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FASHION RETAIL COMPETITION ON PRODUCT GREENNESS WITH
OVERCONFIDENCE

Bayr CHENGY?*, YuQr WANG!2, XINYAN SHIb? AND M1 ZHou'?

Abstract. In this paper, we study the impacts of overconfidence in a competitive retailer setting of
green fashion. We model a green fashion supply chain comprising one unbiased manufacturer and two
biased retailers, to explore how overconfidence affects greenness level of fashion products and expected
profit of retailers. An overconfident retailer has a cognitive bias in which it believes consumers are more
sensitive to greenness of fashion products than it really is. Our findings show that the competition
between two retailers discourages greenness level of fashion products, while overconfidence can provide
a counterbalance to the negative impact caused by competition. We also find, a retailer’s overconfidence
is not only conducive to the greenness level of its own fashion products, but also can benefit to its rival.
Moreover, it shows a low level of overconfidence can be a comparative advantage of the retailer’s profit.
Even though one of the retailers is unbiased and has an advantage of information, it can still earn less
than its overconfident rival.
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1. INTRODUCTION

In the context of sustainable economic development, environmental pollution is attracting more and more
attention. The public is concerned that the fashion industry is a source of pollution. In fact, fashion industry
is known as the second largest polluter, after the oil. The production of fashion products has caused terrible
pollution problems such as high carbon emissions, toxic gases, waste water production, large amounts of landfill
waste, excessive packaging and employing energy. According to the United Nations figures for 2018, the fashion
industry emits 20% of the world’s waste water every year, and releases 10% of carbon dioxide, more than all
international flights and ocean shipping emissions combined. Every year, 500 000 tons of fine plastic fibers are
discharged into rivers and seas during the washing of synthetic materials such as polyester, nylon and acrylic.
Therefore, it is urgent to develop green products with cleaner processes in the fashion industry.

Moreover, sustainability is becoming an increasingly important variable as consumers make fashion-
purchasing decisions. The increasing demand for sustainability in fashion is being driven first and foremost
by consumers, an increasing number of customers are willing to purchase green products, so in the fashion busi-
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ness world, product greenness competition is prevailing, “green” has become the primary consideration for most
designers. For the fashion industry, the enhancement of product greenness is not only the external requirement
of sustainable development, but also an internal important tool to achieve stable competitiveness.

However, in the process of greening fashion industry, managers may make decisions with overconfidence. A
number of behavioral researches have found that decision making will be heavily affected by cognitive biases such
as overconfidence, fairness preference, loss aversion etc, and overconfidence is one of the most prevalent cognitive
biases. Additionally, green fashion managers are more likely to have an overconfident bias that consumers
are more sensitive to greenness of fashion products than it really is. Even though consumers demonstrate a
high degree of environmental attitude, they rarely translate their sustainability-oriented intentions into green
purchasing actions. One recent survey has revealed that 65% consumers expressed they’d like to buy green
products, yet only about 26 per cent consumers actually do so [31].

This phenomenon is also evident in the green fashion industry. Fashion is highly symbolic, it allows consumers
to express present and ideal self. The existing researches [8,17,26,30,32] have pointed out most fashion consumers
have positive attitudes about green fashion, yet they still often hesitate to sacrifice their fashion desires and
preferences for the sake of being green. It is an ongoing frustration for green fashion research and practice
that consumers do not walk their talk within the fashion industry, and the inconsistency between attitude
and behavior of fashion consumers could cause managers to have a bias that consumers are more sensitive to
greenness of fashion products than it really is. In other words, they’re more likely to overestimate the impact
of greenness on products’ demand.

Motivated by the above phenomenon, we present a study on the effects of overconfidence in the green fashion
industry. This paper models a green fashion supply chain comprising one unbiased manufacturer and two biased
retailers, to explore how overconfidence would affect greenness level of fashion products and resulting expected
profit of retailers in a competitive setting.

We find that the retailers’ overconfidence can provide a counterbalance to the negative impact of competition
on products’ greenness, and the retailer’s overconfidence is not only conducive to the greenness level of their
own fashion products, but also benefits to its rival’s products’ greenness. Moreover, an overconfident retailer
is not always destined to earn lower expected profit than unbiased one, if overconfidence is at a low level, this
bias boosts optimal resulting expected profit of the retailer. Similarly, we demonstrate that if a fashion retailer
in the competitive setting has a low level of overconfidence, the two retailers’ biases both benefit the retailer’s
profit. Furthermore, we show that the advantage attributed to this bias is still work even though one of the
fashion retailers is unbiased and has an advantage of information, it can still earn less than its overconfident
rival.

The remainder of the paper is organized as follows. In Section 2, we present literatures related to our work,
and propose our contributions. In Section 3, we describe the model. In Section 4, we consider four scenarios to
examine the impacts of overconfidence. In Section 5, we make a conclusion.

