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Abstract

As return insurance has become a prevalent strategy, understanding the influences of
the return insurance remains a critical question. This study considers a supply chain
comprising an e-platform and two competing e-sellers with different product qualities
under a commission contract. Eight duopoly game models were constructed to uncover
optimal return insurance policies and their influences for e-sellers and the e-platform,
considering the customer heterogeneity. Several key findings emerge:1) When the
e-platform does not offer return insurance, retailers determine the size of the premium
and choose the optimal return strategy based on a combination of the premium, the
commission rates, the return compensation, and the return rate; 2) When the e-
platform does not offer return insurance, retailers can lower their prices to encourage
consumers to decide whether or not to purchase return insurance by themselves; 3)
The e-platform that offers return insurance can change retailers’ return strategy to the
detriment of both the high quality e-sellers’ profits and their own revenue.

Introduction

To enhance consumer shopping experiences, mitigate freight losses during returns or
replacements, and bolster online shopping demand, China’s Alibaba Group and Hua-
tai Insurance Co., Ltd. collaboratively introduced return freight insurance (hereinafter
referred to as “return insurance”) in 2011. This pioneering insurance product, initially
unveiled on Tacbao.com in November of that year, reimburses consumers for the
return freight costs in accordance with predefined standards, regardless of whether
the insurance is purchased by the consumer, e-seller, or e-platform. Boasting cost-
effectiveness, efficient claims processing, and an array of other appealing attributes,
return insurance swiftly captured the hearts of consumers and gained widespread
popularity. Encouraged by its success, numerous companies, such as Zhongan
Insurance and Guotai Property Insurance, began providing return insurance policies
on Chinese e-platforms like T-mall and JD.com, contributing to a remarkable surge
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in China’s annual return insurance premiums from a modest 170 million in 2015 to a
staggering 15 billion in 2019.

However, there exists a notable disparity in the adoption of return insurance among
e-sellers. Some proactively offer this insurance to consumers, while others leave the
decision up to them. For example, the Vancl flagship store on the T-mall platform offers
return insurance, whereas the Hailan Home flagship store does not (as shown in Fig
1). Additionally, many e-platforms selectively extend return insurance to members who
make purchases on the platform, excluding cases where e-sellers independently offer
return insurance. For instance, JD.com offers limited free returns to JD Plus mem-
bers, and T-mall offers free return protection cards to consumers who have physically
transacted on T-mall, filled in personal information, and activated their membership.
These cardholders are entitled to a certain number of free return shipments per month.
The divergent return policies implemented by e-platforms and e-sellers pose intriguing
research questions: What are the influences from the return insurance of the competi-
tion e-seller? Can e-sellers alter consumer purchasing patterns through pricing strate-
gies? Furthermore, what are the implications of the interplay between return insurance
offered by the e-platform and e-sellers?

Unfortunately, there are still some gaps in the current research on return insurance.
Most of the research on return insurance focuses on a single-channel environment
[1-5]. Research on return insurance in a competitive environment mainly explores the
strategic choices of competitive e-sellers, rarely considering the impact of commission
rates on the strategic choices of e-sellers’ return insurance [6,7]. No research has
taken the e-platform as the game subject to explore the optimal return policy of the
e-platform. The research on the online return policy of the e-platform and its impact on
e-sellers is still an unresolved issue. In fact, some e-platforms improve the return ser-
vice by presenting consumers with equity version of return insurance, shipping insur-
ance cards, etc. in order to attract them to buy. For example, T-mall gives away return
insurance to consumers every month based on their consumption amount and other
information on the platform. Therefore, it is necessary to explore the return insurance
strategy of the e-platform and its impact on the strategies of e-sellers.

In order to address the aforementioned issues and bridge the existing research
gaps, we examine a supply chain comprising an e-platform, two competing e-sellers
providing imperfect substitutes, and a heterogeneous group of consumers. By con-
structing eight duopoly game models, we aim to unravel the optimal return insurance
policies tailored to different quality e-sellers and the e-platform, along with the pivotal
factors influencing these policies, leading to several noteworthy conclusions. Firstly, we
find that when the e-platform does not offer return insurance, e-sellers will judge the
size of the premium based on factors such as the premium, the commission rates, the
return compensation, and return rate, and then choose an appropriate return strategy.
Secondly, when the e-platform does not offer return insurance, e-sellers are able to
induce consumers to purchase their own return insurance by reducing prices and pro-
viding poor return services. Finally, the provision of return insurance by the e-platform
will change the choice of e-sellers’ return strategies, which is detrimental to the revenue
of high-quality e-sellers, and in turn reduces their own revenue.

PLOS One | https://doi.org/10.1371/journal.pone.0322376 May 19, 2025

2/21




PLO\Sﬁ\\.- One

, ‘ @ W RESE wRman TN BETHULEE  GAKRES
@%dﬂgﬁﬁmﬁ 10 kukk . PRI  FETASLES BERRGRE =
i . ] HLAIGH#IZRPOWER YOUNGHiR
— l ' ‘ 1208
NERRERERSIHMARIAD @m b o
EER 4‘ X somEsEy
VNSRRI | FiEA
g,ﬁg;¢¥199 HE¥59.1 - 1 »;@; BB GEan R
I | " e s
yh\gg g o= masr

z o (D 85R07, SERRENE

5 G TOASEEII-120% | 17076
E B e E s0mE=Rv
Offer return insurance 2 RES Ft19MIRRE

180/88A XU 149~ 1627 185/¢

195/100A 4XLHE72189~ 2026

(ENCS

R EBREgERRfEE v ,_
-

1

285 BNES v

Fig 1. The Vancl flagship store and the Hailan Home flagship store on T-mall platform.

https://doi.org/10.1371/journal.pone.0322376.9001

Our contributions encompass two crucial aspects. Firstly, in contrast to previous studies that primarily focused on
exploring the conditions favoring e-sellers in providing return insurance, we introduce the commission rate as an exoge-
nous variable into the model, thereby enabling a comprehensive analysis of how different return insurance policies impact
the optimal pricing strategies, demand, profit, and return insurance policy decisions of two competing e-sellers. Secondly,
we relax the earlier assumption that the e-platform operating under an agency sales model is incapable of developing
return insurance policies. Instead, we argue that the e-platform within this model function as an independent entity with
limited rationality and risk neutrality. Consequently, it is capable of independently devising more favorable return insur-
ance policies. We delve into the implications of such policies on pricing, demand, profit, and return insurance decisions of
e-sellers, thereby aligning our analysis more closely with real-world scenarios.

