing trend. Hence, we assume that the sustainable investment is
positive related to the retail price and wholesale price. To guarantee this assumption, we assume
that y > Bt.

In each investment scenario, we discuss the models with three different fashion supply chain
power structures, i.e., the manufacturer Stackelberg (MS) model, the vertical Nash (VN) model, and
the retailer Stackelberg (RS) model. These model settings are quite common in fashion industries.
For example, H&M usually acts a leader in a supply chain and has dominant position when it deals
with retailers. Nike and Adidas have equivalent status with their retailers, such as ASOS and
Amazon. These companies announce their sustainable effort on their websites. Their practices well
fit the VN model setting. Moreover, the RS model can be observed from Marks & Spencer’s
sustainable project called Plan A, in which Marks & Spencer makes sustainable investment and
requirement for its supplies [12].

In the case of a MS power structure, the manufacturer and retailer make decisions sequentially.
The retailer determines the retailer price and sustainable investment level (if any) in response to a
given wholesale price. After observing the retailer’s response, the manufacturer decides the optimal
wholesale price and sustainable investment level (if any).
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In the case of a VN power structure, the manufacturer and the retailer make decisions
simultaneously. The retailer (manufacturer) determines the product price (wholesale price) and
sustainable investment level (if any) to maximize profit given a wholesale price (the retail price).
Finally, the consumer demand is realized and the supply chain members gain their revenues.

In the case of a RS power structure, the manufacturer and retailer make their decisions in
sequence. The manufacturer decides the wholesale price and sustainable investment level (if any) in
response to the given a retail price and sustainable investment level (if any). Then, by taking the
manufacturer’s response function into account, the retailer determines the optimal retail price and
sustainable investment level (if any).

4. The Manufacturer Makes Sustainable Investment

For the manufacturer’s optimal wholesale price (i.e, w/™) and sustainable effort (i.e., /"), and
the retailer’s optimal retail price (i.e., p{") in different power structures (i = m,n,r standing for MS,
VN and RS models, respectively), we obtain the following lemma:

Lemma 1. The manufacturer’s optimal wholesale price and sustainable effort, and retailer’s optimal price in
three different power structures are summarized in Table 2.

Table 2. Optimal decision when the manufacturer makes sustainable investment.

Model pi* el wit

S Model (i = (62— Bt* — ty)(a = Bc) ( + tB)(a = Bo) (42 = pt? — ty)(a = Bc)
MS Model (i = m) 8/1ﬁ2—(y+tﬁ)2 818 — (v + tB)2 ¢ 8/1ﬁ2—(y+tﬁ)2
. (42 — Bt? — ty)(a — Bc) y +tB)(a = fc) (22— pt* —ty)(a — Bc)
VN Model (i = n) + 628 — (y + tB)? 60— (y+tp)? * 6AB8 — (y + tB)?
S Model (i = py o3 CBZQBEENEEAI@=p) G+A)@=FO) @A pt’ —tr)(a = o)
RS Model (i = 1) 2B@IE — (T 15)D) 81— 20y +tp)?2 " 8AB—2(y +tB)?

Lemma 1 indicates that the manufacturer’s optimal wholesale price and sustainable effort, and
the retailer’s optimal price are existent and unique in the MS, VN, and RS power structures, when
the manufacturer makes sustainable investment.

Next, we discuss the impact of power relationship on the supply chain member’s optimal
decisions.

Proposition 1. (a) pj; > p™ > pit; () wit > wit > w/ and (c) e > et > eff.

Proposition 1 indicates that the retail price as a function of retailer's power is U-shaped. It
means that when either of supply chain members becomes the leader, the product price increases.
Besides, the wholesale price increases in the manufacturer’s power and decreases in the retailer’s
power. Moreover, the proposition shows that the sustainable effort as a function of manufacturer’s
power is inverse U-shaped. It means that when either firm becomes dominant in the supply chain,
the sustainable effort decreases. The results about the retail and wholesale prices are consistent with
supply chain literatures with channel leadership consideration (Shi et al. [30], Chen et al. [13]). If the
sustainable effort is made by the manufacturer, the consideration of the sustainability issues does
not change the effects of the supply chain power structure on the retail and wholesale prices. In
addition, our result about sustainable investment is also consistent with that in Chen et al. [13]. It
implies that joint incentives from both environmental tax and environmentally conscious demands
are not strong enough to stimulate the manufacturer to invest in the sustainable effort, when he is a
leader in the supply chain.

Since all consumers’ demand is satisfied, we measure their welfare by the retailer price and
sustainable effort, which increases their utilities of consuming sustainable products. From
Proposition 1, we find that a consumer’s welfare is hurt when either firm dominates the supply
chain. However, consumers are worse off when the power shifts from the retailer to the
manufacturer, due to higher retail prices and lower sustainable effort. In addition, this proposition
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shows that the manufacturer’s wholesale price in the MS power structure is the highest while his
sustainable effort is the lowest among three scenarios. It hints that the manufacturer is more likely
to utilize his dominant character to gain economic benefit rather than to invest in green
technologies to make sustainable effort.

For the effect of the supply chain power structure on the maximum profits of the manufacturer
and retailer, we obtain the following corollary:

Corollary 1. The retailer’s optimal profits and the manufacturer’s optimal profits in three different power
structures are summarized in Table 3.

Table 3. Optimal profit when the manufacturer makes sustainable investment.

Model n" ne

. 425(a - o)’ 2 - fo)?
MS Model (i = m) B8 — (7 + )22 818 — (v + tB)?

. 42°B(a — Be)? [42%B — A(y + tB)?](a — Bc)?
VN Model (i = n) [616 — (v + tB)2]2 [628 = (v + tB)2]2

L Ma — Be)? A(a — Be)?
RS Model (i =) 818 — 2(y + (5)° 4[425 = (y + tB)?]

In addition: II*(p™) > O™ (pat) > I (py) and I (wit, em) > ITE(Wi, el > 17 (wi, el™).