2. LITERATURE REVIEW

First, our work is related to the studies on sustainable supply chain management. By analysing OR/MS
reviews, Romero Silva and de Leeuw [28] and Merigd [23] reveal that green and sustainable supply chain have
received significant attention from researchers. Reefke and Sundaram [27] confirm and extend knowledge on
sustainable supply chain management. Liu et al. [22] compare the impacts of retail price and competition, in
their study, there are two green supply chains which compete on carbon emission reduction, they investigate how
retail price and competition affect supply chain system profit and products’ demand. Yang et al. [35] formulate
a game model which consists of a government and two competing firms, to investigate two symmetric firms’
technology improvement strategies, and analyze the role of government subsidy. Izabela et al. [10] explore the
optimal pricing and investment decision for two competing green supply chains, and search if the strategic
integration decision has effects on green products’ types. Zhu and Wu [39] develop a supply chain comprising
one manufacturer and two asymmetric retailers to explore the effects of retailers’ strategic decisions on the
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introduction of a newer green product. Li et al. [20] study the diffusion performance of green competitive
products with considering consumer networks by using an experimental method.

Second, our work is closely related to the studies on green fashion and fashion supply chain management.
Ding [6] analyzes the issues of Going Green Fashion Design by making researches on ecological materials and
fabrics, virtual efforts, and wearing methods. By using the theory of consumer behaviour, Cowan and Kinley [5]
identify the factors influencing green apparel purchase intentions. Kim et al. [14] focus on a fashion brand
in Patagonia to study green marketing advertising in the fashion industry. Fung et al. [7] identify the supply
chain structures and essential steps in fashion products development processes, they analyze the key factors
of achieving sustainable fashion and establish a sustainable product development process matrix, which can
guide the fashion supply chain members to operate in a sustainable way. Moon et al. [24] develop guidelines
for the design and production of sustainable energy-saving fashion products (ESFPs). It enables enterprises to
obtain a deeper understanding of the green demands and provides designers with a reference of ESFPs to meet
the specific needs of different customers. Zhu and He [39] investigate the green product design issues in supply
chains under competition, they find that decisions on greenness level are affected by factors such as supply chain
structures, the green product types, and the types of competition. Guo et al. [9] develop a model consisting of
one manufacturer and two competing retailers in a fashion supply chain, to investigate the implication of retail
competition and consumer returns on green products development.

Third, our work is closely related to the literature on overconfidence. Xiao [33] studies how the overconfidence
of supply chain members affects their inventory management decisions and suppliers’ quality investment in a
supply chain. Chen et al. [3] consider a supply chain composed of rational manufacturers and overconfident
sellers to study how manufacturers make production decisions and pricing of products, and design appropriate
incentive mechanisms to motivate sellers. Yu and Zhou [36] formulate a contract model of a supply chain in which
one rational supplier and one overconfident retailer under uncertain conditions. Cheng and Li et al. [4] discuss
the order decision-making in a supply chain comprising a mass customization manufacturer and overconfident
retailers.

Li et al. [19] argue the implications of newsvendors’ overconfidence in a competitive setting, they find over-
confidence can benefit to the outcome when the product’s profit margin is high, and the more biased of two
competing newsvendors may earn less than its less biased competitor. Kirshner and Shao [15] develop a model
to confirm the effects of optimism and overconfidence in a price-setting newsvendor problem, they conclude that
optimism increases inventory and it tends to lead to a lower price, they also show that overconfidence and regret
have similar effects on both pricing and order quantities. Li [18] develops a distribution channel comprising one
manufacturer and one retailer with overconfidence, he finds that overconfidence can benefit to channel perfor-
mance and members. Xu and Liu [34] consider overconfidence in the distribution supply chain, they employ a
principal-agent model to obtain the optimal franchise fee contract of overconfident retailers. Li et al. [21] argue
the implication of transshipment between overconfident newsvendors, they reveal that although transshipment
can be beneficial to the performance of unbiased newsvendors, it may hurt overconfident newsvendors. Jiang
and Liu [11] discover that in a competitive market, the optimism about demand of one firm can make more
profit for two firms, but the optimism would discourage firms’ performance if the managers of two firms are
both optimistic. Jin et al. [12] examine the impacts of green optimism in a sustainable supply chain, and find
managers’ optimistic bias about consumers’ willingness to buy green products is deleterious to green product
investment, stakeholders and the upstream manufacturer, but might be beneficial to the downstream retailer.