The structure of this study is organized as follows. Section 2 offers a summary of relevant literature. Section 3 details
the introduction of the model. Section 4 calculates the optimal pricing strategy, demand, and profit for e-sellers of different
qualities without free return insurance on the e-platform. This section also analyzes the return insurance policy choices of
high-quality and low-quality e-sellers in a competitive environment. Section 5 extends this analysis to scenarios where the
e-platform offers return insurance, examining optimal pricing strategies, demand, profit, and return insurance policies for
e-sellers with varying qualities. The section also explores the influence of return insurance offered by the e-platform on the

profit of e-sellers with different qualities and the optimal return insurance policy for the e-platform. Section 6 presents the
conclusions.

Literature review

Our research primarily intersects with three research areas: return insurance, consumer return behavior, and return
policies.

Return insurance

Return insurance, designed for goods transportation, involves reimbursement by insurers to retailers or consumers upon
product return. On the one hand, some scholars use signaling game theory to explore the signaling function of providing
free return insurance [8,9]. For example, Zhang et al. employ signal game theory to demonstrate return insurance as a

potent signal for displaying product quality information [8]. Geng and Li explore how heterogeneous consumers interpret
return insurance, emphasizing the role of high-quality merchants in adopting free return insurance [9]. On the other hand,
some scholars explore whether to provide return insurance and who should provide it [1-7,10-12]. For example, Lin et

al. explore whether dual-channel retailers should offer return freight insurance and find that dual-channel retailers should
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offer return freight insurance when the production cost, salvage value, and return freight insurance cost of the goods are
all high [10]. Zhao and Hu find that it is more effective for retailers to give away return freight insurance from profit and
social welfare perspectives [11].

Consumer return

Pasternack pioneers incorporating return policies into supply chain coordination [13]. Nowadays, the literature related to
consumer returns focuses more on the influencing factors of consumer purchase or return decisions, such as the length of
the waiting time [14], refund policies [15,16], consumers’ perception of the return process [17], and online reviews [18,19].
For example, Xu et al. believed that under the return policy, consumers’ valuation of goods depends on the refund amount
and the length of time they have to wait after returning the goods, and systematically investigated the impact of the return
deadline on consumer behavior [14]. In addition, some scholars have also studied the management decisions related

to consumer returns [20—23]. For example, Yan et al. regarded consumer returns as private information and studied the
value of product return information to supply chain companies [20]. Wang et al. studied the pricing, ordering, and return
policies of option contracts for retailers with customer returns under stochastic demand [21].

Return policies

Research in this area extends to return channel strategies [24—27], optimal pricing and inventory decisions in omnichannel
retail [28—30], and the impact of consumer heterogeneity on retailer services [31]. For example, Zhang et al. study which
return policy is more suitable for manufacturers considering consumer utility in a dual-channel supply chain [32]. Lin et al.
study the optimal pricing, return policy and return risk value of retailers selling products to customers with uncertain value
of products under the two conditions of allowing and not allowing returns [33]. Wang and He discuss whether mass cus-
tomization retailers should allow returns in dual channels [34]. Ma et al. establish a two-phase model of new product sales
by retailers to study the return policy of retailers and its impact [35]. Chen et al. study the return policies and leadership
strategies of duopoly retailers with quality differences and find that the application conditions of the full refund policy are
still on trial [36]. Qiu et al. construct a robust omnichannel pricing and ordering optimization model, which is applied to two
return policies, full refund and non-refund, respectively [37].

Previous studies have laid a solid foundation for subsequent research, and our research differs from previous related
literature mainly in two aspects. Firstly, we introduce the commission rate as an exogenous variable to explore its impact
on e-sellers’ return insurance policies and optimal profits. Secondly, unlike previous research assumptions that e-platforms
cannot formulate return strategies under the agency sales model, we assume that the e-platform is an independent entity,
and further explore the impact of the e-platform on e-sellers’ pricing, demand, profits, and return insurance policies. These
additions offer new perspectives to the existing knowledge system.

Problem description
Assumption and notation

This paper examines a supply chain consisting of an e-platform, two competitive e-sellers providing imperfect substitutes,
with diverse consumer heterogeneity. E-sellers conduct transactions of goods via the e-platform, remitting a predeter-
mined commission based on sales volume [38,39]. Return insurance can be offered by either e-sellers or the e-platform,
enabling consumers to choose whether to purchase it or not [39].

The e-platform faces a binary choice: to supply supply return insurance or not. E-sellers are characterized by four
cases: NN (neither e-seller offers return insurance), NO (the high-quality e-seller does not offer return insurance, while
the low-quality e-seller does), ON (the low-quality e-seller does not offer return insurance, while the high-quality e-seller
does), and OO (both e-sellers offer return insurance). The decision sequence entails the e-platform determining return
insurance policy, followed by e-sellers determining return policies and retail prices. Consumers make decisions on product
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purchase, e-seller choice, and return insurance based on the established policies and prices. Ultimately, consumers
decide whether to keep or return the product (Fig 2).

For clarity, Table 1 presents symbols and their meanings, where i represents the return insurance policy of high-
quality e-seller and j represents the return insurance policy of low-quality e-seller. N signifies no return insurance, while
O denotes the provision of return insurance. For simplification, we refer to the high-quality e-seller as “e-seller 1” and the
low-quality e-seller as “ e-seller 2”.

Utility of consumers

Assuming neutral consumer risk appetite, normalized to 1 [4], consumers assess the value of goods v, which has heteroge-
neity and is uniformly distributed from O to 1. Product quality is defined as the comprehensive expected utility derived from the
consumer’s perception of the quality attribute and the matching degree. The matching degree ay, between products sold by
e-seller k is considered. We set the time and energy spent by consumers to return goods as hy. Return insurance premiums h
are assumed to follow a uniform distribution. The transportation cost for the consumer to return the goods is r.

Therefore, if e-sellers and e-platform don’t offer return insurance and consumers don’t purchase return insurance, then
the consumer’s utility is uZ = ag <v—pz —(1=ay) (r+ hg).

If e-sellers and e-platform don'’t offer return insurance and consumers buy return insurance, the consumer’s utility is
uf =y (v=p}) + (1= ) (h=r+ ho) =i. “ "

If the e-seller or e-platform offers return insurance, the consumer’s utility is u = cy (v—p;/() + (1=ax) (h=r+ ho).

Consumers decide whether | /.. t10 consumer has

E-platform determines | ; vhi : . .

t}z ) Loy | Two E-sellers determine | fo purchase goods, which . oived and experienced the
FETULT LOSUFAnee POUCY | return insurance policy and | retailer to buy from and | product and decides whether
and the commission ! retail orice p¥ tel i whether to purchase return : :
ati : retail price p;° separately | i to keep it or return it
ratio 8 : i insurance :

stagel stage2 stage3 stage4

Fig 2. Game sequence diagram.

https://doi.org/10.1371/journal.pone.0322376.9002

Table 1. Symbols and meanings.