The result in Corollary 1 shows that supply chain member can get a higher profit if it becomes
the leader. This result is consistent with popular supply chain literature (Shi et al. [30] and Chen et
al. [13]). It implies that the consideration of influence of sustainable effort on the demand and
environmental tax does not change the effects of the supply chain power structure on profits.

5. The Retailer Makes Sustainable Investment

For the manufacturer’s optimal wholesale price (i.e., w]') and the retailer’s optimal sustainable
effort (i.e., e/) and retail price (i.e., p]) in different power structures (i = m,n,r), we obtain the
following lemma:

Lemma 2. The manufacturer’s wholesale price and retailer’s optimal sustainable effort and price in three
different power structures are summarized in Table 4.

Table 4. Optimal decision when the retailer makes sustainable investment.

Model pr ez' wr

MS Model (648 —y(y + 2Bt)(a — Bc) y(a — Bc) ¢
_ c 2848 — (v + 2416 — (v + (428 —y(y + 2Bt)(a — Bc)
(i=m) BB —y(y +tB)) B -y +tB)) + 26Af =7 + B)

VN Model ot (424 —ty)(a = Bo) y(a —Bc) ot (22 —ty)(a = Bo)
(i=n) 648 —y(y +tB) 6AB —y(y +tB) 6AB —y(y +tB)

RS Model C+(6/1—[3t2 — ty)(a — Bc) (v +tp)(a — o) c (24 = pt? — ty) (a — Bc)
(i=r) 818 — (v + tB)? 818 — (v + tB)? 81 — (v + tB)?

Lemma 2 implies that the manufacturer’s optimal wholesale price and the retailer’s optimal
sustainable effort and price are existent and unique in the MS, VN, and RS power structures, when
the retailer makes sustainable investment.

Next, we discuss the impact of power relationship on the supply chain members’ optimal
decisions. Regarding the effect of power structure on the manufacturer’s optimal wholesale price
and sustainable effort, and the retailer’s optimal product price, we obtain the following proposition:
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Proposition 2. (a) py > py, > pr; (W) wi, > wy > wy; and (c) If v < 3tB, then el > ey > ep; if 3tf <
y <7, then e > el > ey, andif y =27, then e, > ey, > e]. Here, ¥ is obtained by solving the following
equation: 8tAB% —y(y + tB)* = 0.

This proposition indicates that the retail price as a function of the retailer’s power is U-shaped.
The retailer sets a higher price when she seizes the dominant power from the manufacturer. Similar
to the previous scenario, the wholesale price still increases in the manufacturer’s power. However,
the effect of supply chain power structure on the sustainable effort depends on some parameters.
When the sustainable sensitivity of demand is relatively low (ie., y <3tf), the retailer’s
sustainable effort increases in her power. Then, a consumer faces a trade-off between high price and
high utility from environmental products. When the retailer faces median sustainable demand
sensitivity (i.e., 3tf <y <7), the sustainable effort as a function of retailer’s power is inverse
U-shaped. Furthermore, the sustainable effort as a function of retailer’s power is inverse U-shaped
and the retailer makes the least effort as a leader, if the sustainable sensitivity of demand is
relatively high (i.e., ¥ = 7). This result indicates that when consumers are zealous to pursue
sustainable product, a dominant retailer may utilize her power to obtain more economic benefit
rather than to make sustainable investment. As a result, consumers’ welfare is the worst in this
scenario. Comparing our findings with the existing literature on power structures, we find that the
results about retail and wholesale prices are consistent with those in the literature (e.g., Shi et al. [30]
and Chen et al. [13]). The retailer’s sustainable investment does not change the effects of the supply
chain power structure on retail and wholesale prices, even considering the incentives of
environmental tax and environmentally conscious demands. However, the result that the retailer’s
sustainable investment depends on sustainable sensitivity of demand is different from the literature
considering manufacturer’s investment only. The retailer, who faces the market directly, may be
affected by environmentally conscious demands more significantly than the manufacturer.

For the effect of the supply chain power structure on the maximum profits of the manufacturer
and the retailer, we obtain the following corollary:

Corollary 2. The retailer’s optimal profits and the manufacturer’s optimal profits in three different power
structures are summarized in Table 5.

Table 5. Optimal profit when the retailer makes sustainable investment.

Model 7. mr,

MS Model A48 — y¥)(a — Bc)? A — Bc)?
(i=m) 4[428 —y(y + tB)]? 20428 —y(y + tB))
VN Model A48 — y¥)(a — Bc)? 422 (a — Bc)?
(i =n) [648 —y(y + tB)]? [648 —y(y +tB)]?
RS Model A(a — Bc)? 422 (a — Bc)?
(i=1) 8B — (v + tp)? [848 — (y + tB)?]?

In addition: 117 (py, ey) > I (py, en) > I (P, €m) Tl (W) > I (wy ) > I, (wy0).

Similar to our previous analysis, the consideration of influence of sustainable effort on the
demand and environmental tax does not change the effects of the supply chain power structure on
profits. In addition, the results still hold when the investor changes.

6. The Supply Chain Members’ Sustainable Investment Decisions

In this section, we discuss the supply chain members’ motivation of sustainable investment by
comparing their optimal profits and optimal sustainable effort in different power structures.

First, we consider a scenario that both firms in the supply chain do not make sustainable
investment as a benchmark. Then, the retailer’s and manufacturer’s profit functions are:

m(p,e) = (p—w)Q = (p —w)(a — Bp) 7)
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Mw) =w-0)Q = w—o)(a—Bw+m)) ®)

The retailer maximizes her profit by setting retailer price (i.e., p?), while the manufacturer
derives the maximized profit by searching an optimal wholesale price (i.e., w). Their optimal
decisions in different power structures (i = m,n,r) are demonstrated and compared with the
previous results in the following lemma:

Lemma 3. The manufacturer’s wholesale price, the retailer’s optimal sustainable price and their optimal
profits in three different power structures are summarized in Table 6.

Table 6. Optimal decision and profit when no one makes sustainable investment.