This paper contributes to extant researches in two ways. First, we enrich the green fashion literature by
incorporating the notion of overconfidence. Green fashion managers are more likely to have an overconfident
bias, so it’d be useful to argue the impacts of this bias on green fashion managers’ decisions and performance.
We find that the bias about overestimating the impact of greenness on demand can always promote greenness
level of fashion products, and the retailer’s overconfidence is not only conducive to the greenness level of their
own fashion products, but also benefits to its rival. Moreover, if overconfidence is at a low level, an overconfident
retailer can earn higher profit than the unbiased one. Even if one of the retailers is unbiased and has an advantage
of information, it can still earn less than its overconfident rival.
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Second, we consider a competitive retailer setting of the green fashion supply chain by considering two fashion
retailers compete on products’ greenness, and discuss the impacts of competition and overconfidence. We find
that the competition is detrimental to fashion products’ greenness, while the fashion retailer’s overconfidence
can provide a counterbalance to the negative impact of competition, and if the retailer has a low level of
overconfidence, the two retailers’ biases can both improve its performance.

3. MODEL AND NOTATIONS

In this paper, we consider a model of a fashion supply chain comprising one manufacturer and two competing
retailers. The two fashion retailers, acting as powerful Stackelberg leaders, determine the greenness level of
their similar products. The common manufacturer, acting as a Stackelberg follower, decides the wholesale price
according to the greenness level of retailers’ products.

Consistent with prior competition literature [2,9,13], we assume the greenness-dependent demand function
of retailer ¢ is represented by

g=a+gi—Agz—i +¢ (3.1)

where a represents the primary market scale of the products offered by retailers, it is determined by factors
such as products type, selling price, and brand image. Following Guo et al. [9], we assume a; = as = a, that
is, retailer ¢ and its opponent retailer 3 — i have the same primary market sizes. The market demand follows a
linear function of products’ greenness, as the greenness level g; increases, the market demand of products offered
by retailer ¢ increases from its base value at the rate of 1; and as the competitor’s fashion products’ greenness
level g3_; increases, the market demand decreases from its base value at the rate of A\, where X is the negative
sensitivity of the retailer i’s market demand caused by its competitor, Ae[0, 1]. € is a random interference term,
reflecting the uncertainty of demand, it is a continuous random variable and follows a random distribution with
the mean value of 0, variance of 2.

Then, we incorporate the notion of overconfidence into the model. The parameter «; is our measure of
overconfidence, «; ranges from 0 to 1. The bigger «; is, the more overconfident retailer 4 is. In the extreme,
a; = 0 denotes that retailer ¢ is unbiased. At the other extreme, the retailer ¢ is completely overconfident when
a; = 1. We assume a retailer is overconfident in two ways. First, an overconfident retailer believes consumers
are more sensitive to greenness than it really is, its overconfidence is manifested by overestimating the impact
of greenness on demand. Second, an overconfident retailer is excessively precise about the uncertainty of market
demand, i.e. it thinks the variance of belief demand is lower than the variance of actual demand. Hence, the
greenness-dependent demand function of an overconfident retailer ¢ is

q(ai) =a+ (1+a;)gi — (14 ai)Ags—i + (1 — a)e. (3.2)

We assume the two fashion retailers wholesale goods at price w and sell goods at price p, each retailer
has a green product development investment cost 6g?/2, it can result from advertising, supervision, and other
promotional activities, where 6 is the retail cost coefficient. The manufacturer has its manufacturing costs, we
present it by c. Accordingly, for achieving a required greenness level, the manufacturer bears an extra unit
cost bg, that is the manufacturer’s development cost of green products, where b is the cost coefficient of green
products development.

The game within the fashion supply chain has three stages. In the first stage, the two fashion retailers
determine the greenness level of their own products. In the second stage, the manufacturer starts the production
activities and decides the wholesale price according to the greenness level of retailers’ products. In the third
stage, the two fashion retailers determine their ordering quantity.

Table 1 provides a summary of notations used in this paper.
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TABLE 1. Summary of the notations.

Symbol Definition

q Market demand of the product offered by the unbiased retailer 4
q(ai) Market demand of the product offered by the biased retailer 4

a The primary market scale

A The negative sensitivity of the market demand of retailer ¢ caused by its competitor
€ A random interference term

o The overconfidence level of retailer 7

w The wholesale price

P The retailers’ selling price

0 The retailers’ cost coefficient of green product development

c The manufacturer’s manufacturing cost

b The manufacturer’s cost coefficient of green products development
g The unbiased retailer ¢’s fashion products greenness level

gi(@) The biased retailer i’s fashion products greenness level in the scenario of symmetric overconfidence
gi(a1,2) The biased retailer ¢’s fashion products greenness level in the scenario of asymmetric overconfidence
Tri The retailer ¢’s resulting expected profit

Tm, The manufacturer’s resulting expected profit

i () The retailer i’s belief expected profit in the scenario of symmetric overconfidence

mri(a1,2)  The retailer i’s belief expected profit in the scenario of asymmetric overconfidence

4. ANALYSIS

In this section, we first consider a fashion supply chain comprising one rational manufacturer and two unbiased
retailers, to examine the impacts of competition. Then, we incorporate the notion of overconfidence, consider
overconfidence of two competing retails is symmetric and asymmetric, to investigate the effects of overconfidence.
At last, we consider an extreme case by assuming one of the fashion retailers is unbiased and has an advantage
of information, while the other one is overconfident.