Symbols Meanings
PE The retail price of e-seller k under case ij (decision variable)
r Unit return- freight fee (incurred by consumer)
i Unit return insurance premium purchased by consumer (incurred by consumer)
fx Unit return insurance premium purchased by e-seller k (incurred by e-seller, f; < f3)
v The consumer’s valuation of goods
ak The matching probability of products sold by e-seller k and customer needs
O0<az<a;<l)
h Unit refundable freight compensation (obtained by con-
sumer,0 < max (fex, fex) <h <'r)
Sk The salvage value of per-unit returned items of e-seller k (incurred by e-seller)
Ck The unit production cost of e-seller k (0 = ¢ < ¢; <0.5)
8 Proportion of commission (incurred by E-seller)
ho Unit return hassle cost (incurred by consumer)

https://doi.org/10.1371/journal.pone.0322376.t001
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Profit of e-sellers

E-seller k adopts an agent sales model, selling products to consumers at a price pZ through the e-platform. Unit produc-
tion cost of goods is ¢cx,where ci;and ¢, represent the unit production costs of higher and lower quality goods, respectively,
with ¢; < ¢; < 0.5 [3,39]. Return probability is denoted by unmatching ratio 1 — . Each returned item incurs losses related
to product value and processing costs [4]. Residual value of returned goods is represented bysy. Assume Sk < ¢, < pZ [13].

Some e-sellers offer return insurance, where the e-seller pays a premium f; to insure against transportation costs. The
insurance compensates consumers with h (h < r) if goods are returned within a specified time. The return-freight fees and
compensation are treated as exogenous variables. Insurance premiums vary based on the return rate of e-sellers, with
insurance companies setting higher premiums for e-sellers with higher return rates, then f; < f, <r [7].

If the e-seller does not offer return insurance, the e-seller’s profit is WZ = (1 —6)pZ— ck+ (1—ak) sk} DZ Otherwise,

7TZ = ak(l—ﬂ)pZ—Ck—‘r (1—ak)Sk—fk} DZ

Profit of e-platform

The e-platform enables e-sellers to sell goods, charging a commission 3 based on sales volume [4]. The e-platform may
decide in advance whether to offer return insurance to consumers. If return insurance is offered, e-platform’s revenue

_ 2 g 5 - e 9 o

i8>, D} Pl =>_, DI fi. Otherwise, itis B ,_, D} py .

No return insurance from e-platform
NN case

In this case, neither e-seller offers return insurance. Thus consumers must determine not only from whom to purchase but
also whether to purchase return insurance. The indifference point between purchasing high-quality goods and low-quality

NN__ NN . Lo
goods is VYN = 21PL—*2P2_ _ r_ h, when consumers do not purchase return insurance. Conversely, the indifference

1=
NN NN
point between purchasing high-quality goods and low-quality goods shifts to VN = % —r—hoy + h when consum-
ers purchase return insurance. When there is uncertainty about whether consumers should purchase return insurance,

the indifference point between purchasing high-quality goods and purchasing low-quality goods with return insurance

NN NN ;
is VAN = 2P ‘azflz_;(l_QZ)h_’ —r—ho,1, while the indifference point between purchasing high-quality goods with return
a1pN—aopi—(1—a1)h+i

a1—Q2

insurance and purchasing low-quality goods is VN = . Furthermore, the consumer will not purchase

return insurance for a specific product if and only i > (1 — ) h. Utilizing utility theory, we can derive the market segmenta-
tion diagram under this case, as depicted in Fig 3.
From Fig 3, we can deduce that the demand function for the high-quality e-seller is

DNN — 1 - a1py—aopy"
1 -0

+ r+ hy — h*2=21=22_while the demand function for the low-quality e-seller is

[e3 NN— NN — g . g . . .
DN — % - % + "2(12#"2”2) Additionally, by analyzing the market conditions, we can derive the profit functions for

both the high-quality and the low-quality e-sellers as follows:

7N = DIV [(1- )aspV - 61 + (1-a1) 1] )

N = DIV [(1 - B)anph™ — ¢3 + (1 az) 2] (2)

To simplify the calculation, let’s call d; = ¢;—s; (1 — ). This leads to an equilibrium solution for the two e-sellers, which
is presented in Lemma 1.
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Fig 3. Demand for incomplete substitutes for NN case that the e-platform doesn’t offer return insurance.

https://doi.org/10.1371/journal.pone.0322376.9003

Table 2. The optimal results of the e-seller in NN case that the e-platform doesn’t offer return insurance.

E-Seller Optimal solution
Highl-lquality NNs (al—aQ)(l—B){(2a1—1)[2(r+ho)—h2(l—a1)]+h2a1(a2—1)+4a1}+2a1(2d1+d2)
e-seller p1 - 2(1—,3)0[1(40(1—042)

(1-B) (e1-a2) [* (1—a1 ) (1-21 )—a h? (1~ )-2(r+ho ) (21 —1) +4au1 |+ 201 (da—dy )-2d; (01 -az)
2(1-8)(a1—a2) (dar—a2)

Mne 0B (1=a2) (B (1=a1) (1200 )y 1 (1= )-2(r+-ho) (200 -1) 4 |+ 201 (d=ch )20 (1—02) }

NNx __
D™ =

& T(=A)(dar-a2)* (@1-az)
Low-quality NNs _ (1=B)(a1=a2) [2h? (1—az)-h> az (a1=02) +2(r+ho) (a2-2) 4202 |+ 2d1 0z +4d301
e-seller Py = S(I=F)as (Ga1=a3)
DNN+« _ {(al_az)(l_ﬁ)[azhz(az_al)+2h2(1_0‘2)+2(r+h0)(‘342—2)+2a2]+20‘2(d1+d2)—40t1d2}041
2= 2(1-p)az(dar—az)(a1—az)

NNe  §(01=02) (1) [a2h? (a3=01) + 22 (1=002) +2(rHho ) (2=2)+ 2003 |+ 2003 (dh + 0 )~dacr da } oy
) - 4(1—5)042(40&1—042)2(041—00)

https://doi.org/10.1371/journal.pone.0322376.t002

Lemma 1. Under the NN case, the optimal pricing, demand, and profit of the two e-sellers are as follows, see Table 2 for
details.

NO case

In this case, only the low-quality e-seller refrains from providing return insurance. Consumers must therefore determine
whether to purchase high-quality goods and whether to purchase return insurance for those goods. When consumers are
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open to purchasing return insurance, the indifference point between purchasing high-quality goods with return insurance
and low-quality goods is V)© = % —r—hy + h. Conversely, when consumers opt not to buy return insurance,
the indifference point between purchasing high-quality goods and low-quality goods is V)'© = alpyo_“;fgj(l_%)h —r—hg
. Furthermore, when a consumer decides to purchase a high-quality product, they will purchase return insurance for that
product if 0 < i< (1—ay) h. By applying utility theory, we can derive the market segmentation diagram under this case, as
depicted in Fig 4.