Model P wl n(p?) (W)
MS Model (i = m) o+§$#£9 c+“;;c 9%%;2 9%%22
VN Model (i = n) c+§$%£9 c+“;;c Qg%ﬁﬁ 9;%22
RS Model (i = r) C+%iﬁ£2 c+“;;c 9%%EX Q%égﬁ

In addition, both firms’ optimal profits are higher when they invest in sustainable effort in each
power structure, i.e., nl(p!,el) > nl(p?) and al (W™, e™) > nd(w?).

Lemma 3 indicates that both the retailer and the manufacturer benefit from their own
sustainable effort. Hence, both firms are motivated to make sustainable investments.

Comparing the optimal profits differentiated by investors in the supply chain in three types of
structure, we have the following proposition.

Proposition 3.

1. In the MS power structure, the retailer benefits from her sustainable investment if the investment factor

is relatively low (i.e., I (pl, eh) > (M), if A < 1), where:

(V+ﬁt)2‘f4ﬁi—)/2
1= :

8p2t

Otherwise, the retailer’s profit is higher when the manufacturer makes investment. The manufacturer’s
profit is higher when the retailer makes sustainable investment (i.e., Iy (Wi, em) < I}, (W)

2. In the VN power structure, the retailer benefits from the manufacturer’s sustainable investment (i.e.,
7 (ph, en) < I (ppY) ). The manufacturer’s profit is higher when the retailer makes sustainable
investment (i.e., IIF(wW, eM) < I, (w))).

3. In the RS power structure, the optimal profits of both the retailer and the manufacturer are higher when

the manufacturer makes sustainable investment (ie., Iy(w™ e™) > I, (wy) and II7(py,el) <
" (pr™)).

Proposition 3 shows the effect of power structure on the supply chain members’ incentive of
sustainable investment. Since the manufacturer is more likely to utilize his power to gain economic
benefit, he prefers to wait for the retailer to invest in sustainable effort. Because the retailer
generates less profit in the MS power structure, she is motivated to make sustainable effort to
attract more demand when the investment factor is relatively low. As this factor exceeds certain
threshold, the revenue from incremental demand cannot cover the sustainable investment. Then,
the retailer prefers to wait for the manufacturer to invest. From Lemma 3, the retailer’s profit will be
hurt when no one invests in sustainable effort. Acting as a follower in the MS power structure, the
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retailer may invest eventually, since the manufacturer would like to wait for her sustainable
investment.

In the VN power structure, neither side can benefit directly from the equivalent supply chain
power. Accordingly, they would like to wait and take advantage of the sustainable investment of
the other side. In addition, from Lemma 3 we obtain that both firms’ profits are hurt if no one
invests. Consequently, it is interestingly to find that the investing problem in the VN power
structure becomes a game of chicken.

In the RS power structure, the manufacturer, whose profit shrinks due to the loss of supply
chain power, is willing to invest in sustainable effort to obtain more demand and reduce the
environmental tax. While the retailer is satisfied with the high profit due to her position as a leader,
she would rather to wait for the manufacturer to make sustainable effort. From Proposition 3, it
seems that the manufacturer has more incentive to invest in sustainable effort than the retailer does
when he loses the supply chain power. It is because the manufacturer gains additional demand and
saves environmental tax by investing on sustainable effort, while the retailer is not affected by the
reduced environmental tax.

In order to illustrate the results more intuitively among different cases, we present a numerical
example. More specifically, we discuss the impact of investment factor (i.e., 1) on the optimal
profits of both firms. In this example, we set « = 100, § =3, y =35 c¢=1, t = 0.4, and we let 1
vary from 4 to 24. These parameters satisfy the constraints we assumed in the model setting. In
Figure 1, we depict the retailer’s optimal profits in three types of power structures, with different
sustainable investors, respectively. Correspondingly, the manufacturer’s optimal profits are
represented in Figure 2.

600 1 rofit ———MSMinvest —+—VNMinvest —s— RS M invest
550 4 NI\ —---- MS R invest ==#=-VN R invest -=m=-RS R invest
500 -
450
400 Tt cme '
£ b—-i——ﬁ——b—-‘--.__‘__‘__._*_*__‘__.‘_-*-*_‘
350 -
300 -
250 \\
A

200 T T T T T T T 1

5 7.5 10 12.5 15 17.5 20 22.5 25

Figure 1. Retailer’s profits in different scenarios.
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650 _Profit = MS M invest VN Minvest —=— RS M invest
600 4, eee-- MSRinvest =-#--VNRinvest =--=--RSRinvest
550
500
450
400
350
300
250
200

4 6.5 9 11.5 14 16.5 19 215 24

Figure 2. Manufacturer’s profits in different scenarios.

The numerical example confirms results presented in Corollaries 1 and 2 and Proposition 3. It
is interesting to notice that both firms’ optimal profits decrease in investment factor, even if they are
not responsible for the sustainable investment. Since demand increases after sustainable investment,
both firms have incentive to raise price. As a result, the benefit from investment cannot cover the
additional cost or demand lost due to incremental price. Furthermore, the gap between scenarios of
different investors narrows as the investment factor increases.

Then, comparing the optimal sustainable effort differentiated by investors in the supply chain
in three types of structure, we have the following proposition.

Proposition 4.

1. In the MS power structure, the manufacturer’s sustainable investment is higher than the retailer’s (i.e.,
em > en) if v <79, while the retailer makes higher investment (i.e., ey, = en) if y = 7. Here, ¥ is
obtained by solving the following equation: 8tAB? —y(y + tB)* = 0.

2. In the VN power structure, the manufacturer’s sustainable investment is higher than the retailer’s (i.e.,
el >el);

3. In the RS power structure, the manufacturer’s sustainable investment is higher than the retailer’s (i.e.,

e >el)

This proposition implies that under either VN or RS supply chain structure, the optimal
amount of sustainable investment in the manufacturer investment case is higher than that in the
retailer investment case. However, in the MS structure, the retailer is willing to make more
investment than the manufacturer does, if the sustainable sensitivity of demand is relatively high. It
hints that, in most of cases, it is more beneficial from an environmental perspective that the
manufacturer plays the role as sustainable investor.