4.1. Two unbiased retailers

In this part, we present the scenario of a fashion supply chain consisting of two unbiased competing retailers
and one rational manufacturer. To the unbiased retailer 7, the demand function is

g=a+g —Ags—i + €. (4.1)
Thus two fashion competing retailers’ resulting expected profit functions are given as follows.

1= (p—wi)(a+ g1 — Ag2) — 097 /2
Tre = (p— w2)(a+ g2 — Ag1) — 0g3 /2. (4.2)

From the manufacturer’s perspective, its resulting expected profit function is
Tm = (w1 — c = bg1)(a+ g1 — Ag2) + (w2 — ¢ — bg2)(a + g2 — Ag1). (4.3)

By solving this Stackelberg game, we can obtain the optimal wholesale price and products’ greenness level, as
follows.

bp (1—X)

[

(1+5) (042052 + ot
2(18) 5

<3

), the optimal product

Proposition 4.1. (a) The optimal wholesale price w* =

* * —c)/6
greenness level gi = g5 = % - ﬁ
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(b) The greenness competition decreases the optimal fashion products’ greenness level.

Proof. (a) For obtaining the equilibrium outcome, we use backward induction to solve this Stackelberg game.
Taking the manufacturer’s wholesale price as given, the retailers set the greenness level to maximize their
resulting expected profit, and then substituting the optimal greenness level into manufacturer’s resulting
expected profit function, to obtain the optimal wholesale price.

We first show that there exists a unique solution for a given g that maximizes m,;. The first derivative of

T 1S %’;Z‘ = (p — w;) — g and the second derivative is 68;;“ = —0 < 0, which implies that 7,; is concave in

Omri _

=0, from

gi. Thus, the unique optimal value of g;, denoted by ¢;, must satisfy the first order condition

= (p w:) . Next, we substitute g; into the mp,, similarly, there exists a unique solution

which we obtain g
for given w} and w; that maximizes 7,,, satisfying the first order condition %”m =0 and 67“” =0, then, we

(14+b/0)(a+(p(1=X))/0)+(c+bp/0)(1=X) /0

can obtain the unique optimal value wi = w3 = 2T50/0)(1-7)/0 . Substltutmg the w;
into g} = (p_T obtaining the optimal greenness level gf = g5 = (p 0w D= 2((1’11617)//90) — 2(1“_>\).

(b) In the noncompetitive setting, i.e. A = 0, the optimal greenness level g* of the fashion products provided
by one retailer satisfies g* = 2((’71:_61))//90). g =g = (pfawi) = 2(8;?//99) — 3y Where 55%55 > 0, it can be

obtained that ¢g* > g7 = g5.

O

According to Proposition 4.1, the optimal greenness level of fashion products g7 = ¢35 in the competitive
setting is lower than the optimal greenness level ¢* in the noncompetitive setting, it implies that the competition
between fashion retailers does not conducive to the improvement of fashion products’ greenness level. From this
perspective, competition has become an obstacle to the development of greening fashion products.

4.2. Two homogenous retailers

In this part, we focus on the scenario of symmetric overconfidence by assuming a common overconfidence level
a1 = ag = « for the two competing retails. The greenness-dependent demand of retailer i takes the following
form.

g=a+ (1+a)g —(1+a)rgs—i+ (1 —)e. (4.4)

The homogenous competing two retailers’ belief expected profit functions and the manufacturer’s expected
profit function is given as follows.

mri(a) = (p—wi)(a+ (1+a)gi — (1 +a)rga) — 097 /2
ma(a) = (p—w2)(a+ (14 a)ga — (1 + a)Ag1) — Og3 /2
Tm = (w1 — ¢ —bg1)(a+ g1 — Aga) + (wa — ¢ — bga)(a + g2 — Ag1). (4.5)

We use backward induction to solve for the equilibrium outcome.

Proposition 4.2. (a) There exists optimal wholesale price wi(a) and optimal product greenness levels g} ()
that maximizes belief expected profit of the manufacturer and two homogenous retailers, characterized by the
. N 14+bA) (a+pA—ApA)+A(c+bpA) (1—X A(1—X 1+bA
equations wi (o) = ( )a gA(lfbA))(l (i) PAA=N  4nd g (a) = ( (i(fbg))(la()\) ) where A = o,
(b) The optimal product greenness levels gf(a) of two homogenous retailers is higher than the optimal product
greenness levels gf of two unbiased retailers, i.e. gf(a) > g7.

Proof. (a) Similar to the proof of Proposition 4.1, we have shown that there exists a unique solution for a

given g7 (a) that maximizes m.;(«), and the unique optimal value of g/ («) satisfies the condition 837; ((a)) =

(p—wi)(1+a)
5 .

