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ABSTRACT With the increase of black swan incidents, cross-border e-commerce supply chains are facing
more risks. Out-of-stock aversion and waste aversion are examined as the risk preferences of cross-border
e-commerce platforms and overseas warehouses based on prospect theory. A cross-border e-commerce
supply chain decision making model with four different risk preference combinations is constructed under
the Stackelberg game decision making model. The relationships between the risk preference coefficient and
the ordering strategy for the overseas warehouse and the pricing strategy for the cross-border e-commerce
platform are analyzed through the numerical analysis of an arithmetic case. The results show that: 1) the
cross-border e-commerce platform at the leading position has a more prominent impact on the performance
of the cross-border e-commerce supply chain; 2) when the overseas warehouse is out-of-stock averse and
the cross-border e-commerce platform is waste averse, both the order quantity and pricing increase with the
increase of the risk preference coefficient; when the overseas warehouse is waste averse and the cross-border
e-commerce platform is out-of-stock averse, both the order quantity and pricing decrease with the increase of
the risk preference coefficient; 3) when the overseas warehouse and the cross-border e-commerce platform
have the same risk preference, the overseas warehouse adopts a more aggressive ordering strategy when they
are more out-of-stock averse, and adopts a more conservative ordering strategy when they are more waste
averse.

INDEX TERMS Cross-border e-commerce supply chain, risk preference, stackelberg game, out-of-stock
aversion, waste aversion.

I. INTRODUCTION
Cross-border e-commerce is an important way and break-
through to create new demand for foreign trade in the
Internet-based economy, but cross-border e-commerce sup-
ply chains face more risks than ordinary e-commerce [1].
With increasing occurrences of black swan incidents in
international trade in recent years, it is extremely impor-
tant to manage risks along cross-border e-commerce supply
chains. In particular, the shock caused by the COVID-19
pandemic shapes a set of unique circumstances [2]. Cross-
border e-commerce supply chains have accelerated their pre-
vious trend in response to new changes and given rise to new
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components of the supply chain structure. The fast devel-
opment of overseas warehouses is one of the main forces
supporting the anti-trend growth of cross-border e-commerce
during the pandemic. For example, according to the data
from the General Administration of Customs of China, there
were more than 2,000 overseas warehouses in China 2021,
with a built-up area of over 16 million square meters, while
the import and export of cross-border e-commerce in China
reached about 1.92 trillion Yuan in 2021, with a year-on-year
growth rate of 18.6%. The impact of COVID-19 will increase
the risk of stock management for overseas warehouses, and
it is expected that overseas warehouses will play an impor-
tant role in future cross-border e-commerce supply chains.
Schweitzer and Cachon [3] defined this risk as a combination
of waste aversion risk and out-of-stock aversion risk. In this
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context, how waste aversion risk and out-of-stock aversion
risk affect the performance of the supply chain under the
current cross-border e-commerce supply chain structure is
an important issue facing cross-border e-commerce supply
chains.

The impact of the COVID-19 pandemic on cross-border
e-commerce supply chains is seen as a demand shock [4].
Many researchers [5], [6], [7], [8] have analyzed the impact
of demand shock on cross-border e-commerce supply chains.
These studies can be broadly divided into two categories:
studies on the impact on supply chain decision making [9],
[10] and studies on the impact of demand visibility and bull-
whip effect on the performance of the supply chain [11], [12].
However, there are still some problems in the current research
as follows: first, although some studies have examined the
impact of demand uncertainty on cross-border e-commerce
supply chains, there is still relatively less attention to demand.
The current research area on the impact of demand risk
on supply chains is mainly focused on manufacturing sup-
ply chains, while there are relatively few studies on cross-
border e-commerce supply chains where manufacturing and
services are integrated [13]. Secondly, the synergy between
cross-border e-commerce and cross-border logistics has been
neglected [14]. With the development of cross-border logis-
tics, the structure of the cross-border e-commerce supply
chain has been changing gradually, but this issue is mentioned
only in a few articles [15], [16]. Finally, compared to demand
risk, the internal risks of the cross-border e-commerce supply
chain have received less attention. The existing studies have
mainly examined the impact of demand risk on suppliers and
customers [17]. However, demand risk is rarely incorporated
as a risk within the cross-border e-commerce supply chain
[1], [18]. In light of the characteristics of the industry, it is
currently pressing to address the management of out-of-stock
aversion risk and waste aversion risk along the cross-border
e-commerce supply chain [3].