We examine the impact of sustainable sensitivity of demand (i.e., y) on the optimal sustainable
effort of both firms. Weset a = 100, § =3, A=4 c¢=1, t = 0.2, and we let y vary from 0.8 to 4.
The parameters satisfy the constraints we assumed in the model setting. In Figure 3, we depict the
sustainable effort in MS power structure. Sustainable effort in VN and RS power structures is
shown in Figure 4.
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7 7 Sustainable —eo— Minvest ==»=-Rinvest
6 Effort (e) <

0.8 13 1.8 2.3 2.8 3.3 3.8

Figure 3. Sustainable effort in MS power structure.

10 Sustainable @ M invest,NV structure
9 “Effort (e) ® R invest,NV structure .
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5 0o? --';xxxxxx**
o ok
4 A RHnRRX
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Figure 4. Sustainable effort in VN/RS power structure.

Both figures further confirm the Proposition 4 that manufacturer’s sustainable investment
benefits the environment for most cases. It can be explained by the fact that the manufacturer has
additional incentive for sustainable investment from tax saving. Moreover, in the VN and RS power
structures, the gap widens as the sustainable demand sensitive factor increases. It means that the
manufacturer is increasingly motivated to make sustainable effort when the sustainable sensitivity
is high.

7. Conclusions and Future Research

In this paper, we develop an analytical model to study a two-echelon sustainable supply chain
consisting of one retailer and one manufacturer with three different power structures. Besides retail
and wholesale price decisions, both the apparel retailer and manufacturer have options to make
sustainable investment represented by sustainable effort. To model the incentive of sustainable
investment, we consider that a greater sustainable effort investment reduces the environmental tax
and increases the market demand. We consider two investment modes offered by the manufacturer
and the retailer, respectively. Both supply chain members pursue maximizing their profits. The
optimal operational decisions are derived and compared. The main findings are as follows.

From an economical perspective, the more power a fashion retailer (manufacturer) has over her
(his) supply chain partner, the more economic benefit can be gained for the powerful supply chain
member. They often utilize their power to charge a higher retail price or wholesale price rather than
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make more sustainable effort. This result holds regardless of which party makes the sustainable
investment, unless the sustainable sensitivity of demand is relatively low, and then the retailer’s
investment increases in her power.

From an environmental perspective, the VN model generates the highest sustainable
investment when the manufacturer invests in sustainable effort. In addition, this result also holds in
the retailer’s investment case, when the sustainable sensitivity of demand is relatively high.
However, we also notice that there are two pure strategy equilibriums, in which one of the supply
chain members invests, in the VN model. Different pure strategy equilibrium is preferred by each
firm. That is, each one waits for the other to invest. Interestingly, when a firm becomes less powerful
in the supply chain, she/he has more incentive to make sustainable investment. It is more notable for
the manufacturer because he has additional benefits from environmental tax reduction. Moreover,
manufacturer’s optimal sustainable investment is higher than the retailer’s in most cases, except for
the MS model with relatively high sustainable sensitivity of demand.

This paper is an early attempt to understand the economic and environmental performance of
sustainable investment from different supply chain members in different power structures. The
present model has its own limitations that also point toward potential future research directions.
Firstly, the demand is deterministic and depends on the retail price and sustainable effort in our
model. This setting does not consider the randomness of demand in reality, though it provides neat
and tractable results. Hence, one future extension is to investigate a research problem using
stochastic demand models. In addition, we attempt to further investigate a research problem by
considering a scenario in which both members of the supply chain make sustainable investment,
and then study the supply chain coordination with different contracts. Finally, our model
considered the two-echelon supply chain consisting of a retailer and a manufacturer. In the real
world, fashion supply chains are often much more complicated. It is interesting to consider
multi-retailer and/or multi-manufacturer structures and explore how the spillover effect influences
the sustainable investment.
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Appendix A

Proof of Lemma 1.

1.  The manufacturer Stackelberg (MS) model

From Equation (3), we get rp(p) —2Bp +ye + Bw and o nr (p) = —-2B <0, that is, 7]"(p)
is concave in p. Let Bnr_p(p) =0, weget p= w Replacing p = @ in Equation (4), we get:

m(w,e) = %(W —c+te)(a+ye— pw) — 1el.

%Rt (w.e) 2al(w,e) ?nt(we) _ a%mim(w, e) _
Wehavea—2 ,8<0——yt—21<0 and oo = nde (y Bt) >0,
?nl(we) d*mt(w.e)
aw? awa 1 1
then, 6211}’?‘:}(w,e) aznz(‘;e) =2 —L(r+ Bt)?. Because 218 > (y + Bt)?, then 2B — S+ pt)? >
dedw de?

0, that is 7} (w, e) isjointly concave in w and e. The optimal wholesale price and sustainable effort
are obtained by solving the first order conditions:
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m
W = %((x +ye — fte — 2w + [c)=0,
omm(we)

e %(“t + 2yte — ftw + yw — yc) — 21e=0.

After solving the first order conditions, we have e} = @ BB g W =c+

8AB-(y+Bt)?
(a=Bo)(aA-yt-pt?) m m _ (a=Bc)(6A-pt>—yt)
2By 112 . Then, replace wy and e]; to p =

8A—(y+pt)?
2. The vertical Nash (VN) model

atye+pw
VZ—BB, we have p; =c +

2.-m
From Equation (3), we have % = —2f <0, that is, n/*(p) is concave in p. From Equation
’mpwe) 2nfi(we) _ _ ’mm(we) _ o mp(we) _
(4), we get — == -2 <0, —=—=2ye—-24<0 and ———==—""==y Bt >0.
?nt(we) d*mi(w.e)
ow? awd .
Because 248 > (y + fit)?, then azn,",‘”gl(w,e) aznﬁ(\;e) =48 — (y + ft)? > 0. Hence, ™ (w,e) is
dedw de?

jointly concave in w and e. The optimal wholesale price, sustainable effort and retail price are
obtained by solving the first order conditions:

m
_a”;p(p) =a—2fp +vye+ pw=0,
m
2D g -+ ye - fw + e — fre=
m
—a”ﬂ;(:"e) = at — fpt + 2yet + yw — yc — 22e=0.
' . L om = @BOBLY o _ | (@BO@A-yE-pt?)
After solving the above equations, we have: e]' = epa—(y+p2’ Wn =€ + 6BA-(y+Bt)? nd

(a—Bc)(4A—Bt2—yt)
6BA—(y+pBt)?