(p — w;)(1 + a) — Og;(a) = 0, obtaining the optimal greenness level g} (o) =
Next, we substitute g;(«) into the m,,, similarly, there exists a unique solution for given wj and w3} that

maximizes 7,,, satisfying the first order condition %”TT' =0 and ‘3”77; = 0, we can obtain the unique optimal



FASHION RETAIL COMPETITION ON PRODUCT GREENNESS 107

og; a4 11,
) 0o -2f

0.2 04 06 08 1 0 0.2 04 06 08 1
FIGURE 1. The impact of overconfidence on homogenous retailers.

value wi‘(a) = w;(a) = (1+bA)(a+gﬁa>fbj?4))—i(_f£§;_pr)(1_)\), substituting w;‘(a) into g;‘(a) =

obtaining the optimal greenness level gi (o) = g3 () = A(l_z?igf’l:;;(;f(;;r b4),
(b) The difference in optimal greenness level between two homogenous retailers and two unbiased retailers is

* x _ AQ=XN)(p—c)—a(1+bA) (p—=c)/0 a _ (1/0)(p—c)(1=X)
g; (@) —g; = 2(1sz¢f)(1iA) - (z(purb/a) - 2(14)) - 2(1—>\)(1+159)C(1+b(1fa)/9) > 0.

(p—wi)(1+a)
0 )

O

In Proposition 4.1, we have pointed out the greenness competition decreases the products’ greenness level,
while Proposition 4.2(b) reveals that overconfidence is conducive to the greenness level of fashion products,
it reveals that overconfidence can compensate the negative impact of retailers’ competition on the products’
greenness level.

In order to develop insight into the impacts of overconfidence, we next use numerical examples to carry out
practical operations. Referring to Bernstein and Federgruen [1], the default values of numerical examples in this
section are set as a = 13,0 = 1.25, A = 0.235,¢c = 2.5, p = 50, b = 0.7 respectively.

Based on the optimal wholesale price and greenness level, we can obtain two retails’ resulting expected profit,
as follows

T = (0 —w)(a+gf — Ag5_;) — 0g72/2. (4.6)

For searching the impacts of overconfidence on greenness level and resulting expected profit of overconfident

retailers, we analysis the first derivative of the optimal greenness level % and retailers’ resulting expected

profit

8{;5 , the result of a numerical example is shown in Figure 1.

As shown in Figure 1, no matter how overconfident the retailer is, the derivative of the optimal green level
% > 0, i.e. as the retailer’s overconfidence increases, the greenness level of fashion products increases. It is
in line with intuition that overconfident retailers overestimate the impact of greenness on demand, so they tend
to increase their products’ greenness level to get higher sales volume.

However, overconfidence is not always beneficial to the retailer’s resulting expected profit. Figure 1 shows
that if overconfidence is at a low level (o < 0.42) in the numerical example), the retailers’ overconfidence boosts
resulting expected profit, while it would hurt retailers’ resulting expected profit at a high level (« > 0.42). When
interpreting a high level of overconfidence is detrimental to retailers’ resulting expected profit, a possible reason
is that the high level of overconfidence leads to high level of products’ greenness, and it would increase retailers’
green product development investment cost 6g?/2, then the retailers’ resulting expected profit declines. Thus,
a low level of overconfidence is not only beneficial to the products’ greenness, but also conducive to retailers’
resulting expected profit.
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Hence, in a fashion supply chain, the retailers’ bias of overestimating the impact of greenness on demand
could be a a positive force to speed up the greening of fashion products, and an overconfident retailer is not
destined to receive a smaller resulting expected profit than the unbiased retailer.

4.3. Two heterogeneous retailers

In this part, we extend our analysis to the scenario of asymmetric overconfidence, that is, the two retailers
have the different overconfidence level, we assume the overconfidence level «; for the retail 7. The greenness-
dependent demand of retailer ¢ takes the following form.

gi=a+ (1+a;)g — (1 4+ ;) Ags—i + (1 — ay)e. (4.7)

The two heterogeneous retailers’ belief expected profit functions and manufacturer’s resulting expected profit
function is described as follows.

m(ar) = (p—wi)(a+ (1+ a1)gr — (1 + a1)rgz) — 0g7 /2
Tra(az) = (p— wa)(a+ (1+ az)g2 — (14 a2)Ag1) — 0g5/2
Tm = (w1 —c—bg1)(a+ g1 — Ag2) + (wa — ¢ — bga)(a + g2 — Ag1). (4.8)

Proposition 4.3. The optimal wholesale price and greenness level of fashion products satisfy

wi(ons) = —2aB + B2%c\? + A%p)\? — 2AB(c + p) — a\(A+ B) — B%ab(2 + \)
DEL20T (N2 1) (442 B2b2 + 4A2Bb + 4AB2b) + A2(A2 + B?) + 2AB(\? — 2)

