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With improvements in consumers’ environmental awareness and the promulgation of environmental regulations, an increasing
number of companies are beginning to pay attention to green product design, pricing, and purchasing strategies. However, due to
demand fluctuations and cost changes brought about by green product design and manufacturing, understanding corporate
behavior preferences and constructing non-single-period pricing and procurement strategies can profoundly affect long-term
cooperation among green supply chain members. This paper constructs six scenarios in which decision-makers have altruistic
preferences simultaneously or separately and whether the retailer adopts strategic inventory. In addition, the impact of altruistic
preferences and strategic inventory on the decision-making and profits of the two-period supply chain for marginal cost-intensive
green products (MIGPs) are analyzed. The results show that altruistic preferences and purchasing strategies do not affect MIGPs’
greening levels. Besides, the retailer’s strategic inventory is still an effective bargaining tool but is not necessarily beneficial to
profits. Noteworthy, when deciders exhibit altruism simultaneously or alone, the effects on certain decisions and strategic
inventory range are significantly different. Finally, the retailer’s altruistic preference may not affect the green supply chain’s profits,

but the manufacturer’s altruism improves total profits.

1. Introduction

An increasing number of manufacturers have begun to
devote themselves to the production of green products and
the construction of green supply chains, which are affected
by many aspects. First, more stringent environmental laws
and regulations have been issued worldwide, and environ-
mental protection supervision has been strengthened in
various countries [1-4]. Besides, some governments and
institutions also provide subsidy policies or incentive
mechanisms for green manufacturers [5]. Second, with
energy-saving appliances, green cars, biodegradable films,
less polluting cleaners, energy star certified home appliances
(Best Buy), and other innovative eco-friendly products
gradually being recognized, consumers agree to pay higher
premiums for innovative green products [6, 7]. Third, en-
terprises can create a corporate image of social responsibility
by providing eco-friendly products [8]. As an essential facet
of manufacturers’ green production, green product design

has received increasing attention and investment. For ex-
ample, Apple, Mitsubishi Electric, and General Electric have
launched various design plans to reduce energy consump-
tion and increase renewable utilization [3, 9]. Toyota has
designed a hybrid vehicle (Prius) that can not only reduce
exhaust pollution but also save fuel [10].

For retailers that face rising wholesale prices and
changing demand in manufacturer-led green supply chains,
various purchasing strategies may bring differentiated
profits. Among these strategies, strategic inventory, as an
important tool that retailers use to bargain, has attracted
more attention [11]. With strategic inventory, retailers buy
commodities needed in the current period and hold them
until the next period to secure lower wholesale prices [12].
CELSA, a Spanish iron and steel company, stacks scrap
metal outside the plant as a useful negotiation tool to force
dealers to reduce prices [13]. It is noteworthy that much of
the previous literature on strategic inventory or green
product design assumes that members in supply chains are
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entirely rational. In real life, with the development of
globalization and the aggravation of supply chain compe-
tition and cooperation, many decision-makers have altru-
istic preferences to improve whole supply chains. That is,
decision-makers with altruistic preference consider not only
their own interests but also the impacts on others. Altruistic
members seek to help others promote social welfare [14]. For
example, Toyota provides technical and management sup-
port for its suppliers to improve productivity. General
Motors helps its suppliers upgrade their technologies.

Therefore, this paper constructs two-period game
models for MIGPs to consider the complex impacts of al-
truistic preferences and strategic inventory on the decision-
making and profits of green supply chains. In addition,
optimal design, pricing, and purchasing strategies for
MIGPs under six scenarios are compared and analyzed. The
present study mainly investigates the following issues: (1) do
changes in altruism and purchasing strategies affect the
greening level (GL)? (2) Does holding strategic inventory
have different impacts on supply chain members in different
scenarios? (3) How do the altruistic preferences of different
members affect the range of strategic inventory that the
retailer can hold, and how do these influence decisions and
profits? (4) Are there differences in the impacts of decision-
makers’ altruism when present simultaneously or alone? (5)
Which scenario is more beneficial to the whole green supply
chain? To answer these questions, this paper constructs six
scenarios including a rational manufacturer and altruistic
retailer with strategic inventory (RAI), a rational manu-
facturer and altruistic retailer without strategic inventory
(RAN), an altruistic manufacturer and rational retailer with
strategic inventory (ARI), an altruistic manufacturer and
rational retailer who purchases in every period (ARN), both
members are altruistic and holding strategic inventory
(AAI), and both members are altruistic and without strategic
inventory (AAN).

First, for the differentiation scenarios, the retailer
holding strategic inventory does not necessarily choose to
order more goods in period one. Holding strategic inventory
may not be conducive to improving the retailer’s and
manufacturer’s profits. Second, the manufacturer’s altruistic
preference narrows the range of strategic inventory that the
retailer can hold, while the range may not be affected by the
retailer’s altruistic preference. Third, strategic inventory and
altruistic preference do not affect the GL of MIGPs. Inter-
estingly, the influence of the retailer’s altruism on decisions
is impacted by whether the manufacturer has altruistic
preferences. Finally, the retailer’s altruism may not affect the
green supply chain’s profits, while the manufacturer’s al-
truistic preference improves total profits.

The rest of this article is organized as follows. Section 2
presents a review of the relevant literature and compares the
past work to the present paper. Mathematical notations and
basic assumptions are provided in Section 3. Section 4
describes the six scenarios conducted and builds relevant
models: AAI, AAN, ARI, ARN, RAIL and RAN. Then, upon
comparing the calculation results, the effects of the decision-
maker’s altruism and strategic inventory are further dis-
cussed in Section 5. Section 6 summarizes the paper.

Discrete Dynamics in Nature and Society

2. Literature Review

This paper focuses on marginal cost-intensive green prod-
ucts (MIGPs), constructs two-period game models for six
scenarios, explores the influence of altruism on retailers’
purchasing strategies, and analyses the complex effect of
altruistic preference and strategic inventory on the design
and pricing of green supply chain members. The research
related to this study is mainly focused on three areas: green
product design, strategic inventory, and altruistic
preference.

2.1. Green Product Design. To achieve better economic
performance, members of the green supply chain pay close
attention to the R&D and manufacturing of products
[15-18]. Similarly, Inman and Green [19] and Mao and
Wang [20] also proposed that green manufacturing requires
manufacturers to regularly upgrade production facilities and
production technologies. Therefore, it is essential to make
targeted production and pricing decisions in the face of
differentiated products. For example, the design of high-
speed bullet trains and biodegradable lubricants requires
considerable research and development investment. How-
ever, promoting paper straws instead of plastic straws, using
waste aluminum in new electrical appliances, or installing
catalytic converters in cars involves higher manufacturing
costs [6]. According to differences in the characteristics of
products in the design and production process, Zhu and He
[21] divided green products into three types, including
MIGPs, DIGPs (development-intensive green products),
and MDIGPs (marginal and development-intensive green
products). Li et al. [3] considered the influence of retailers’
competition and fairness concerns on green product design.
Most of the previous literature on green product design
considers a single period, but Mondal and Giri [7] studied
the GL and marketing effort in a two-period supply chain.
Unlike the above work, this paper not only focuses on the
impact of non-single-period purchase strategies for MIGPs
but also considers behavior preferences.

2.2. Strategic Inventory. As supply chains are characterized
by complexity and vulnerability, members usually imple-
ment a variety of strategies to enhance the stability and
sustainability of systems [22, 23]. Inventory is an essential
means to maintain supply chain stability and resist sudden
risks. Based on the various purposes of holding inventory, it
can be divided into safety inventory, specific inventory, cycle
inventory, etc. Among them, strategic inventory as an ef-
fective tool to enhance the buyer’s bargaining power has
been widely concerned. Anand et al. [12] pointed out that
retailers can achieve lower wholesale prices by using their
inventory as a useful bargaining tool. Desai et al. [24] dis-
cussed long-term procurement by retailers used to promote
manufacturers’ price reduction and found that holding
strategic inventory is beneficial to both manufacturers and
retailers within a certain range. Arya and Mittendorf [25]
studied that manufacturers give consumers direct rebates to
influence retailers to hold strategic inventories. Interestingly,



Discrete Dynamics in Nature and Society

members of the supply chain can benefit from rebates.
Mantin and Jiang [11] considered the quality deterioration
of goods in the strategic inventory model and found dete-
rioration may be salubrious for the supply chain. Guan et al.
[26] studied the interactions between strategic inventory and
the introduction of the direct selling channel. Roy et al. [27]
discussed the influence of unobservable strategic inventory
on decisions. Nielsen et al. [28] focused on the impact of
government differentiated incentive policies on procure-
ment strategies (such as strategic inventory) and the GL
under the two kinds of game structures. However, in pre-
vious studies on strategic inventory, green supply chains are
rarely considered, especially in terms of green product de-
sign. In addition, most strategic inventory research is based
on the basic assumption of decision-maker rationality. The
present study not only considers green products’ strategic
inventory but also introduces the effect of behavioral factors
on the MIGPs’ supply chain.

2.3. Altruistic Preference. Kahneman and Tversky [29] found
systematic deviation between the actual decisions of deci-
sion-makers and the theory of neoclassical economics under
some uncertain conditions. This kind of decision-making
error is common in the research on actual scenarios and
operation management. Therefore, behavior operation
management has been widely concerned in management
research focused on under practice and theory.

Loch and Wu [30] organized an empirical study of
“altruistic preference” behavior and found that most supply
chain members with social responsibility concerns consider
“profit transfer” as a means to improve their reputation.
The altruistic preference can effectively promote the co-
ordination and equilibrium of the overall revenue distri-
bution of the supply chain, so it has received increasing
attention [31, 32]. According to the number of subjects
exhibiting altruism, the related literature can focus on two
subjects. (1) Single altruistic decision-maker: Wang et al.
[33] studied the effects of government subsidies and the
remanufacturer’s altruistic preferences on decisions made
within a low-carbon supply chain. Wang et al. [34] showed
that the retailer’s altruistic preference could help increase
the small and medium-sized manufacturer’s profits and
system efficiency. (2) Multiple altruistic decision-makers:
Du et al. [35] built different scenarios involving decision-
makers with altruistic preferences either simultaneously or
alone. Considering the complex relationships between dual
channels, the authors studied decision-making and coor-
dination problems considering altruistic preferences. Xu
and Wang [36] also discussed related issues affecting dual
channels based on altruistic preferences. Wan et al. [37]
constructed a dual-channel hotel supply chain network
equilibrium model and studied the impact of agents’ al-
truistic preferences on decisions. While most of the pre-
vious literature has mainly analyzed the influence of
altruistic preferences on decisions and revenue in a single-
period supply chain, this paper considers a two-period
supply chain for MIGPs, and the differentiated purchasing
strategies are introduced.

From the above review of related studies, the main
contributions of this paper are as follows. (1) Through the
introduction of strategic inventory, this paper considers
decision-makers’ altruistic preferences simultaneously or
alone in a two-period supply chain. (2) By comparing results
in different scenarios, this paper analyzes the impact of
altruistic preferences on the range of strategic inventory. (3)
This paper discusses whether strategic inventory has a dif-
ferential impact on the GL and pricing after introducing
altruistic preferences. In a word, the complex impacts of
procurement strategies and altruistic preferences on the
non-single-period green supply chain are also further
analyzed.

3. Notations and Assumptions

3.1. Notations. The variables used in this paper are shown in
Table 1.

3.2. Basic Assumptions

(1) This paper adopts demand function D = a — bp + ce,
where a (a > 0) denotes market potential. (b>0) and
c(c>0) represent the sensitivity of consumers to
prices and GL, respectively [21, 38].

(2) Following [9, 21], ye* is used to represent the ad-
ditional unit cost with GL for MIGPs.

(3) The cross-period decline in commodity value is
neglected. Besides, the paper assumes that GL of
products does not change over two periods. This
assumption is also based on the fact that some
manufacturers, such as Apple, do not upgrade their
products in certain periods, during which retailers
make multiple purchases [9].

(4) This paper assumes that all market information is
public [39]. Besides, the altruistic preference infor-
mation is persistent. When the retailer and manu-
facturer have altruistic preferences, the decision-
makers maximize their utility as their only goal.

(5) This paper does not consider the basic unit pro-
duction cost, channel operation cost, order cost, etc.
[12].

4. Analysis of the Models

This paper creates six scenarios based on decision-makers’
behavioral preferences and purchasing strategies (AAI
AAN, ARJ, ARN, RAI and RAN). For the sake of clarity and
simplicity, “he” and “she” represent the manufacturer and
the retailer, respectively.

4.1. Strategic Inventory Models with Both Decision-Makers’
Altruistic Preferences. In this section, manufacturer-Stack-
elberg (MS) game models for a two-level and two-period
supply chain are constructed for MIGPs, and decision-
makers with altruistic preferences simultaneously are
considered.
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TaBLE 1: Notations.

Respectively

Supply chain
The market size

a

b The sensitivity of consumers to price

c The sensitivity of consumers to the greening level

e The greening level of products

0, The altruistic preference of the retailer

0, The altruistic preference of the manufacturer

y The investment sensitivity of the green manufacturer to MIGPs
h The unit inventory holding cost

I1 The total profit of the green supply chain
Manufacture

The unit wholesale price in period t, t = 1,2
L The total profit of the manufacture

m The utility of the manufacture

Retailer
D: The unit selling price in period t, t = 1,2
q; The selling quantity of the retailer in period ¢, t = 1,2
Q, The ordering quantity of the retailer in period t, t = 1,2
The quantity of items which carried over the period 1 to period 2
I, The total profit of the retailer
U, The utility of the retailer
Superscript

The manufacturer’s behavioral preference x € {R, A}, where R represents rational, A represents altruistic the retailer’s behavioural
preference y € {R, A} whether to hold strategic inventory z € {I, N}, I represents holding strategic inventory, N represents no
Y strategic inventory. For example, “ARI” means an altruistic manufacturer and a rational retailer in a two-period supply chain for
MIGPs, and the retailer holds strategic inventory.