3. The retailer Stackelberg (RS) model

pn=c+

. ’mp(we) _ d*mp(we) _ ’mmwe)
From Equation (4), we get —"===-—""==y -t >0, —*>=—=-28<0 and
?nt(we) d*mht(w.e)
?nt(we) _ . w2 owde _ _ 2
= 2ye —21 < 0. Based on our assumption, Palwe)  o2nMwe)| = 4L — (v + Bt)- >0,

dedw de?
that is, m;;; (w, e) is jointly concave inw and e. After solving the following first order conditions:

m
—a”’gfvw'e) =a — fp +ye — fw + fc — Bte=0,
m
% = at — fpt + 2yet + yw — yc — 21e=0,
_ (e=Bp)(Bt+y) _ (a—Bp)(2A-2t—pt?) _ (a—Bp)(Bt+y) _
we have e= 2By (BLAT) and w=c+ 2By (BEeT) Replace e 2By (BEIT) and w=c+

(a—Pp)(2A-At—pt?)

t
2y ey 0 O Wege

Mo . (@ BP)@AALpED (@=Bp)BE+Y)
@) =P e T PP s
2 m _432 - 2
We have g;z(p) = 4(32 ;ﬁi }(‘ﬁt(j:)l]; 9 < 0, that s, T(p) is concave in p. The optimal retail price

is obtained by solving the first order condition:

ont(p) _ 2PMa-2Bp+Bc) | 2BA(a—Bp)2f(2A-yt-Bt?) =0

ap 2BA-y(Bt+y) [2BA-y(Bt+)]?
(@=Bo)[6BA-2Bt+Y) (Bt+1)]
2B[4BA-(y+B1)?]

, we have e?=% and w*=c+

(a=Bp)(Bt+y)

2BA-y(Bt+y)

(a=Bc)(2A-yt—Bt*)
8BA-2(y+pBt)?

and w=c+

Then we get p/" =c+
(a=Bp)(22-At-Bt?)
2BA-y(Bt+y)

proof.

. Replace p/* to e=

. This completes the



Sustainability 2017, 9, 961 15 of 21

Proof of Proposition 1.

2A(a—Bc)(y?+Byt—44B)
[831—((V+.3t)2§[6,3}5[—(7+Bt)2] 2
m_ ,,m _ (a—Bc)(2A-Bt=—yt)[2BA-(y+Bt) . m m
from Lemma 1, we have w;* —w/" = B0+ FOII6GA—(r + B2 > 0, that is wj* > w;™. Thus,

1. From Lemma 1, we have wj* —w;; = < 0, that is wy; > wy*. Similarly,

wi > wit > wt

(=B +B)[2BA-(y+Bt)?]
[851—2(Y+Bt)2][6/31—(Y+ﬁt)2
op A(_Ol(yf ;)t(;;[l; 2;:;@2 507] > 0, thatis, e/* > ell. Thus, e > e > el
(@=Bc)(2BA-y*=Byt)(y+Bt)?
[88A-2(y+Bt)2][8BA- (v +51t)?]
_ (a=Bo)[2pA-(y+Bt)?](2BA-y*—Byt)

m _ ,,m — 3 m m m m m B
we have p/* — p;, R0 2168y O] > 0, that is pJ* > pJ*, so pj > p/* > pit. This

2. From Lemma 1, we have et —e[* = ] > 0, that is e;* > e/*. Similarly,

we have e/" —elll =

3. From Lemma 1, we have pj} —p/* = 3 > 0, that is pj; > p/*. Similarly,

completes the proof.

Proof of Corollary 1.

1. From Lemma 1 and Equation (4), we obtain the manufacturer’s optimal profit in a MS power
Ala—Bc)?
8AB-(y+tp)?’
em) = [422B-A(y +tB)*](a=Bc)?

" [62B-(r+tp)*]>

. Then (WM el) — (W, el*) =

structure as my; (Wi, eq) = The manufacturer’s optimal profit in a VN power

structure is (Wi, , and his optimal profit in a RS power structure

. meoom my . Ma—pc)? 4223 (a—Bc)?
is mm W &) = =g (625 —Grrth) P I8AB - 1B
0 , so that mp(wi,en)>nnwiter) . Similarly, mqn(witer”) —an(w™e) =
Ma-Be)?[14BA-3(y+tB)?|[2BA—(y+tB)?]
[6A5—(y+tB)*]2[8AB—2(y+tB)?]?
T (Win's em) > 1o (W', eq") > 1o (Wr™, eg™).
2. From Lemma 1 and Equation (3), notice that the retailer's maximum profit in a MS power

. 472 B(a—PBc)?
structure is ™ (p/t) = %

>0 , therefore, wRWT el >nalt(w™e™) . Then

. Her optimal profits in a VN power structure and in a RS

g (pmY) = A2Ba=BO? _A@=po)* _

power structure are: 7} (Zp: )= [62’}'8_(7/”3)2]22] T2
163223 (a—Bc)?[7AB-(y+tB) imi

TR — T (pR) = oo e LI 5 0, so 7 (pft) > n (o). Similarly, (o) -

Mme,,my — A(“_ﬁC)Z[Z’w_(V"'tﬁ)Z]Z me,m me,,m me,,m
™ (pm) = A5 A2 1 )] >0 , hence, w™(PM) >n"PM) . Then, =(P™M) >

(') > 7 (pm).
This completes the proof.

and n*(p/") = respectively. We have

Proof of Lemma 2.

