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Abstract: This paper investigates the estimated return rate and optimal order quantity under three
cross-border e-commerce return logistics modes: direct mail (from predecessor), in situ destruction
(new), and insurance (new). The estimated return rate under each model was analyzed and it was
found that different modes have different thresholds in delivery lead time (the time retailers need to
deliver goods to customers), and within which the estimated return rate increases as the delivery
lead time increases. And a size comparison of the estimated return rates for the three models was
conducted. A profit model was constructed based on the estimated return rate model, the optimal
order quantity was calculated, and the effects of different factors (tax, postage, and delivery lead
time etc.) on it were analyzed. For the insurance model, the effect of bearing the insurance ratio
between retailers and consumers on the optimal order quantity was examined. The goal of this paper
was to construct a model of the estimated return rate for the two new modes and to compare the
estimated return rate of the three modes, which provides a reference for retailers to choose among the
diversified return logistics modes and then make the best ordering strategy according to the influence
of different factors on the optimal order quantity.

Keywords: cross-border e-commerce; return mode; insurance; estimated return rate; optimum
order quantity

1. Introduction

Cross-border e-commerce is a business model that enables international trade by
selling goods or services over the internet, in different countries [1]. The main forms of
cross-border e-commerce are B2B, B2C, and C2C [2]. This study focuses on B2C. Cross-
border e-commerce B2C is the process of selling goods to consumers located abroad through
online channels, or directly through proprietary websites [3].

In recent years, global cross-border e-commerce transactions have shown dramatic
growth, with revenues expected to reach around USD 35-2025 billion by 2025 [4,5]. It will
grow to nearly USD 4.8 trillion by 2026 [6]. Meanwhile, Chinese cross-border e-commerce
has also grown rapidly, with total transactions growing 32% annually [7], and by 2021
China’s cross-border e-commerce market size had reached CNY 19.8 trillion [8]. According
to data from the E-commerce Research Centre, in the first half of 2022 alone, the cross-border
e-commerce market size had exceeded CNY 7 trillion, accounting for 35.85% of China’s
total import and export of goods valued at CNY 19.8 trillion [9]. Although the market
size has increased rapidly, the return rate by users of cross-border e-commerce has also
increased year by year for various reasons.

The increase in the return rate has led to a considerable increase in costs for retailers
as well. Currently, return costs account for 5–10% of the total cost of cross-border e-
commerce [10]. Moreover, return logistics costs are an important influencing factor in
return costs [11]. To reduce return logistics costs, retailers may choose a reasonable cross-
border e-commerce return logistics mode. So how should retailers choose an appropriate
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cross-border e-commerce returns logistics model to reduce their returns logistics costs?
This is the focus of this paper.

In this paper, a retailer (within a given country) purchases goods from a manufacturer
(within the same country) at a purchase price and then sells the goods to consumers (outside
the given country) through a cross-border e-commerce platform. After the consumer places
an order, the goods are shipped from the seller’s country to the buyer’s country through
cross-border logistics, during which the goods are subject to appropriate taxes and duties
as they pass through customs. When the consumer returns the goods, the goods are sent to
different places according to different modes. The specific structure of the different modes
is shown in Section 3.

The current mainstream cross-border return logistics modes for retailers are direct
mail, return insurance, and in situ destruction. First, we explore direct mail, a model that is
currently used by platforms such as Lazada and Amazon [12]. The merchant can specify the
value of the returned goods. If the value of the goods is less than or equal to the value of the
goods specified by the merchant, the goods will be destroyed directly. If the goods value is
greater than the merchant’s specified goods value, the platform will arrange for the goods
to be returned to the warehouse specified by the merchant. Second, we explore return
insurance; currently, eBay has introduced the eBay Free Return Care Returns Protection
Program [13]. After the purchaser purchases and returns the goods within the scope and
time agreed in the insurance agreement, the insurance company will compensate the seller
for the loss of income in accordance with the policy agreement. Third, we explore in situ
destruction, a model currently used by both Lazada and Shoppe [12]. The goods are not
returned to the retailer nor refunded regardless of their value but, instead, are fully handed
over to the e-commerce platform for in situ destruction. Retailers may sometimes incur
increased costs due to the improper choice of mode. How should retailers choose between
these three models?

At present, there are few studies on the selection of return logistics modes for cross-
border e-commerce, and only Wang, Xie, and Fan [11] have studied the problems related
to return logistics modes for cross-border e-commerce, but their paper has the following
shortcomings: First, it mainly focuses on three modes, namely direct mail, bonded ware-
house, and overseas warehouse, but there are other modes that are more commonly used
in real life, such as insurance and in situ destruction. Second, their paper compares the
magnitude of the estimated return rates of the three modes but does not give a specific
range. To compensate for their shortcomings in this regard, this paper selects their direct
mail mode, as well as two other real-life modes: insurance and in situ destruction. The
cross-border e-commerce return logistics model of these three modes was studied; on the
other hand, this paper compares the size of the estimated return rate of the three modes
and gives a more detailed range of values.

In this paper, we study the above three currently common modes to cross-border
e-commerce return logistics. In so doing, we seek to address the following questions:
(1) What is the estimated return rate and optimal order quantity for retailers under different
modes? (2) How should retailers choose a cross-border e-commerce return logistics mode
that suits their needs? (3) How should retailers decide on ordering under different modes?
To answer these questions, we built three estimated return rate models based on a study
by Wang, Xie, and Fan [11]; these three models are based on consumers’ time preferences.
And we analyze and compare the estimated return rate under the different modes. The
retailer can choose a mode with a lower estimated return rate to reduce the cost of returns,
and then determine the ordering strategy based on the impact of factors such as taxes and
postage on the optimal order quantity under that model.

First, there are thresholds of the delivery lead time for all three modes (see Section 3.2
for details). Within the threshold range, customers may choose to return the goods because
of the extended delivery lead time [11,14]. Outside of the threshold range, consumers
usually do not choose to return the goods, but consumers may not purchase again. After
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analyzing the estimated return rate, the in situ destruction mode has the largest estimated
return rate, while the direct mail mode has the smallest estimated return rate.

Second, the paper also establishes a profit model based on the estimated return rate,
through which the optimal order quantity of retailers in different modes and the influence
of each factor (postage, taxes, delivery lead time, etc.) on the optimal order quantity are
calculated; we find that the influence of factors such as postage and taxes on the optimal
order quantity is different in different modes. For example, in the direct mail mode, when
postage and taxes are high, retailers are advised to purchase more goods with higher
salvage value; when postage and taxes are low, retailers are advised to purchase more
goods with lower salvage value. Further details appear in Section 4.

Finally, the paper conducts numerical simulations on the estimated return rate as well
as the optimal order quantity.

Under the more detailed model, this paper provides more detailed guidance for
future research, as well as retailers’ model selection and ordering strategies. First, it
provides more detailed cross-border e-commerce return logistics models so that retailers can
have more guidance when selecting return logistics models. Second, under the insurance
model, this paper provides different ordering strategy suggestions for different situations
under the insurance ratio coefficient borne by consumers. Third, the three modes are
compared in terms of size and a detailed range of values is provided so that retailers can
choose the appropriate return logistics mode according to their own situation based on the
comparison table.

The rest of the paper is organized as follows: In Section 2, we review the relevant
literature. In Section 3, we build and analyze the estimated return rate model. In Section 4,
we model the profit and calculate and analyze the optimal order quantity. In Section 5, we
perform numerical simulations for the estimated return rate, as well as the optimal order
quantity. In Section 6, we discuss the conclusions.

2. Review of the Literature

A number of scholars have studied this area of e-commerce logistics. For example,
Andreas Risberg [15] developed a framework for logistics decision making and reviewed
how the research focus in the e-commerce logistics literature has evolved from multichannel
logistics to, more recently, omnichannel logistics. Cano, Londoño-Pineda, and Rodas [16]
examined recent work on the sustainability of e-commerce logistics operations from the
perspectives of last mile, distribution logistics, the main themes, trends, etc. Ahsan and
Rahman [17], on the other hand, devoted a systematic literature review to the study of
e-commerce product returns.

Both consumer satisfaction and utility influence consumer behavior in e-commerce
transactions. Vahdani, Niaki, and Aslanzade [18] found that reducing delivery lead time
or improving product quality to increase customer satisfaction changes consumer util-
ity, which in turn improves the overall performance of the food supply chain. Some
scholars also relied on the timeliness of perishable food or freshness to reduce cost, im-
prove efficiency, and increase consumer satisfaction [19,20]. Lin et al. [21] investigated the
moderating effect between consumer perception and online purchase intention from the
perspective of consumers’ perceived risk of aquatic products.

However, a higher purchase rate also leads to a higher return rate. In order to reduce
the return rate, many scholars have studied the return management of goods.

Saarijärvi, Sutinen, and Harris [22] studied the different stages of the return decision
and the specific reasons for returns and showed that product defects, consumer benefits,
etc., have an impact on return behavior. Araújo et al. [23] showed, from a policy perspective,
that it is possible to develop a return policy, improve return handling times, and control
expenses to manage returns well. Zhang, Q.L Ding, and J.C Ding [24] used two return
strategies, environmental awareness and shipping insurance, to reduce the return rate and
manage returns well. Walsh and Möhring [25] used a money back guarantee, product



J. Theor. Appl. Electron. Commer. Res. 2024, 19 1037

reviews, and return labels to reduce the return rate, and the results showed that product
reviews had a better effect on reducing the return rate.