The synergy between cross-border e-commerce and
cross-border logistics and the integrating role of cross-border
e-commerce enterprises in the supply chain [19] are exam-
ined in this article. Based on the assumption that the cross-
border e-commerce platform and the overseas warehouse are
the decision makers of the cross-border e-commerce supply
chain, and that the cross-border e-commerce platform is the
leader and the overseas warehouse is the follower, a cross-
border e-commerce supply chain model with four different
risk preference combinations is then constructed based on
prospect theory to investigate the impact of different risk pref-
erence combinations (shown in Table 1) on the performance
of the cross-border e-commerce supply chain.

In summary, this article makes three main contributions:
(1) A cross-border e-commerce supply chain decision

making model has been constructed to cover both cross-
border e-commerce platforms and overseas warehouses,
providing a certain basis for the subsequent research on cross-
border e-commerce supply chains in light of the current

TABLE 1. Decision maker risk preference combinations.

rapid development of overseas warehouses in cross-border
e-commerce supply chains;

(2) Schweitzer and Cachon classified cognitive biases in
newsvendor decision making into overconfidence, underes-
timation of opportunity cost, risk aversion, loss aversion,
out-of-stock aversion and waste aversion [3]. Among them,
overconfidence, risk aversion and loss aversion are hot topics
in the research on supply chain risks, while out-of-stock
aversion and waste aversion have received little attention.
Their article examines the impact of these two risk pref-
erences on cross-border e-commerce supply chain decision
making, to identify which one can provide a certain decision
basis for cross-border e-commerce sellers to respond to safety
stock, and also to enrich the research on cognitive biases in
newsvendor decision making.

(3) Simultaneously, it considers the risk preferences of
two decision makers, including the cross-border e-commerce
platform and the overseas warehouse and follows the current
research trend of comprehensively evaluating the cognitive
characteristics of decision makers, which is conducive to
optimizing the decisions made by each decision maker in
response to different risk preferences and promoting the sus-
tainable operation of the cross-border e-commerce supply
chain.

The article is structured as follows: Section II reviews the
relevant articles on supply chain decision making, supply
chain decision making under risk preferences and supply
chain decision making under different risk preference com-
binations. Section III examines and discusses the model and
assumption under the four different risk preference combina-
tions. Section IV presents the numerical analysis of a case.
Section V summarizes the main findings and presents the
research outlook.

II. LITERATURE REVIEW
A. STUDIES ON SUPPLY CHAIN DECISION MAKING
Studying the output and pricing decision making of supply
chains allows successful firms to achieve optimal perfor-
mance of the supply chain by integrating internal operations
and coordinating external supply chain operations [20]. This
is the reason why the search for optimal decision making by
decision makers has become one of the key issues concerning
the development of supply chains [21].
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The current studies related to supply chain decision mak-
ing can be broadly divided into two phases: early studies
are mainly based on a deterministic environment and have
examined pricing by news suppliers under a certain quan-
tity of supply [22], [23], [24]. These studies present certain
characteristics of the supply chain structure, but they are
relatively simple. Most of the recent studies are based on
uncertain environments and featured with diverse research
levels. Supply chain structures are no longer limited to for-
ward supply chains. The development of e-commerce and
concepts such as recycling for remanufacturing has led to the
emergence of dual-channel and closed-loop structures. Cur-
rently, the research on dual-channel and closed-loop supply
chains still needs to cover a number of topics. Specifically,
dual-channel supply chains need to focus on some themes
such as information asymmetry, demand uncertainty, multiple
retailers and multiple cycles, while new models should be
developed to address a series of nascent challenges [25].
As for closed-loop supply chains, it is necessary to deal with
issues such as COVID-19, environment and sustainability,
where multiple objectives and multiple decision variables
should be incorporated into modeling [26], [27]. In supply
chains, decision makers also exhibit different behaviors, such
as risk preferences [28], concerns with equity [29], altruistic
preferences [30], [31]. There are other topics such as different
power compositions [32] and the development of new tech-
nologies such as big data and the Internet [33], [34].