1.  The manufacturer Stackelberg (MS) model

T T 2.7
rom Equation (5), we have ———=a — +ye + fw, ——==yp —yw — 21e, =
F Equati 5 h 6713(:.63) 26p aﬂra(:.e) P 22e. 2 Erp(f,e)
’mi(pe) 9*mi(pe)
_ *nl(pe) _ a*nl(pe) _ 9*nf(we) _ ap? apde | _ _
2<0, —5—=-24<0 and Bode  Bedp =y >0. Then ST pe) ol (pe) =42
dedp de?
T T
y“ > 0, due to our assumption. That is, ] (p, e) is jointly concave in pande. Let —/—— = —— =
>0, duet ption. That is, 77 (p,€) is jointly in pande. Let L2 - (D)
_ (a=Bw)y _ 2Ma—pw)-y*w : _ (a=Bw)y _ 2A(a—pw)—y*w .
0, we get e= WA’ and p = pryEva Replacing e = WA’ and p = Ay’ in

Equation (6), we have:

(W) = [W —c+ Yf(a-ﬁw)] 2pA(a—Bw)

4pa-y2 1 apa—y? °

O’mim(w) _ —4B?A(4BA-y?~Byt)
awz (4fA-y2)2

obtained by solving the first order condition:

Because <0, m},(w) is concave in w. The optimal wholesale price is
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ommw) _ 282 _ _ 2Byt(a=pw)] _
aw  4fi-y? [a 2w + pc (4BA-y?)?
: ro_ (@=Bc)(4BA-y*~2Byt) r _ (a=Bw)y _ 2A(a=Bw)-y*w
We obtain wy, = ¢+ BB By Replace wy, to e = Y and p = g We
r _ _ (a=Boy ro_ (@—Bc)(6BA-y*—2Byt)
get em = sammye—pro M Pm = T gy
2. The vertical Nash (VN) model
. o*nl(pe) _ 3*nf(e) o*nf (p.e) a2 7Tr (D e) _
From Equation (5), we get pde aeap =y>0, o = -2 <0 and —*—
‘nfe) 0nf(pe)
_ . e ap? dpoe
24 < 0. Then the Hessian matrix is: P pe)  oPnT(pe)| — =4BA—y? > 0, hence, 7} (p,e) is jointly
dedp de?
0% mn (W)

concave in p and e. From Equation (6), we have = -2 <0, that is, m;,(w) is concave in

ow2
w.
The optimal wholesale price, sustainable effort and retail price are obtained by solving the first

order conditions:

.
200 — 4 — 2fprye + fw=D,
T
M =yp —yw — 24e=0,
I (w)
oy A~ Bp +ye — Pw + fc — fte=0.
r_ (@-Boy@A-yt) r _ _ (a=Bo)y r_ (@=Bc)(42A-yt)
Then we get wy; = ¢ + Fa—yE Byt ' " = apiyr-prt and p;, =c+ PR
3. The retailer Stackelberg (RS) model
From (6), we get M =a—PBp+ye—Pte—pw+ Bc and o nm(w) = -2 <0, that is, ©;,(w)
m(w) a—Lp+ye+PBc— Bte a—Lp+ye+PBc—Lte

is concave inw. By solvmg =0, we have w = . Replace w = to

B B

Equation (5), we get

e) = (a—Bp+yetBe-pte)(a=fptye) 4,2

7 (p, 3

*nl(pe) _ *nfe) _ o o*nt(pe) _
Then we get Gode = ey 3y—pt>0 , and 2p? —48 <0 , then
a*nl(pe) d*nf(pe)

op2 dpde . . . .
PnTpe)  oPnT(pe)| = 8BA — (v + Bt)? > 0, that is, 7} (p, e) is jointly concave in pande. The optimal
dedp de?
sustainable effort and retail price are obtained by solving the first order conditions:
T
anra_(:,e) = 3a — 4fp + 3ye — fte + Bc=0,
onl(pe) _ Pta—2ya—p2tp+3ppy+2Ptye—2yie—fcy—2p2e -0
de B :

— —vt—Rt2 —
% and e; = LpAWHEY - After Replacing erand p; to

8BA-(y+5t)?
(@=B)(2A-yt-Bt?) o .
Py This completes the proof.

Then, we have p; =c+

W=w,weget WI=C+

Proof of Proposition 2.

(a=Bo)[y*(y?-B2t2+6BA)+2BA(4BA-Byt)]
2B[4p2-y(y+Bt)][6 A~y (y+B1L)]

4pA(a—Bc)(A+Bt2-yt) . r r r r
A1 B2 FAT (1B 0, that is wy; > wy. Thus, wy, > wy >

1. From Lemma 2, we have wj, —w} =

>0, then wj, >w].

3 1 T T —
Similarly, we have wy; —w/ =

wy.
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y(a=Bc)[2pA-y (y+B1)]
2[4BA-y(y+Bt)I[6BA-y (¥ +B1)]
2BA(a—Bc)(y—3Bt)
[68A—y (y+BD)I[8BA-(y+Bt)?]

2. From Lemma 2, e}, — e}, = > 0, then we have: e}, > ej,. Similarly, we

r T —
have e], —e; =

(1) If y < 3pt, the above equation is negative, we have e] > e;; > ej,.
(2) If y > 3p¢, the above equation is positive, we have e}, > e].

(a=Bo)[8B2at-y (¥ +Bt)?]
2[4BA-y (y+BD)][8BA-(y +Bt)?]’
> 0 and [882%At — y(y + Bt)?] decreases in y. Then, if y >

From Lemma 2, we have e; — e}, =
(a—Bc)

2[4pA-y (y+BD)1[8BA~ (¥ +B1)?]