Many retailers have started to move into cross-border e-commerce due to the rapid
development of the internet. Cross-border e-commerce is similar to domestic e-commerce,
but there are some differences, mainly in logistics, customs regulations, network security,
customer relationship management, and payment [26]. However, the biggest difference is
that purchasers and sellers in cross-border e-commerce usually belong to different countries
or regions [27,28]. As a result, freight costs, customs efficiencies, etc., incurred between
different regions are critical to consumer behavior [29].

Most previous studies on cross-border e-commerce have focused on the perfect logis-
tics system, the driving mechanism of consumer willingness (behavior), and its influence
effect [30], while less research has been performed on the key issue of cross-border e-
commerce returns. In fact, good returns management can reduce return rates, improve
efficiency and reduce costs. A more liberal returns policy can increase consumer pur-
chase intent.

Yang, Ma, and Han [30] examined the mediating role of a loose return policy in
cross-border e-commerce, and found that a loose return policy positively moderates the
mediating path of product content on purchase intention through product commitment.
Shao et al. [31] established a theoretical model of the effect of a loose return policy on
consumers’ purchase intention in cross-border e-commerce, and the results show that when
retailers adopt a loose return policy, consumers perceive higher quality and lower perceived
risk, which in turn leads to higher purchase intention.

For clear return factors, Xu and Jackson [32] investigated the factors influencing
customers’ return channel loyalty. The results showed that four main factors, perceived
risk, purchase-return channel consistency, price cost, and hassle cost, affect customers’
return channel loyalty, and perceived risk has the greatest impact on customers’ return
channel loyalty. A study by Wang, Tian, and Fan [33] showed that time preference affects
consumers’ purchase behaviors, as well as return behaviors.

Choosing the right returns logistics model also enables better returns management.
Today, cross-border logistics is mainly divided into international postal parcel, international
commercial express, cross-border rail logistics, overseas warehousing mode, and transship-
ment mode [34,35]. Zha et al. [36] studied the choice of direct mail and bonded warehouse
modes with the advantage of market demand information. The results show that infor-
mation sharing affects the logistics mode choice of overseas suppliers, and information
sharing, and direct mail mode are more favorable for retailers. Wang, Xie, and Fan [11]
proposed a new method to describe customer utility based on customer time preference
and constructed three cross-border logistics models: overseas-to-overseas (O2O) mode,
overseas-to-domestic (O2D) mode, and domestic-to-domestic (D2D) mode. The results
show that the O2O model is always a better choice than the O2D model, while the D2D
model is better for retailers than the O2O model under certain conditions. To increase
market demand, the O2O model is optimal for retailers selling high-priced goods, while
the O2D model is optimal for retailers selling low-priced goods. Although Wang, Xie, and
Fan [11] consider three modes, they did not take into account real factors such as insurance
and in situ destruction.

This paper, however, aims to provide reference for retailers’ cross-border e-commerce
return logistics model selection and merchandise ordering strategy. It uses the real-life
cross-border e-commerce return logistics mode and the mode from Wang, Xie, and Fan [11]
to study the direct mail mode, the in situ destruction mode, and the return insurance mode.
In other words, this paper combines the three realistic factors of cross-border e-commerce,
returns, and insurance to predict the return rates. And the retailer can select the appropriate
returns logistics model based on the estimated return rate and then determine the optimal
order quantity under that mode.

A summary of the literature review for this paper is shown in Table 1.
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Table 1. Summary of the literature review.

Literature Cross-Border E-Commerce Domestic E-Commerce Mode Selection Return Management

[11]
√ √ √

[15]
√

[16]
√

[17]
√

[18]
√

[19]
√

[20]
√

[21]
√

[22]
√

[23]
√

[24]
√

[25]
√

[29]
√

[30]
√ √

[31]
√ √

[32]
√

[33]
√ √

[36]
√ √

This paper
√ √ √

Note: “
√

” means relevant content is covered in this article.

This paper refers mainly to Wang, Xie, and Fan [11] and makes the following improve-
ments, shown in Table 2.

Table 2. Comparison table.

[11] This Paper

Mode
Direct mail Direct mail

Bonded warehouse In situ destruction
Overseas warehouse Insurance

Comparison of return rates None With p as the threshold

Factors affecting optimal order quantities Tax Insurance rate
Postage Salvage value

3. Estimated Return Rate Model of Cross-Border E-Commerce Return Logistics Mode
3.1. Problem Description and Notation

This paper studies a total of three cross-border e-commerce return logistics modes: the
direct mail mode, the in situ destruction mode, and the return insurance mode.

Under the direct mail mode, the overseas retailer receives the consumer’s order and
can send the goods directly from the retailer’s in situ area to the overseas consumer. When a
return occurs, the consumer sends the goods directly back to the retailer’s in situ area. This
means that the direct mail mode involves cross-border logistics from the seller’s country to
the purchaser’s country in the forward direction and from the purchaser’s country to the
seller’s country in the reverse direction. This mode is beneficial for overseas retailers to
avoid inventory risk, but it also incurs higher logistics costs [36]. The direct mail mode is
shown in Figure 1.

In the in situ destruction mode, the overseas retailer receives the consumer’s order
and sends the goods directly from the retailer’s in situ area to the overseas consumer. When
a return occurs, the consumer is required to send the goods directly to the centralized
destruction office in their home country. That is, the in situ destruction mode involves cross-
border logistics from the seller’s country to the purchaser’s country in the forward direction
and centralized destruction office in the purchaser’s country in the reverse direction. The
in situ destruction mode is shown in Figure 2.
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Figure 2. In situ destruction mode.

Under the return insurance mode, the overseas retailer will take out insurance on
the goods and, upon receipt of the consumer’s order, will send the goods directly from
the retailer’s local area to the overseas consumer. When a return occurs, the consumer is
required to send the goods directly to a centralized collection point in their home country,
and the insurer will then compensate the retailer for the loss suffered in connection with
the return. This means that the forward logistics of the return insurance mode is the
cross-border logistics from the seller’s country to the purchaser’s country, while the reverse
logistics is the inbound logistics to the processing center in the purchaser’s country. The
return insurance mode is shown in Figure 3.
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The notation description in this paper is shown in Table 3.
The assumptions in this paper are as follows (assumptions from Wang, Xie, and

Fan [11]):

(1) Only returns due to time preferences are considered.
(2) Returns accepted by the retailer are false failure returns and the consumer is given a

full refund.
(3) Although the retailer may sell the goods at the same price on the second sale as on the

first, there is a higher cost to the retailer due to the various post-return handling, so
the value of the goods to the retailer is reduced.

(4) The consumer is responsible for the logistics costs of purchasing and returning the
goods, as well as tariff costs.
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Table 3. Definitions of symbols.

Notations Descriptions

i Cross-border e-commerce return logistics modes, i = 1, 2, 3, representing direct mail mode, in situ destruction
mode, return insurance mode, respectively

p Retailers’ unit selling prices
w Purchase price
ti Cross-border e-commerce return logistics model i delivery lead time from retailer to customer

D(t i) Time discount factor for customers in cross-border e-commerce return logistics model i D(ti) = (1 + αt)−
γ
α

ci Postage for consumers, c1, c2, c3 for international postage, c4 for domestic postage
fi Taxes and fees under the cross-border e-commerce return logistics model i
s Unit salvage value of unsold goods at the end of the sale
h Cost per unit of holding inventory of unsold goods at the retailer at the end of the sale
θ Value coefficient of goods returned and re-sold, 0 < θ < 1
vi Customer j’s perceived value of the goods, uniformly distributed in [a, b]
a The lower bound of the consumer’s perceived value
b The upper bound of the consumer’s perceived value

x Random market demand from retailers; g(·) is the probability density function and G(·) is the cumulative
distribution function, where G(·) = 1 − G(·)

qi Retailers’ order quantities under cross-border e-commerce return logistics model i
ηi Estimated goods return rates under cross-border e-commerce return logistics model i
e Ratio of premiums to be paid by consumers in cross-border e-commerce return logistics model 3
m Insurance rates in cross-border e-commerce returns logistics model 3

3.2. Model Construction

Wang, Xie, and Fan [11] proved the direct mail model in their paper. This paper
focuses on proving the insurance model and the in situ destruction model.

For the model construction of the estimated return rate for the direct mail mode,
first the utility function U1(v1) = v1D(t1)− (p + c1 + f1) is constructed, and the return
behavior occurs when the utility is less than (2c1 + f1). Next, the number of consumers
purchasing goods F

(
vj
)

is calculated. Then the number of retained consumers F
(
vj

′) is
calculated. Finally, the consumer return rate can be found by finding the rate of consumers
who keep the goods.