Based on Fig 4, we can deduce that the demand for the high-quality e-seller is

DYO =1- o1p)°—anpy+(1=az)h +r+hy+ (=)’ '\ hile the demand for the low-quality e-seller is

1= 2(041—&2) ’

DNO _ a1 (p°-P5°)  ring 4 allan)h _ (1-y)’n?
2 a1—og a9 0(2(041—042) 2(0&1—0&2) "

functions for both types of e-sellers as follows:

Utilizing the information presented in the figure, we can derive the profit

0 — D (1= B)anpl + (L) 31 =] ©

70 = DY [(1- B)azph® — 63 + (1= a2) 52 =y (4)

Lemma 2 can be derived by determining the optimal solution for both e-sellers in the NO scenario, with the objective of
maximizing profits.
Lemma 2. Under the NO case, the optimal pricing, demand, and profit of the two e-sellers are as follows, see Table 3 for details.

ON case

In this case, only the high-quality e-seller offers return insurance to consumers. Consumers must decide whether to
purchase low-quality goods and whether to purchase return insurance for those goods. When consumers are willing
to purchase return insurance, the indifference point between purchasing low-quality goods with return insurance and
high-quality goods is voN = oupi"oapg"i —r—ho + h. Conversely, when consumers choose not to buy return insurance,

Q11—

7 . \\\ \\\ \\
Bgy low- 7 Buy high-
,‘quality' 5
; ’
" product

No buy

AT REN
7 ,7“9{;{' hqg}-fquplitr product
2 ! i d.:nﬂi in%urc{lncd :
(1_a2)(r+h0_c)+ Novévo v{vo 1
P2

4%}

(1—-aph

Fig 4. Demand for incomplete replacement of NO case that the e-platform doesn’t offer return insurance.

https://doi.org/10.1371/journal.pone.0322376.9004
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Table 3. Optimal results of the e-seller in NO case that the e-platform doesn’t offer return insurance.

E-Seller Optimal solution

High-quality

NOs _ (1=B)(a1—az)[h? (1—a1) 2 +2(r+ho) (201—-1) +4a | +h% (1-8) (1—a1 ) a1 + 201 (201 +da) 201 h(1-B) (1-cv )+ 201
e-seller Py =

- 2(1-B) a1 (dar—az)

DNO* _ (l_ﬂ)(o‘l_QQ)[h2(1_0‘1)2+2(r+h0)(20‘1_1)+4a1]+h2(1—5)(l—al)2041—2(2061—062)dl+20¢1d2—2a1h(1—,3)(1—a2)+2a1f2
1 - 2(1-8)(4a1—az) (1—a2)

NOw  1(mB)(a1=a) [ (1=a1)? +2(r+ho ) (2a1—1) et |+ (1-8) (11 )21 =2 (201 ~002) s + 2001 o—2a1 h(1-B) (1=a1z) + 201 £}
m = 4(1-B)(4on1—ar2)* (a1 —a2)

Low-quality | nox _ 2n(1-8)(2a1—as) (1—ai2) +2(1=8) (a1 —a2) [(rho ) (aa—2) + g ]=h% (1=B8) (1—a1 ) 2o+ 20020y +4as Fo+4ar1 do
e-seller Py = 2(1-B)az(dar—az)

DNO* _ {2(2a1—a2)[h(1-B) (1—az )—F2—d2]+2(1-B) (a1 —ax2 ) [(r+ho ) (a2—2) +az]—azh® (1-8) (1—a1)* +2a2d: }ay
2 o 2(1-p)az(dar—az)(a1—az)

NOx __ {2(2a1—a2)[h(1-8) (1—as)~fa—d2]+2(1-B) (a1—az) [(r+ho ) (aa—2) +as]-aah® (1-8) (1—a1 ) 2 4+2a2d; } ay
Up) = 4(1-B)az (da1—az)? (a1—asz)

https://doi.org/10.1371/journal.pone.0322376.t003
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Fig 5. Demand for incomplete substitutes of ON case that the e-platform doesn’t offer return insurance.

https://doi.org/10.1371/journal.pone.0322376.9005

ON ON
the indifference point between high-quality goods and low-quality goods is vON = 21£1 _azpil__(i;"‘l)h(”ho) —r—h.
Furthermore, when a consumer opts to purchase a low-quality product, they will purchase return insurance for that
product if 0 <i< (1—«3)h. By applying utility theory, we can derive the market segmentation diagram in this case, as
depicted in Fig 5.

Based on Fig 5, the demand functions for the high-quality e-seller and the low-quality e-seller are

ON ON 212 ON_pIN)—(1-a1 )h o \2p2
ON _ | _ aapy"=asps =(1—ay)h _ (=a2)®h on _ (P pe")-(me)h _ ripy | as(1-az)’h - ilizi
DYV =1 P +r+ho - 555,y and D3" = P o T 2as(ar-a,y respectively. Utilizing the

information presented in the figure, we can derive the profit functions for both types of e-sellers as follows:
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moN = DN [al(l—ﬂ)P?NJr (1—041)31—01—'(1]

7 = DY [as(1= 3PN~ ¢z + (1-02) 52

(6)

Using Formulas (5) and (6), we computed the optimal pricing strategy, demand, and profits for both e-sellers in the ON

case. These findings are summarized in Lemma 3.
Lemma 3. Under the ON case, the optimal pricing, demand, and profit of the high-quality e-seller and the low-quality

e-seller are as follows, see Table 4 for details.

Table 4. Optimal results of the e-seller in ON case that the e-platform doesn’t offer return insurance.

E-Seller

Optimal solution

High-quality

e-seller

ploN* —_ 2(1—5)(1—a1)(2al—a2)h+2(1—ﬁ) (al—az)[Qal +(r+h0)(2a1—1)]+2a1 (2d1 +do )—h2(1—B)a1 (1—&2)2+4f1 a1

ONs _
DY™ =

ﬂ.?N* _

2(1-8) (1= ) (201 —0r2) h+2(1-8) (a1—a2) [2a1 +(r+ho ) (201 -1)|-2(2a1—a2 ) dy + 200 da—h? (1-B) a1 (1—arp) 41 0y

2(1—5)041(4a1—a2)

2(1-B) (4ar—az) (1—az)
{2(1-B8) (1~a1) (2a1—a2 ) h+2(1-B) (a1—a2)[2a1 +(r+ho ) (2a1-1)]-2(2a1 —a2 ) d1 +2a 1 da—h? (1-B) a1 (1—az ) *~4f1 oy }2

4(1-B) (4ar1—az)? (a1—az)