Cross-border e-commerce supply chains are somewhat
similar to but also different from e-commerce supply chains.
Particularly, cross-border e-commerce supply chains are
more concerned with the cognitive characteristics of supply
chain members such as consumer behavioral preferences and
decision maker risk preferences [35], [36]. However, the
current research on cross-border e-commerce supply chains
is mainly concentrated on channel competition, information
asymmetry, manufacturer or supplier encroachment, advertis-
ing, online markets, supply chain coordination, etc., resulting
in the unavailability of sufficient understanding of the cogni-
tive characteristics of supply chain members [37].

B. STUDIES ON SUPPLY CHAIN DECISION MAKING
UNDER RISK PREFERENCES
Supply chain decision making under risk preferences is a
key topic in the management of supply chain risks [38] and
requires further research in this field [39]. Risks appear in
many forms and need to be assessed according to their spe-
cific source [13]. This article focuses on the incorporation of
demand risk into the endogenous risks of the supply chain.
There are some existing studies on how to reduce the impact
of endogenous risk manifestations, such as loss aversion and
risk aversion [40], [41], [42], [43]. These studies all confirm
the idea that risk manifestations lead to higher costs.

However, in addition to loss aversion and risk aver-
sion, there are many kinds of endogenous risks within sup-
ply chains, which are related to the characteristics of the

industry [44]. The corresponding other types of endogenous
risks are comparatively under-researched.

In response to the newsvendor issue, Schweitzer and
Cachon classified cognitive biases in newsvendor decision
making into overconfidence, underestimation of opportunity
cost, risk aversion, loss aversion, out-of-stock aversion and
waste aversion [3]. Since each type of risk may lead to
different problems in the supply chain, it is necessary to scru-
tinize each risk. However, it is clear that there is insufficient
research on out-of-stock aversion risk and waste aversion
risk.

C. STUDIES ON SUPPLY CHAIN DECISION MAKING
UNDER DIFFERENT RISK PREFERENCE COMBINATIONS
All the participants in the supply chain are stakeholders.
Hence, the risk assessment of the supply chain should
be conducted based on the cognitive characteristics of
stakeholders [13].

Nevertheless, most of the existing studies on risk prefer-
ences have only considered the cognitive characteristics of a
single type of decision makers. To be specific, some scholars
[45], [46] have discussed only the risk preferences of suppli-
ers, while some scholars [47], [48] have analyzed only the
risk preferences of retailers. A small number of studies have
comprehensively considered the cognitive characteristics of
all decision makers in the supply chain. Chen and Xiao [49]
investigated the decision making and coordination mecha-
nism for a supply chain consisting of a risk-neutral manu-
facturer and a loss-averse retailer. Choi et al. [50] examined
decision making for a supply chain consisting of a risk-averse
manufacturer and two risk-averse retailers.

Under situations where only a single decision maker has
a risk preference, there is generally a lower stock when the
decision maker is more risk averse. However, if multiple
decision makers have risk preferences, what impact will their
interactions have on supply chain decision making? This is
still a blank in the current research on supply chain risks.

III. PROBLEM DESCRIPTION AND MODEL BUILDING
A. NOTATIONS
To facilitate understanding, Table 2 lists the symbols used
in this article and their respective meanings. Furthermore,
we make several assumptions, including pj > cjm, pm >

pj + cjm, cjm + ω+
m + ω+

j > v > cjm, pj > b, to ensure the
profitability of both the cross-border e-commerce platform
and the overseas warehouse, as well as the willingness of the
platform to repurchase products.

B. ASSUMPTIONS
In order to establish the model more effectively, this article
makes certain simplifications to the complex real-world sit-
uation and proposes some assumptions based on reality and
logic thinking.
Assumption 1: the cross-border e-commerce platform and

the overseas warehouse are completely rational, and the
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TABLE 2. Notations.

decision-making information is completely symmetrical for
both parties.
Assumption 2: There is only one product of the same qual-

ity circulating in the supply chain.
Assumption 3: All the products sold on the cross-border

e-commerce platform are manufactured goods, regardless of
how they are produced and manufactured.
Assumption 4: Only the transaction cost is considered in

transactions between the supply chain decision makers.
Assumption 5: The price is determined by the deci-

sion makers, without considering the functional relationship
between price and demand.
Assumption 6: The cross-border e-commerce platform

and the overseas warehouse are independent decision-
making enterprises, rather than subject to Amazon’s one-stop
operation.