The consumption utility functions for the direct mail and in situ destruction modes is
as follows:

Ui(vi) = vj − (p + ci + fi) (1)

A purchase occurs when the consumer’s utility is greater than zero.
The utility function of the consumer upon receipt of the goods is as follows:

Ui(vi) = vjD(ti)− (p + ci + fi) (2)

Lemma 1. The estimated return rate under the direct mail model is as follows:

η1 =
p−c1−D(t 1)(p+c1+ f1)

D(t 1)[b−(p+c1+ f1)]
(3)

Proof. In the direct mail mode, if a return occurs, the consumer has to pay the postage
for the return of the goods as well as the tax (2c1 + f1), so when the consumer’s utility
after receiving the goods U1(v1) ≤ −(2c1 + f1), which means that the consumer’s utility
after receiving the goods is lower than the lost postage, as well as the tax, the consumer
will choose to return the goods. When U1(v1) > −(2c1 + f1), the consumer will keep the
goods. F

(
vj
)

denotes consumers who will purchase the goods, F
(
vj
)

denotes consumers
who will not purchase the goods, F

(
vj

′) denotes consumers who will keep the goods, and
F
(
vj

′) denotes consumers who will return the goods.
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The number of consumers who will purchase the goods is calculated as follows:

F
(
vj
)
= 1 − F

(
vj
)
= 1 − P(v1 ≤ p + c1 + f1) = 1 − F(p + c1 + f1)

= 1 −
∫ p+c1+ f1

a
1

b−a dvj
′ = b−(p+c1+ f1)

b−a ,
(4)

Since U1(v1) > −(2c1 + f1). So v1 > p−c1
D(t 1)

has the following formula:

F
(
vj

′) = 1 − F
(
vj

′) = 1 − P
(

v1 ≤ p−c1
D(t 1)

)
= 1 − F

(
p−c1
D(t 1)

)
= 1 −

∫ p−c1
D(t1)

a
1

b−a dvj
′

=
b− p−c1

D(t 1)
b−a =

bD(t 1)−p+c1
D(t 1)b−a ,

(5)

so, the number of consumers who will retain the goods is:

F(vj
′)

F(vj)
=

bD(t 1)−p+c1
D(t 1)b−a

b−(p+c1+ f1)
b−a

=
b− p−c1

D(t 1)
b−(p+c1+ f1)

=
bD(t 1)−(p−c1)

D(t 1)[b−(p+c1+ f1)]
, (6)

therefore, the number of consumers who will return the goods (i.e., the estimated return
rate) is as follows:

η1 = 1 − F(vj
′)

F(vj)
=

p−c1−D(t 1)(p+c1+ f1)
D(t 1)[b−(p+c1+ f1)]

(7)

□

Theorem 1. In the direct mail mode, when t1 ≥ D−1
(

p−c1
p+c1+ f1

)
, consumers will not return the

goods after receiving the goods because of the long delivery lead time; when t1 ≤ D−1
(

p−c1
p+c1+ f1

)
,

consumers will return the goods after receiving the goods because of the long delivery lead time.
When p ≥ c1, there is ∂η1

∂t1
≥ 0, when the estimated return rate of the goods will increase with the

delivery lead time. When p ≤ c1, there is ∂η1
∂t1

≤ 0, when the estimated return rate of the goods
will decrease with the delivery lead time.

Proof. When η1 ≤ 0, consumers will not return the goods after receiving them because the
delivery lead time is too long. At this point we have p − c1 − D(t 1)(p + c1 + f1) ≤ 0, from
which we obtain D(t1) ≥

p−c1
p+c1+ f1

. So, the threshold for the delivery lead time at this point

is t1 = D−1
(

p−c1
p+c1+ f1

)
.

Finding the first-order derivative of η1 with respect to t1 leads to the result that is
shown below:

∂η1
∂t1

= ∂η1
∂D(t 1)

· ∂D(t 1)
∂t1

=
∂D(t 1)

∂t1
· c1−p
[D(t 1)]

2[b−(p+c1+ f1)]
, (8)

∂D(t 1)
∂t1

= ∂(1+αt)−
γ
α

∂t1
= −γ(1 + αt)−( γ

α +1), (9)

so, ∂D(t 1)
∂t1

≤ 0. And since [D(t 1)]
2[b − (p + c1 + f1)] ≥ 0, we have ∂η1

∂t1
≥ 0 when p − c1 ≥ 0

and ∂η1
∂t1

≤ 0 when p − c1 ≤ 0. □

For the model construction of the estimated return rate for the in situ destruction
mode, first the utility function U2(v2) = v2D(t2)− (p + c2 + f2) is constructed, and the
return behavior occurs when the utility is less than (c1 + c4 + f2). Next, the number of
consumers purchasing goods F

(
vj
)

is calculated. Then the number of retained consumers
F
(
vj

′) is calculated. Finally, the consumer return rate can be found by finding the rate of
consumers who keep the goods.
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Lemma 2. The estimated return rate in the in situ destruction mode is as follows:

η2 =
p−c4−D(t 2)(p+c2+ f2)

D(t 2)[b−(p+c2+ f2)]
(10)

Proof. In the in situ destruction mode, if a return occurs, the consumer has to pay
the postage for the return of the goods, as well as the tax (c1 + c4 + f2), so when the
consumer’s utility after receiving the goods U2(v2) ≤ −(c1 + c4 + f2), which means that
the consumer’s utility after receiving the goods is lower than the lost postage, as well as
the tax, the consumer will choose to return the goods. When U2(v2) > −(c1 + c4 + f2), the
consumer will keep the goods.

The number of consumers who will purchase the goods is calculated as follows:

F
(
vj
)
= 1 − F

(
vj
)
= 1 − P(v2 ≤ p + c2 + f2) = 1 − F(p + c2 + f2)

= 1 −
∫ p++c2+ f2

a
1

b−a dvj
′ = b−(p+c2+ f2)

b−a ,
(11)

because U2(v2) > −(c1 + c4 + f2). So v2 > p−c4
D(t 2)

has:

F
(
vj

′) = 1 − F
(
vj

′) = 1 − P
(

v2 ≤ p−c4
D(t 2)

)
= 1 − F

(
p−c4
D(t 2)

)
= 1 −

∫ p−c4
D(t2)

a
1

b−a dvj
′ =

b− p−c4
D(t 2)

b−a , (12)

so, the number of consumers who would retain the goods is:

F(vj
′)

F(vj)
=

b− p−c4
D(t 2)
b−a

b−(p+c2+ f2)
b−a

=
b− p−c4

D(t 2)
b−(p+c2+ f2)

=
bD(t 2)−(p−c4)

D(t 2)[b−(p+c2+ f2)]
, (13)

therefore, the number of consumers who would return the goods (i.e., the estimated return
rate) is calculated as follows:

η2 = 1 − F(vj
′)

F(vj)
=

p−c4−D(t 2)(p+c2+ f2)
D(t 2)[b−(p+c2+ f2)]

(14)

□

Theorem 2. In the in situ destruction mode, when t2 ≥ D−1
(

p−c4
p+c2+ f2

)
, consumers will not

perform a return operation on the goods after receiving them because of the long delivery lead
time. When t2 ≤ D−1

(
p−c4

p+c2+ f2

)
, consumers will perform a return operation on the goods after

receiving them because of the long delivery lead time. When p ≥ c4, there is ∂η2
∂t2

≥ 0, when the
estimated return rate of the goods will increase with the delivery lead time. When p ≤ c4, there
is ∂η2

∂t2
≤ 0, when the estimated return rate of the goods will decrease with the delivery lead time.

Proof. When η2 ≤ 0, the consumer will not return the goods after receiving them because
of the long delivery lead time. At this point, we have p − c4 − D(t 2)(p + c2 + f2) ≤ 0,
from which we have D(t 2) ≥

p−c4
p+c2+ f2

. So, the threshold for the delivery lead time at this

point is t2 = D−1
(

p−c4
p+c2+ f2

)
.

Finding the first-order derivative of η2 with respect to t2 leads to the result that follows:

∂η2
∂t2

= ∂η2
∂D(t 2)

· ∂D(t 2)
∂t2

=
∂D(t 2)

∂t2
· c4−p
[D(t 2)]

2[b−(p+c2+ f2)]
, (15)

and because [D(t 1)]
2[b − (p + c1 + f1)] ≥ 0, ∂D(t 2)

∂t2
≤ 0 so when p − c4 ≥ 0, we have

∂η2
∂t2

≥ 0, when p − c4 ≤ 0, we have ∂η2
∂t2

≤ 0. □
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The return insurance mode consumption utility function is as follows:

U3(v3) = vj − (p + c3 + f3 + mpe) (16)

The utility function of the consumer upon receipt of the goods is as follows:

U3(v3) = vjD(t3)− (p + c3 + f3 + mpe) (17)

For the model construction of the estimated return rate for the insurance mode, first the
utility function U3(v3) = v3D(t3)− (p + c3 + f3) is constructed, and the return behavior
occurs when the utility is less than (c1 + c4 + f3 + mpe). Next, the number of consumers
purchasing goods F

(
vj
)

is calculated. Then the number of retained consumers F
(
vj

′) is
calculated. Finally, the consumer return rate can be found by finding the rate of consumers
who keep the goods.