Low-quality
e-seller

v

h? (I—B) (1—0&2)2 (2a1—a2)+2(1—5) (al—az)[(r+h0)(a2—2)+a2]—2a2(l—al)(l—ﬂ)h+2a2 (dl +f1 )+40(1d2

ONx __
ps =

2(1—5)0(2 (4041—042)

DONx _ {h*(1-8) (1—a2)* (201 —0r2) +2(1-B) (1 —0x2) [(r+ho) (¢2=2) + vz ] =20 (1—c1 ) (1-B) h-2(20n —0vp ) da + 202 (dy +F1) Fon
5 = 2(1-B)az(dar—asz)(a1—az)

ONx _ {h2(1—ﬁ)(1—o¢2)2 (2a1—a2)+2(1—,3) (041—042)[(f+ho)(a2—2)+a2]—2ag(1—041)(1—ﬁ)h—2(20¢1—0¢2)d2 +2a0 (dl +f1)}2a1

4(1-B)az (dar—az)? (a1—az)

https://doi.org/10.1371/journal.pone.0322376.t004
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Fig 6. Demand for incomplete substitutes of OO case that the e-platform doesn’t offer return insurance.
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00 case

In this case, both e-sellers offer return insurance, leaving consumers to solely determine from whom to purchase goods.
The threshold at Whicrgocon%gmers perceive no difference between purchasing high-quality and low-quality goods is
denoted as v{° = % —r—hy + h. By applying utility theory, we can derive the market segmentation diagram for

this case, as depicted in Fig 6.
Based on Fig 6, it is evident that the demand functions for the high-quality e-seller and the low-quality e-seller are

00 a1p9°—azpS° 00 al(P?O—Pgo) h—r—h . e . . .
DYY =1—-—"L—22_ 4 r4 hy—h and D5° = + T, respectively. Utilizing the information presented in the

a1—g [e5Rme ]

figure, we can derive the profit functions for both types of e-sellers as follows:

790 = DY [y (1= B)p% + (1— 1) 51— 61 ~ ] ™)

79% = DS [an(1-B)pg° + (1-a2) 52— G~ ] ®)

The maximization criterion is used to calculate the optimal pricing, demand and profit of the two e-sellers in the case
OO according to Formulas (7)-(8), and Lemma 4 is obtained.
Lemma 4. Under the OO case, the optimal pricing, demand, and profit of the high-quality e-seller and the low-quality
e-seller are as follows, see Table 5 for details.

Comparative analysis

In general, the decision of whether e-sellers adopt a return insurance policy primarily depends on whether this policy can
bring them additional benefits. This consideration inevitably affects their pricing decisions and product demand.

Firstly, we compare the price, demand, and profit of the high-quality e-seller in the ON and NN cases, as well as those
of the low-quality e-seller in the NO and NN cases, to derive Proposition 1.
Proposition 1. Providing return insurance inevitably leads to higher prices for e-sellers. The demand and profits of an
e-seller will only increase if the premiums are lower, which in turn will lead to lower prices, demand, and profits for the
e-seller who does not offer return insurance.

The premium is closely related to the return rate, with a lower premium indicating a higher product fithess. Consumers
are more willing to pay higher prices for goods that are more suitable and offer high-quality return services. Therefore, the

Table 5. Optimal results of e-sellers in OO case that the e-platform doesn’t offer return insurance.

E-Seller Optimal solution

High-quality e-seller 00+ __ (1-8) (av1—c2)[(2a4—1) (r+ho—h)+20u1]+ (2d1+2f1 +-da +F5) avq
P = (1-B) e (Bai—az)

pOO* _ (1=8)(a1—a2)[(2a4=1) (r+ho—h) +201] + a4 (dp +F)~(2c1—cx2) (d1 +F1)
1 (1-8) (dov—az) (a—cxz)

00%_ {(1-8) (aer=cx2) [(2c4=1) (r-+hg—h) +20u1] +ou1 (da o )—(2ae1—cx2) (di +F1) }

™ (1-8) (4a—crz) 2 (ag—arz)
Low-quality e-seller 00« __ (1-8) (a1—cxp) [(r+ho—h) (cz—2) +ap] +az (di1+F1)+20 (R +d3)
P2™ = (1-B)az (Bor-az)

pDo%*_ {(1-B) (a1=cxa)[(r-h+-ho) (cx2—2) +xa] +cxa (d1 +-f1)—(da+ ) (2ar—az) f g
2 - (1-B) oz (4a1—cxz) (1—cxz)

00 _ {(1-8) (c1—cx) [(F-h-+ho) (0t2=2) +0xg] + ez (dy +F1)~(da+Fo) (2as—cxz) oo
2 - (1—B)a2 (4a1—a2)2(a1—a2)

https://doi.org/10.1371/journal.pone.0322376.t005
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e-seller who offers return insurance will benefit from increased demand and profits, while the e-seller who does not offer
return insurance must reduce prices to improve their competitiveness.

For a low-quality e-seller, providing return insurance with a higher premium highlights the difference in fitness differ-
ence between high-quality and low-quality goods. Despite the insurance, consumers perceive a higher return risk, and
the insurance does not alter the probability of a return. Therefore, it is not advisable for informed consumers to purchase
low-quality products.

On the other hand, when a high-quality e-seller offers return insurance with a higher premium, it indicates minimal fit-
ness differences between high-quality and low-quality goods. When faced with products of similar fithness, consumers are
more inclined to choose the lower-priced, lower-quality option.

Secondly, based on Lemmas 1-4, we can derive the game matrix for the two e-sellers, which is presented in Table 6.

To provide a visual representation, we focus on the variations in the premiums of two e-sellers and the profits
of e-sellers of different qualities across distinct intervals under various assumptions. Specifically, Fig 7 depicts the
changes in the premium of a high-quality e-seller within the range of "(1‘5)(1‘”‘12)(2"’+0‘1h) , f> ), along with the premium
of a low-quality e-seller within the ranges of (fl, h(l‘ﬁ)(l‘o‘gm‘h*"‘zh)) (Fig 7(a)) and (h“‘ﬁ)(l‘“;)(?"’*”h) , r) (Fig 7(b)),
under different cases. On the other hand, Fig 8 illustrates the premium of a high-quality e-seller within the interval of
go, h(l_B)(l_ag)(Q‘h“‘lh)), along with the premium of a low-quality e-seller in the ranges of (fl, h(l‘ﬂ)(l‘a?(?‘h*‘”h)) (Fig
8(a)) and ( U=A)(1zas)(Ehtash) r) (Fig 8(b)), under varying assumptions.