C. PROBLEM DESCRIPTION
This article examines a two-layer supply chain consisting of
a single cross-border e-commerce platform (j) and a single
overseas warehouse (m). In view of the dominant position

of cross-border e-commerce platforms in the market and the
control of information, Stackelberg game is utilized to reflect
their leadership status. As buyers and sellers in the cross-
border e-commerce supply chain are located in different terri-
tories while overseas warehouses are generally located in the
same territory with consumers, it is easier to collet demand
information. The game steps in this study are as follows:
(1) The overseas warehouse provides the collected demand
information to the cross-border e-commerce platform, which
then determines its own price and supply quantity based on
customer need. (2) The overseas warehouse determines its
order quantity based on the price and supply quantity deter-
mined by the cross-border e-commerce platform. (3) The
cross-border e-commerce platform dynamically adjusts its
price and supply quantity based on its order quantity to
maximize profits. (4) The above steps are repeated until
coordination is achieved in the supply chain.

Decision makers in the supply chain tend to anchor a
reference point and make insufficient adjustment to simplify
the decision making process [3]. Therefore, the model in this
article is established in the following way: (1) The optimal
order quantity Q∗ under centralized decision making is ana-
lyzed and used as the anchor point for coordination in the
supply chain; (2) The supply quantity for the cross-border
e-commerce platform and the order quantity for the overseas
warehouse under decentralized decision making are calcu-
lated under four risk preference combinations; (3) To achieve
supply chain coordination, the cross-border e-commerce plat-
form ultimately adjusts the supply quantity according to the
optimal order quantity under centralized decision making and
thereby determines the final price; However, there are some
problems in the establishment of this model with regard to the
losses of decentralized decision making compared to central-
ized decision making and the impossibility to reach the level
of centralized decision making without external forces [51].
Song and Hu [52] have revealed the coordinating effect of
repurchase contracts on supply chains with risk preferences.
Accordingly, this article can introduce repurchase contracts
to better coordinate the supply chain.

There are currently two solutions to the problem of mod-
elling supply chains under uncertain demand. One is to intro-
duce random variables and the other is to introduce a linear
demand function. This article refers to the study by Yu et al.
[53], where it is assumed that the market is open without any
upper bound on the market demand. Demand x ∈ [0, +∞) is
treated as a continuous random variable. Its probability den-
sity function is f (x), and its cumulative distribution function
is F(x). It has inverse distribution, denoted by F−1(x). Ran-
dom variables are important factors in generating risks. There
are a number of methods to measure supply chain risks in
academia, such as mean-variance model, value-at-risk (VaR)
model and conditional value-at-risk (CVaR) model. Some
scholars have used mean-variance model to measure the risk
profit for risk takers [54], [55]. However, this method cannot
directly reflect market fluctuations. To solve this problem,
some scholars have introduced VaR and CVaR models [56],
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[57], [58]. Compared to VaR, CVaR has advantages including
monotonicity and ease of computation. These models are
anchored in the utility function and describe the interaction
between uncertainty and risk attitudes. However, Cao et al.
[59] used ‘utility=economic payoff+ psychological satisfac-
tion’ to integrate economic benefits and loss aversion utility,
suggested that the choice of the anchor point is not fixed and
proposed a parameter to describe the degree of risk aversion.
A higher parameter means that the decision maker is more
risk averse. When the parameter is equal to 0, the decision
maker is risk neutral. Compared to other risk measures, this
method is simpler and can more intuitively reflect the impact
of risk preference on pricing decision making. Similarly,
we use this formula to calculate the utility of the cross-border
e-commerce platform and the overseas warehouse.

D. MODEL BUILDING
It is assumed that the subscripts j, m denote the parame-
ters relevant to the cross-border e-commerce platform and
the overseas warehouse respectively; pj is the price sold by
the cross-border e-commerce platform to the overseas ware-
house; pm is the price sold by the overseas warehouse to con-
sumers; cjm is the transaction cost of products per unit; v refers
to the residual value of products remaining after sales per unit;
b is the agreed-upon repurchase price of remaining products
per unit, and satisfies the basic requirements outlined in the
repurchase contract. Q is the order quantity of transactions
between the cross-border e-commerce platform and the over-
seas warehouse; ω+ is the cost per unit of stock; ω− is the
cost per unit of out-of-stock; x is the stochastic demand in the
consumer market; f (x) and F(x) are the probability density
function and distribution function of the stochastic demand
x respectively; µ is the mean value of the demand; S(Q)
denotes the expected number of transactions; L(Q) denotes
the expected quantity of stock;W (Q) is the expected quantity
of out-of-stock.