Lemma 3. The estimated return rate under the return insurance mode is as follows:

η3 =
p−c4−D(t 3)(p+c3+ f3+mpe)

D(t 3)[b−(p+c3+ f3+mpe)] (18)

Proof. In the return insurance mode, if a return occurs, the consumer has to pay the postage
for the return of the goods, as well as the tax (c1 + c4 + f3 + mpe), so when the consumer’s
utility after receiving the goods U3(v3) ≤ −(c1 + c4 + f3 + mpe), which means that the
consumer’s utility after receiving the goods is lower than the lost postage as well as the tax,
the consumer will choose to return the goods. When U3(v3) > −(c1 + c4 + f3 + mpe), the
consumer will keep the goods.

The number of consumers who would purchase the goods is calculated as follows:

F
(
vj
)
= 1 − F

(
vj
)
= 1 − P(v3 ≤ p + c3 + f3 + mpe) = 1 − F(p + c3 + f3 + mpe)

= 1 −
∫ p+c3+ f3+mpe

a
1

b−a dvj
′ = b−(p+c3+ f3+mpe)

b−a ,
(19)

because U3(v3) > −(c1 + c4 + f3 + mpe). So, v3 > p−c4
D(t 3)

has:

F
(
vj

′) = 1 − F
(
vj

′) = 1 − P
(

v3 ≤ p−c4
D(t 3)

)
= 1 − F

(
p−c4
D(t 3)

)
= 1 −

∫ p−c4
D(t3)

a
1

b−a dvj
′ =

b− p−c4
D(t 3)

b−a , (20)

so, the number of consumers who would retain the goods is:

F(vj
′)

F(vj)
=

b− p−c4
D(t 3)
b−a

b−(p+c3+ f3+mpe)
b−a

=
b− p−c4

D(t 3)
b−(p+c3+ f3+mpe) =

bD(t 3)−(p−c4)
D(t 3)[b−(p+c3+ f3+mpe)] ,

(21)

therefore, the number of consumers who would return the goods (i.e., the estimated
return rate):

η3 = 1 − F(vj
′)

F(vj)
=

p−c4−D(t 3)(p+c3+ f3+mpe)
D(t 3)[b−(p+c3+ f3+mpe)] (22)

□

Theorem 3. In the return insurance mode, when t3 ≥ D−1
(

p−c4
p+c3+ f3+mpe

)
, the consumer

will not return the goods after receiving them because of the long delivery lead time. When
t3 ≤ D−1

(
p−c4

p+c3+ f3+mpe

)
, the consumer will return the goods after receiving them because of the

long delivery lead time return operation. When p ≥ c4, there is ∂η3
∂t3

≥ 0, when the estimated

return rate of the goods will increase with the delivery lead time. When p ≤ c4, there is ∂η3
∂t3

≤ 0,
when the estimated return rate of the goods will decrease with the delivery lead time.
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Proof. When η3 ≤ 0, consumers will not return the goods after receiving them because of
the long delivery lead time. At this point we have p − c4 − D(t 3)(p + c3 + f3 + mpe) ≤ 0,
from which we have D(t 3) ≥

p−c4
p+c3+ f3+mpe . So, the threshold for the delivery lead time at

this point is t3 = D−1
(

p−c4
p+c3+ f3+mpe

)
.

Finding the first-order derivative of η3 with respect to t3 leads to the result that follows:

∂η3
∂t3

= ∂η3
∂D(t 3)

· ∂D(t 3)
∂t3

=
∂D(t 3)

∂t3
· c4−p
[D(t 3)]

2[b−(p+c3+ f3+mpe)]
, (23)

and because [D(t 3)]
2[b − (p + c3 + f3 + mpe)] ≥ 0, ∂D(t 3)

∂t3
≤ 0 so when p − c4 ≥ 0, we

have ∂η3
∂t3

≥ 0. When p − c4 ≤ 0, we have ∂η3
∂t3

≤ 0. □

3.3. Theoretical Analysis Related to Estimated Return Rate

Through our research we have made the following findings:
Firstly, there is a threshold for the delivery lead time for all three modes: direct mail, in

situ destruction, and return insurance (D−1( p−c1
p+c1+ f1

), D−1( p−c4
p+c2+ f2

), D−1( p−c4
p+c3+ f3+mpe )).

The threshold is made up of factors such as the price of the goods, cross-border logistics
shipping costs, inbound logistics shipping costs, taxes, and charges. When the delivery
lead time exceeds this threshold, the consumer will not choose to return the goods due
to the long delivery lead time, but the consumer may no longer purchase the goods from
the retailer due to the unacceptable delivery lead time, and the retailer may compensate
the consumer for the long delivery lead time. When the delivery lead time is less than
this threshold, the consumer will return the goods after receiving them because of the
long delivery lead time. So, in order to reduce consumer returns within this threshold, the
retailer may need to consider how to set the price of the item, shipping costs, and so on.

Secondly, in the direct mail mode, when the price of the goods is less than the cross-
border logistics freight costs, the estimated return rate of the goods will decrease with
the increase of the delivery lead time; when the price of the goods is greater than the
cross-border logistics freight costs, the estimated return rate of the goods will increase with
the increase of the delivery lead time. In the in situ destruction and return insurance modes,
when the price of the goods is less than the freight cost of domestic logistics, the estimated
return rate of the goods will decrease as the delivery lead time increases; when the price of
the goods is greater than the freight cost of domestic logistics, the estimated return rate of
the goods will increase as the delivery lead time increases.

Finally, the study found that when the price of a goods is too high, the increased
delivery lead time of the goods leads to more pronounced consumer returns. Therefore,
when retailers sell higher-priced goods, they should use faster and more efficient logistics
methods to reduce the delivery lead time of the goods. For example, choosing a courier
company for air transport will reduce the estimated return rate for consumers. When the
price of the goods is too low, the longer delivery time will not make the return behavior of
consumers more obvious. Retailers can choose lower cost logistics companies and more
affordable logistics modes to reduce costs.

3.4. Comparison of the Size of the Estimated Return Rate

The forward logistics under the three modes of direct mail, in situ destruction, and
return insurance are all the same cross-border logistics, so the cross-border logistics time,
freight, and taxes are the same for all three modes, and the forward cross-border logistics
freight is always greater than the reverse domestic logistics freight; i.e., t1 = t2 = t3,
D(t 1)= D(t 2)= D(t 3), c1= c2= c3 ≥ c4, f1= f 2= f 3.
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Lemma 4.1. η1 ≤ η2.

Proof.

η1 − η2 =
p−c1−D(t 1)(p+c1+ f1)

D(t 1)[b−(p+c1+ f1)]
− p−c4−D(t 2)(p+c2+ f2)

D(t 2)[b−(p+c2+ f2)]
= c4−c1

D(t 1)[b−p−c1− f1]
, (24)

since c4 − c1 ≤ 0, D(t 1) ≥ 0 and b − p − c1 − f1 ≥ 0, it is known that η1 − η2 ≤ 0, so we
have η1 ≤ η2. □

Lemma 4.2. When 0 ≤ p ≤ bD(t 2) + c4, we have η2 ≥ η3; when bD(t 2) + c4 ≤ p, we
have η1 ≤ η2 ≤ η3.

Proof.
η2 − η3 =

p−c4−D(t 2)(p+c2+ f2)
D(t 2)[b−(p+c2+ f2)]

− p−c4−D(t 3)(p+c3+ f3+mpe)
D(t 3)[b−(p+c3+ f3+mpe)]

=
mpe[bD(t 2)−p+c4]

D(t 2)[b−(p+c2+ f2)][b−(p+c3+ f3+mpe)]

=
−emp2+mebD(t 2)p+c4mep

D(t 2)[b−(p+c2+ f2)][b−(p+c3+ f3+mpe)] ,

(25)

since D(t 2) ≥ 0, b− p− c2 − f2 ≥ 0 and b− p− c3 − f3 −mpe ≥ 0, it is only necessary
to determine the size of the molecule. Because ∆1 = [embD(t 2)+c4me]2 > 0, the image of
the function can be judged to be open downwards and to have two roots.

X1 = 0, (26)

X2 = bD(t 2) + c4, (27)

when 0 ≤ p ≤ bD(t 2) + c4, we have η2 ≥ η3,
when bD(t 2) + c4 ≤ p, we have η1 ≤ η2 ≤ η3. □

Lemma 4.3. η1 ≤ η3 for ∆2 > 0 and 0 ≤ p ≤ X4; η3 ≤ η1 for ∆2 > 0 and X4 ≤ p ≤ X3;
η1 ≤ η3 for ∆2 > 0 and X3 ≤ p; and ∆2 ≤ 0 with η1 ≤ η3; i.e., η1 ≤ η3 ≤ η2.