As evident from Figs 7 and 8, we find that when the premium of the high-quality e-seller falls within the range of

h(l_ﬁ)(l_o‘g)@_h“‘lh) , > ), the high-quality seller always gains more benefits by not offering return insurance, regard-
less of whether the low-quality seller provides return insurance. Conversely, when the premium is within the range of
(O, "(1‘5)(1‘“12)(2"”“1“)), offering return insurance is the dominant strategy for the high-quality seller, regardless of whether

Table 6. A game matrix for high-quality and low-quality e-sellers in scenario that e-platform does not offer return insurance.

Low-quality e-seller
Not offer Offer
High-quality e-seller Not offer (WllVN*, WQVN*) (W{VO*, WQ'O*)
Offer (T?N*’ ngv*) (W?o*’ Wé)o*)
https://doi.org/10.1371/journal.pone.0322376.t006
0.0045 1 e IR | | ieseeeesresnse s e
.................... T 0.005 { s L T
..... nlo* s o
0.0040 7 —— mor 0.0040 4 —— nor
R . g —t— OV
1, 5> N L = g ON*
0.0035 2 0.0035 4 n
& no” " ok
¥ —— ng°” W —o— ng°

0.0030 4 0.0030 1

0.0025 - “\‘\‘
_— :

0.0025 4

“\ 0.0020
0.00201 ===
0.0670.0672%.0675.0677.0680M.0682.06851.0687D.06900 0.070000.0702%.07050.0707%.07100.07129.0715(0.0717.07200
f f
(a) (b)

Fig 7. Profit changes of the two e-sellers under different cases when w <fi<fy(a1 =08,a2=0.3,¢1 =0.5,¢2 =0.2, 3=0.7,
s; = 0.45, 8o = 0.18, r = 0.15, h = 0.15, hy = 0.001, f; = 0.03).

https://doi.org/10.1371/journal.pone.0322376.9007
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Fig 8. Profit changes of the two e-sellers under different cases when 0 < f; < w (1 =0.8,a2 =0.3,¢1 =0.5,¢2 = 0.2, 3 =10.7,
s; = 0.45, 83 = 0.18, r = 0.15, h = 0.15, hy = 0.001,f; = 0.02).

https://doi.org/10.1371/journal.pone.0322376.9008

the low-quality seller offers return insurance. Therefore, at higher premiums, the high-quality e-seller may prefers not to
offer return insurance to consumers, and vice versa.

To determine the optimal return insurance policy for the high-quality e-seller, we observe that when the premium of
the low-quality e-seller is within the ( f;, h(l‘ﬁ)(l‘agm‘h*“?”) range, providing return insurance consistently benefits itself,
regardless of whether the high-quality seller offers return insurance. Conversely, if the premium is outside this range, not
providing return insurance may be more advantageous. Based on these findings, we derive the optimal return policy for
both types of e-sellers, as outlined in Proposition 2.

Proposition 2. The return policy options of different quality e-sellers are shown in Table 7.

Proposition 2 outlines the return insurance policy choices of two e-sellers under various cases. It is evident that when
both e-sellers have excessively high return insurance premiums, neither of them will offer return insurance. In cases
where one e-seller has a higher return insurance premium while the other has a lower one, the e-seller with the higher
premium will refrain from providing return insurance, whereas the one with the lower premium will offer it. When both
e-sellers have relatively low return insurance premiums, both will offer return insurance. Furthermore, combined with
Proposition 1, we find that when premiums are relatively high, e-sellers can induce consumers to purchase return insur-
ance on their own at a profit by lowering prices and offering poor return services. According to a search, on the Taobao
platform, the official flagship store of Suning Tesco sells a mouse identical to the one sold by Xiaomi’s official flagship

Table 7. Return insurance policies of e-sellers in scenario that e-platform does not offer return insurance.

Return insurance policy Premium for high-quality e-seller f; Premium for low-quality e-seller f,
NN (h(l—B)(l—al)(Q—h+a1h) p ) (h(1—5)(1—a2)(2—h+a2h) r)

2 ) 12 2 ’
NO

h(l—ﬁ)(l—al) —h+a1h

f, h(l—ﬁ)(l—a'z)( —h+a2h))

00 h(1-p) (1~ al )(2=h+a1h)

( 1) (5
ON ( h(1-8) (1~ al )(2- h+a1h)) (h (1-p)(1- a2>(2 h+ash) ,)
(o ) (

f,, h(1—ﬂ)(1—a22)(2—h+a2h))

https://doi.org/10.1371/journal.pone.0322376.t007
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store, but at a price 21.2 yuan lower than Xiaomi’s. However, unlike Xiaomi, Suning Tesco does not offer consumer return
insurance. This further demonstrates the accuracy of this conclusion.

This leads to an intriguing conclusion: whether the other party offers return insurance, as long as an e-seller’s own
return insurance premium is sufficiently low, it will offer return insurance. In essence, whether an e-seller chooses to offer
return insurance is solely determined by its own premium and is independent of the other party’s return insurance policy.
This conclusion aligns with the findings reported by Chen et al. [7]. In reality, some high-quality and low-quality e-sellers
adopt the same return policy for similar products. For example, both Estée Lauder and Maybelline have flagship stores on
T-mall and offer consumers return insurance. However, some high-quality and low-quality e-sellers adopt different return
policies. For instance, on the Taobao platform, the flagship store of The North Face offers consumers return insurance,
while the flagship store of Hailan Home does not. These examples suggest that the return insurance policies of e-sellers
are not influenced by their competitors.

The e-platform offers return insurance

In this chapter, we extend the hypothesis to consider a scenario where the e-platform offers return insurance as a compli-
mentary service to consumers, regardless of whether the e-seller offers it or not. Under this setup, the demand function

ij ij
alP{—O@Pé
1=

for the high-quality e-seller is denoted as D"{ =1- -+ r+ hy — h, while that for the low-quality e-seller is denoted

as D} = ( + ”‘;”0. By analyzing these demand functions, we aim to understand how the availability of free return

Q1=

insurance affects consumer behavior and, subsequently, the profitability of e-sellers. This extended hypothesis allows us
to explore new strategies and optimal decisions for e-sellers in a more comprehensive market setup.

~

NN case
In Case NN, where neither e-seller offers return insurance but the e-platform offers it to consumers as a complimentary
service, the profit expressions for the high-quality and low-quality e-sellers are as follows:

According to the profit maximization criterion, the optimal pricing, demand, and profit of the two e-sellers under this
case can be derived, and Lemma 5 can be formulated.

~ ~

7T,1VN = DI1VN (1 —ﬂ)alpllvN—Cl + (1 —al) S1

Table 8. Optimal results of e-sellers in NN case that the e-platform may offer return insurance.