—B?X\(c — p) — 2AB%*b(c + p) + ABX*(c + p) — ABab(3\ +2) — ABX(p — ¢)
(A2 — 1)(4A2B2b2 + 4A2Bb + 4AB%b) + \2(A2 + B2) + 2AB()\2 — 2)
—4A2Bbp(1 — A\2) — 4A2B22p(1 — A2) — 2AB2ab>(1 4 \) + 2AB2bA2(c + p)
(A2 — 1)(4A2B2b% + 4A2Bb + 4AB?b) + A\2(A2 + B?) + 2AB(\? — 2)
wi(ons) = —2Aa + A%cA\? + B?pA\? — 2AB(c+p) — aX(A + B) — A%ab(2 + )

2T (N2 1) (4A2 B2 4+ 4A2Bb + 4AB%b) + A2(A? + B2) + 2AB(A\? — 2)

—A%X\(c —p) — 24%2Bb(c + p) + ABN*(c + p) — ABab(2 + 3\) — ABA(p — ¢)
(A2 = 1)(4A2B%b% + 4A?Bb + 4AB2b) + \2(A2 + B?) + 2AB(\2 — 2)
—4AB2bp(1 — A\2) — 4A2B2b2p(1 — A2) — 242Bab?(1 + \) + 242BbA2(c + p)
(A2 — 1)(4A2B2b% + 4A2Bb + 4AB?b) + A\2(A2 + B?) + 2AB(\? — 2)

(0 2) = A(2AB2bpA2 — 2AB2bp — 2AB2bA2¢ + A\2B2pABN2p
NNN2) =32 ") (4A2B2? + 4A2Bb + AAB2b) + \2(A% + B2) + 2AB(\2 — 2)
—2ABp + 2aB — B?cA\? + 2ABc + a\(A + B) + B?ab(2 + \) + B?\(c — p)
(A2 — 1)(4A2B2b% + 4A2Bb + 4AB2b) + A2(A2 + B?) + 2AB(\? — 2)
N 2AB?bc — ABN*c + ABab(3\ + 2) + ABX(p — ¢) + AB?ab*(1 + \)
(A2 —1)(4A2B%b% + 4A%Bb + 4AB2b) + X2(A2 + B?) + 2AB(\2 — 2)
‘(1) = B(2A2Bbp)A2 — 2A2Bbp + A2Bbc(1 — A2 + X2A%p + ABX2p
928002) = 32 ") (4A2B2? + 4A2Bb + 4AB2b) + \2(A% + B2) + 2AB(\2 — 2)
—2ABp + 2Aa — A%cA? + 2ABc + a\(A + B) + A%ab(2 + \) + A%X(c — p)
(A2 = 1)(4A2B%b% + 4A?Bb + 4AB2b) + \2(A2 + B?) + 2AB(\2 — 2)
N 2A?Bbc — ABN?c + ABab(3\ + 2) + ABX(p — ¢) + A2Bab*(1 + \)
(A2 —1)(4A2B2b% + 4A%Bb + 4AB?b) + X2(A2 + B?) + 2AB(\2 — 2)

+

+

(4.10)

(4.11)

(4.12)

where A = %,B: 14-0#'
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FIGURE 2. The impact of overconfidence on optimal greenness level of heterogeneous retailers.

Proof. Similar to the proof of Proposition 4.1, we know that there exists a unique solution for a given g} (a1 ,2)

that maximizes m;(c1,2), and the unique optimal value of g} (a1 2) satisfies the condition % =(p—

w;)(1 4 a;) — 0gi(aq,2) = 0, obtaining the optimal greenness level g7 (a1,2) = %‘W.
Next, we substitute g7 (a1 2) into the 7, similarly, there exists a unique solution for given wj and w3 that
maximizes 7,,, by solving the first order condition %Lw? =0and g—’;’%“k = 0,we can obtain the unique optimal value

wj (aq 2),then substituting w} (aq 2) into gf (ay,2) = w to obtain the retailer ¢’s optimal greenness level

gi (a12). O

In the scenario of asymmetric overconfidence, the retailer’s optimal greenness level depends on both «y and
iz, we use numerical examples to argue the effects of overconfidence. The first derivative of g} (1 2) with respect
to a1 and ay show the impacts of the retailer self and competitor’s bias on products’ greenness. As shown in
Figure 2, a—g%(;"% > (0 and a—%‘;(%f) > 0, i.e. the retailer with higher level of overconfidence determines higher
greenness level of its fashion products, and as its competitor’s overconfidence increases, the retailer’s products’
greenness level increases. This leads to an unexpected but interesting result that the retailer’s overconfidence is
not only conducive to the greenness level of its own fashion products, but also beneficial to the greenness level
of its rival’s products.

Given w;(a1,2) and g;(a1,2), we can obtain the two retailers’ resulting expected profit 7);, as follows

mi = (p—w;(a12)) (a+ g} (a12) — Ags_i(a12)) — 077 (a1,2) /2. (4.13)
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F1GURE 3. The impact of overconfidence on resulting expected profits of heterogeneous retailers.