Proof.
η1 − η3 =

p−c1−D(t 1)(p+c1+ f1)
D(t 1)[b−(p+c1+ f1)]

− p−c4−D(t 3)(p+c3+ f3+mpe)
D(t 3)[b−(p+c3+ f3+mpe)]

=
[b−(p+c1+ f1)](c4−c1)+mpe[bD(t 1)+c1−p]
D(t 1)[b−(p+c1+ f1)][b−(p+c3+ f3+mpe)]

=
−emp2+[emc1+ebmD(t 1)+c1−c4]p+(b−c1− f1)(c4−c1)

D(t 1)[b−(p+c1+ f1)][b−(p+c3+ f3+mpe)] ,

(28)

since D(t 1) ≥ 0, b − p − c1 − f1 ≥ 0 and b − p − c3 − f3 − mpe ≥ 0, only the size of the
molecule needs to be judged. Because ∆2 = [emc1 + ebmD(t 1)+c1 − c4]

2 − 4em(b − c1 − f1)
(c1 − c4), it is not possible to determine its magnitude directly. So, when ∆2 ≥ 0, the image
of the function opens downwards and has two roots. At this point the following formula
is used:

X3 =
−[emc1+ebmD(t 1)+c1−c4]−

√
∆2

−2em ≥ 0, (29)

X4 =
−[emc1 + ebmD(t 1)+c1 − c4] +

√
∆2

−2em
≥ 0, (30)

and
X4 ≤ X3, (31)

This leads to:
when 0 ≤ p ≤ X4, η1 ≤ η3,
when X4 ≤ p ≤ X3, η3 ≤ η1,
when X3 ≤ p, η1 ≤ η3,
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when ∆2 ≤ 0, we have η1 ≤ η3, i.e., η1 ≤ η3 ≤ η2. □

The comparison of estimated return rates in this paper is shown in Table 4.

Table 4. Comparison of estimated return rates.

Scope 1 Scope 2 Scope 3 Result

bD(t 2) + c4 ≤ p η1 ≤ η2 ≤ η3

0≤ p ≤ bD(t 2) + c4
∆2 > 0

0 ≤ p ≤ X4 η1 ≤ η3≤ η2
X4 ≤ p ≤ X3 η3 ≤ η1≤ η2

X3 ≤ p η1 ≤ η3≤ η2
∆2 ≤ 0 η1 ≤ η3≤ η2

The study shows that as the reverse logistics of the direct mail mode is cross-border,
while the reverse logistics of the in situ destruction and return insurance mode are in-
country, in-country logistics is a better option for consumers. Therefore, the latter two
modes are more likely to cause consumers to purchase and return goods than the direct
mail mode. Thus, when retailers choose the in situ destruction and return insurance mode,
they need to pay more attention to managing the return of goods.

The comparison shows that, in all cases, the estimated return rate is always greater
for the in situ destruction mode than for the direct mail mode. However, high return
rates are also accompanied by high purchase rates. Thus, when choosing between the two
modes, retailers need to consider the balance between the two factors. For example, when
a retailer sells lower-cost, higher-volume goods, they may choose the in situ destruction
mode. When the retailer sells higher-cost, smaller-volume goods, it is still best to choose
the direct mail mode.

When the three modes are compared, the insurance mode has the highest estimated
return rate and the direct mail mode has the lowest estimated return rate when the price
of the item is high. Although the estimated return rate for the return insurance mode is
higher than that for the in situ destruction mode, the retailer is reimbursed by the insurance
company for the goods and may be more profitable under this mode. The estimated return
rate is always highest for the in situ destruction mode when the price of the goods is low.
The direct mail and return insurance mode vary in size under different conditions, so
retailers can refer to the table when considering the best mode and then choose the most
appropriate return logistics mode for their own conditions.

4. Profit Model of Cross-Border E-Commerce Return Logistics Mode
4.1. Profit Function
4.1.1. Profit Function in the Direct Mail Mode

Π1 = p(1 − η1)F(v1)Emin(x, q1) + θpη1F(v1)Emin(x, q1) + (s − h)[q1 − F(v1)Emin(x, q1)]− wq1 (32)

The first item represents the proceeds from the sale of the goods that were not returned
by the consumer. The second item represents the profit from reselling returned goods.
The third item represents the salvage value and inventory holding costs of goods that
are not sold and are stored in the warehouse. The fourth item represents the retailer’s
purchase costs.

Lemma 5. In the direct mail mode, when p − pη1 + θη1 − s + h ≥ 0, the optimal order quantity
for the retailer is q1

* = G−1
[

(h+w−s)(b−a)
[p−s+h−pη1(1−θ)](b−p−c1− f1)

]
Proof. Finding the first-order derivative of Π1 with respect to q1 yields the result that follows:

∂Π1

∂q1
= G(q)[p(1 − η1)F(v1) + θpη1F(v1)− (s − h)F(v1)] + s − h − w (33)
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Finding the second-order derivative of Π1 with respect to q1 yields the result that follows:

∂2Π1

∂q1
2 = −g(q)F(v1)(p − pη1 + θη1 − s + h), (34)

since g(q) ≥ 0 and F(v1) ≥ 0. So, when p − pη1 + θη1 − s + h ≥ 0, we have ∂2Π1
∂q1

2 ≤ 0. At

this point, we let ∂Π1
∂q1

= 0, then we have the optimal ordering quantity q1
*.

When ∂Π1
∂q1

= 0 we have the following:

G(q)[p(1 − η1)F(v1) + θpη1F(v1)− (s − h)F(v1)] + s − h − w = 0, (35)

Solving for this gives:

q1
∗ = G−1

[
(h + w − s)(b − a)

[p − s + h − pη1(1 − θ)](b − p − c1 − f1)

]
(36)

□

Theorem 5.1. In the direct mail mode, when s ≤ h + w, we have ∂q1
∂ f1

≤ 0 and ∂q1
∂c1

≤ 0,
indicating that the retailer’s optimal order quantity decreases as the tax and postage costs increase.
When s ≥ h+w, we have ∂q1

∂ f1
≥ 0 and ∂q1

∂c1
≥ 0, indicating that the retailer’s optimal order quantity

increases with the increase in tax and postage.

Proof. Finding the first-order derivatives of q1
* with respect to f1, c1, respectively, yields

the following:

∂q1

∂ f1
=

1
G′( f1)

= G−1( f1) = − [p − s + h − pη1(1 − θ)](b − p − c1 − f1)
2

(h + w − s)(b − a)
, (37)

∂q1

∂c1
=

1
G′(c1)

= G−1(c1) = − [p − s + h − pη1(1 − θ)](b − p − c1 − f1)
2

(h + w − s)(b − a)
, (38)

because b − a ≥ 0, (b − p − c1 − f1)
2 ≥ 0 and p − s + h − pη1(1 − θ) ≥ 0. So, when

h + w − s ≥ 0, i.e., when s ≤ h + w, we have ∂q1
∂ f1

≤ 0 and ∂q1
∂c1

≤ 0. When h + w − s ≤ 0, i.e.,

when s ≥ h + w, we have ∂q1
∂ f1

≥ 0 and ∂q1
∂c1

≥ 0 □

Theorem 5.2. In the direct mail mode, the delivery lead time of the item has more influence on the
optimal order quantity. When s ≤ h + w and p ≥ c1 or ≥ h + w and p ≤ c1, there is ∂q1

∂t1
≤ 0.

In both cases, the retailer’s optimal order quantity decreases as the merchandise delivery lead time
increases; when s ≤ h + w and p ≤ c1 or s ≥ h + w and p ≥ c1, there is ∂q1

∂t1
≥ 0. In both cases,

the retailer’s optimal order quantity increases as the delivery lead time of the goods increases.

Proof. Finding the first-order derivative of q1
* with respect to t1 yields the following:

∂q1

∂t1
=

1
G′(t1)

= G−1(t1) =
[D(t 1)]

2[p − s + h − pη1(1 − θ)]2(b − p − c1 − f1)
2

p(h + w − s)(b − a)(1 − θ)(p − c1)
· ∂D(t 1)

∂t1
(39)

Since the numerator D2(t 1
)
[p − s + h − pη1(1 − θ)]2(b − p − c1 − f1)

2 ≥ 0, only the
sign of the denominator needs to be determined. For the denominator, p ≥ 0, b − a ≥ 0,
1 − θ ≥ 0, and ∂D(t 1)

∂t1
≤ 0, so only the sign of h + w − s, p-c_1 p − c1 needs to be judged.

So, when h + w − s ≥ 0 and p − c1 ≥ 0, i.e., when s ≤ h + w and p ≥ c1, we have ∂q1
∂t1

≤ 0.

When h + w − s ≥ 0 and p − c1 ≥ 0, i.e., when s ≤ h + w and p ≤ c1, we have ∂q1
∂t1

≥ 0.
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When h + w − s ≤ 0 and p − c1 ≥ 0, i.e., when s ≥ h + w and p ≥ c1, we have ∂q1
∂t1

≥ 0.

When h + w − s ≤ 0 and p − c1 ≤ 0, i.e., when s ≥ h + w and p ≤ c1, we have ∂q1
∂t1

≤ 0. □

Theorem 5.3. In the direct mail mode, we have ∂q1
∂h ≥ 0 when w ≥ p − pη1(1 − θ). This

indicates that the retailer’s optimal order quantity increases as the inventory cost increases. When
w ≤ p − pη1(1 − θ), we have ∂q1

∂h ≤ 0. This means that the retailer’s optimal order quantity
decreases as the inventory cost increases.