S (Q) = Emin (x,Q) = Q−

∫ Q

0
(Q− x) dF (x)

L (Q) = E (Q− x)+ = Q− S (Q) =

∫ Q

0
(Q− x) dF (x)

W (Q) = E (x − Q)+ = µ − S (Q) =

∫
∞

Q
(x − Q) dF (x)

(1)

(1) Coordination model of cross-border e-commerce sup-
ply chain under centralized decision making
Supply chain network equilibrium is to view the whole

supply chain as an integrated large size enterprise and aims
to optimize the performance of the whole supply chain net-
work. Therefore, 5jm(Q), 5j(Q) and 5m(Q) are set here to
denote the expected profit of the supply chain, the cross-
border e-commerce platform and the overseas warehouse
respectively. Then, the expected profit of the overseas ware-
house is expressed as:

5m (Q) = pmS (Q) + bL (Q)

− pjQ− ω+
mL (Q) − ω−

mW (Q)

=
(
pm + ω+

m + ω−
m − b

)
S (Q)

+
(
b− pj−ω+

m
)
Q− ω−

mµ (2)

The expected profit of the cross-border e-commerce plat-
form is expressed as:

5j (Q) = pjQ+ (v− b)L (Q)

− cjmQ− ω+

j L (Q) − ω−

j W (Q)

=

(
pj − cjm − ω+

j + v− b
)
Q

+

(
b− v+ ω+

j + ω−

j

)
S (Q) − ω−

j µ (3)

The expected profit of the supply chain as a whole is
expressed as:

5jm (Q) = 5j (Q) + 5m (Q)

=

(
pm + ω+

m + ω−
m + ω+

j + ω−

j − v
)
S (Q)

−

(
cjm + ω+

j + ω+
m − v

)
Q− ω−

j µ − ω−
mµ (4)

According to Leibniz’s law, 5jm (Q) is a concave function
on Q. To achieve the maximum value of 5jm(Q), it is neces-
sary to make its first-order derivative d5jm(Q)/dQ=0, so that
the optimal order quantity Q of the supply chain is expressed
as:

Q∗
= F−1

(
pm + ω−

m − cjm + ω−

j

pm + ω+
m + ω−

m + ω+

j + ω−

j − v

)
(5)

The next step of model construction is to analyze decision
making under four different preference combinations:

(2) The overseas warehouse has the risk preference of out-
of-stock aversion, and the cross-border e-commerce platform
also has the risk preference of out-of-stock aversion.

It is assumed that α1 and β1 are the risk preference
coefficient per unit of product for the overseas warehouse’s
out-of-stock aversion and the risk preference coefficient per
unit of product for the cross-border e-commerce platform’s
out-of-stock aversion respectively.When α1 and β1 are larger,
the degree of aversion is higher. Meanwhile, it is assumed
that Um1(5m(Q)) and Uj1(5j(Q)) are respectively the utility
functions for the overseas warehouse and the cross-border
e-commerce platform with the risk preference of out-of-stock
aversion. Thus, the obtained expected utility functions for
the overseas warehouse and the cross-border e-commerce
platform can be expressed as follows:

E (Um1 (5m (Q)))

= pmS (Q) + bL (Q) − pjQ

− ω+
mL (Q) − ω−

mW (Q) − α1

∫
∞

Q
(x − Q) f (x) dx

=
(
pm + ω+

m + ω−
m − b

)
S (Q) +

(
b−pj − ω+

m
)
Q

− ω−
mµ − α1

∫
∞

Q
(x − Q) f (x) dx (6)

E
(
Uj1

(
5j (Q)

))
= pjQ+ (v− b)L (Q) − cjmQ
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− ω+

j L (Q) − ω−

j W (Q) − β1

∫
∞

Q
(x − Q) f (x) dx

=

(
p−

j − cjm − ω+

j + v− b
)
Q

+

(
b− v+ ω+

j + ω−

j

)
S (Q)

− ω−

j µ − β1

∫
∞

Q
(x − Q) f (x) dx (7)