In scenario AAI the manufacturer determines the GLof  In addition, the retailer does not hold too many items be-
products ¢4 and first-period wholesale price w4/, and  cause the item’s surplus value is zero at the end of period 2.
then the retailer decides selling price pf4/, order quantity Therefore, the first-period order quantity is

QM) and inventory IMAAT. In period 2, wholesale price AL = fAI + I441 and the second-period order quantity is
AAI is set by the manufacturer, and the retailer chooses Q?AI gl — 1441, For Scenario AAJ the utility functions
second period selling price p5'4” and order quantity Q{41  are as follows:
The specific decision-making sequence is shown in Figure 1.
max U = pi41(g — ppi 1 oMY — ! (a-b pAAT 4 oAl _ AAI) ) < AAT yeAAP)( _bpT AT _ IAAI)’
(1)
AAL AAL _ AAP AAT | AT _ AAT AAT AAT | AT AAT AA | AT _ [AAT
maxU,, <w2 - ye )( -bp; -1 ) (p2 ( -bp; )—w2 (a bp; -1 )),
(2)

max UAAI ( pi«ml B wllqAI)( b pAAI AAI) _( AAL AAI) A4l ( p?AI B w;«Az)(a b pngI + CeAAI)
AAL AAD
(wl —ye ) * (3)

6
" (a bptAl 4 et IAAI) + <w124AI B yeAAﬁ)( _bpt 4 M IAAI)

r

maxUAAT — (wllchI yeAAIZ )(a bptAl 4 et IAAI) <w124AI B yeAAIZ )( bptT 4 et IAAI)

((pAAI _ wAAI) (a prAI AAI) _ (wAAI +h— wAAI) AAI (pAAI AAI)( _ prAI AAI))
1 1 1 2 2 .
(4)
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FIGURE 1: Decision process when the retailer holds strategic inventory.

When both decision-makers have altruistic preferences,
formulas (1) and (3) are the retailer’s utility functions. The
manufacturer’s utility functions are written as formulas (2)
and (4). Backward induction is used to calculate and de-
termine optimal decisions.

In scenario AAN, the manufacturer determines the GL
of products e*4Y and first-period wholesale price wf4N.
Selling price pAAN , ordering quantity QAAN , and selhng

max U,

max UAAN <w114AN B YeAANZ ) ( “bp™N ¢

Proposition 1. For MIGPs, when supply chain members
have altruistic preferences simultaneously, the optimal deci-
sions are as shown in Table 2, and the proofs are shown in
Appendix A.

Proposition 1 The supply chain members’ optimal
decisions made in scenarios AAI and AAN. To ensure that

AAN )

quantity g4V are set by the retailer. The specific decision-
making sequence is shown in Figure 2.

For a retailer without strategic inventory, the ordering
quantity and selling quantity satisfy
QAN = gAN = QAAN = gdAN " and the wholesale price
satisfies wA4N = wAAN For scenario AAN, the retailer’s and

manufacturer’s ut111ty functions are as follows:

AAN ( pzlﬁAN AAN ) (a b PAAN AAN ) +6 ( AAN yeAAN 2 > ( -b PAAN AAN ), ( 5)

(P?AN w;\AN)(a bPAAN AAN)' (6)

the decision variables remain positive and verify opti-
mahtg h<h* = ((-1+6,)*(5-2(1+ 46r) 6, +0, (2+
36,)6,,)(c +4ab2/))/(4b2( 2+6,+60.6,) (5-5(1+6,)
0, + (1+36,+0; )62 )y) needs to be met if the retailer can
hold strategic inventory. Besides, the complete expressions
of profits for scenarios AAI and AAN are as shown in
Table 3.
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FIGURE 2: Decision process when the retailer does not hold strategic inventory.

A, =(-310 +4606,, — 2576, + 646, — 66, + 496,65, + 76,6, (=72 + 230,,) + 626, (2110 - 12926, + 21167,)
+ 0107 (-4620 + 40140,
~12486,, + 1396, ) + 0,(922 — 5840, — 1056;, + 1326, — 226, ) + 6,06,,(5591 — 59400, + 25586}, — 5400, + 460,,)
+6°6,,(~3548 + 3951
%0, — 18766,, + 5260, — 886, + 60,,)),
A, =(-17 +4(12+ 56,)6,,, +(-35 - 746, + 762 )6;, +(10 + 406, + 346, — 166, )6, +(~1 - 66, — 116} — 46; + 5676, ),
Ay =(922 - 4(496 + 8876,)6,, + (1681 + 65580, + 559167 )6, — 4(176 + 11530, + 21260 + 11556, )6},
+2(73 + 7646, + 23136,
+27106; + 105567 )6, — 4(3 + 580, + 26662 + 5056; + 4256, + 1266; )6,
+6,(12 + 866, + 2400, + 3250, + 2106, + 496, )6, ),

-2+86,,+06,0,,),

34 + (41 +616,)6,, - 2(8 + 256, + 1867 )67, +(2 + 106, + 1567 + 76°)67, ),

= (-
(
(-3+6,,+26,6,)°(17 - 2(7 + 106,)8,, +(3 + 86, + 66)62, ),
(1 - 120, +26;,),

(-

Ag =(-34+416,, - 166, + 26, ).

(A1)
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4.2. Strategic Inventory Models with Only One Decision-
Maker’s Altruistic Preference. In scenario ARI, only the
manufacturer is altruistic, while the retailer chooses to hold
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strategic inventory and focuses on her profit maximization.
The utility functions are as follows:

max U = p?RI(a bpll 4 ARI) B w;&RI(a bpiRl 4 cetRT _ IARI)
max UK = <w124.RI _ yeARIZ )( CppRI g et IARI) (( PRI ARI)( _pptR ARI) L IARI)
max U = ( PRI ARI)(a bp R 4 ARI) N (w?RI K- w;}RI) JARI ( +(p™ - ARI)(a bpaH 4 ARI) 7)
max U = ( wiR _ yeARIZ )(a bp 4 et IARI) + <w?RI B yeARIZ )(a bp 4 AR IARI)
(( PR ARI)( _bptR ARI) 4 ( pAR_ w?RI)( _bptR ARI) 3 (wfRI the w?RI) IARI)_
In scenario ARN, the utility functions are as follows:
max UARN = ( PR _ ARN)(a bpRN 4 o ARN )
rl 1 1 )
max UARN — (wARN B yeARNZ ) ( _bptRY ARN) ( PN _ wARN) (a bplRN | ARN) ®
m - =\ W 1 1 :

Both of them are similar to those of AATand AAN. From
the calculation, the retailer can choose to hold strategic
inventory when h<h*®=-((-1+0,)* (-5+20,,)
(¢ + 4aby)) (46 (-2 + 6,,)* (5 - 50, + 62)y).

In scenario RAI, the altruistic retailer holds strategic
inventory, while the manufacturer considers his profit
maximization. The utility functions are as follows:

max URAT = pRAI ( _ppRal RAI) B wélAI(a bpRAT 4 ceRAT IRAI) +0 <<w§AI yeRAP)( _bpRAT 4 R pRaT )))
maxUR4! = <w§A1 _ yeRAIZ )( _ppRAT 4 AT IRAI))
RAI _  RAI RAI | RAI RAT RAI | RAI | [RAI RAI RAI | RAI RAT RAI
max U, = pi*(a - bp) ) - wi*(a-bp Tyt )+ (a-bpy ) - wy(a-bp
+ceRAT RAI) R g (( RAI yeRAP)( _b PRAI GRAL | IRAI)
+ (wézAI B yeRAIZ ) ( CpRAT 4 R IRAI) ),
max U = (wzleI B yeRAIZ )( CppRA 4 Ry IRAI) + <w§AI B yeRAIZ >( _pRAT 4 ceRAT IRAI).
(9)
In scenario RAN, the utility functions are as follows:
RAN RAN _  RAN RAN | RAN RAN RAN? RAN | RAN
max U, (p1 - w) )(a bp, ) + 6,<w1 - ye )( - bp] ),
10
max URAN _ <w}12AN B yeRANZ ) ( RN RAN). (10)
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Both of them are similar to those involved in scenarios
AAI and AAN. Through the calculation, the retailer can
choose  to  hold  strategic  inventory  when
h<hR4 = (2 + 4aby)/ (16b%y).

Proposition 2. For MIGPs, when only one supply chain
member exhibits altruism, the optimal decisions are shown in
Table 4. In addition, the complete expressions of profits for
situations ARI, ARN, RAI and RAN are shown in Table 5.

A; =(17-126,, +267,); Ag =(-34+416,, - 166;, +26,,).

(11)

5. Comparison and Analysis of
Equilibrium Results

This paper compares and investigates the equilibrium results of
six scenarios (AAI, AAN, ARI, ARN, RAI, and RAN). The
work further analyzes the role of strategic inventory in the
context of altruism. In addition, the influence of altruism on the
GL, pricing, and profits of green products is also explored.

5.1. The Influence of Strategic Inventory. In considering three
types of differentiation scenarios (AA, AR, and RA), this paper
uses superscript “I” to represent holding strategic inventory
and superscript “N” to represent an absence of strategic in-
ventory. This section compares and analyzes the impacts of
strategic inventory on decision-making and profits separately.

Proposition 3. For MIGPs, when the decision-makers ex-
hibit altruism simultaneously or alone, the influence of
holding strategic inventory on decisions is as follows:

(1) For the manufacturer, strategic inventory does not
affect GL ' = eN but promotes first-period wholesale
prices wl >wY and reduces second-period wholesale
prices w), <wl

Discrete Dynamics in Nature and Society

(2) For the retailer, strategic inventory has the following
impact on her decisions:

(a) Second-period order quantities of the retailer
satisfy QL < QY

(b) Selling prices of the retailer satisfy pl > p¥ and
p<py

(c) Selling quantities of the retailer satisfy qi <q¥,
and q; > gy

(3) When supply chain members have altruistic prefer-
ences simultaneously or alone, the effect of strategic
inventory on the first-period order quantities is

different

The GL of MIGPs is not affected by the retailer’s pur-
chasing strategies. This result verifies the proposition of Dey
et al. [9]. At the same time, to control the quantity of in-
ventory and reduce the retailer’s bargaining power, the
manufacturer increases first-period wholesale prices w! > wY.
Besides, to encourage the retailer with strategic inventory to
continue to buy goods in period 2, the manufacturer further
reduces second-period wholesale prices w), < w), showing that
strategic inventory can still have a bargaining effect even if

there is an altruistic preference.

Due to change in wholesale prices, the retailer corre-
spondingly increases first-period selling prices p! > pN and
reduces second-period selling prices p! < p)'. Moreover, due to
the presence of strategic inventory, even if the manufacturer
reduces second-period wholesale prices, the retailer still does
not order more goods Q} < QY. As shown in Figures 3(c), the
altruistic retailer may order more goods in period 1 when she
holds strategic inventory QR4 > QRAN_ Interesting, as shown
in Figures 3(a) and 3(b), when only the manufacturer exhibits
altruism or both members are altruistic, there are differenti-
ation thresholds h5" and hG%. When 0<h<hg® or
0<h<h@?, the first-period ordermg quantity satisfies
Q> QN 'Otherwise, affected by holding costs, wholesale
prices, and altruistic preferences, the retailer may order few
products when she holds inventory in period 1.

(-1+ 9m)2(9 -2(4+56,)0,, +(2 +406, + 363)9;)(3 + 4aby)

AA _
G4 (-2+0,,+06,6,)(9-2(5+46,)0, +(2+ 60, + 6.0, )y’

(12)
ax_ (F1+6,)°(9-80,,+26,)(c* + daby)
G4’ (-2+6,)(9-106,, +26,,)y

Proposition 4. For MIGPs, when supply chain members
have altruistic preferences, the influence of strategic inventory
on supply chain members’ profits is as follows:

(1) The retailer holding strategic inventory may not
necessarily improve her profits.

(2) When both decision-makers are altruistic, or only the
manufacturer is altruistic, the manufacturer may not

benefit from strategic inventory. However, the man-
ufacturer can benefit from strategic inventory when
only the retailer is altruistic.

(3) Strategic inventory does not necessarily lead to in-
creased profits for the green supply chain.

The retailer’s strategic inventory does not necessarily
improve her profits. It is worth noting that, in different
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altruistic scenarios, I’ — TIY has differentiated thresholds. As
shown in Figures 4(a) and 4(b), when 0 < h < hf3*, 0 < h < h{i%,
or 0 < h < hRA, the retailer’s profits satisfy IT. > TIN. This shows
that when there are altruistic decision-makers in the green
supply chain, the retailer can obtain more profits by holding
strategic inventory while facing lower holding costs. Moreover,
it is evident from Figure 4(c) that when the retailer exhibits a
strong altruistic preference, she does not choose strategic in-
ventory regardless of how low the holding cost is.

In some previous studies, it is generally argued that
manufacturers can benefit from strategic inventory [9, 27]. This
conclusion is still true when only the retailer is altruistic, as
shown in Figure 5(c). Notably, the differentiation altruistic
scenarios also affect thresholds of the manufacturer’s profits.
When 0<h<hi* or 0<h<h{i®, the manufacturer’s profits
satisfy Hfﬂ <H% "in Figures 5(@a) and 5(b). Only when the
manufacturer’s altruistic preference is significant does the
wholesale prices drop greatly, which may lead to the manu-
facturer’s profit being lower when the retailer holds inventory.

Under the combined effects of their profit changes, the
difference in supply chain profits is shown in Figure 6. When
0<h<hfih, 0<h<hiR, or 0<h<hR4 the supply chain’s
profits satisfy IT' >TIN. Due to the complexity of the
function expressions of holding costs, the specific expres-
sions are shown in Appendix B.

In general, when considering decision-makers’ behav-
ioral preferences, the role of strategic inventory changes. It is
noteworthy that whether the retailer holds strategic in-
ventory does not affect the GL of MIGPs set by the man-
ufacturer. Second, strategic inventory is still an effective
bargaining tool and involves non-single-period cooperation,
but it may not necessarily bring greater benefits to members.
Finally, members’ simultaneous or individual preferences
have a great impact on the role of strategic inventory, as
shown in Figures 3-6. Therefore, different scenarios of al-
truistic preferences need to be further analyzed.

5.2. The Influence of Altruistic Preference. This section first
discusses the impact of decision-makers having altruistic
preferences simultaneously or alone on alternative pro-
curement strategies and analyses the influence of retailer
altruism on decision-making and profits. Finally, the impact
of the manufacturer’s altruism is studied.