Proof. Finding the first-order derivative of q1
* with respect to h yields the following:

∂q1

∂h
=

1
G′(h)

= G−1(h) = − [p − s + h − pη1(1 − θ)]2(b − p − c1 − f1)

(b − a)[p − pη1(1 − θ)− w]
(40)

Since b − a ≥ 0, b − p − c1 − f1 ≥ 0, [p − s + h − pη1(1 − θ)]2 ≥ 0. So, when
p − pη1(1 − θ) − w ≥ 0, i.e., when w ≤ p − pη1(1 − θ), we have ∂q1

∂h ≤ 0. When

p − pη1(1 − θ)− w ≤ 0, i.e., when w ≥ p − pη1(1 − θ), we have ∂q1
∂h ≥ 0. □

Theorem 5.4. In the direct mail mode, when s ≤ h + w, there is ∂q1
∂θ ≤ 0, indicating that the

retailer’s optimal order quantity decreases as the value coefficient increases. When s ≥ h + w,
there is ∂q1

∂θ ≥ 0, indicating that the retailer’s optimal order quantity increases as the value
coefficient increases.

Proof. Finding the first-order derivative of q1
* with respect to θ yields the following:

∂q1

∂θ
=

1
G′(θ)

= G−1(θ) = − [p − s + h − pη1(1 − θ)]2(b − p − c1 − f1)

(h + w − s)(b − a)
(41)

Since b − a ≥ 0, b − p − c1 − f1 ≥ 0, [p − s + h − pη1(1 − θ)]2 ≥ 0. So, when
h + w − s ≥ 0, i.e., when s ≤ h + w, we have ∂q1

∂θ ≤ 0. When h + w − s ≤ 0, i.e., when

s ≥ h + w, we have ∂q1
∂θ ≥ 0. □

Theorem 5.5. In the direct mail mode, when w ≥ p − pη1(1 − θ), there is ∂q1
∂s ≤ 0, indicating

that the retailer’s optimal order quantity decreases as the salvage value of the goods increases.
When w ≤ p − pη1(1 − θ), there is ∂q1

∂s ≥ 0, indicating that the retailer’s optimal order quantity
increases as the salvage value of the goods increases.

Proof. Finding the first-order derivative of q1
* with respect to s yields the following:

∂q1
∂s = 1

G′(s) = G−1(s) = − [p−s+h−pη1(1−θ)]2(b−p−c1− f1)
(b−a)[w−p+pη1(1−θ)]

(42)

Since b − a ≥ 0, b − p − c1 − f1 ≥ 0, [p − s + h − pη1(1 − θ)]2 ≥ 0. So, when
w − p + pη1(1 − θ) ≥ 0, i.e., when w ≥ p − pη1(1 − θ), we have ∂q1

∂s ≤ 0. When

w − p + pη1(1 − θ) ≤ 0, i.e., when w ≤ p − pη1(1 − θ), we have ∂q1
∂s ≥ 0. □

The results of the study show that when the salvage value of the goods is low, an
increase in taxes and postage costs leads to a decrease in the retailer’s optimal order quantity.
When the salvage value of the goods is high, an increase in taxes and postage costs leads to
an increase in the retailer’s optimal order quantity. Therefore, when the tax and postage
costs of cross-border logistics are too high, retailers tend to increase the sales of goods with
a higher salvage value and to sell fewer goods with a lower salvage value.

The delivery lead time of a goods does not single-handedly affect the retailer’s optimal
order quantity. When a retailer sells high-priced goods with a low salvage value or low-
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priced goods with a high salvage value, a longer delivery lead time will result in a reduction
in the retailer’s optimal order quantity. When a retailer sells low-priced goods with a low
salvage value or high-priced goods with a high salvage value, a longer delivery lead time
will lead to an increase in the retailer’s optimal order quantity. This means that when the
delivery lead time is too long, retailers should purchase more low-priced goods with a low
salvage value or high-priced goods with a high salvage value. When the delivery lead time
is short, retailers should purchase more high-priced goods with a low salvage value or
low-priced goods with a high salvage value.

When the retailer purchases goods from the manufacturer at a higher price, an increase
in the cost of stocking the goods increases the retailer’s optimal order quantity. When the
order price is lower, an increase in the cost of stocking the goods reduces the retailer’s
optimal order quantity. Therefore, when the inventory cost is low, the retailer should
increase the quantity ordered at a lower price. Conversely, when the cost of inventory is
higher, the retailer should order more of the higher-priced item.

When the salvage value of the goods is low, an increase in the merchandise value
coefficient reduces the retailer’s optimal order quantity. When the salvage value is high,
an increase in the merchandise value coefficient will increase the retailer’s optimal order
quantity. Therefore, when the merchandise value coefficient is low, the retailer should
increase the order quantity of the lower salvage value item. Conversely, when the goods
value coefficient is higher, the retailer should increase the order quantity of the goods with
a higher salvage value.

When the retailer purchases goods from the manufacturer at a higher price, an increase
in the salvage value of the goods leads to a decrease in the retailer’s optimal order quantity.
When the order price is lower, an increase in the salvage value of the goods leads to an
increase in the retailer’s optimal order quantity. This means that when the salvage value of
the goods is low, the retailer should order more of the goods with a higher purchase price.
When the salvage value of goods is high, the retailer should order more of the goods at a
lower purchase price.

4.1.2. Profit Function in the In Situ Destruction Mode

Π2 = p(1 − η2)F(v2)Emin(x, q2)− wq2 (43)

The first item represents the revenue generated by the sale of the goods and the failure
of the consumer to return them. The second item represents the retailer’s purchase cost.

Theorem 6. In the in situ destruction mode, when p(1 − η2) ≥ 0, the optimal order quantity for
the retailer is q2

* = G−1
[

w(b−a)
p(1−η2)(b−p−c2− f2)

]
Proof. Finding the first-order derivative of Π2 with respect to q2 yields the result that:

∂Π2

∂q2
= G(q)[p(1 − η2)F(v2)]− w, (44)

Finding the second-order derivative of Π2 with respect to q2 yields the result that:

∂2Π2

∂q22 = −g(q)F(v2)[p(1 − η2)] (45)

since g(q) ≥ 0, F(v2) ≥ 0. So, when p(1 − η2) ≥ 0, we have ∂2Π2
∂q2

2 ≤ 0. At this point, let
∂Π2
∂q2

= 0, then we have the optimal ordering quantity q2
*. When ∂Π2

∂q2
= 0 we have:

G(q)[p(1 − η2)F(v2)]− w = 0, (46)
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Solving for this gives:

q2
∗ = G−1

[
w(b − a)

p(1 − η2)(b − p − c2 − f2)

]
(47)

□

Theorem 6.1. In the in situ destruction mode, there is ∂q2
∂ f2

≤ 0 and ∂q2
∂c2

≤ 0, indicating that the
retailer’s optimal order quantity decreases as the tax and postage costs increase.

Proof. Finding the first-order derivatives of q2
* with respect to f2, c2, respectively, yields

the following:

∂q2

∂ f2
=

1
G′( f2)

= G−1( f2) = − p(1 − η2)(b − p − c2 − f2)
2

w(b − a)
, (48)

∂q2

∂c2
=

1
G′(c2)

= G−1(c2) = − p(1 − η2)(b − p − c2 − f2)
2

w(b − a)
, (49)

since w(b − a) ≥ 0, (b − p − c2 − f2)
2 ≥ 0 and p(1 − η2) ≥ 0. So, we have ∂q2

∂ f2
≤ 0 and

∂q2
∂c2

≤ 0. □

Theorem 6.2. In the in situ destruction mode, when p ≥ c4, there is ∂q2
∂t2

≤ 0, indicating that
the retailer’s optimal order quantity decreases as the delivery lead time increases. When p ≤ c4,
there is ∂q2

∂t2
≥ 0, indicating that the retailer’s optimal order quantity increases as the delivery lead

time increases.

Proof. Finding the first-order derivative of q2
* with respect to t2 yields the following:

∂q2
∂t2

= 1
G′(t2)

= G−1(t2) =
[D(t 2)]

2 p2(1−η2)
2
(b−p−c2− f2)

2

pw(b−a)(p−c4)
· ∂D(t 2)

∂t2
, (50)

since the numerator D2(t2)p2(1 − η2)
2
(b − p − c2 − f2)

2 ≥ 0, only the sign of the denomi-

nator needs to be judged. For the denominator, p ≥ 0, b − a ≥ 0, w ≥ 0, and ∂D(t 2)
∂t2

≤ 0, so
only the sign of p − c4 needs to be judged. When p − c4 ≥ 0, i.e., when p ≥ c4, we have
∂q2
∂t2

≤ 0. When p − c4 ≤ 0, i.e., when p ≤ c4, we have ∂q2
∂t2

≥ 0. □

The results of the study show that, in either case, higher taxes and postage costs lead
to a reduction in the retailer’s optimal order quantity. Therefore, it is advisable for retailers
to reduce their order quantity when tax and postage costs are high.