The resulting expected profit of the retailer is depended on its own and competitor’s overconfidence level.
We calculate the first derivative of resulting expected profit %ﬂi”) and % to discuss the impacts of
overconfidence on profit, as shown in Figure 3.

First, the images of %31’2) imply that a low level of retailer’s overconfidence benefits its resulting expected
profit, however, a high level of overconfidence hurts its expected profit, which is similar to the effect of overcon-
fidence in the scenario of symmetric overconfidence.

Second, although the retailer’s overconfidence has a straightforward impact on its resulting expected profit,
the effect of the competitor’s overconfidence is more complex. The impact of competitor’s overconfidence on
the retailer’s profit depends on the retailer’s own overconfidence level. As shown in Figure 3, the first derivative
of resulting expected profit of points A and B %;:’2) > 0, that means, in the high margin setting of the
retailer’s overconfidence, although the competitor’s overconfidence is at a quite low level, it still has a negative
impact on the retailer’s profit. On the contrary, it can be seen from points C' and D that the highest level of
the competitor’s overconfidence can be beneficial to the retailer’s profit if the retailer’s overconfidence is at a
very low level. Thus, regardless of the level of competitor’s overconfidence, if a fashion retailer has a low level of
overconfidence, the two retailers’ biases both benefit the retailer’s profit. On the contrary, if a fashion retailer’s

overconfidence is relatively high, overconfidence of the two retailers hurts the retailer’s profit.

4.4. An extreme scenario

In this scenario, we assume one of the retailers is unbiased, and it has an advantage of information, it
is informed of the competitor’s overconfidence. Within the game, it can optimize his goal based on using
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information to predict the competitor’s decision. Ironically, we show that, the unbiased fashion retailer can still
earn less than its biased competitor.

We define Retailer 1 is the overconfident fashion retailer who overestimating customer sensitivity to product
greenness, its overconfidence level is oy, and Retailer 2 is unbiased and also fully informed of its rival’s overcon-
fidence. During the game, Retailer 1 believes its judgment is correct, and supposes Retailer 2 makes the same
decision, so Retailer 1 determines its products’ greenness level based on the following game

T (1) = (p—wi)(a+ (14 a1)g1 — (14 a1)Aga) — 07 /2
Ty (1) = (p—wa)(a+ (14 a1)g2 — (14 a1)Ag1) — 0g5 /2
Tm = (w1 —c—bg1)(a+ g1 — Aga) + (w2 — ¢ — bga)(a + g2 — Ag1). (4.14)

From Proposition 4.2, we can obtain Retail 1’s optimal wholesale price

(14+0bA)(a+ pA — ApA) + A(c+ bpA)(1 — N)
241 +0A)(1 - N)

wi(an) = w3(ar) = (4.15)

where A = H?%, and the optimal products’ greenness level of Retailer 1

. A= XN)(p—c) —a(l+DA)
g1 (a1) = (1 1+ bA) (1 —N) : (4.16)

Since Retailers 2 has an information advantage, it can anticipate the decision-making process of Retailers 1,
Retailers 2 predicts the wi(ay) and g5 (aq) of Retailer 1, then maximizes its resulting expected profit m,.,, where

Ty = (p— wh(c1))(a+ g2 — Agi (1)) — 0g3 /2. (4.17)

A(1=N)(p—c)—a(1+bA)

Retailer 2 obtains its optimal products’ greenness level g3 (a1) = S0A(LTOA (1)

Proposition 4.4. (a) The fashion products designed by an overconfident retailer is greener than the unbiased
retailer’s.

(b) The unbiased fashion retailer who has an advantage of information can earn a lower resulting expected profit
than its overconfident rival.

Proof. (a) The second derivative of 7., with respect to g is —0 < 0, it implies that 7., is concave in go, so there
exists a unique solution for a given g3(a;) that maximizes 7., = (p — wi(a1))(a + g2 — Agi (o)) — 093 /2,

the unique optimal value of ¢5(ay) must satisfy the condition 63:(21) = (p— wi(ay)) — Og2 = 0, from which
we obtain g3(a;) = 2 _wg(al) = A(12_0:\4)((f;b2)_(‘i(j$b’4). The optimal products’ greenness level of Retailer 1
gi(ay) = AU;’XS{’J))(EZ(;;LM), so g3 (a1) = 7591 (1), since A = 21 and «; ranges from 0 to 1, obviously,
g3(on) = 5595 (1) = 155797 (1) < gi(an).

(b) Then we prove Proposition 4.4(b), from the proof of Proposition 4.2, we can obtain g} (1) = A(p—w?(ay)),
substituting g7 (1) = A(p — wi(1)) and g3(a1) = p*w;& into retailers’ resulting expected profit 7, =

(p —wi(c1))(a+ g; — Aga—i) — 0g?/2, obtain the resulting expected profit of Retailer i.