Corollary 1. In three different scenarios (AAIL ARI, and
RAI), the influence of altruistic preference on the range of
strategic inventory that the retailer can hold is as follows:

(1) When only the manufacturer is altruistic, the scope of
the strategic inventory that the retailer can hold de-
creases with the manufacturer’s altruism

(2) When only the retailer has an altruistic preference, it
does not affect the scope of strategic inventory

(3) When both decision-makers exhibit altruism, the
retailer’s altruistic preference expands the range of
strategic inventory, while the manufacturer’s altruism
reduces the field of strategic inventory

11

As shown in Figures 7(a) and 7(c), the manufacturer’s
altruistic preference reduces the range of strategic inventory
that the retailer can hold. This is mainly the case because the
manufacturer’s altruistic preference further reduces wholesale
prices, which provides a better profit guarantee for the retailer
such that she gives up strategic inventory under higher holding
costs. As shown in Figure 7(b), when only the retailer is al-
truistic, the field of strategic inventory that the retailer can
hold is not affected by her altruism. This is mainly the case
because in scenario RAI the retailer’s altruism only affects the
manufacturer’s wholesale prices. However, when both deci-
sion-makers have altruistic preferences, the impact of the
retailer’s altruism on the range of strategic inventory is sig-
nificantly different as shown in Figure 7(c). This is important
because when both decision-makers are altruistic, the vari-
ables affected are not limited to wholesale prices, as shown in
Proposition 5.

5.2.1. The Influence of Retailer’s Altruistic Preference

Proposition 5. In four scenarios (RAI, RAN, AAI and
AAN), the influence of the retailer’s altruistic preference on
decisions is as follows:

(1) The GL satisfies
0e*41/96, = 0eA4N /00,

(2) The wholesale prices in the first and second periods
satisfy (owR41/00,) > (0wkA1/96,) >0, (owi41/06,)
> (0wf41/06,) > 0, (owAN/06,) = (QwiAN/
00,) >0, (owh4N/96,) = (owkAN/96,) >0

(3) The influence of the retailer’s altruistic preference on her
own decisions is complex, which is affected by the

comprehensive scenario of the manufacturer’s altruism
and retailer’s purchasing strategies, as shown in Table 6

3eRA1/30, = 3eRAN /36, =

Through calculation, the retailer’s altruism only increases
wholesale prices but does not affect the GL for MIGPs. Si-
multaneously, in different scenarios, the influence of the
retailer’s altruism on other decisions is different. When only
the retailer is altruistic (RAI and RAN), the order quantities,
selling prices, and sales quantities are not affected by her
altruistic preference. When both members are altruistic (AAI
and AAN), the retailer’s altruistic preference promotes in-
creased sales prices and decreased selling quantities. Inter-
estingly, the effect of the retailer’s altruism on the first-period
purchase quantities is not only affected by different altruistic
scenarios but also influenced by purchase strategies. If the
retailer chooses not to hold strategic inventory, the first-
period ordering quantities decrease with altruistic preference.
However, if the retailer chooses to hold strategic inventory,
the change in first-period ordering quantities and inventories
is not monotonous, when 0<h <h:, 0Q{*41/00, < 0; when
hAS <h<h,  0QfM/06,>0;  when  O0<h<hi?,
8}‘8\11/8@ <0; and when hng <h<h?4, 0I%41/90, >0, as
shown in Figure 8. The difference in the thresholds needs to
consider the impact of the first-period selling price affected by
the retailer’s altruism.
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FiGure 3: Thresholds of the first-period order quantities for different altruistic scenarios (a = 1,b = 0.5,¢ = 0.2,y = 1). (a) Both members
are altruistic. (b) Only the manufacturer is altruistic. (c) Only the retailer is altruistic.

Proposition 6. In four scenarios (RAIL RAN, AAIL and
AAN), the impacts of the retailer’s altruistic preference on
profits are as follows:

(1) The retailer’s altruism reduces her profits and in-
creases the manufacturer’s profits.

(2) However, only in scenarios AAI and AAN do the
supply chain’s profits decrease with the retailer’s al-
truistic preference. Otherwise, the supply chain’s
profits are not affected by the retailer’s altruism.

When only the retailer is altruistic, the manufacturer’s
wholesale prices increase as the retailer’s level of altruism
increases. However, the retailer’s decisions are not im-
pacted by her altruistic preference. Therefore, the man-
ufacturer’s profits increase as the retailer’s level of
altruism increases, while the retailer’s profits decline.
Since the increase in the manufacturer’s profits is equal to
the decrease in the retailer’s profits, the supply chain’s
profits satisfy o84/06, = 0 and 9R4N/96, = 0, as shown in
Figures 9(a) and 9(c).

When both the retailer and manufacturer are altru-
istic, the manufacturer’s profits still increase as the re-
tailer’s level of altruism increases, while the retailer’s
profits decrease. However, the rate at which the manu-
facturer’s profits increases is lower than the rate at which
the retailer’s profits decline, which leads to 9447/06, <0
and af.}AN/ae,<o, as shown in Figures 9(b) and 9(d).
Therefore, the retailer’s altruism is not necessarily ben-
eficial to green supply chains.

5.2.2. The Influence of Manufacturer’s Altruistic Preference

Proposition 7. In four scenarios (ARI, ARN, AAI and
AAN), the effects of the manufacturer’s altruistic preference
on decisions are as follows:

(1) The GL satisfies 0e**!/00,, = 9e**N/00,, = de41/
06,, = 0eA4N/96,, = 0.

(2) The wholesale prices in the first and second periods
satisfy owiRl/00,, < 0,0wsR/96,, <0, dwi4l/00,, <

0,0wy4/06,, <0,  owiAN/00,, = ow;4N/06,, <0,
and owifN/96,, = owyRN/96,, < 0.

(3) The selling prices in the first and second periods meet
opiR1/00,, < 0,0psR1/06,, <0, opi+41/06,, <0,
ops41/00,, <0, opAN/06,, = opsAN/00,, <0, and
opRN/06,, = op;sRN/08,, < 0.

(4) The manufacturer’s altruistic preference promotes an
increase in the second-period ordering quantities. The
influence of the manufacturer’s altruistic preference
on the first-period ordering quantities is affected by
the purchasing strategy adopted.

(5) The retailer’s inventory does not change monotonously
with the manufacturer’s altruism. Further details are
shown in Table 7.

Through calculation, it can be found that, for MIGPs, the
manufacturer’s altruism still does not affect the GL. The
manufacturer’s altruistic preference promotes the reduction of
his wholesale prices, so the retailer also reduces selling prices
and increases sale quantities. For the retailer without strategic
inventory, the decrease in wholesale prices promotes an in-
crease in order quantities. However, for the retailer with
strategic inventory, the effect of the manufacturer’s altruism on
retailer’s order quantities and inventories in the first period is
not monotonous. The thresholds are as shown in Figures 10(a)
and 10(b). When 0<h< h,ﬁél, (BQfAI/Bem) >0; when
hid <h<h*,  0Q{4/06,<0; when 0<h<h),
(0I*41/26,) > 0; and when h4 <h<h*4, 31*4/96, <0.
Scenario ARI is similar to scenario AAL

Proposition 8. In four scenarios (ARI, ARN, AAI and
AAN), the manufacturer’s altruistic preference increases the
profits of the retailer and supply chain and reduces his profits.

As shown in Figures 11(a)-11(d), the effects of the
manufacturer’s altruistic preference on his, the retailer’s, and
the supply chain’s profits are consistent across the four
scenarios. The results also show that the manufacturer’s
altruistic preference has a greater impact on the retailer’s
profits than on the manufacturer’s profits. This is signifi-
cantly different from what is observed under the
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F1GURE 4: Thresholds of the retailer’s profits for different altruistic scenarios (a = 1,b = 0.5,¢ = 0.2,y = 1). (a) Both members are altruistic.
(b) Only the manufacturer is altruistic. (c) Only the retailer is altruistic.
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FI1GURE 5: Thresholds of the manufacturer’s profits for different altruistic scenarios (a =1,b = 0.5,c = 0.2,y = 1). (a) Both members are
altruistic. (b) Only the manufacturer is altruistic. (c) Only the retailer is altruistic.
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F1GURE 6: Thresholds of the supply chain’s profits for different altruistic scenarios (a = 1,b =0.5,c = 0.2,y = 1). (a) Both members are
altruistic. (b) Only the manufacturer is altruistic. (c) Only the retailer is altruistic.

differentiation scenario, in which the retailer’s altruistic
preference has an inconsistent impact on supply chain
profits.

In general, it can be found that (1) decision makers’
simultaneous or individual altruistic preferences may have
different impacts on the selection of strategies and decision-

making. For example, when only the retailer is altruistic, this
does not affect procurement strategies. However, when both
decision-makers exhibit altruism, the retailer’s altruism
expands the range of strategic inventory that can be held. (2)
Diverging from Huang et al. [14], our results show altruistic
preferences do not affect the greening level, demonstrating
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TaBLE 6: Influence of the retailer’s altruistic preference on decisions.
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“~” indicates that variables are not affected by 6,. “” represents that variables increase with an increasing 6,. “\.” indicates that variables decrease with
indicates that the change in variables with 6, is not monotonic.

wx»

increasing 6,.

the importance of subdividing green product categories. (3)
In terms of supply chain profits, the retailer’s altruistic
preference does not increase profits of the overall green
supply chain, while the manufacturer’s altruism has the
opposite impact.

6. Conclusion

With the continuous improvement of consumers’ envi-
ronmental awareness and the refinement of green product
design, products’ greening levels and differentiated pur-
chasing strategies impact multiperiod decisions and
profits. For retailers who are followers, strategic inventory
is commonly used as a bargaining tool. Most of the
previous strategic inventory models assume that supply

I

n

chain members are rational. However, in reality, more and
more enterprises are exhibiting altruistic preferences to
promote the industry’s development. Therefore, this pa-
per constructs two-period game models considering six
scenarios and further analyzes the impact of altruistic
preference on green supply chain decision-making and
benefits.

This study presents some interesting results. (1) For
MIGPs, strategic inventory and altruistic preference do not
affect the GL. Therefore, promoting the transformation of
MIGPs into DIGPs is a top priority. (2) In different sce-
narios, the retailer holding strategic inventory does not
necessarily secure higher profits, and the manufacturer may
not obtain profits from strategic inventory. (3) The manu-
facturer’s altruism reduces the range of strategic inventory
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FiGURe 8: Thresholds of retailer altruism’s influence on first-period ordering quantities and inventories (a = 1,b = 0.5,c¢ = 0.2,y = 1).

that the retailer can hold, but the effect on inventory quantity
is nonmonotonic. However, the influence of retailers’ al-
truistic preferences on nonsingle-period procurement
strategies is related to other members’ behavior preferences.
(4) The influence of the retailer’s altruistic preferences on her
decision-making is significantly different in various sce-
narios. For example, when only the retailer is altruistic, the
range of strategic inventory is not affected by altruism. When
both supply chain members are altruistic, the range of
strategic inventory increases with the retailer’s altruistic
preference. (5) The retailer’s altruism does not necessarily
affect the green supply chain’s profits, but the manufac-
turer’s altruistic preference increases the green supply
chain’s profits.

In addition to the theoretical conclusions, through
calculation and comparison, this study can also put forward
some management guidance: (1) from an environmental
perspective, the impact of environmental protection pub-
licity or education in areas with high consumption levels on
the greening level of MIGPs is greater than that of market
demand. (2) This study finds that even when supply chain
members are altruistic, strategic inventory, as a non-single
period procurement strategy, may have a negative impact.
According to previous research considering rational deci-
sion-makers, strategic inventory not only brings more
bargaining space for retailers but also enables strong income
growth for manufacturers as a means of long-term coop-
eration [9, 11]. However, in green supply chains, as partners
are not entirely rational, whether long-term partnerships can
bring greater benefits to the partners themselves, partici-
pants, and even the whole supply chain needs to be further
considered and discussed among enterprises. (3) Compared
to manufacturers, retailers acting as followers should pay
more attention to the behavior preferences of other decision-
makers. In the green supply chain, whether only the retailer

exhibits altruism dramatically affects long-term procure-
ment strategies and decision-making. (4) Unlike Huang et al.
[14], this research does not find altruism to affect the
greening level of products. This requires manufacturers to
clarify the design differences of green products and subdi-
vide categories. Since many governments and institutions
subsidize green supply chains, whether altruism has a
positive impact on the development of green products or the
supply chain also requires more attention from govern-
ments, especially in consideration of different types of green
products and the status of subsidized members in the
industry.

This study can be further expanded by considering
other important factors. First, because this research fo-
cuses on MIGPs, differentiated green design products can
be further discussed, such as DIGPs and MDIGPs. Second,
this paper mainly considers two procurement methods:
holding and not holding strategic inventory. In reality,
retailers are likely to purchase products needed in the first
period. Therefore, the different procurement and coop-
eration modes discussed may also provide further insight.
Finally, as this analysis only focuses on the impact of
altruistic preferences in the manufacturer-led green
supply chain, other behavior and psychological factors
can be introduced into future models.

Appendix

A. Detailed Derivation of the Optimal Solution

A.1. Detailed Derivation of the Optimal Solution in Scenario
AAIL The optimal solution for the retailer second-period
optimization problem presented in equation (1) can be
obtained by solving dUAM/dp#4l = 0. And, the retailer’s
utility function in period 2 is concave because
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F1GURE 9: Influence of the retailer’s altruistic preference on profits (a = 1,b = 0.5,¢ = 0.2,y = 1). (a) In scenario RAL (b) In scenario AAL

(c) In scenario RAN. (d) In scenario AAN.

TaBLE 7: Influence of manufacturers’ altruistic preferences on decisions.
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dPUAM 1 dpsAT = —2b < 0. So, the retailer’s second-period
optimal  selling  price s A = (a+ce 4+
b(wiAl — 0 wiAl + eA4T g )/ (2b).

Substituting the retailer’s optimal response in equation
(2), the second-period wholesale price can be obtained by
solving dUA3"/dwsAl = 0. And, the manufacturer’s utility
function in period 2 is concave because d*UA4! /dwiAl" =
-b(-1+0,)(-2+06,+0,0,,)/2<0. So, the optimal second-
period  wholesale  price is = wf = (a- 2044

—ab,, + 204410, + c(eM — AP ) + AT (by— 200,y +
b626,,9))/ (b(~1+6,)(=2+96,,+6,6,,)).