When the price of the goods is greater than the freight cost of domestic logistics, the
longer delivery lead time leads to a reduction in the retailer’s optimal order quantity. When
the price of the goods is less than the freight cost of the domestic logistics, a longer delivery
lead time will lead to an increase in the retailer’s optimal order quantity. This means that
when the delivery lead time is too long, the retailer should order more goods priced lower
than the freight cost of the domestic logistics. When the delivery lead time is short, retailers
should order more goods priced higher than the freight cost of the domestic logistics.

4.1.3. Profit Function under the Insurance Mode

Π3 = (p + emp)(1 − η3)F(v3)Emin(x, q3) + pη3F(v3)Emin(x, q3)− wq3 − (1 − e)mpq3 (51)

The first item represents the proceeds from goods sold and not returned by the
consumer. The second item represents the insurance company’s compensation for the
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returned goods after insurance. The third item represents the retailer’s purchase costs. The
fourth item represents the cost to the retailer of purchasing the return insurance.

Theorem 7. In the return insurance mode, when (1 + em − emη3) ≥ 0, the retailer’s optimal

order quantity is q3
* = G−1

[
[w+(1−e)mp](b−a)

p(1+em−emη3)(b−p−c3− f3−emp)

]
.

Proof. Finding the first-order derivative of Π3 with respect to q3 yields the result that follows:

∂Π3

∂q3
= G(q)F(v3)p(1 + em − emη3)− w − (1 − e)mp (52)

Finding the second-order derivative of Π3 with respect to q3 yields the result that follows:

∂2Π3

∂q32 = −g(q)F(v3)[p(1 + em − emη3)], (53)

since g(q) ≥ 0 and F(v3) ≥ 0. So, when (1 + em − emη3) ≥ 0, we have ∂2Π3
∂q3

2 ≤ 0. At this

point, we let ∂Π3
∂q3

= 0, then we have the optimal ordering quantity q3
*. When ∂Π3

∂q3
= 0 we

have the following:

G(q)F(v3)p(1 + em − emη3)− w − (1 − e)mp = 0, (54)

Solving for this gives us the following:

q3
∗ = G−1

[
[w+(1−e)mp](b−a)

p(1+em−emη3)(b−p−c3− f3−emp)

]
(55)

□

Theorem 7.1. In the return insurance mode, there is ∂q3
∂ f3

≤ 0 and ∂q3
∂c3

≤ 0 , indicating that the
retailer’s optimal order quantity decreases as the tax and postage costs increase.

Proof. Finding the first-order derivatives of q3
* with respect to f3, c3, respectively, yields

the following:

∂q3

∂ f3
=

1
G′( f3)

= G−1( f3) = −
p(1 + em − emη3)(b − p − c3 − f3 − emp)2

[w + (1 − e)mp](b − a)
(56)

∂q3

∂c3
=

1
G′(c3)

= G−1(c3) = −
p(1 + em − emη3)(b − p − c3 − f3 − emp)2

[w + (1 − e)mp](b − a)
(57)

Since 0 ≤ e ≤ 1, w + (1 − e)p ≥ 0, and since b − a ≥ 0, (b − p − c3 − f3 − emp)2 ≥ 0
and p(1 + em − emη3) ≥ 0. So, we have ∂q3

∂ f3
≤ 0 and ∂q3

∂c3
≤ 0. □

Theorem 7.2. In the return insurance mode, when p ≥ c4, there is ∂q3
∂t3

≤ 0 , indicating that
the retailer’s optimal order quantity decreases as the delivery lead time increases. When p ≤ c4,
there is ∂q3

∂t3
≥ 0, indicating that the retailer’s optimal order quantity increases as the delivery lead

time increases.

Proof. Finding the first-order derivative of q3
* with respect to t3 yields the following:

∂q3

∂t3
=

1
G′(t3)

= G−1(t3) =
D2(t 3

)
p2(1 + em − emη3)

2
(b − p − c3 − f3 − emp)2

[w + (1 − e)mp](b − a)(p − c4)
· ∂D(t 3)

∂t3
(58)
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Since the numerator D2(t 3
)

p2(1 + em − emη3)
2
(b − p − c3 − f3 − emp)2 ≥ 0, only

the sign of the denominator needs to be determined. For the denominator, w+ (1 − e)p ≥ 0,
b − a ≥ 0, and ∂D(t 3)

∂t3
≤ 0, so only the sign of p − c4 needs to be judged. When p − c4 ≥ 0,

i.e., when p ≥ c4, we have ∂q3
∂t3

≤ 0. When p − c4 ≤ 0, i.e., when p ≤ c4, we have ∂q3
∂t3

≥ 0. □

The results of the study show that in either case, higher taxes and postage costs lead
to a reduction in the retailer’s optimal order quantity. Therefore, it is advisable for retailers
to reduce their order quantity when tax and postage costs are high.

When the price of the goods is greater than the freight cost of domestic logistics, the
longer delivery lead time leads to a reduction in the retailer’s optimal order quantity. When
the price of the goods is less than the freight cost of the domestic logistics, a longer delivery
lead time will lead to an increase in the retailer’s optimal order quantity. This means that
when the delivery lead time is too long, the retailer should order more goods priced lower
than the freight cost of the domestic logistics. When the delivery lead time is short, retailers
should order more goods priced higher than the freight cost of domestic logistics.

Theorem 7.3. In the return insurance mode, we have ∂q3
∂e ≥ 0 when p ≥ (n3 − 1)(w + mp).

This means that the optimal order quantity increases as the proportion of insurance borne by the
consumer. When p ≤ (n3 − 1)(w + mp), we have ∂q3

∂e ≤ 0. This means that the optimal order
quantity decreases with the proportion of insurance borne by the consumer.

Proof. Finding the first-order derivative with respect to e for q3 leads to the result that follows:

∂q3

∂e
= −m[(n3 − 1)(w + mp)− p]

n3 p[(n3 − 1)me − 1]2
(59)

Only the sign of the numerator is judged. When (n3 − 1)(w + mp)− p ≥ 0, we have
∂q3
∂e ≤ 0. When (n3 − 1)(w + mp)− p ≤ 0, we have ∂q3

∂e ≥ 0. □

The results show that when the price of goods is high, the optimal order quantity of
retailers increases with the increase of the proportion of consumers who bear insurance.
When the price of goods is low, the optimal order quantity of retailers decreases as the
proportion of consumers who bear insurance increases. In other words, when consumers
have a higher percentage of insurance coverage, retailers should order more higher-priced
goods. When consumers have less insurance coverage, retailers should order more lower-
priced items.

Tables 5 and 6 below summarize the inferences and the conclusions, respectively.

Table 5. The main findings.

Mode c(q) f(q) t(q) s(q) h(q) θ(q) e(q)

Direct mail
s ≤ h + w

↘
s ≥ h + w

↗

s ≤ h + w
↘

s ≥ h + w
↗

s ≤ h+w, p ≥ c1
↘

s ≤ h+w, p ≤ c1
↗

s ≥ h+w, p ≥ c1
↗

s ≥ h+w, p ≤ c1
↘

w ≥ p − pη1(1 − θ) ↘
w ≥ p − pη1(1 − θ) ↗

w ≤ p − pη1(1 − θ) ↘
w ≥ p − pη1(1 − θ) ↗

s ≤ h + w ↘
s ≥ h + w ↗

In situ
destruction ↘ ↘

p ≥ c4
↘

p ≤ c4
↗

Return
insurance ↘ ↘

p ≥ c4
↘

p ≤ c4
↗

p ≥ (n3 − 1)(w + mp)
↗

p ≤ (n3 − 1)(w + mp)
↘

Note: ↗ denotes monotonically increasing, ↘ denotes monotonically decreasing.
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Table 6. The main recommendations.

Mode Factor Recommendation

Direct mail

When θ, f , c is high Retailers advised to purchase more goods with a higher salvage value
When θ, f , c is low Retailers advised to purchase more goods with a lower salvage value

When t is long Retailers advised to purchase more high-priced goods with a high salvage
value or low-priced goods with a low salvage value

When t is short Retailers advised to purchase more high-priced goods with a low salvage
value or low-priced goods with a high salvage value

When h is high Retailers advised to purchase more goods with a higher purchase price
When h is low Retailers advised to purchase more goods with a lower purchase price
When s is high Retailers advised to purchase more goods with a lower purchase price
When s is low Retailers advised to purchase more goods with a higher purchase price

In situ destruction

When f , c is high Retailers advised to reduce order size
When f , c is low Retailers advised to increase order size
When t is long Retailers advised to purchase more lower-priced goods
When t is short Retailers advised to purchase more higher-priced goods

Return insurance
When f , c is high Retailers advised to reduce order size
When f , c is low Retailers advised to increase order size
When t is long Retailers advised to purchase more lower-priced goods
When t is short Retailers advised to purchase more higher-priced goods
When e is high Retailers advised to purchase more higher-priced goods
When e is low Retailers advised to purchase more lower-priced goods

5. Numerical Simulation
5.1. Values

In cross-border e-commerce, factors such as cross-border logistics costs, commodity
prices, arrival lead time, and customs clearance taxes and fees all have an impact on the
return rate of goods and the retailer’s optimal ordering strategy. Therefore, in order to
test the impact of the above factors on the retailer’s choice of cross-border logistics model
optimization, a series of computational experiments were carried out in this section to
further analyze and validate the main conclusions of this paper based on the model in the
previous paper. The experiments were examined using Mathematica software to analyze
and validate the main conclusions of this paper.