7, we have el >el, >el, and if y <7, we have e} > el >e]l,. Where y > 38t and solves the

following equation:

Notice that

8p%At —y(y + pt)? = 0.
(a=Bc)[2BA-y (y+Bt)](282-¥?)
2B[4pA-y(y+Bt)l[6BA—y (y+p1)]

(a=Bo){y?[2BA-(y+Bt)?|+282 At (4y—Bt)}
2 B4R Iy (5 OB BO7] > 0, thatis py > p},. Then, p; > pn, > pn

holds. This completes the proof.

3.  From Lemma 2, we have p}, — p;, = > 0, that is py, > py,. Similarly,

we have: pJ —p;, =

Proof of Corollary 2.

1. From Lemma 2 and Equation (6), the manufacturer’s optimal profit in a MS power structure is
A(a—Bc)?
8/1;3—2;;(/1;/2?51)'&)2
B

(W) = e E 2621+
4BA(a=Bc)*[2BA- Bty +tA)I[14B2- (¥ +tB)*~y (¥ +tB)]
[6A8-y (Y +tB)]?[8AB - (v +tB)?]?
T (Wp) > 13 (Wr).
2. From Lemma 2 and Equation (3), we have the retailer’s optimal profit in a MS power structure
A(4AB—y*) (a=Be)?
A[42AB-y(y+tP)I?

His optimal profits in a VN power structure and in a RS power structure

422 B(a—pc)?
[8AB-(y+tB)?12’

> 0, so mj,(wy) > mh(wyy). Similarly, i, (wy) — ap, (W) =

T (W) =

are wh(wy) respectively. We have mj,(wy,) —

>0, so whW)>nhw') . Then, uh(w),) >

Her optimal profits in a VN power structure and in a RS

A(4AB-y?)(a—Bc)? )= A(a—Bc)?
[6AB—21/(y+tﬁ)]22 8AB—(y+tB)?’

AMa=Bc)=(4AB—y=)[14BA=3y (v +tB)][2BA—y (¥ +tB)] P

[6/113—1/()/+tﬁ)]2[8/1B—212/(V+tﬁ)]22( ] >22 ’) so mr(pnen) >

reor .. r r 4pA%(a—Lc)*(BA+6Y“+B4t“—Pyt

mr (P, em). Similarly, mz (pr, er) — 17 (pn en) = 0 - rren

i (pn, en)- Then, w7 (pr, e7) > ] (pp, er) > 77 (P, €m)-

This completes the proof.

ls ﬂT' (pm' em)

structure are ml(p;, el) = and n}(p;,e respectively. We have

77 (pr, en) — 107 (P, €) =

>0, so ) (pl,el) >

Proof of Lemma 3.

1. The manufacturer Stackelberg (MS) model

From (7), we have @ —2fp + Bw and nr(p) = —2B <0, hence m.(p) is concave in p.

ony(p) ﬁW
op

let =0, we get p = =, Replacing p = in Equation (8), we get

T (W) = ;(w — )@ — pw).

Omm(w) 82 T'-'m (W)

Fte —(a — 2Bw + Bc) and

w. The optimal wholesale price is obtained by solving the first order condition:

Then, we have = —B <0, that is, m,,(w) is concave in

%(a—Zﬁw+ﬁc)=0
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After solving the above condition, we obtain wj, = ¢ + az_—[fc Replace wh, to p = 2tBw

28 7
ph =c+ 3(0;_—;%). By replacing wy, py, in Equations (7) and (8), respectively, we obtain m?(py) =

(a=pc)? (a=pc)?

168 8B
— 2 2 A— 2
From Corollary 1, we have n*(pjp) — n2(pp) = (@ Bc)leg[;i;)_gil;t)z(]?m) ]

ml(p2). Similarly, we have (W%, el*) — nd (wl) = @p*GpO” ¢ o, w2, em) > nd wd)
T mJ/- y’ m m’»+=m m m 8[8B}.—(y+ﬁt)2] 4 m m’»=m m mJ/-
y(@=Bc)*(y+Bt)
21 . 832[43;—Y(7+3f)]
y(a—po)*{y[4BA-(y+Bt)*|+8B°At (T T 0(4,0
SBIAAy B0 > 0, 50 17 (pr, eq) > 17 (Ppy)-

we get

and 79 (wl) =

>0, so ;" (py) >

From Corollary 2, we have i(w2) = >0, so mh(wh)>nh(wy). Similarly,

T (P, elm) — 2 (py) =

2. The vertical Nash (VN) model

2
From Equation (7), we have 2 ;T;Z(p) = —2f < 0, hence m,(p) is concavein p. From Equation (8),
2
we have I mw) _ —2B <0, that is, m,,(w) is concave in w. The optimal wholesale price and retail
ow?

price are obtained by solving the first order conditions:

M=a—2ﬁp+,[>’w=0,

dp
omm(w) _ _ _ _
I Bp —Bw + fc=0.
Then, we have w? = ¢ + a;—gc and p =c+ 2(0‘3—_;%) After replacing wp, p in Equations (7) and
— 2 _ 2
(8), we obtain 2(p2) = % and 79 (w?) = @ gf;) respectively.

(a=Bc)?(y+Bt)3[12BA— (v +Bt)?]
9B[6BA-(y+Bt)%]?

(a—Bc)?(y+B)?[3BA-(y+pt)?]

9B[6B8A—(y+Bt)?]?