Substituting optimal response of the manufacturer in
equation (3), the selling price and inventory can be obtained
by solving 0U2AT/9pA4l = 0 and oUAA/0I44T = 0. And, the
retailer’s  utility function is concave  because
*UAM [9ptAT = 2b <0 and (DU )9 pial’y
« (PUAADIAAT) —(QPUAA9ptAIaTAATY = (4(~1+6,,)
(-3+6,,+26,0,))/(-2+86,, +6,0,)*>0. So, the retailer’s
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ARN. (c) In scenario AAI (d) In scenario AAN.
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first-period optimal selling price is
Pl = (a+ ce® + b(wi - 0w + eAAr 6,7))/ (2b),
and strategic inventory quantity is

B(-2+ 6, +6,6,)° ~ (-1 +6,) (-2 + 6, + 6,6, ) wi "+
(a+ceAAI)(_1 +6,)(-3+0,,+20,0,)-b 2 (A0
M (=146} (-4+96,,)0,,+ 6.0, +6,(4-26,,+6.))y :

(2(-1+6,,)(-3+6,,+26,6,,))

AAI
I =

Finally, substituting the retailer’s optimal response in ~ We can obtain three sets of solutions satisfying the
equation (4), the first-period wholesale price and GL can be  conditions:
obtained by solving 0UAA /owf4! = 0 and dUAA /9eA4T = 0. The first set:

52~ 716, + 306, — 46, + 760:0), + 40707 (-9 + 20,,)+
(-1+6,, -
676,,(61 - 66,, — 136, ) - 26,(17 + 226,, - 336, + 86, )

( 2a(-1+6,) (-3+86,,+20,0,) +bh(-2+6,,+6,6,) * )
4b

(-1-2(-2+6,)6,, +(-1-26, +267)6;,) c (A2)

(wAAI eAAI) — v
4b* (-1+6,) (-1+6,,)(~34 + (41 + 616,)6,, - 2(8 + 256, + 1867)6;, +(2 + 106, + 156} + 76, )6, )y 2by |

1 >

The second set:

(1, 1) _ c?(-1+6,,)B, +b(2a(-1+86,,)B, + bh(8 - 2(12 + 56,)6,,, +(15 + 260, + 36.)6,, —(3 + 86, + 76.)6,,) )y + c (-1 +6,,)B, cB, + B,
“eeT 26° (1 +6,,)B,y "2bBy |
(A3)
The third set:
aar aary [ € (=1+6,)B, +b(2a(~1+6,,)B, + bh(8 - 2(12 + 50,)6),, +(15 + 266, + 36,)6,,” ~(3 + 86, + 76,%)6,,’) )y — (-1 + 6,,)B, cB, - B,
(wl ¢ ) B 2b° (-1 +6,,)B,y " 2bByy )
(A4)
To verify optimality, we compute the following:
Fust  b(-1+ 6,)(~34 + (41 +616,)6,, - 2(8 + 250, + 1867 )6, +(2 + 106, + 156, + 767)6;,) o (A5)

dwiAr 2(-3+6,,+20,6,)
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(in)

27 TAAI
B ou,,
L™ AAR
ow,

27 T AAI
UL
AAT?
oe

27 TAAI
U
aw‘f"“ aeAAI

1

1
C4(-3+6,,+26,0,)*

i

(-3+86,,+20,6,)y+by

By calculating, the manufacturer’s utility function is
concave at the first set of solutions, but it cannot satisfy
Ay >0, wi4'>0, and e*4' >0 in the second and third sets.
Therefore, we can obtain that when

c(-
16 — 116, + 262, + 76°0%, + 46762, (=9 + 20,,)+
20,(-17 +26,, + 6;,) + 626,,,(61 - 226, + 367, )
(2/(-1+6,))(-1+6,

~(-1+6,)8,, (-3 +6,,+26,8,) +6bce™* (-1 +6,,)

b (16-116,, + 26, + 76;6;, + 46}6, » (<9 +26,,) +26,(~17 + 20,, + 6;,) + 620,,(61 - 226, + 30}, ) Juw;*'~
(-1+86,,)

21

2

))

~34+ (41 +616,)0,, - 2 = (8 + 256, + 186, )6}, +
(2+106, +156; +76)6,,

1+6,)(-3+0, +26,0,) —be* «

(

) .
2a(-1+8,,)(-3+86,,+26,6,) -
—4+(11-t4n0,)6,, + 3 (=2 - 20, + 5676, +(1 + 26, — 467 - 106} *
+
(-);1 + Hf(l +26, + 29%)9:,
AP 240, + 76100, + 46267, (-9 +20,,)+
0,(-34+ 286, - 66,) + 6.6,,(61 - 306,,, + 36;,)

|

h<hA = ((=1+6,)7(5-2(1 +46,),, + 6. (2 +36,), %)
(2 + 4aby))/ (462 (=246, +0.0, V2 (5 - 5(1+6,)0, +
(1+36,+6,%) 6,%y), the retailer can choose to hold
strategic inventory.

)

(A.6)

B, = q <(18 ~2(7+116,)6,,+ (3 +86, + 76,2)9,"2)(

B, = (18-2(7 +116,)6,, + (3 + 86, + 76,)67,)

A.2. Detailed Derivation of the Optimal Solution in Scenario
AAN. The solution for the retailer optimization problem
presented in equation (5) can be obtained by solving

+2b(~bh(8 = 2(3 +56,)6,, + (1 + 46, + 362)65 ) + 2a(18 - 2(7 + 116,)6,, + (3 + 86, + 76)65 ) )y

(18 -2(7 +116,)6,, + (3 + 86, + 762)63, )

)

(A7)

The first set: (wiAN,eA4N) = ((c2(3-260,— 20,,+
626,)— 4dab(~1+86,)y)/ (462 (~1 +6,) (-2 + 6, + 6,6, )7).
c/ (2by)).

AUAAN /d p#AN = 0. And, the retailer’s utility function in the The second set: (WAAN, AN = (2
first period is concave because d*U4AN/dpt4N* = 2b<0. | 2aby — c\/@ + 4aby )/ (2b%y), (c — \J& + daby )/ (2by)).
So, the retailer’s first-period optimal sellinzg price is . AAN AAN )
PAAN = (q + cePAN 1 b(wiAN - 0 wAAN 4 eAAN"Q 1))/ (2b) The third set: (wi”™",e™™) = ((c"+2aby +
1 1 it r " cnJcE+4aby)l (2b%y), (c + ~[c? + 4aby )/ (2by)).
Substituting the retailer‘s optimal response in equation T . timali te the followine:
(6), the first-period wholesale price and GL can be obtained o verify optimality, we compute the following:
by solving oUA4N/owf4N = 0 and oUAN/9eA4N = 0. We
can obtain three sets of solutions satisfying the conditions:
27 TAAN
2:}17'2\]2=—%b(—l+6y)(—2+0m+6y6m)<0, (A.8)
1
L _PUMY UMy < FUAN )2 ) (c(~1+8,,) - 2be*N(1-26, + 626, )y)" +(~1+6,) (-2 +6,,+6,6,)
2 w2 geAAN” \ QwiANgeAAN 4 (—czﬂm +6bce™ Ny + Zby(a - b((l -20, + Bfem)waN - 34N 0,(-2+ 9,0,,,))/))) .

(A.9)
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By calculating, the manufacturer’s utility function is
concave at the first set of solutions, but it cannot satisfy
A, >0, wN >0, and eA4N > 0 in the second and third sets.

B. Proofs

Proof of Proposition 3.

To explore the impact of strategic inventory, we compare
the differences of equilibrium solutions under different al-
truistic scenarios (AA, AR, and RA).

il aan | C(-146,)(-1+46,6,) +4ab(a(-1+6,)* (-1+6,6,)" +bh(-2+6,,+6,6,) (-1 -2(-2+6,)6,, + (-1 - 26, + 267)62,) )y
w - w =
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(1) The influence of strategic inventory on manufac-

turer’s decisions:
For GL, eAAl_gAAN _ AR _ ARN _ (.

—e e —e
RAI _ ,RAN _

€ e

For first-period wholesale prices,

1 1 -

w; w;

RAI _ RAN _ _CZ +4b(a - 4bh)y
1 =

w, w, =

2 w,

W, w,

decisions:

AAT

Qz - Qz =

ARI ARN
Q2 - Q2 =

RAI RAN
Q2 - Q2 = -

46*(-1+6,) (-1 +6,,) (-2 +6,,+6,6,,)(17 - 2(6 + 116,)6,, + (2 + 86, + 762 )6, )y >0
ariary C(-1+ 6,)" +4b(a(-1+6,) —bh(-2+6,)’(1-46, +6,))y .
- - 4 (-2 +6,,) (-1 +6,)(17 - 120,, + 262 )y g
136b% (-1 + 6,)y
(B.1)
For second-period wholesale prices,
aal aan € (-1+46,)°C, - 4b(-a(-1+86,,)*(C, +bh(-2+6,,+6,6,)°(5-5(1+6,)6, + (1+36, +6,)6.,))y) .
_ <0,
4’ (-1+6,)(-1+6,,)(-2+6,,+6,6,)(17 - 2(6 + 116,)6,, + (2 + 86, + 76, )6, )y
(B.2)
arr arn C(-1+6,)7(=5+20,,) +4b(a(-1+6,,)* (-5 +26,,) + bh (-2 +6,,)*(5 - 56,, + 6.,) )y .
[ = < bl
4b* (34 - 750, + 576, — 186, + 26, )y
RAT RN _ 5(c* + 4b(a - 4bh)y) .
136b° (-1 +6,)y
(B.3)
(2) The effect of strategic inventory on retailer’s For second-period ordering quantities,
oy  (F1460,0,)(=c*(-1+6,,)°C, +4b(-a(-1+6,,)°C, + bh(-2+6,,+6,0,)°(5-5(1 +6,)0,, + (1 + 36, + 6,)6,) )y) o
_ <0,
8b(~1+6,) (-2+6,,+6,6,)(17 - 2(6 + 116,)6,, + (2 + 86, + 76, )6, )y
(B.4)
¢ (-1+6,,)° (-5+26,,) +4b(a(-1+6,,)* (-5 + 26,,) + bh (-2 +0,,)°(5 - 50, + 6,) )y .
[— < bl
8b(-1+6,,)(-34 +410,, - 166;, +26, )y
5(c* +4b(a - 4bh)y)
272by
(B.5)

For first-period selling prices,
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AAL A _ A (-1+6,) (-1+6,6,)" +4b(a(-1+6,)* (-1+6,0,,)* +bh(-2+6,,+6,6,,)’ (-1 - 2(-2 + 6,)6,, + (-1 - 26, + 26.)6},) )y

P h 86° (—1+6,,)(-34 + (41 + 616,)6,, - 2(8 + 256, + 1867 )6, + (2 + 106, + 156; + 767)6,, )y 20
(B.6)
arr ary ©(-1+6,)° +4b(a(-1+6,)" —bh(-2+6,)*(1-46,,+6,,))y .
_ - >0,
P h 8b°(34 - 756, + 576;, — 186, + 26, )y
, (B.7)
ral_raN _ € +4b(a —4bh)y
- =—F5—>0.
b 272b%y
For second-period selling prices,
wal aan  —C(-1+6,)°Cy +4b(-a(-1+96,,)°C, +bh(-2+6,,+6,6,,)(5-5(1+6,)8,, + (1+36, +6,)6,) )y o (BS)
- = <0, .
: : 86° (-1 +0,,) (-2 +6,, +6,,)(17 - 2(6 + 116,)6,, + (2 + 86, + 76, )7, )y
ar gy € (-1+6,)°(-5+26,,) +4b(a(-1+6,,)* (-5 +26,,) + bh(-2+6,,)°(5 - 56, + 6,,) )y
Py —Ppy = 2 2 3 <0,
8b°(34 - 750, + 576;, — 186, + 26}, )y 59)
i )
PRAT_ pRAN 5(c +4b(a - 4bh)y) ‘o

272by

For first-period selling quantities,

wal oy C(1+0,)2(-1+6,0,)" + 4b(a(-1+6,) (-1 +6,6,,) +bh(-2+6,,+6,0,)’(-1 - 2(-2 +6,)6,, + (-1 - 26, +26.)6.,) )y o
- . <0,
o 8b(-1+0,,)(-34 + (41 +616,)0,, — 2(8 + 250, + 186, )6, +(2 + 100, + 156, + 76. )6}, )y

(B.10)

an ary | C(-1+6,)° +4b(a(-1+6,)* —bh(-2+6,)°(1-46,,+6,,))y
v 8b(-2+6,,)(-1+86,,)(17 - 1206, + 26, )y

1 &
g — gt = 7 (—4{1 + 16bh — by) <0.

<0,
(B.11)

For second-period selling quantities,

aar aan _ € (F1+6,)°Cy—4b(-a(-1+6,)°C, +bh(-2+6, +6,0,)"(5-5(1+6,)6,, + (1 + 36, +6)6;) )y

>0,
N 86(—1+0,) (-2 + 6, + 0,0,)(17 - 2(6 + 116,)0,, + (2 + 80, + 767 )62, )y
(B.12)
an ary | € (-1+46,)°(-5+26,) +4b(a(-1+6,,) (-5 +20,,) + bh (-2 +6,,)*(5-56,, + 6, ) )y .
L D = 2 >0,
8b(-2+6,,)(-1+86,,)(17 - 126,, + 26, )y (B.13)

rar ran _ S(¢ +4b(a - 4bh)y) o
9 9> - 27219)/
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(3) The impact of strategic inventory on first-period 80, + zefn) (c® + 4aby))/ (4b* (-2 + Qm)z (9-100,, +
order quanﬂilIes " i 29; ), Qz{lRI > Q{\RN_
Solving Q¢ - Q" =-((-1+0,0,,)(-c* (-1+ 3
0,)°C, + 4b(bh (-2 + 0, + 6,6,)* (9 - 2(5 + 46,) QRAT _ AN _ 9(c” + 4b(a - 4bh)y) so,  (B.14)
0, + (2+60, +0)602) —a(-1+6,)*C,)y)/ (8b (- ! ! 272by
1+6,)% % (=34 + (41 +616,)0,, —2(8 + 250, + 18
02)0Z, + (2 + 100, + 1567 + 76)62,)y) = 0 reveals the C, = (5-2(1+46,)6,,+6,(2+36,)6,); C,
threshold of h, when 0<h< hé; = ((-1+86,)*(9- B 0.0 0.+ 3\ & (B.15)
2(4+50,)0, + (2+46, + 3626 ) (* + daby))/ (46> = (9-2(4+56,)6, + (2+46, +367)6;,). 5

(=2+0,,+6.0,)"(9-2(5+46,)0,, +(2 +60,+ 67)

0,)7), Q1> QAN

Solving ~ Q{{Rf — QRN = —(c2 (-1+6,)*(9-86,,  Proof of Proposition 4.