E-Seller Optimal solution

High-quality e-seller p’FN* _ (1-8)(a1-02)[(1=201) (F-r—ho)+201 ] +201dy +a1ds

a1(1-B)(4ai—az)

DNNs _ (2201+a2)d +a1d2+(1=5) (a1 =02) [(1=21 ) (h-r=ho ) +201]
o (1-B)(da1-03)(a1-0a3)

,NIVN* o {(—2o¢1+a2)d1+D¢1d2+(1—ﬁ)(0¢1_a2)[(l_zal)(h_r_h0)+2o‘1]}2
1 = (1-B) (4a1—a2)? (a1—az)

Low-quality e-seller ,OIQVN* _ (=B)(a1—a2)[(2=as) (h—r=ho) +as]+(1-B)as(ai=az)+2a1d2+azd:

az(1-B)(4ar1-az)
DNNs _ {200 +0)da 01 +(1-) (a1=00) [(2-12) (T=r=ho) + o] +(1=F) z (a1 =012) Yo
5 = (1-B)az(da1—asz)(a1—az)

WIVN* _ {(—zal+a2)d2+a2dl+(1—ﬁ)(a1—a2)[(2—a2)(h—r—h0)+a2]+(1—ﬁ)a2(a1—a2)}2041
2 = (1-B)az(dar1—a2)?(a1—a2)

https://doi.org/10.1371/journal.pone.0322376.t008
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W;VN = D2NN (1 —5)042132”\]—02 +(1-az)sy
(10)

Lemma 5. In the case NN, the optimal pricing, demand and profit of high-quality e-seller and low-quality e-seller are as
follows, see Table 8 for details.

NO case

In Case NO, the high-quality e-seller does not offer return insurance, while the low-quality e-seller offers return insurance
to consumers. At this time, the profit expressions of the high-quality e-seller and the low-quality e-seller are as follows:

0 = DY | (1= B)arp®—c1 + (1—a1) s (1)
0 = DO | (1= B)asph®—co + (1-as) s (12)

According to the profit maximization criterion, the optimal pricing, demand, and profit of the two e-sellers under this
case can be derived, and Lemma 6 can be formulated.
Lemma 6. In the NO case, the optimal demand and profit of high-quality e-seller and low-quality e-seller are as follows,
see Table 9 for details.

ON case

In Case ON, the high-quality e-seller offers return insurance, while the low-quality e-seller does not offer return insurance
to consumers. At this time, the profit expressions of the high-quality e-seller and the low-quality e-seller are as follows:

7710N = D?N (1 —5)041/3?,\[—01 +(1-a1)s; (13)
7N = DN | (1= B)aopSV —co + (1—az) 8o (14

Table 9. Optimal results of e-sellers in NO case that the e-platform may offer return insurance.

E-Seller Optimal solution

High-quality e-seller

NOx _ (1=B)(a1—as)[(1-2a1) (hr=ho)+201]+2a1 di a1 datas fo
Py = a1 (1-8) (41 —a2)

DI\?O* _ (Raatag)di+ardataifo+(1-8) (a1—as)[(1-2aq ) (h—r—=hg)+2a1 ]
= (1-B8)(4o1—az)(1—a2)

~

NOx _ {(2ontaz)ditardatanfet(1-f)(a1=az)[(1=2a1) (h-r=ho)+20n] }*
ﬂ-l B (1—5)(401—02)2(a1—a2)

Low-quality e-seller NOs  (1=B)(a1—a2)[(2=as) (h—r—ho)+-aa]+ 201 fa+ 20, da+ads

Py = a2(18) (dar—az)

DNOx _ {(-201 +a2) (d2+F2)+a2di +(1-8) (a1—az2) [(2—az) (h—r—ho ) +az] fay
2/\/ - (1—5)&2(40[1—0[2)((11—&2)

aNOx _ {(-2a1 +a2)(dz+f2)+azdi +(1-8) (a1—az) [(2-a2) (h-r—ho ) +as] } ay
2 (1=B)az (da1-a3)(a1—az)

https://doi.org/10.1371/journal.pone.0322376.t009
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Table 10. Optimal results of e-sellers in ON case that the e-platform may offer return insurance.

E-Seller Optimal solution

High-quality e-seller

SN* _ (1-B)(ar=a2)[(1=2a) (h=r=hg)+2a1]+2a1d1 + a1 dof-ai fy
P = a1 (1=B) (401 —02)

DSN* _ (2a14a2)(di4+f1)+a1da+(1-p) (e —a) [(1-20r1 ) (h—r=ho ) +201 ]
1 = (1-8)(4a1—az2) (a1—az)

ﬂ.gN* (=201 Faz)(di 1) Faido+(1-8) (a1—a2) [(1-2a1 ) (h—r=ho ) +2ai1 ] }
1 — (1=8) (41 —a2)? (a1 —ao)

Low-quality e-seller ONN* _ (1-B)(a1—a2)[(2—az) (h—r—ho) +az]+20a da+aa (di+F1)

Pz = as(1-B) (Aai—az)

Dg,\,* _ {(2artas)datan(di+h)+(1-8) (a1 —az)[(2-az) (h-r-ho) + o] fan
2 = (1-B)az(dar—az) (a1—az)

7TONN* _ {(2ai+az)dataz(di+Fi)+(1-8) (c1—a2)[(2—az) (h—r-ho )+ ] }2a1
2 — (1—3)(40&1—0&9)2{061—049)01?

https://doi.org/10.1371/journal.pone.0322376.t010

According to the profit maximization criterion, the optimal pricing, demand, and profit of the two e-sellers under this
case can be derived, and Lemma 7 can be formulated.
Lemma 7. In the ON case, the optimal demand and profit of high-quality e-seller and low-quality e-seller are as follows,
see Table 10 for details.

00 case

In the OO case, both e-sellers offer return insurance to consumers. Under this case, the profit functions, optimal pricing
strategies, and demand patterns for both the high-quality and low-quality e-sellers remain unchanged from the previous
chapter’s analysis. Therefore, there is no need to elaborate further on these details here.

Comparative analysis

Next, we compare and analyze the equilibrium solutions for e-sellers when considering the return insurance offered by
the e-platform. Furthermore, we evaluate the optimal profit for the e-platform under different return insurance policies.
Through this analysis, we aim to determine the optimal return insurance policy for e-sellers when the e-platform offers
return insurance, as well as identify the optimal return insurance policy for the e-platform itself.

First, we compare the optimal price, demand, and profit of the two e-sellers in the ON and NO cases with those in NN
case, and then we obtain Proposition3.
Proposition 3. When the e-platform offers return insurance, the e-seller’s return insurance will reduce its own demand
and profits and increase the demand and profits of the other party, resulting in higher prices for both parties.

Proposition 3 illustrates the consequences of an e-seller’s decision to offer return insurance on pricing, demand, and prof-
its for both parties involved, considering the case where the e-platform offers return insurance as a complimentary service.