Proposition 1: According to Leibniz’s law, E(Um1
(5m(Q))) is a concave function on Q. To achieve the max-
imum value of E(Um1(5m(Q))), it is necessary to make
its first-order derivative dE(Um1(5m(Q)))/dQ=0 and its
second-order derivative d2E(Um1(5m(Q)))/dQ2<0. Thus:

Qm1 = F−1
(

pm + ω+
m + α1 − pj

pm + ω+
m + ω−

m + α1 − b

)
(8)

In the same way, the following equation can be obtained:

Qj1 = F−1

(
pj + ω−

j + β1 − cjm

ω+

j + ω−

j + β1 + b− v

)
(9)

The necessary condition to achieve supply chain equilib-
rium is Qj1 = Q∗. This equation can be used to get:

pj1 =

(
pm + ω−

m − cjm + ω−

j

) (
ω+

j + ω−

j + b− v
)

pm + ω+
m + ω−

m + ω+

j + ω−

j − v

−

(
pm + ω+

m + ω−
m + ω+

j + ω−

j − v
) (

ω−

j − cjm
)

pm + ω+
m + ω−

m + ω+

j + ω−

j − v

−

(
cjm + ω+

m + ω+

j − v
)

β1

pm + ω+
m + ω−

m + ω+

j + ω−

j − v
(10)

Lemma 1: In Proposition 1, Qm1 is positively correlated
with α1; pj1 is negatively correlated with β1; the degree of
correlation is jointly determined by pm, cjm, ω+

m , ω−
m , ω+

j
and ω+

j .
As can be seen from Lemma 1, when the overseas ware-

house has the preference of out-of-stock aversion and the
cross-border e-commerce platform has the preference of out-
of-stock aversion, the optimal order quantity for the overseas
warehouse keeps increasing while the selling price for the
cross-border e-commerce platform keeps decreasing as the
aversion coefficient increases.

(3) The overseas warehouse has the risk preference of
out-of-stock aversion, while the cross-border e-commerce
platform has the risk preference of waste aversion.

It is assumed that α2 and β2 are the risk preference
coefficient per unit of product for the overseas warehouse’s
out-of-stock aversion and the risk preference coefficient per
unit of product for the cross-border e-commerce platform’s
waste aversion respectively. When α2 and β2 are higher,
the degree of aversion is higher. Meanwhile, it is assumed
that Um2(5m(Q)) and Uj2(5j(Q)) are respectively the utility
functions for the overseas warehouse with the risk preference
of out-of-stock aversion and for cross-border e-commerce

platform with the risk preference of waste aversion. Thus,
the obtained expected utility functions for the overseas ware-
house and the cross-border e-commerce platform can be
expressed as:

E (Um2 (5m (Q)))

= pmS (Q) + bL (Q) − pjQ

− ω+
mL (Q) − ω−

mW (Q) − α2

∫
∞

Q
(x − Q) f (x) dx

=
(
pm + ω+

m + ω−
m − b

)
S (Q) +

(
b− pj−ω+

m
)
Q

− ω−
mµ − α2

∫
∞

Q
(x − Q) f (x) dx (11)

E
(
Uj2

(
5j (Q)

))
= pjQ+ (v− b)L (Q) − cjmQ

− ω+

j L (Q) − ω−

j W (Q) − β2

∫
∞

Q
(x − Q) f (x) dx

=

(
p−

j − cjm − ω+

j + v− b
)
Q

+

(
b− v+ ω+

j + ω−

j

)
S (Q)

− ω−

j µ − β2

∫ Q

0
(Q− x) f (x) dx (12)

Proposition 2: According to Leibniz’s law, E(Um2
(5m(Q))) is a concave function on Q. To achieve the max-
imum value of E(Um2(5m(Q))), it is necessary to make
its first-order derivative dE(Um2(5m(Q)))/dQ=0 and its
second-order derivative d2E(Um2(5m(Q)))/dQ2<0. Thus:

Qm2 = F−1
(

pm + ω+
m + α2 − pj

pm + ω+
m + ω−

m + α2 − b

)
(13)

In the same way, the following equation can be obtained:

Qj2 = F−1

(
pj + ω−

j − cjm

b− v+ ω+

j + ω−

j + β2

)
(14)