+2gfn )+ 4b —hh(—2+9m)i(9—106m+229,2,,)+>y) /(8b(=1+ em)z To explore. the effect of t}.le' strategic inventory, we
a=1+0,) (9‘8§m”9m) compare the differences of decision-makers’ profits when

(-34+416,, - 166, +26,)y) =0  reveals  the the retailer holds or does not hold strategic inventory under

threshold of &, when 0 < h < hg]f2 =((-1+6,)2 (9-  different altruistic scenarios (AA, AR, and RA).

A - = (c (<14 6,,)'Cy + 4b* (-1 +6,,)* (-1 +6,6,,)(-bh (-2 + 6,, + 6,6,,)°
+(~59 + 556, - 1807, + 26, + 6765, (~41 + 216,,) + 6,6,
(179 - 1306, + 3162, ) + 676,,(~261 + 2186, - 9167, + 146}, ) + 6,(127 - 666, + 296, — 126, + 26},))
+2a(-1+6,,)*(-21+316,, - 146}, + 2*
-6, + 6,0, (-9 +76,,) + 6,67, (51 - 580,,, + 156, ) + 676,,(~93 + 1306,, — 596, + 106}, )
+0,(55 - 746, + 376, — 120, + 26, )) )y + 8b° (—2a"
-bh(-1+6,,)* (-2 +6,,+6,6,,)°(59 - 556,, + 186}, — 20, + 626, (~41 + 216,,) + 6,6, (220 — 1516,,, + 316,
+6,(-127 + 76,, + 260, - 66, )+
26762, (-220 + 1746, - 616;, + 76, ) +2626,,(194 - 1426,, + 600, — 136), + 6,,)) + 2a° (-1 + 6,,)"C,
+b’ 1 (-2 +6,,+0,6,,)" (76 — 1846,
+ 1816, - 916, + 226, - 26, + 6,6, (-9 +76,,) + 6,6,,(96 — 1296, + 436}, ) + 6,6, (~289 + 4716,, — 2376, + 356,
+676,, (344 — 5930,
+ 32767, — 536,, - 50),) + 6,(~144 + 18006, + 216;, — 1236, + 660, — 106, )))y)/(326° (-1 +6,) (-1 +9,,)’
- (=34 + (41 +616,)8,, — 2(8 + 256,

+1862)62, +(2 + 106, + 1567 + 763)9;)2y2> =0.

(B.16)
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(1) For retailer’s profits: reveals the threshold of h, when 0 <h < hﬁf‘, [TAAT > TIAAN,

Solving

2 -1
<¥,0<6r<f1 (6,,),

m

AA
hy1,0<6

2 -1
ht = h{_}f‘l,¥< 6, <1,0<0,< f,(6,,6,) (B.17)

4 5V2 -1

L hﬁ,Z’f<6m< 1’f2 (em’er) <6r<f1 (gm)’

o), 51580, + 156, 1 1 (36,(51-586, + 1562)° 86,,(-93 + 1309, - 5962 + 1063,) 4 %2"(-1+86,)'6%,(117 - 426, + 56) 4+2C,
Si(6n 360, - 2865, A3 @, (9-76,) ~9+76,, (-9+78,)C, ~9+70,,
e 1 36,,(51-586,, + 156%)°  86,,(93 - 1308, + 596, ~ 106},) 22 (-1 +8,)'6%,(117 - 426, +56%) 242", 3V3 (-1 +6,,)"(-2457 + 23310, - 42762, + 4163,)
2| \| o (0-76,)° 9476, (-9+76,)C4 970 (79+70,,‘)‘\\‘((A//J;_)((wm(sx - 580, + 1563/ (9-76,)°) ~(80,,(-93 + 1306,, - 5965, + 106,/ (-9 +76,)) + (42" (- 1+ 0,)'65 (117 - 420, + 362))/ (-9 +70,)C.) + ((4-2C,)1 (9+70,)) ) )

(B.18)

76 — 1846, + 1816, - 916, + 226, - 26, + (~144 + 1806,,, + 216, — 1236, + 660, — 106;,)6, + (3446, — 5936, + 3276, - 53 * 6, - 56, )6+ o
(-2896;, + 4716;, - 2376, + 356, )6 + (966;, — 1296, + 436}, )67 + (-96,, + 765, )6 '

fZ (gm’er) - <
(B.19)

Solving

¢ (-146,)'(-21+ 310, - 146}, +26],) + 4bc’ (-1 +6,,)" (-bh (-2 + 6, (=59 + 550,, — 186}, +26},) + 2a(~1 + 6,,)'(-21 + 31  6,, - 146}, +26,,) )y + 8b‘(71ubh(1 ~36,,+ 6,

+550,, ~ 186, +26),) + 2" (-1 +0,,)" (=21 + 316, - 146}, + 26}, ) + 5°h* x (=2+ 6,,)' (=76 + 1840, — 1816}, + 916}, - 226}, + w;)),r’

e = =0,

320’ (- 1+0,,)’(34 - 410, + 166}, -

(B.20)

reveals threshold of i, when 0 < h < hfiR, TIAR > [TARN,

& (~1+6,)} (=59 + 556, — 1862, + 26,) + by(4a (~1+0,,)(~59 +550,, — 1867, +26%) ~b(~2+0,) = <7c5)\/{( (-1+0,)'(17 - 126, + 262 )’ (-1 - 226, + 2562, — 126}, + 26}, )( + 4ahy)2)/(b4 (-2+ emycw)) )
AR -
I, “ab*(-2+6,)’Cay ’

(B.21)

Solving TTRAT — TIRAN = (2 + 4b(a — 4bh)y) (c*(-21 + (2) For manufacturer’s profits, solving
550,) +4b  (8bh(19 —360,) + a(-21 + 556,))y)/36992b>
(-1+6,)y>=0 reveals the threshold of h, when
0<6,<21/55, 0<h<hR* = (-21+556,) (c? + 4aby)/
3267 (~19 + 360, )y, [IRAT > TIRAN,

a(-1+6,)°C;~bh(-2+6,+0,0,)"
17+ 4(12+ 56,)8,, + (35 - 746, + 76,7)6,,7+
& (-1+6,)'Cq+8bc (-1+6,,) y+
(10+ 406, +346,” - 166,")6,, "+

(-1-66,-116,> -46,> +56,")0,"

(-1+6,6,)

(B.22)

-34+8(12+56,)6,, —2(43 + 580, +6,%) x
2a°C4(-146,)  + 0K (-2+6,,+6,6,)" 6, +(28+886, + 286, -86,°)6, "+ |-
(-3-166, - 200, +46,> + 6,")0,,"

s y?
-17+4(12+56,)6,, +(~35 - 746, +76,7)6,,’+ }

4abh(-1+6,,)* (-2+6,,+ e,am){ (10 + 400, + 346, - 160,7)6,,°+

(-1-66,- 116, -46, +50,")6,"
3

A s
o (m;‘ (10 (-1+6,)'(=34+ (4156166, 2(s+256, +186,2)0, +(2-+ 106, 156 +76,)6,)'y")

=0,
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reveals the threshold of h, when
hl‘f‘[;‘ <h< {4, TIAAL S TIAAN,

1
0,0<0,,<2- 1+W’0<9’<1
1
h?[jyz_ \/% <0m<0'705’0<er<f3 (QM)

1
ht =402~ 1+W<9m<o.705,f3(0m)<9r<1 , (B.23)
hy),0.705<6,,<1,0<6, < f,(6,,)
hn 207056, <1, f,(0,,) <6, < f5(6,,)
[ 0,0.705<0,,<1, f5(6,,)<6,<1
-1+ V24 (-1+86, +\/2+ (-1+6,) - 9)(—1+8m)/0m
f3 (Gm) - .
m
(B.24)
0.)= 1+ 2 1 (-5566,," +8346,,° - 5566,,” +1396,,° + 266,,°C,'” - 526,,°C,"” + C,** + 6,,*(139 + 26C, ")) B
f4 m) — em \/6 (6m4C71/3)
80 +8/6,,” +24(-2+0,,)"/6,” - 112/6,, - (278 (-1 +6,,)*)/C,"* - ﬁz@”ﬂ
1 m
% ,
2v3 96v6 (-1 +6,,)°
(6,°v((-5566,,” + 8346,,° - 5566,,” + 1396,,° +266,,°C,"* - 526, °C,"" + C,** + 6, (139 + 26C,'?))/(6,,'C,'?)))
\/((—1+0,)2* (-1+6,) 6% (~2+46,, + (~1-26, +62)6%)(17 - 2(6 + 116,)6,, + (2 + 86, + 767)62, )*(¢* +4uhy)2)
(b* (-2+6,,+6,0,) (- 34+8(12+50,),, - 2+ (43 + 580, + 67 )0, + (28 + 880, + 2867 — 86,)6;, + (-3 — 166, — 200, + 46, + 6} )65)*y")’
(B.25)

e 2(-1+6,,)(-17 + 4(12 + 56,)6,, + (~35 - 746, + 767 )67, + (10 + 406, + 346, - 166, )6;, + (-1 - 66, — 116} - 46} + 566, )(c* + 4aby))

T4 6w (-2+6,,+6,6,,) (- 34+ 8(12 +50,)0,, - 2(43 + 580, + 67)62, + (28 + 886, + 2867 — 862 )63, + (=3 - 160, — 2067 + 46 + 67)67,)y)

m

\/( (146, % (-1+6,)"6%(~2+ 46, + (-1 -26, + 6)62)(17 - 2(6 + 116,)8,, + (2 + 86, + 767)62, )" (c* + 4aby)2)
(b'(-2+6,,+6,6,)" (-34+8(12+56,)6,, — 2+ (43 + 580, + 0, )07, + (28 + 880, + 286 — 86,)0;, + (-3 — 166, — 2067 + 46, +6?)6;,)y")’
(B.26)

V2

an 1(2(=1+6,)° (<17 +4(12+50,)6,, + (=35 - 740, + 76 )67, + (10 + 406, + 3467 - 1667 )6, + (=1 - 66, — 116 — 46; + 56, )6}, )(c” + 4aby))
T2 "4 g (—2+6, +6,6,) *(-34+8(12+56,)6,, - 2(43 + 580, + 07 )6, + (28 + 886, + 280 — 86, )6, + (-3 — 166, — 206; + 46] + 6})6;, }y)

\/Ev( (-1+6,) % (~1+6,)'6%(-2+46,, + (-1 26, +62)6%)(17 - 2(6 + 116,)6,, + (2 + 86, + 767)6% ) (* + 4aby)2)
’ (b'(-2+6,,+6,6,)" (-34+8(12+56,)0,, — 2 (43 + 580, + 6, )6, + (28 + 886, + 2867 — 86, )6, + (~3 - 166, — 206, +46; + 6)6,)*y")
(B.27)

Solving
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! (-1+6,,)"(17 - 486, + 446}, - 166, + 20}, )+
8bc* (-1 +86,,)" *

(=bh(-2+6,,)°(17 - 486,, + 350, — 106, + 6),) + a (-1 +6,,)*(17 - 486, + 446, - 166}, + 26, ) )y+

~4abh(2 - 36, + 6%,)" (17 - 486, + 3567, — 106, + 6%, )+

2
8b y
AR RN _ 2a°(-1+96,,)"(17 - 486, + 446}, - 166}, + 20), ) + b’h* (=2 + 0,,)"(34 - 966, + 866,, — 286, + 36),) o
o (16b3 (-1+86,,)°(34 - 416,, + 1662, - 29;)2y2)
(B.28)
reveals the threshold of h, when h‘lf}R <h<hk,
ARI _ TTARN "
I, > 1L,
' 0,0<0,_ <2 1 !
,0<0,<2-1|]1+—
m \/2
hiR = 1 1 , (B.29)
T ) pR 2 - L+ <6,<0.705
AR
[ h, 2, 0.705<6,, <1
" (Zrz (-146,)°(17 - 486, + 3562, - 106}, + 6),) +by(3a(71 +6,)%(17 - 480,, + 3562, — 100}, + 01,) + V2b(-2 + 6,)*(34 - 966, + 8667, - 286), + 361,) » \“‘({((71 +6,)'6, (246, + 62) « (17 - 126, + 262)'(* + Aahy)‘)/(h‘ (~2+8,)"(31 - 966, + 8667, — 280}, + 36':‘)2#))) ))
i = 467 (~2+6,)°(34 - 9602 + 8667, - 2865, + 30, )y ’
(B.30)
26 (-1 +6,,)°(17 - 486, + 356,° - 106,,” + 6, )+
8a(-1+6,,)°(17 - 486, + 350, - 106,,” +6,,*) - V2b(-2+6,,)*(34 - 966,, + 866,,” — 286, + 30,,*) x
by (-1+6,)'0,°(2-46,,+6,7) * , (B.31)
- , , /(b4 (-2+86,,)"(34 - 966, + 866, - 286,,” +36,,") yz)
AR (17 -126,, +26,,%)"(c* + 4aby)
2 (4b® (-2 +6,,)*(34 - 966, + 866,,” - 286,,° +36,,")y) ’
2
}ﬁ RAN (c2 +4b(a - 4bh)y)
- = 3 2
e 1088b° (-1 +6,)y
(B.32)

(3) For profits of the supply chain, solving
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55— 4(18 +376,)6,, + 6(5 + 260, + 246, )6~
C4 (_1 + Gm)4 +
41+ 126, +276; + 156, )6, + 6,(4 + 186, + 246. + 9676,
4bc* (-1+6,,)° (-1+6,6,,) =