From Corollary 1, we have n/*(pj) — P (pg) = >0, so 7 (pi*) >

7P (pY). Similarly, we have (W, eft) — o, (W) = >0, so (W, em) >

T (Wg).
F Ty _ 0 (10 — Y@= B2y +BO[128A-y(¥+B0)]
From Corollary 2, we have nj,(wy;) — g (wy)) = ] [9“6&_]/()/;]&)]2 .
0 0 .. Tl AT _ 0(n0Y — y(a—Bc)“{y|3BA—-(y+Bt)*|+12p4At reor r
T (Wy). Similarly, we have n}(py, e;) — np(pp) = SBl6EA—y 7+ BOL2 >0, so ny.(py, en) >

>0, so mh,(wl) >

mp (Pn)-
3. The retailer Stackelberg (RS) model

2
From Equation (8), we have % = -2 <0, that is, m,,(w) is concave in w. Let W =
a+fc—

a—Pfp—Pw+Lc=0 weget w=

Tﬁp. Replacing w = @

in Equation (7), we get:

(2Bp—a—-pc)(a—Pp)

. (p) = 8

2
2 ;T;Z(p) = —4f <0, hence m,(p) is concave in p. The optimal retail price is

obtained by solving the first order condition:

Then, we have

@) _ 34 — 4B8p + Bc = 0.

ap
Thus, we obtain p; =c¢ +32@F - After replacin pl to w= w, we get wy =c+ a-fc
I placing g 8 I
— 2 _ 2
Replacing p?, w? in Equation (7) and (8), we have ml(p?) =% and W) =%

respectively.

P Y (a—Bc)?(y+Bt)?
) 812?[43/1—(y+6t)2]2
(a=pc)*(y+pt) m m ,m 0 0
ToBaBA—(r 1O > 0,50 mr(wW, elt) > 1o (wy).
(@=Bc)*(v+Bt)*[1682-(y+Bt)?]
16B[8BA—(y+B1)?]?

M (' ol 0(0
piGipor > 0so mr(prer) > mr(pr).

From Corollary 1, we have n/*(p) —n;(pd) = >0, so T™(p") > nl(pl).

Similarly, we have ©t(w/™, e™) — 3 (w) =

From Corollary 2, we have nj,(w)) — 3 (w?) = >0, so mh,(wl') >

7 (wy). Similarly, we have n} (pf,ef) — nl(p;) =
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This completes the proof.

Proof of Proposition 3.

1. The manufacturer Stackelberg (MS) model

Aa=B)*(y+tBy—tB)
8AB—y (v +tB)][8AB—(y+tB)?]
0, so mh(wi,em) < mh(wp,). Similarly, from Corollary 1 and Corollary 2, we have n/"(py) —

From Corollary 1 and Corollary 2, we have nj,(wy,) — (Wi, eqm) = [

reor ry _ Ma—po)?[64p*2%t2—(4pA-y?)(y+Bt)*] . Ala—pc)? 49242
- (ph, eh) = TR . Notice that BAB—G1FT >0 and [64B*7A%t
(482 —y*)(y + Bt)*] increases in A. Letting the equation 648*1%t? — (4BA — y?)(y + Bt)* equal to

. 2 (48772 5
0, we have 1 = %—;}tmyz. If 2 > A, the above equation is positive and m;*(pj;) > 7y (P, en)-

Otherwise, we have [ (pm) < 7y (P, €m)-
2. The vertical Nash (VN) model

From Corollary 1 and Corollary 2, we get ™ (p) — nf (ph,er) =
Ala=Bc)*{4BA[6AB~y (y +tB)]*=(4BA-y?)[6AB—(y+tB)*]?} . .2 _
6187 P2 6AB G 1)) . Notice that 481> (4BA—y*) and 6AB —y(y +
tB)? > 6AB — (y + tB)?, then we have n/™(pi*) — nl(ph, eh) > 0. From Corollary 1 and Corollary 2,
Aa=B)*(y+tB)[12B872%(Bt=3y) +4BA(y +tB)(3y* +Byt—B>t*) -y  (y+tB)°]
[6AB—y (y+tB)]12[6A8—(y+tB)?]

that Ma—fo)*(y+tf) > 0, we focus on F(1) = [12B8222(Bt — 3y) + 4BA(y + tB)(3y? + Byt —
[6AB—y (y+tB)I2[6A5— (v +tB)?] 2,
92F(D)

B*t?) —y*(y + t)°]. Because —=
(y + tB)?, the first derivative of F(1) is

. Notice

we have m (Wit ent) — mp,(wy) =

= 24B(Bt —3y) <0, so F(1) is concave in A. By letting 248 =

+tB)?  Brt(r+tB)
3 33y-Bt)

decreases in A when 218 > (y +tB)?. Let 261 = (y +tB)?, we have F (%) = —4y?/B —
t(4y — Bt) < 0, we have F(1) < 0 when 218 > (y + tB)%. Then, we have n* (W™, e™) — nl, (W)) <
0, so m(wy, ent) < 1 (wy).

— 24, which is negative, then F(A)

3. The retailer Stackelberg (RS) model

Ma=Be)*(y+tp)*
[8AB-2(y+tB)?1[8AB—(y+tB)?]
so m*(p*) >l (pr,e;). From Corollary 1 and Corollary 2, we have mp(w™, ™) — m(wy) =

Aa—Be)?(y+tB)*
[8AB-2(y+tB)*][8AB—(y +tB)?]?

This completes the proof.

From Corollary 1 and Corollary 2, we have n;*(p/") — ni; (p;, ef) = >0,

> 0,50 m (W, ef) > (wy).

Proof of Proposition 4.

1. The manufacturer Stackelberg (MS) model

m_ _r _ _ (a=Bo)[8p*at-y(y+Bt)%] .
From lemma 1 and lemma 2, we have e;; — e}, = TABI—y (r+ FOTBRA—r 1 7T After solving the
equation 8B%At —y(y + ft)? = 0, we get 7, so that, if y > 7, we get e/t < e}, and if y < 7, we have

em > en.

2. The vertical Nash (VN) model

m_ v _ @ BO{G+tB)6AB-y (¥ +tB*—y[6AB-(r+tF)]} .
From Lemma 1 and Lemma 2, we have e —e;, = ToAB—1 (Tt BRI6AS—Cr+2E)] , in

which y +tf >y and 6A8 —y(y + tB) > 648 — (y + tB)?, then e* — el > 0, so that e/ > el.

3. The retailer Stackelberg (RS) model

(=B +Bt)(y+Bt)?
[88A-(y+Bt)21[8BA-2(y+Bt)?]

From Lemma 1 and Lemma 2, we have e* —e] = > 0, hence, e > e’.

This completes the proof.
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