7, = (0= wite) (a4 4G - wit@) - 5o - wi(an) - 5420 - wilen)?)

0
2

7 = (0= wste) (04 50— usten) - M0 uie) - §Eo-wi@)f). @)
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* : * . * *
Compare 7y with 7", to obtain the value of 7} — 7, .

7, = = (0= wite) (A0 - witen) - o - wil) - G4 - uilen)’)

= (= wsta (o 5o - wita) = A — wila) + 5o - wian)?)
_ (p_w)2a1(19+ N (p_w)2(1+o;10) 1
. 041(2)\ —al)
= (p—w) = (4.19)

If ay <2, 7y, — 7y, > 0, which implies if Retailer 1’s overconfidence level is relatively low, Retailer 1 can
earn more than Retailers 2 who is unbiased and has an advantage of information.

O

The above proposition shows that overconfidence drives a fashion retailer to promote the greenness level of
fashion products. Moreover, although the unbiased fashion retailer can increase its resulting expected profit by
reacting optimally, it still can earn a lower profit than its overconfident rival.

5. CONCLUSIONS

In this paper, we discuss the impacts of two competing retailers’ overconfidence on products’ greenness and
retailers’ expected profit in a fashion supply chain, overconfidence in this context is defined as a cognitive bias
of overestimating the impact of greenness on demand and underestimating market demand variance.

We first consider a scenario of two unbiased competing retailers and one rational manufacturer in a fash-
ion supply chain, we find the competition on fashion products’ greenness between retailers hurts the optimal
greenness level.

Then we incorporate the notion of overconfidence into competition. In the scenario that the two retailers have
the same level of overconfidence, we discover the retailers’ overconfidence is conducive to the improvement of
fashion products’ greenness level, and this bias is not destined to a lower resulting expected profit of the over-
confident retailer, a low level of overconfidence benefits the retailer’s profit. In the scenario of two heterogeneous
retailers, it first shows the retailer’s overconfidence is not only conducive to the greenness level of their own
fashion products, but also benefits to its rivals’ products’ greenness. Second, the retailer’s resulting expected
profit is affected by overconfidence of itself and its competitor. If the retailer’s own overconfidence is at a low
level, the two retailers’ biases both benefit the retailer’s profit, and if the retailer’s overconfidence is relatively
high, its and its competitor’s overconfidence hurts its profit.

At last, we consider an extreme case to show the advantage attributed to overconfidence is robust. In this case,
Retailer 1 is overconfident about customer sensitivity to products’ greenness, while Retailer 2 is unbiased and
fully cognizant of its rival’s overconfidence. We find this bias drives the overconfident fashion retailer to promote
the greenness level of fashion products, and the unbiased fashion retailer can earn a lower resulting expected
profit than its overconfident rival although it has an advantage of information and increases its expected profit
by reacting optimally.

The authors in the past have regarded multiple negative effects of overconfidence, such as one overconfident
newsvendor’s expected profit decreases in its bias level [19], green optimism hurts the performance of stakeholders
and the manufacturer [12]. But there are also many researches showing positive effects of this bias, for example,
overconfidence has an advantage when opening an innovative business [16], the bias can be a positive force to
channel performance and members [18], and the optimism about demand of one firm can gain more profit for
two firms in a competitive market [11].

Our research first shows overconfidence about overestimating the impact of greenness on demand promotes
the greenness level of fashion products, thus, from the perspective of environmental protection, this bias improves
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the green degree of fashion products and accelerates the development of sustainable fashion industry. Second,
our results suggest that overconfidence is a double-edged sword for the profit of a fashion retailer. A low level
of overconfidence can make a profit advantage under the competitive condition, but excessive overconfidence
would damage the retailer’s profit. So from a managerial standpoint, a low level of overconfidence is beneficial
to retailers when launching green fashion products, it can better open up a new situation of products and seize
the opportunity of market demand. However, retailers should pay special attention to excessive overconfidence.
When setting up a decision-making group, a retail enterprise can improve their timeliness and innovation by
adding optimistic personnel, but the unbiased and conservative personnel are also needed.

While our model captures the essential elements to study the product greenness competition game of overcon-
fident fashion retailers in a fashion supply chain, other aspects in real world should be considered in the future.
First, in practice, the competition between fashion retailers not only for product greenness but also for retail
prices, therefore, further research can explore the impact of overconfidence in the setting of joint competition
on product greenness and retail price. Second, this paper focuses on the product greenness competition game at
the retail level. In a fashion supply chain, manufacturers could also be overconfident and various powerful man-
ufacturers have direct channels to consumers, thus, manufacturers with overconfidence deserve further research.
Third, the expression of overconfidence is various, overconfidence could affect other decisions made by fashion
retailers and manufacturers, so it will be interesting to explore the impacts of overconfidence defined as other
manifestations of fashion supply chains.
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