2a(-1+0,,)*(-55 + (72 +936,)6,, — 3(10 + 280, + 1767 )07, + (4 + 186, + 246; + 96, )6, ) -

v+

bh(-2+96,, +6,0,,)*(-127 + 3(40 + 876,)6,, - (38 + 1640, + 17962 )6, + (4 + 260, + 560, + 416, )6},

b'h* (-2+6,,+6,0,,)" (-4 +6,,+36,6,)*(9 - 2(5 + 46,)6,, + (2 + 60, + 6, )6, )+
55— 4(18 +376,)6,, + 6(5 + 260, + 2467 )65, — 4(1 + 126, + 276 + 156, )6, +
24 (-1+86,,)" -
6,(4 + 186, + 246: + 96,6,

3b> yz
2abh(-1+6,,)" (-2 +6,,+6,6,)" *

( 127 - 4(30 +976,)6,,, + (38 + 2846, + 44067 )6, — 4(1 + 166, + 550 + 556 )6+ )

6,(4 + 266, + 5607 + 4167 )6,

[TAAT _ [TAAN _
(32b3 (-1+6,,)°(-34+ (41+616,)6,, — 2(8 + 256, + 1862 )6, + (2 + 106, + 156 + 76§)03ﬂ)2y2>

reveals the threshold of h, when
0 < h < b4, TIAAT > TIAAN,

127 - 4(30 + 976,)6,, + (38 + 2840, + 44067 )6, —
2 2

c(-1+86,,) -

41+ 166, + 550 + 556, )6, + 6,(4 + 266, + 566- + 416, )6,
127 - 4(30 + 976,)6,, + (38 + 2846, + 4406. )6, —
—4a(-1+86,) +

41+ 166, + 5507 + 556, )6, + 6,(4 + 266, + 5667 + 416} )6,

b(9-2(5+46,),, + (2+66, + 6,)6,)

(8-2(3+56,)8,, + (1 +46, + 36262 )" » (B.34)

by

) 9-2(5+46,)6,+\°
(-1+6,)"(17 - 2(6 +116,)6,, + (2 + 86, + 767)62, )" = bt N
(2+66, +6,)6,,
/

N ( 1+ (56 - 606,)6,, + 6(~5 - 186, +2467) 6, +

c+ 4aby)2 8-2(3+56,)8,+\" ,
(4+ 486, + 6007 — 1166, )6, + 6,(—4 — 186, — 867 + 316, )6, y
(1+46, +367)6,,

(4 (-2+6,,+6,0,) (-4 +6,, +36,6,)°(9-2(5+46,)6,, + (2 + 66, + 67)6,, )y)

AA _
hy" =

Solving
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—bh(-2+6,,)*(-127 + 1200, - 386%, + 46, )+
! (-1+86,,)"(-55+726,, - 306;, + 46, ) + 4bc* (-1 +6,,)° y+

2a(-1+6,,)*(~55 +726,, - 306., + 46,,)

b (-4 +6,,) (-2 +6,)*(9 - 106,, +26%,) — 2abh(2 - 36,, + 62,)"(~127 + 1206, - 3867, + 467, )+
8b? yz
AR _ ppARN _ 2a* (-1 +6,,)*(-55 + 726, - 306, + 46, ) o
(32b3(34 ~ 756, + 5762, — 1867, + 29;*")2y2>
(B.35)
reveals the threshold of h,
when0 < h < hAR, TTART > TTARN,
- (~1+6,,)*(~127 + 1206, - 3807, + 46}, ) + by *
—4a(-1+6,,)’(-127 + 1206,, - 3867, + 46, )-
, ( b(8 - 66,, +62,)"(9 - 106, + 20;)\/( (-1+6,)"(17 - 126, + 26 )"(1 + 566, — 3062, + 46, )(c* + 4aby)2/(b“(8 ~ 66, +62)" (9~ 106, + 205”)2%)) )
i = (4b” (-4+86,) (-2+6,,)°(9- 10, +26,)y)
(B.36)
SolvingITRAT — TIRAN = (55¢* + 8bc? (55a — 254bh)y
+16b? (55a — 508abh + 1152b%h*)y?)/ (36992b°y*) = 0
reveals the threshold of h, when
0<h<h®A = 55(c% + 4aby)/ (1152b%p), TIRAT > TTRAN,
21-316,, + 1467, - 26, + 66} (-9 + 76,,)
’ +50:0,,(12 - 136, + 36,,) - 6,(55 - 530, + 665, +26,,) + 20,62, (~72 + 946, - 3767, + 50, ) + 2626,,(74 — 1020, + 486;, — 116}, + 6},) )’
(B.37)
9996° — 59946" + 1486867, — 1926460, + 1314667, — 34446° — 103667, + 9126 - 2016"! + 14612+ \ ™
! 343 \/—(—1 +0,,)"65,(81675 — 1277646, + 697326, — 174446}, + 21030}, — 1126}, + 265, ’
(B.38)
Cs = (76 — 1846, + 1816, - 916, + 220, - 26}, ),
(B.39)
Cs = (-17+4(12+56,)6,, - 2(22 + 286, + 6,%)6,,” - 4(-4 - 106, — 46,” + 6,°)6,,> + (-2 - 86, - 86,” + 6,")6,,"),
(B.40)
C, = (—16390; +983407 — 245856 + 327806", — 2458560"0 + 98346!! — 16390'% + 378 \/ (-1 +6,,)"*6? ) (B.41)
Cy = (—119934 +7146], — 17856, + 23800), — 178502 + 7146} — 1196) + 31545 1/ (-1 + 6,,)*6) )
(B.42)
O
Proof of Corollary 1. To explore the impact of altruistic preferences on the

range of strategic inventory that the retailer can hold, we
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compare thresholds under different altruistic scenarios (2) In scenario RAI, 0h®4/06, = 0.
(AAL ARI and RAI). (3) In scenario AAI,

(1) In  scenario  ARI,  9h*R/90,, = (20 - 256,,—

146}, + 316,, ~ 146, + 26,) (¢ + 4aby)/4b?
(_2 + em)3 (5 - 56m + efn) y <0..

ot (=1+6,)(~1+6,,)(20 - 5(1 +156,)6,, +(~19+ 536, + 8607 )6, +(12 + 26, — 556 — 39676, +(~2 - 46, + 56, + 156 + 66])6,,)(c” + 4aby)

<0,
99, 4 (-2+6,,+6,0,)(5- 5(1+6,)6, +(1+36, + 6)62)’y
(B.43)
ot (-1+6,)6,,(20 - 5(1 +156,)6,, +(-19 + 536, + 8667 )6, +(12 + 26, - 556; — 396, )6, + (-2 — 46, + 567 + 156, + 66 )6, )(c* + 4aby) .
= >0.
06, 4 (~2+46,,+6,6,) (5 5(1+6,)6, +(1+36, + 62)6% )y
(B.44)
O
Proof of Proposition 5. (1) In scenario RAI,
To explore the effect of the retailer’s altruistic preference
on decisions, we compare four different scenarios (RAI,
AAL RAN, and AAN).
0w ™ 9¢® + 4b(9a - 2bh)y
= 2 7 >0,
06, 68b% (~1+86,)°y
owy ™ 3c% +4b(3a + 5bh)y 0 (B.45)
= 2 2 > :
06, 34b° (-1+6,)%y
9eRAT ) anAI ) anAI ) aqzleI K pfAI K JRAI ) aquI K p;(AI L
00, a0, 00, a0, 00, a0, a0, a0,
(2) In scenario AAI,
DAl
-0, (B.46)
a0,
B0 (1 00E 1+ Bu)(150 3605+ 1100 2059+ 2060, 198070, 215736, 199670 850)6 (3 180, 4667 5905 86105 2624 0 0,0 (17 30090 =303+ 100, A, o (160,962 6)63) - 20(-1 +,)(150 - 36(5 4 11010+ 2(59 2060, + 1AL, - 2(15 4730, 1964850110 (30180, 460 8620 MONEE)))
0, (126, (-34+ (414 616,)8, - 2(8+ 256, + 188 )85, + (2 106, + 1562 + 76,)65 )’y
(B.47)
g (S (<1+6,)(=51+3(7+446,)6,, + (4 - 500, - 10767)63, + (~2 -+ 20, + 236} + 286})6},) + 2b(2a (=1 + 0,,)(=51 + 3(7 + 446,)8,, + (4 — 500, = 1076 )67, + (=2 + 20, + 236} + 286})6),) + bh(170 = 40(6 + 116,)6,, + (121 + 4780, + 42167 )6}, — 2(13 + 820, + 1576} + 880;)6), + (2 -+ 186, + 556; ’sxolnvof)o:.))y))n
2, 26 (- 146,717 - 2(6+110,)6,, + (2 + 86, + 76)6, 'y '

(B.48)

Solving
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3 Q{\AI
00

= (0, (c* (-1 +6,,)*(193 - 4(70 + 1236,)6,,, + 6(26 + 886, + 796,°)6,, — 4(10 + 486, + 846, + 516,°)6,,’

r

+(4+246, +600,” + 726, +336,)6,,") - 2b(-2a * (-1 +6,,)’

+(193 - 4(70 + 1236,)6,, + 6(26 + 886, + 796,)6,,” — 4(10 + 480, + 846,% + 516,%)6,,°
+(4+246, + 600,” + 726, +336,)6,,") + bh (-2 + 6, + 6,6,,)*

x (= 335+67(11+146,)6,, - 2(314 + 8466, + 5150,%)6,,” + 2(130 + 5526, + 7176, + 2766, )6’
—(52+ 3120, + 6360,” + 5326, + 1436, )6,," + (4 + 320, + 926,

+1200,” +736,* +146,%)6,,°))y))/ (4b (- 1+ 6,,)° (- 34 + (41 +616,)6,,

— 2(8+256, +186,%)6,,> + (2 + 106, + 156,” + 76,%)6,,*)*y) = 0,
(B.49)

reveals thresholds of h, when 0.154<6, <1,
0<6, < f5(6,,), hi <h<h™, 0Qf*1/06, >0.

193 - 4(70 + 1236,)6,, + 6(26 + 886, + 796 )6},
(-1+86,)’ (c2 + 4aby)
A4 ~4(10 + 486, + 846> + 51076, + (4 + 246, + 606, + 726, + 336, )0,

@ 335+ 67 (11 + 146,)6,, — 2(314 + 8466, + 51567 )6,

26° % (—2+6,,+6,6,,)°| +2(130 + 5526, + 71767 + 2760;)6;, — (52 + 3120, + 63607 + 5320 + 1436, )6, |y

+(4 +320, + 92607 + 1206, + 736 + 1495)0;
(B.50)

3242090 4484210 32521767 18521768 1 1202 C{P-
(2/3)

6 7 8 0 10 11
~23868, + 142807, — 35706°, + 476062, — 3570010 + 14286} - ) o .
+46), (2297 +3¢{")

246" + ( _
238617 + 6v/1545 \/ (-1 +6,,)*6,7

(Ofncé””)

~10+46,, + V20,4

(4(5-20,)) 32 (8x2"7(-1+0,)") (2c{™)
fs (am)—> —@ 8—(76/03,1)+ 7 +a, Cé1/3) _ gfns ,

m

(20v2 (-1+6,)")
(1/3) o5 (1/3) o6 (1/3) o7 (1/3) n8 (1/3)
-3252070 +48%210% 32421707 18420768 + 1207, C{"-

+V2 60,V

(2/3)

) 18,8

~2386°, + 142807, — 35700%, + 476067, — 3570010+

3 ~(1/3)
6.V | 2482, +
142861! - 2386!2 + 6/1545 (- 1 + 6,,)'*6!2

446 (2420 1 30
(B.51)
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4 (24 140, + 3362+ 3200+ 1461)04) + 20 (=1 + 0,141 = 1851+ 20,0, + (95 + 5740, + 37762)6% ~ 2(11 + 620, + 12507 + 02)5, ~(2+ 140, + 4152+ 5603 + 280%)04) )

(00 (1% 0,)°(141 = 188(1+20,)0,, + (95-+ 3740, + 37762)0%, — 211 +620, + 12562 + $402)6% = (2.4 140, + 4162 + 5602+ 280°)04) + (bl (2 0, + 0,0,(95 ~4(57+ 50,0, + 3(29 + 900, + 7162)65 ~ 2(11 + 540, + 8107 + 44
o, o

- <.
(T 0,)(- 3 (1 610)0, - 25+ 250, + 186)8 + (2 100, +

(B.52)

141 - 188 (1 +26,)6,,, +(95 + 3746, + 3776,%)6,,’ -
F(-1+86,) 11 +626, +1250,” + 846,°)6,,*+ +

(2+146, +416,% + 566, + 286,")6,,"

6, 95— 4(37 +586,)6,, + 3(29 + 900, + 716,)6,,*~
"I -bn-2+6,+60,) 30 o0y 716}, (B.53)
A11+546, + 816, +446,%)6,,” +(2 + 146, + 336,” + 326, + 146,%)6,,,"
2b y
141 - 188 (1 + 26,)6,, +(95 + 3746, + 3776,%)6,,’-
2a(-1+86,)
opiAl _ 11 +626, + 1250, +846,%)6,” +(2 + 146, + 416, + 560, +286,%)6),,* o
a6, (4172 (~1+6,)(~ 34+ (41 + 616,)6,, - 2(8 +250, + 180,°)9,,> +(2 + 100, + 156, + 79,3)9m3)2y)

Solving

art (8,((-1+ 6,)'13-2(5+86,)0,, + (2+ 66, +567)63, — 2b(~2a(-1+6,,)°(13 - 2(5 + 86,06, + (2+ 66, + 567)67,) + bh(~240 + (494 +7066,)6), —(393 + 11906, + 81767 )65, + (151 + 7266, + 10590} +4646})6;, —(28 + 1900, + 44167 + 4126, +1296})6}, + (2 + 186, + 5907 + 886 + 596} + 14676, )))) o
o, ="

4b(-1+0,)*(17 - 2(6+110,)0,, + (2+ 80, + 76782, )’y
(B.54)

reveals thresholds of h, when h4*<h<h44,
oI*41/06, >0

m (-1+ 0,,,)3(13 -2(5+86,)6,, + (2 +60, + sef)eiﬂ)(cz + 4uby)
T 2b?(-240 + (494 +7066,)6,, —(393 + 11906, + 81767)67, + (151 + 7260, + 10596} + 4646} )6, —(28 + 1906, + 44167 + 4126 + 1296 )6}, + (2 + 186, + 5907 + 886} + 596] + 1467 )65, )y’