Table 11. A game matrix for high-quality and low-quality e-sellers in scenario that e-platform offers return insurance.

Low-quality e-seller
No offer Offer
High-quality e-seller No offer ~ ~ ~ ~
<7T1NN* ’ﬂ.;‘lN*> (71_1NO*’71.210*)
Offer ~ ~ ~ ~
<7T?N*,7T(2)N*) (7‘_?0*,7.‘.(2)0*>

https://doi.org/10.1371/journal.pone.0322376.t011
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Firstly, contrary to Proposition 1, the introduction of return insurance by one e-seller leads to an increase in the pricing of the
other e-seller. This occurs because the e-platform’s provision of return insurance to consumers equalizes the return services
offered by both e-sellers, thus providing an opportunity for the non-providing e-seller to raise its prices. Secondly, regardless
of the premium level, an e-seller’s decision to offer return insurance benefits the other party while potentially damaging its
own interests. This occurs as the cost incurred by the providing e-seller in providing return insurance increases, whereas the
other e-seller can offer the same return service without bearing the additional cost of purchasing return insurance.

Secondly, according to the profits of the two e-sellers in different cases, we can get the game matrix of the two e-sellers
under the scenario that e-platform offers return insurance, as shown in Table 11.

For a more intuitive analysis, we compare the profits in the NO, ON, and OO cases with those in the NN case consider-
ing the return insurance offered by the e-platform within the f; < f, < (zal;fz)fl and (2“1;f2)f1 < f, <r segments (Fig 9).

As depicted in Fig 9, when the e-platform offers return insurance, it is always beneficial for the high-quality e-seller to
refrain from providing return insurance, regardless of its value. Consequently, the high-quality e-seller opts not to offer
return insurance. Similarly, at this point, it is always optimal for the low-quality e-seller to forgo offering return insurance,
regardless of its value. In fact, since T-mall began providing consumers monthly return insurance as a gift, some e-sellers
have stopped giving return insurance to consumers. For example, the flagship store of China’s famous men’s wear brand
Hailan Home and the outlet store of China’s famous women’s wear brand Wancaoyi no longer offer return insurance to
consumers. Based on these observations, we can deduce the optimal return insurance policy for both e-sellers when the
e-platform offers return insurance, as stated in Proposition 4.

Proposition 4. Neither e-seller will voluntarily offer return insurance for the consumer.

By combining Proposition 2 and 4, we compare and analyze the profits of the e-platform across various return insur-
ance policies. To provide an intuitive understanding, we present profit graphs depicting the e-platform’s benefits under
different return insurance scenarios in Fig 10. Among them, Fig 10(a), (b), (c) and (d) respectively show the situations
where: (a) the e-platform does not offer return insurance, (b) e-sellers do not offer return insurance, (c) only the low-quality
e-seller offers it, (d) only the high-quality e-seller offers it, and (e) all offer it. From this, we obtain Observation 1.

Observation 1. The e-platform will not voluntarily offer return insurance to consumers.
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Observation 1 indicates that it is difficult for e-platform to gain more profits by voluntarily providing consumers with
return insurance. The main reasons are as follows. Firstly, if the e-platform offers return insurance, the two e-sellers
will not voluntarily offer return insurance to consumers, which means that the e-platform will have to bear the insurance
premiums of the two e-sellers, and the cost of the e-platform will be significantly increased. Secondly, combined with
Lemmas 1-8, it can be seen that the demand of high-quality e-seller may increase or decrease with the increase in the
return freight fee. Thus, providing return insurance on the e-platform does not necessarily increase the demand for the
high-quality e-seller, which also means that e-platform may not only face higher costs, but also may face lower demand
for providing return insurance. Finally, because consumers already know the quality information of the goods in advance,
return insurance can only reduce the risk and cost of consumers’ return, but cannot effectively improve the suitability
of the goods. For consumers who buy low-quality goods, it is difficult to accept to spend more money to obtain better
return service. This means that the e-platform may not be able to compensate for the higher cost by raising the price. As
shown in Fig 10 (a)-(d), providing return insurance by the e-platform may lead to negative profits. This conclusion can well
explain the phenomenon that e-platforms such as T-mall and JD.com only offer a limited number of return insurance for
members within the effective time.
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Conclusion

In the ever-evolving landscape of e-commerce, our study delves into the prevalent issue of product returns. As a counter-
measure, major e-platforms have widely adopted return insurance, and employed various strategies to incentivize con-
sumers. Some e-sellers proactively offer return insurance, while others leave the decision up to consumers. Examining a
supply chain with two e-sellers, an e-platform, and diverse consumers, our study constructs eight duopoly game models to
uncover the optimal return insurance policies and influencing factors.

Our contributions lie in considering the impact of the commission rate and the e-platform’s return insurance policy on
e-sellers’ return insurance decisions. Contrary to previous assumptions, our research challenges the notion that e-
platforms operating under the agency sales model cannot formulate return strategies.

We mainly drew the following conclusions.

Firstly, when the e-platform does not offer return insurance, e-sellers with lower premiums will offer it, influenced by
factors such as return rate, commission ratio, and return compensation. The size of the premium affects the likelihood of
an e-seller providing return insurance.

Secondly, in cases where e-platform does not offer return insurance, if the premiums are high, e-sellers can reduce the
price of goods and choose not to offer return insurance, thereby inducing consumers to purchase return insurance on their
own initiative to increase revenue.

Thirdly, changes in the e-platform’s return insurance policies impact the policies of both e-sellers. E-sellers do not offer
return insurance and it is detrimental to the profitability of high-quality e-sellers when the e-platform offers it. It is most
advantageous for the e-platform not to voluntarily offer return insurance.

Our conclusions have certain implications for the e-commerce market. Firstly, based on the conditions for e-sellers to
offer return insurance, we recommend that e-sellers should comprehensively consider factors such as the product return
rate, return compensation, and the commission rate of e-platforms from the perspectives of themselves, insurance compa-
nies, and e- platforms to determine the size of the insurance premium before selecting a return strategy. If providing return
insurance is not the most suitable return strategy, e-sellers can reduce product prices to attract consumers to purchase
by offering discounts and induce consumers to purchase return shipping insurance on their own to reduce return losses.
Secondly, based on the optimal return insurance strategy of the e-platform and its impact on e-sellers, we suggest that
the e-platform should play its due role by taking certain measures to increase consumer loyalty without interfering with the
market, and should not proactively offer return insurance to consumers.

Our findings have practical implications for both e-sellers and the e-platform, emphasizing the need for tailored
return insurance policies and the importance of understanding consumer needs. Future research could explore omni-
channel supply chains and delve into the strategic choices of the e-platform under the agency sales model regarding
return policies. Overall, our study enhances the understanding in the intricate dynamics of return insurance policies in
e-commerce.
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