Based on Wang, Xie, and Fan [11], this paper takes face masks (low-value products),
clothing (medium-value products), and digital cameras (high-value products) as the objects
of study. The information from the experiments in this paper is shown in Table 7.

Table 7. Information in the experiments.

Low Value Medium Value High Value

Goods examples Face mask Dress Camera
Selling price (CNY) 50 800 5000

Weight (kg) 0.25 0.5 1.5
Cross-border postage (CNY) 75 150 300

Domestic postage (CNY) 10 10 24
Taxes 0% 30% 22.9%

Maximum willingness to purchase (CNY) 150 2400 15,000
Time discount factor (1 + 11t)−

1
11 (1 + 11t)−

1.2
11 (1 + 18t)−

1
18

Delivery lead time (Day) (5,40) (5,40) (5,40)
Salvage value (CNY) 10 400 2000

Insurance ratio 0.9 0.9 0.9
Insurance service rate 0.01 0.02 0.03

Value coefficient 0.7 0.7 0.7
Inventory holding cost 0.5 8 50
Wholesale price (CNY) 35 600 3500

Note: The data for this article were obtained from Wang, Xie, and Fan [11] and websites such as eBay (insur-
ance rate).
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5.2. Low-Value Goods

Figures 4 and 5 show the estimated return rates and optimal order quantity for three
modes of low-value goods.
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According to Figures 4 and 5, for low-value goods, the estimated return rate of the
goods will decrease as the delivery lead time increases and the optimal order quantity will
increase as the delivery lead time increases under the direct mail mode, while the estimated
return rate will increase as the delivery lead time increases and the optimal order quantity
will decrease as the delivery lead time increases under the in situ destruction and return
insurance modes. Specifically, we have made the following findings: Firstly, the return
process is cumbersome for the consumer due to the low value of the goods. Thus, when
consumers receive the goods, they want to return them but forgo returning them because
they are too low value. As a result, in the case of low-value goods, the estimated return rate
is negative for all three modes. Secondly, the estimated return rate is greatest for the in situ
destruction mode and lowest for the direct mail mode. Thirdly, the optimal order quantity
is greatest for the direct mail mode and lowest for the return insurance mode. Since the
optimal order quantity for the return insurance mode is always less than zero, it is not
recommended to purchase insurance for goods when the value of the goods is low.
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5.3. Medium-Value Goods

Figures 6 and 7 show the estimated return rates and optimal order quantity for the
three modes of medium-value goods.
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According to Figures 6 and 7, for medium-value goods, the estimated return rate
of the goods will increase as the delivery lead time increases in all three modes. And
the optimal order quantity will decrease as the delivery lead time increases in all three
modes. Specifically, we have made the following findings: Firstly, the estimated return
rate is greatest for the in situ destruction mode and lowest for the direct mail mode. This
means that if the retailer can deliver the item within 23 days, the consumer will not return
it because of time preferences. Therefore, if retailers want to reduce the estimated return
rate, they should strictly control the clearance of goods, as well as the logistics time (e.g., by
choosing faster logistics methods). Thirdly, the optimal order quantity is greatest for in situ
destruction mode and lowest for the return insurance mode. Fourthly, the estimated return
rate is highest for the in situ destruction mode because the goods are destroyed and cannot
be re-sold, so retailers also have the highest order quantity in the in situ destruction mode
to avoid running out of stock.
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5.4. High-Value Goods

Figures 6 and 7 show the estimated return rates and optimal order quantity for the
three modes of high-value goods.

According to Figures 8 and 9, for high-value goods, the estimated return rate of
the goods will increase as the delivery lead time increases in all three modes. And the
optimal order quantity will decrease as the delivery lead time increases in all three modes.
Specifically, we have made the following findings: Firstly, the estimated return rate is
greatest for the direct mail mode and lowest for the in situ destruction mode. The estimated
return rate values for all modes is significantly smaller for high-value goods than for
medium- and low-value goods. This means that high prices can limit consumers’ returns.
Secondly, the threshold for the in situ destruction mode is around 5 days, the threshold for
the return insurance mode is around 8 days, and the threshold for the direct mail mode is
around 16 days. This means that if the retailer can deliver the item within the threshold,
then the consumer will not return it due to time preference. Conversely, if the goods are
delivered after the threshold has been exceeded, there is a risk that the consumer may be
less inclined to purchase the goods or reverse the purchase due to time preference. Thirdly,
the optimal order quantity is greatest for the direct mail mode and lowest for the in situ
destruction mode. Fourthly, for the same delivery lead time, a mode with a lower estimated
return rate also has a higher optimal order quantity. This means that a lower estimated
return rate results in fewer items being available for secondary sales, so retailers need to
order more items to keep up with market demand.
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6. Conclusions
6.1. Conclusions

The main conclusions of this study are:

(1) The estimated return rate is influenced by a variety of factors, such as tax, postage,
price, and delivery lead time. Different modes have different thresholds. Within the
thresholds range, consumers’ willingness to return goods changes as the delivery
lead time increases; outside the thresholds range, consumers’ willingness to return
goods does not change as the lead time increases changes. This means that retailers
should choose faster or slower logistics depending on the mode. And in a close-to-
realistic interval of delivery lead time, the return rate of goods increases as the arrival
time increases.

(2) By comparing the size of the estimated return rate of the three modes, this paper finds
that the estimated return rate of the direct mail mode is always smaller than the other
two modes in most cases. The estimated return rate of the in situ destruction mode is
always larger than the other two modes.

(3) This paper built a profit model based on the estimated return rate model and calculated
the optimal order quantity based on the profit model. We analyzed them and found
that the optimal order quantities all decrease as the delivery lead time increases.
However, for products with different values, the order comparison of the optimal
order quantity will be different.

(4) The influence of postage and tax on the optimal order quantity is different in the
different modes. Firstly, in the direct mail mode, when tax and postage are higher, it is
recommended that the retailer orders goods with a higher salvage value. Conversely,
it is recommended to order goods with a lower salvage value when the delivery
lead time is longer. It is recommended to order more goods whose salvage value
is proportional to the price and vice versa. When the inventory cost is higher, it is
recommended to order goods with a higher price and vice versa. When the salvage
value is higher, it is recommended to order goods with a lower price and vice versa.
Secondly, in the on-site destruction mode, it is recommended to order more goods
with a lower salvage value and vice versa. When the tax and postage are high, it is
recommended to reduce the quantity of goods ordered and, conversely, to increase the
quantity ordered. When the delivery lead time is longer, it is recommended to order
goods with a lower price and, conversely, to order goods with a higher price. Finally,
in the insurance model, when the tax and postage are high, it is recommended to
reduce the quantity ordered and, conversely, to increase the quantity ordered. When
the delivery lead time is long, it is recommended to order less expensive goods and,
conversely, more expensive ones. And when the consumer pays a larger share of
the insurance, it is recommended that retailers order more expensive goods and,
conversely, less expensive ones.

6.2. Theoretical Implications

The following theoretical implications were obtained: (1) This paper extends the
cross-border e-commerce return logistics model to the study of Wang, Xie, and Fan [11],
selecting the direct mail model of their, as well as two other real-life models: insurance and
in situ destruction. It makes the current study of cross-border e-commerce return logistics
modes more detailed. (2) The magnitude of the estimated return rates of the different
modes is compared, and a more detailed reference range is given compared to Wang, Xie,
and Fan [11]. (3) This study examines the impact of various factors on the optimal order
quantity in a variety of models and summarizes the impact. In particular, the insurance
model examines how the insurance premium rate paid by the consumer affects the retailer’s
ordering strategy, which has not been found in previous studies.



J. Theor. Appl. Electron. Commer. Res. 2024, 19 1058

6.3. Management Implications

The management implications of this study are as follows: (1) The retailer can reduce
its return cost by the principle of the cross-border e-commerce return logistics mode suitable
for the goods according to its tax, postage, and other factors. (2) Retailers can determine
the optimal order quantity of goods according to the impact of various factors on the
optimal order quantity that maximize profits, which is an important revelation for retailers’
ordering strategies.

6.4. Research Limitations

The limitations of this study are as follows: First, this paper only considers three
modes of forward logistics as cross-border logistics, while it does not consider modes of
forward logistics as domestic logistics, such as the overseas warehouse mode. Therefore,
the overseas warehouse mode can be added in a future study for analysis and comparison.
Second, this paper only studied the cross-border return logistics mode in a monopolistic
environment. However, in the real world, there are always competitors. Therefore, the
competitive environment can be used as a background in future work. Third, this paper
assumes that the only returns are false failure returns and that the consumers choose to
return goods based on the length of the delivery lead time, whereas in real life there are
also other reasons for returns, such as quality of goods. Fourth, as for the simulation part,
most of the data in this paper come from Wang, Xie, and Fan [11], which represent the
typical situation of low-, medium-, and high-value products, respectively. However, there
are other situations in real life, and more detailed simulation studies should be carried out
for different situations in the future.
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