(B.55)

QM 0,(*(-1+0,)°(19-2(6+ 136,)0,, + (2 + 86, + 96;)6},) + 2b(2a(~1+0,,)’(19 - 2(6 + 136,)6,, + (2 + 86, + 96;)63,) + bh(-205 + (417 + 6086,)6,, ~ (335 + 9986, + 7176} )6}, +
%6, ~ 4b(~1+6,)}(17 - 2(6-+116,)6,, + (2 + 86, + 767)67,

(133 + 6060, + 8916} + 42066, ~(26 + 1620, + 3636 + 3526, + 1226))6), + (2 + 166, + 496 + 726 + 526 + 146])65, ) )y) o
<0,
Y

(B.56)

0 (0,,(? (-1 +6,)° (16 - (11 +216,)0,, + (2 + 70, +762)62,) + b(4a (-1 +6,,)(16 - (11 +216,)6,, + (2 + 76, + 767)67,) — bh(35 — 14(3 + 76,)6,, + 2(8 + 476, + 5007 )62, — 2(1 + 136, + 346 + 226,)6, + 0,(2 + 106, + 166} +76,)6},) )y)) 0
= = <
06, 2b(-1+0,)(17 - 2(6+116,)0,, + (2 + 86, + 76°) 2, )y

(B.57)

pi (8,(P(<1+6,)°(16 - (11+216,)6,, + (2+76, + 766, ) + b(4a (-1 +6,)°) (16 - (11 +216,)6,, + (2 + 76, + 767)7, ) — bh(35 — 14(3 + 76,)0,, +2(8 + 476, + 5067 )62, — 2(1 + 130, + 3467 + 2267)6), + 0,(2 + 100, + 1667 +76})6}, ) }y) 0
= >0.
26, 267 (-1 +6,)(17 - 2(6+ 116,)6,, + (2 + 80, + 76)62, )’y

(B.58)

(3) In scenario RAN,

owN B w4 ¢ + 4aby

= >
00, 00,  8b*(-1+86,)y

>

(B.59)

aeRAN ) aQIIZAN ) aQ;QAN ) aquN ) aplllAN ) aq;ZAN _ BpRAN

2 _
30 %, 06, 00 %0, 20 a0

r r r r

(4) In scenario AAN,
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AAN
oe

20,

:0’

33

owiN gAY (-1+6,,)(-1+6,6,,)(c” + 4aby)

06, 3,  2*(-1+86,)°(-2+6,,+6,6,)%y

>

Proof of Proposition 6.

To explore the impact of the retailer’s altruistic prefer-
ence on profits, we compare four different scenarios (RAI,

AAI RAN, and AAN).

AAN AAN AAN AAN _ 0.6 2 b (B.60)
0Q; =8Q2 =a% _ oq, _ ( 1+ m) m(c +4a Y)<
26, 26, 30, 00,  sb(-2+6,,+06,0,)y
apfAN ~ apg‘AN ~ (-1+ Gm)@m(c2 + 4aby) §
00, 00, 8b*(-2+6,,+6,6,)°y
O
(1) In scenario RAI,
oI —9¢* + 8bc® (~9a + 2bh)y - 16b”(9a” — 4abh + 8bh* )y’ .
= < >
06, 544b° (- 1+ 6,)°y’
RAL  9c* 4 8bc? (9a — 2bh)y + 16b*(9a” — 4abh + 8b*h*)y*
Ayt 9¢* +8bc” (9a — 2bh)y + 16b°(9a” — dabh + 8b°)” )y S0, (B.61)

00

r

aHRAI

30 =0.

r

544b° (-1 +6,)*y°
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(2) In scenario AAI,

P

4

*(-140,)' C, +ab* (-1+0,)
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~bh(-2+6,+6,6,)

289+6(-60-2710, +426,7)0, +
(184+19759, +28930.° 77179})5,,} +
4(-11-2560, ~7930,” ~57760, +1926,* )6, +

r+
(4+2716, +13720,” + 21800, +8750," —3670,° )6, +

20, (~18-1350, —3440,> =3320," =716,* +330,°)0," +
6,(2+200, +730 +1166," +716, +76,°)0,°

2a(-1+9,)C,

289+6(-60-2716, +420,%) 0, +
(184+19750, +28930,> ~7176,°)0,” +
, L| 4(-11-2560, —7930,> =5770,” +1920,* )0, +
—4abh(-1+6,) (-2+6, +0.0,) -
(4+2719, +13720,” +21800,° +8759,‘736719,5)a,,‘+
20, (~18-1350, -3440,” ~3326, - 716, +330,°)0," +
0,(2+200, +730 +1160," +716, +76,°)0,°
) 7’
~1156+(3378+ 78306, ~19606,2) 0, +2(~1986 — 112120, — 64856, +34990," )6, +
(2384+261260, +424200,” +40800," —102746,*)0," +

| B’ (240, + 6,0,

2(—382—7976& —236410,> —167210,° +43040," +3956i9,5)0m" +
(124+ 55196, +2579360,” +368986, +96080," —98556,° 73351,9,,“)3”,* + +4a’ (-1+6, )“ C,
(-8-11030, - 74190, =170320," —132226,* +14136,° +42710,° + 7320," )6,

+0, (122410926, +35636,” + 48636, +17906,* ~13106," ~8090,° =636, )0, +
s

0,(-6-660, —2810, =5630," —4760," =20," +1896,° +490,” )6,

4b*

(-

(s;;’(f] +6,Y (-1+0,) (—34+(41+61(}, )0, —2(8+250,+186,)0,” +(2+100, +150,> +76,°)0,’ )3 /J

~bh(-2+6,+0,0,)

289-102(6+116,)6, +(727+16066, +20026,7)6,” ~

. o[ 4(116+3790, + 4240 +5260,7) 0,7 +

140,) Cy +4bc* (-1+6,) ) 7+
3(53+2520, +3800, +3126, +4480,* )6, — +2a(-1+0,)C,

2(14+896, +2000,” +1806," +1446,* +2400," )6, +

(2+166, +490,> + 680, +390," + 426, +736,°)6,°

289-102(6+116,)0, +(727+16066, +20026,7)0,” —

4(116+3796, +4240, +5260," )0, +

~4abh(-1+0,) (-2+0, +6,0,)"| 3(53+2520, +3800,7 +3120," +4480,)0," - +

s

2(14+896, +2000,” +1806," +1446,* +2406," )6, +
(2+160, +490,” + 686, +396,* +420," +730,°) 0,
1156-34(157+1156,)0, +2(5347+79890, + 28480, )0, — )
2(5915+143376, +96306, +24860," )0, +
2(3926+1387160, +150360,” + 60266, +16016,*)0,* —
bR (-2+0,+6,0, )“ (3207 +153736, +247386,> +153586," +43736," +16879,5)am5 + +4a*(-1+6,)' C,
(787+48990, +108120,% +103220," +37770,* +11130,° +6580,°)0,° —
(106+8326, +24030,> +32030," +19580,* + 3360, +2590,° +1516,7)0, +

s

(6+580,+2130,2 +3750," +3320,' +1260,° ~ 70, +390,” +140,)0),

K

(xb"’(—HQ ) (-1+6,) (-34+(41+616,)0, ~2(8+256, +186, )6, +(2+100, +159,3+79,‘)a,,’)]73)

) G+
4bc*(<1+0,) (-3+0,+20,0,)

)'(-84+3(23+616,)6, ~2(10+496, +676,2)6,” +(2+146, +356,” +330,°)6," )+

ct(-1+0,

~bh(-2+6,, +6,6,

s

~679+5(253+4260, )6, —(961+31386, +26916,” )0, +(373+17640, +29430,” +17106,)6,’ 7] 7+

2a(-1+0,) s 2
[(74+4509, +10896,” +12366," +5460," )0, +(6+ 440, +1376," +2266," +1960," +700," )0,

—4abh(~1+0,) (-2+6, +0,0,)

| (252-3(97+2396,)6, +3(43+2050, +2566,)6,” —
(26+1800, +4350,7 +3670,7)6,’ +(2+180, + 630, +1030," + 660, ) 0,*

v (-2+6,+6,6,)

4b°| (1960-2(2381+34996, )6, +2(2342+ 72216, +51376,”)0,” —4(601+ 28816, + 43406,” +19780,” ), + 7

B

(679-+44960, +105426, +103320, +33516,)0,* ~2(50+ 4296, +13900,” + 21240, +15210,* +3660,°)6," |+

+(6+640, +2690,7 +5680," +6360," +3540,° +630,°)0,"

4a*(-1+0,)' C,

8b'(-1+0,) (—34+(4]+610, )6, —2(8+250,+180.7)0,” +(2+100, +156, +70;‘)0;)1 ¥

<0

>0

<0
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5202 + 3(~3860 — 106916, + 67967 )6, + (10842 + 658876, + 766756 — 77486; )6,
+3(~1824 — 190866, — 4756407 — 327416, + 41116, )6, + 3(524 + 91000, + 360606> + 538456 + 253550 — 35046’
0, + (-244 - 77436, - 435456 — 10129060 — 1061306, — 3741867 + 50586,
6, + (16 + 13236, + 9915 67 + 315406, + 5124006, + 411846’ + 117406; — 13026 )
6, + 6,(~130 — 12286, — 494767 — 108550 — 135226, — 88626, — 22126, + 1406) )
6, +6,(6 + 666, + 31762 + 8670 + 145207 + 147267 + 8266} + 1966, )6,

Cy =

(B.62)

5202 - 153(89 + 1836,)0,, + 7(2479 + 86596, + 96706} )
07, — 3(4698 + 206120, + 400016, + 317936,
6, +15(520 + 26186, + 63796 + 90816, + 56786, )
Cp = 6, —(2919 + 166056, + 453306: + 822500, + 950906, + 491186, , (B.63)
6, + (703 + 45396, + 135600, + 272506; + 412500, + 405546, + 17800 x 6 )
65, —(98 + 7200, + 237962 + 50756, + 85500, + 113706, + 97286 + 36960, )

6, + (6 + 500, + 1856 + 423607 + 74007 + 11186, + 13366, + 10086, + 33667 )6},

Cyy = (2037 - 2(2237 + 38746, )6, + (4148 + 140746, + 1233307 )6, — 4(520 + 25880, + 44496- + 26286} )6,
+ (595 + 38600, + 97386, + 113046, + 50580, )6, — 2(46 + 3650, + 12006, + 20466 + 18036, + 6516; )6,
+ (6 + 560, + 22562 + 5000, + 6486, + 4626, + 1406; )6, ).

(B.64)
(3) In scenario RAN, (4) In scenario AAN,
3 (62 + 4aby)2
) = 3 75 <0,
\ 64b° (-1 +6,)%y
2 2
OTIAN (& +4aby) 0 (B.65)
89 - 3 2 2 >
. 64b’ (-1+6,)%y
[TRAN
50" 0.
arAAN  (-1+6,)(2+6,(-5+6,)0,, +6,6,,(1+6,))(c* + 4aby)2 .
= < >
90, 16b° (-1+ Gr)z (-2+6,+ Gremfyz
(B.66)
aH:lAN (-1+ gm)(z -(1+36,)6,, + (1 -6+ 203)8;)(3 + 4aby)2
= > b
26, 16b° (-1 +6,)* (-2 +86,, + 6,6,y
AAN  (_ 2 2 z
oY (-1+6,)°6,(c"+ 46*3?) <, (B.67)
00,  16b°(-2+6,,+6,6,)
|

Proof of Proposition 7. (1) In scenario ARI,
To explore the impact of the manufacturer’s altruistic

preference, we compare decisions under four different

scenarios (ARI, AAI, ARN, and AAN).
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ARI
de

_o, (B.68
20, )
~bh(-2+6,,)*(95 - 1486, + 876}, — 220;, +26), )+
¢ (-1+6,,)°(141 - 1886, + 956, — 226, + 26}, ) + 2b
AR 2a(-1+6,,)(141 - 1886, + 9562, — 226, + 26, ) .
= <0,
96, 26*(~1+6,,)°(34 - 416, + 1667, - 26)’y
(B.69)
il —c?(-1+6,,)(16 - 116,, +26},) + b(4a (-1 +6,,) (16 - 116,, + 26},) + bh(35 - 426, + 166, - 26,,) )y o
09, b*(-1+6,) (17 - 126, + 26 )’y
(B.70)
Solving

QM *(-1+6,,) (193 - 2806, + 15667, — 406, + 46}, ) + 2b(2a (-1 + 6,,)°(193 - 2800, + 1566;, — 406}, + 46,) — bh (-2 + 6,,)*(~335 + 7376, — 62867, + 2606}, — 526}, + 46, ) )y

EN 4b(-2+6,) (-1+6,)°(17 - 126,,+262)"y
(B.71)
reveals the threshold of h, when 0<h< h;“‘fél ,
QMR 196, >0
AR
AR _ h*",  0<0,,<0.154,
AL AR L 0.154<8,, <1,
(B.72)

(-1+6,,)°(193 - 2800, + 15662, — 400, + 46}, )(c* + 4aby)
AL 26 (- 2+ 6,,)} (=335 + 7376, — 62867, + 2600;, — 526, + 46}, )y

AR

g™ _ S (-1+6,,)°(141 - 1880, + 956;, - 220, + 26, ) + 2b(~bh (-2 +6,,)(95 - 1486, + 8767, — 226, + 26}, ) + 2a (-1 + ,,)*(141 - 1886, + 9567, — 226, + 29:‘”))y> o

00, 4b(~1+86,,)%(34 - 416,, + 166, - 26%,)"y
(B.73)
apiR P (-1+6,,)° (141 - 1886, + 956, — 226, + 26, ) + 2b(~bh (-2 + 6,,)°(95 — 1486, + 876}, — 226}, + 26, ) + 2a(~1 + 6,,)’(141 — 1886, + 9507, — 226, + 26}, ) )y o
= <0.
96, 4b* (~1+6,,) (34 - 416, + 1662 - 262,)'y
(B.74)
Solving IR 196, = (* (-1 +6,,)° (13 of h,  when O0<h<hR=((-1+6,)°13
=108, +26,,%) + 2b( .., 2 )Y ~100,, + 26;) (c* + 4aby))/ (2b* (~240+ 4946, — 393
3 2 3 5 ARI
— —_ s >
4b(-1+0,) L, ) =0 reveals the threshold 62 + 1510, — 280, + 26 )y), 9I%1/96,, > 0
(17 -120,, +26,°)y

AQIR & (-1+6,,)°(19-126,, + 26, ) + 2b(2a (-1 + 6,,)° (19 - 126, + 263, ) + bh(-205 + 4176,,, - 3356, + 1336;, - 266, + 26, ) )y o (B.75)

= >0, .

09, 4b(-1+6,)’(17 - 126, +262)"y

gt & (-1+6,) (16 - 116, + 267, ) + b(4a (-1 +6,,)*(16 - 116, + 267, ) + bh(-35 + 426, - 166,, +26,,))y . (B.76)

= >0, .

06, 2b(-1+6,)(17 - 126, +26%)"y

aP;xRI - (-1 +0m)2(16— 116m+29ﬁ1) +b(—4a(—1 +9m)2(16— 116, +263n)+bh(35—426m+ 169;—29;)))/ 0 (B.77)

- <0. .

99, 267 (<1 +86,,)2(17 - 126, + 262 )’y

(2) In scenario AAI,
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aeAAI
=0, (B.78)
00,
) ) 141 - 188 (1 + 26,)6,, + (95 + 3746, + 3776 )6, -
¢ (-1+6,) 2 3\ 3 2 3 4\ n4
A11+ 626, +1256; + 846, )6, + (2 + 146, + 416, + 560, + 286, )6,
) 95— 4(37 + 586,)6,, + 3(29 + 906, + 7167 )6~
-bh(-2+86,,+6,6,,) ) N3 5 5 " +
A11+ 540, + 8107 + 446, )6, + (2 + 146, + 3367 + 326] + 146, )6, (B.79)
zb r r r m r TZ 2 r r r y .
s 141 - 188 (1 + 26,)6,, + (95 + 3746, + 37706, -
2a(-1+6,,) ) 3\ 3 2 3 4
dwiA! A11+ 626, + 1256, + 846, )6, + (2 + 146, + 4167 + 566, + 286, )6, .
- <0,
00, (252 (-1+6,,)°(-34+ (41+616,)6,, — 2(8 +250, + 186, )6,, + (2 + 106, + 156, + 703)9;)2);)

A (-1+ Gm)2(16 -(11+216,)6,, + (2 +70, + 76?)(93”)+
~4a(-1+96,,)°(16 — (11 +216,)6,, + (2 + 76, + 767 )6}, ) + bh *
b 35 - 14(3 +76,)6,, + 2(8 + 476, + 506, )6, - % (B.80)
AT < A1+ 136, + 346, +226,)0,, + 6,(2 + 106, + 166, + 767 )6, >

_ <0.
00,, <b2 (-1+6,)*(17 - 2(6 +116,)0,, + (2 + 86, + 70?)61)@)
Solving
193 - 4(70 +1236,)6,, + 6(26 + 886, + 7967 )6, -
-(-1+6,) +
410+ 480, + 846, + 516, )6, + (4 + 246, + 600; + 726, + 336 )6,

“2a(-1+ 9,,,)3(

193 - 4(70 +1236,)6,, + 6(26 + 886, + 796 )6}, -
+
)0

(-1+6,) 4(10 + 480, + 846, + 516, )6, + (4 + 246, + 606, + 726, + 33670,
(B.81)
2b -335+67 (11 + 146,)6,, — 2(314 + 8466, + 5156 )6+ y
bh(-2+6,,+6,0,)*| 2(130 + 5520, + 7170 + 2766, )6, —(52 + 3120, + 6360 + 5326, + 1430} )0, +
aQ (4+326, + 9267 +1206; + 736} + 146 )6},
= =0,
06, (4&7(— 1+6,)(~34+ (41 +616,)6,, - 2(8 + 256, + 186762, + (2 + 106, + 156} + 703)93,1)2);)
reveals the threshold of h, when 0<h< h;‘;‘él ,
MAAI
0Q 44 /08, >0
AA
n »0<6,<0.154,0<6,<1
My, = 1 iy 0.154<6,,<1,0<6, < f5(6,,) (B.82)

A4.0.154<0,,<1, f5(6,) <6, <1

UAGE)GL) 20 {1+ 0,02 (141 ~ 188(1 20,6, + (95 + 3740, + 37762)6%, - 2(11 + 626, + 12562 + 84010, + (24 140, + 416, + 566} + 2801)2)))

(B.83)

(14 0)(-0(10,)(141 - 188(1 4 20,10, + (955 3740, + 37762)0%, ~ 211+ 620, + 12507 4 $461)61 + (24 140, + 416+ 566} + 2801)6%) ~ b+ (-b(-2 4, + 08,95 - 437 + 58
, (=140, (-34+
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-1+ 9,,,)2(

141 - 188(1 +26,)6,, + (95 + 3746, + 3776- )6, —
+2b *

11+ 626, + 1250, + 846, )6, + (2 + 146, + 416, + 560, + 286, )6,

95— 4(37 +586,)6,, + 3(29 + 906, + 7167 )6, -
(-1+86,) —bh(-2+86,,+6,6,,)
Y11+ 546, + 8167 + 446, )6, + (2 + 146, + 336 + 326 + 146, )6,
( . 141 - 188 (1 +26,)6,, + (95 + 3746, + 37762 )6;, - 2(11 + 626, + 1256, + 846, ), +
2a(-1+86,
apil (2 +146, + 4167 + 566, + 28676, .
= <0.
06, (4b2 (-1+86,,)°(6,,— 2(8+256, + 1867)6;, + (2 + 106, + 156 + 793)63”)2);)
(B.84)
Solving
~*(-1+6,,)°(13-2(5 +86,)6,, + (2 + 66, + 56. )67, )+
-2a(-1+9,,)’(13 - 2(5+ 86,)6,, + (2 + 60, + 56, )07, )+
(_1 + er)
2b -240 + (494 + 7066, )6, — (393 + 11906, + 8176 )6, + (151 + 7266, + 10596 + 4646, )6, \ |y (B.85)
bh
) (28 + 1906, + 44167 + 41267 + 1296} )6}, + (2 + 186, + 5967 + 886, + 596} + 146} )6}, o
9, (46(-1+6,0°(17- 2(6+116,)6,,+ (2 + 36, + 766}, )'y ) ’
reveals the threshold of h, when 0<h<h?4,
a1441/96,, > 0.
ot = ((-1+6,,)° (13 -2(5 +86,)6,, + (2 + 66, + 56, )67, )(c* + 4aby) )/(2b* (240 + (494 + 7066,)9),,
—(393 + 11906, + 8176} )6;, + (151 + 7266, + 10596, + 4646, ) * (B.86)
-6, —(28 + 1906, + 416> + 4126, + 1296, )6, + (2 + 186, + 596 + 886 + 596, + 1467 )6, )y),
Q! _ ((-1+6,)((-1+6,)")(19-2(6 +136,)6,, + (2 + 86, + 96 )65, ) + 2b(2a (-1 +6,)*(19 = 2(6 + 136,)6,,, + (2 + 86, + 96;)67,) + bh(-205 + (417 + 6086,)6),, (335 + 9986, + 71767 ), + (133 + 6060, + 89167 + 4206; ), — (26 + 1626, + 3636; + 35267 + 12267 )6, + (2 + 160, + 4967 + 726; + 520} + nﬁ:)ﬁj;,))y)m
90, 4b(-1+6,)(17 - 2(6 + 116,)6,, + (2 + 86, + 762)62, )’y
(B.87)
agi ((<1+6,)(=¢" (=1 +6,)°(16 - (11 +216,)6,, + (2 + 76, + 767)6;,) + b(-4a (-1 +6,,)’(16 = (11 + 216,)6,, + (2 + 76, +76;)6;,) + bh(35 = 14(3 + 76,)6,, + 2(8 + 476, + 5067 )6}, — 22(1 + 136, + 346 + 2267)6}, + 6,(2 + 106, + 166; + 76,)6},))y)) 0
%, 2b(-1+6,)2(17 - 2(6+ 116,)0,, + (2 + 86, + 76°)62, 'y o
(B.88)
F(-1+ 6,,,)2(16 -(11+216,)6,, + (2 +70, + 793)9;)+
(C1+0) 4a(-1+6,,)*(16 - (11 +216,)6,, + (2 + 76, + 76, )6, )-
-1+
"l b 35— 14(3 +76,)6,, + 2(8 + 476, + 5067 )6, - y (B.89)
bh 2 3 2 3\ pd
apt A1+ 136, + 346, +226,)0,, + 6,(2 + 106, + 166, + 767 )6, 0
> )
00, (2192 (-1+6,)*(17 - 2(6+116,)6,, + (2 + 86, + 762)6.,s) y)

(3) In scenario ARN,
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39
aeARN
= 0)
06,
ow™  owitN ¢ + daby
= REY) 2 <%
90, a0, 40°(-2+86,,)°y
(B.90)
anRN _ 8Q?RN _ aq’fRN _ aq’;RN _ &+ 4aby 20
2, 06, 06, 90, 8b(-2+6,)y
d prN 90 p?RN B A+ 4aby <0
aem aem 8b2 (— 2+ em)z)/ .
(4) In scenario AAN,
9e N o aw‘f‘AN _ aw‘z“AN _ ¢+ 4aby 0 E)Q’IMN _ an‘AN
%, 00, 00,  4*(-2+6,+6,6,)y 06, 30,
AAN AAN -1+6.)(c* + 4ab
_90q," 04, _ ( r)( YZ) >0, (B.91)
a0, 99, 8b(-2+6,+06,0,)y
opt™N _apt*N _ (-1+6,)(c” + daby) .
00, 06,  8b*(-2+6,,+6,0,)°y
O
Proof of Proposition 8. (1) In scenario ARI,
To explore the impact of manufacturer’s altruistic
preference, we compare profits under four different sce-
narios (ARI, AAI, ARN, and AAN):
(B.92)
c*(-1+6,,)"(408 + 12056,, - 38046,,” + 38826,,° — 20280,," + 5916,,° - 926,,° + 66, )+
4bc* (-1 + Gm)z *
~bh(-2+6,,)’(-119 - 1346,, +5056,” - 4166, + 1556,,* - 286,,° + 26,,° )+
2a(-1+6,,)°(408 + 12056, - 38046,,” + 38826, — 20286,,* + 5916,,° - 926,,° + 66},
—~4abh (-2 +6,,)* (-1 +6,,)°(~119 - 1346, + 5056, — 4166, + 1550}, — 286, + 265, )+
40°| bR (-2+6,,)"(-680 + 32900, — 57486}, + 50346, — 24646, + 6830, — 1006}, + 66, )+ |y°
aITAN! 4a®(-1+6,,)"(408 + 12056, - 380407, + 38826, — 20286, + 5916;, — 926, + 66, .
— < bl
00, <8b3 (-2+86,)° (-1+6,)"(17 - 126, + 26;)3};2)
(B.93)
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(2) In scenario AAI,

' (-1+6,)'C, +4b* (-1 +6,,)*(~bh (-2 + 6, + 6,0,,)°Cy5 +2a(-1+6,,)°Cy, )y-
4abh(-1+06,)*(-2+6,,+6,6,)°C; — 4a* (-1 +86,))'C ,+
1280 — 34320, + 36986, % — 20546, > + 6196, * — 966, ° + 66, 5+
216,76,,° (-3 + 26,,) + 6,°6,,°(732 - 7736, + 1886,,° )+
0,°6,," (~3351 + 45766, — 19226,,” +2560,,° )+
4b* : (B.95)
vh*(-2+6,,+6,6,)* 6,6, (7912 - 127016,,+70360,,” - 16626, + 1506,,* )+

6,°6,,>(~10274 + 178786, - 110506,,” + 31326,,° - 4616,,* + 406,,” )+

6,°6,,(6998 - 114546, + 53046,,” + 266, - 5026,," + 656,,° + 46,,° )+

oA 0,(~1960 + 11946, + 37506,,> — 52406, + 26576,," — 5986,,° + 506,,°) .
= >
% <8b3 (-1+6,,)" (-34 + (41 +616,)6,, - 2(8 + 256, + 186,%)6,,” +(2 + 106, + 156,” + 7973)9,"3)3)/2)

H(-1+6,)'Cyy +4b® (-1 +6,,)*(-bh (-2 +6,, + 6,6,)°Cys + 2a (-1 +6,,)°Cy, Jy+
—4abh(-1+06,,)" (-2 +6,, + 0,0,,)°Cy5 + ’1* (-2 + 0, + 6,6,,)" »
680 — 70 (47 + 216,)6,, + 12(479 + 6876, + 246,%)6,, >+
o(-2517 - 68196, - 34866, + 9226,°)6,, >~

, §(-308 — 12856, — 14820, — 1746,” + 2746,*)6,,*+
w (-683 - 39776, — 74666,” - 43906, + 11516, + 10856,%)6,,°+ ol

(100 + 7666, + 20626, + 22286, + 5246, - 6706, — 2506,°)6),,°+

(-6 — 586, — 2096,” — 3396, - 2186," + 266,” + 1036,° + 216,7)6,,

oA 4a’(-1+6,)'Cy,

90, (slf (-1+6,,)"(-34+(41+616,),, — 2(8+26, +186,%)6,, +(2 + 106, + 156,” + 76ﬁ)9m3)3y2) <
(-1+ 9,)(c4(—1 +0,)'C,, +4b* (-1+6,) (-3 +0,,+26,6,) *
~bh(-2+6,,+6,6,) *
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252 - 3(97 +2396,)6,, + 3(43 + 2056, + 2566, )6’
—4abh(-1+86,)’ (-2+6,,+6,6,) (26 + 1800, + 4356, + 3676, )6,,’+ +
(2+186, +636,% + 103, + 666,")6,,*

1960 — 2(2381 + 34996,)6,, + 2(2342 + 72216, + 51376,°)6,,~

2 2
* 4(601 + 28816, + 43406, + 19786,%)6,,+ Y
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(B.96)
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-2445 + 53060, — 48186,,” + 23466, - 6476,,* + 966,,° - 66,,° + 286,6,,° (5 + 0,,) + 66,°6,,°(-217 + 46, + 176, )+
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C,, =
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