The necessary condition to achieve supply chain equilib-
rium is Qj2 = Q∗. This equation can be used to get:

pj2 =

(
pm + ω−

m − cjm + ω−

j

) (
ω+

j + ω−

j + b− v
)

pm + ω+
m + ω−

m + ω+

j + ω−

j − v

+

(
cjm − ω−

j

) (
pm + ω+

m + ω−
m + ω+

j + ω−

j − v
)

pm + ω+
m + ω−

m + ω+

j + ω−

j − v

+
β2(pm + ω−

m − cjm + ω−

j )

pm + ω+
m + ω−

m + ω+

j + ω−

j − v
(15)

Lemma 2: In Proposition 2, Qm2 is positively correlated
with α2; pj2 is positively correlated with β2; the degree of
correlation is determined by pm, cjm, ω+

m , ω
−
m , ω

+

j and ω+

j .
As can be seen from Lemma 2, when the overseas ware-

house has the preference of out-of-stock aversion and the
cross-border e-commerce platform has the preference of
waste aversion, the optimal order quantity for the overseas
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warehouse increases while the selling price for the cross-
border e-commerce platform increases as the aversion coef-
ficient increases.

(4) The overseas warehouse has the risk preference of
waste aversion, while the cross-border e-commerce platform
has the risk preference of out-of-stock aversion.

It is assumed that α3 and β3 are the risk preference coeffi-
cient per unit of product for the overseas warehouse’s waste
aversion and the risk preference coefficient per unit of prod-
uct for the cross-border e-commerce platform’s out-of-stock
aversion respectively.

When α3 and β3 are larger, the degree of aversion is higher.
Meanwhile, it is assumed that Um3(5m(Q)) and Uj3(5j(Q))
are respectively the utility functions for the overseas ware-
house with the risk preference of waste aversion and the
cross-border e-commerce platform with the risk preference
of out-of-stock aversion. Thus, the obtained expected utility
functions for the overseas warehouse and the cross-border
e-commerce platform can be expressed as follows:

E (Um3 (5m (Q)))

= pmS (Q) + bL (Q) − pjQ

− ω+
mL (Q) − ω−

mW (Q) − α3

∫ Q

0
(x − Q) f (x) dx

=
(
pm + ω+

m + ω−
m − b

)
S (Q)

+
(
b− pj−ω+

m
)
Q− ω−

mµ − α3

∫ Q

0
(Q− x) f (x) dx

(16)

E
(
Uj3

(
5j (Q)

))
= pjQ+ (v− b)L (Q) − cjmQ

− ω+

j L (Q) − ω−

j W (Q) − β3

∫
∞

Q
(x − Q) f (x) dx

=

(
p−

j − cjm − ω+

j + v− b
)
Q

+

(
b− v+ ω+

j + ω−

j

)
S (Q)

− ω−

j µ − β3

∫
∞

Q
(x − Q) f (x) dx

(17)

Proposition 3: According to Leibniz’s law, E(Um3
(5m(Q))) is a concave function on Q. To achieve the max-
imum value of E(Um3(5m(Q))), it is necessary to make
its first-order derivative dE(Um3(5m(Q)))/dQ=0 and its
second-order derivative d2E(Um3(5m(Q)))/dQ2<0. Thus:

Qm3 = F−1
(

pm + ω−
m − pj

pm + ω+
m + ω−

m + α3 − b

)
(18)

In the same way, the following equation can be obtained:

Qj3 = F−1

(
pj + ω−

j + β3 − cjm

ω+

j + ω−

j + β3 + b− v

)
(19)

The necessary condition to achieve supply chain equilib-
rium is Qj3 = Q∗. This equation can be used to get:

pj3 =

(
pm + ω−

m − cjm + ω−

j

) (
ω+

j + ω−

j + b− v
)

pm + ω+
m + ω−

m + ω+

j + ω−

j − v

−

(
pm + ω+

m + ω−
m + ω+

j + ω−

j − v
) (

ω−

j − cjm
)

pm + ω+
m + ω−

m + ω+

j + ω−

j − v

−

(
cjm + ω+

m + ω+

j − v
)

β3

pm + ω+
m + ω−

m + ω+

j + ω−

j − v
(20)

Lemma 3: In Proposition 3, Qm3 is negatively correlated
with α3; pj3 is negatively correlated with β3; the degree of
correlation is jointly determined by pm, cjm, ω+

m , ω−
m , ω+

j
and ω+

j .
As can be seen from Lemma 3, when the overseas

warehouse has the preference of waste aversion and the cross-
border e-commerce platform has the preference of out-of-
stock aversion, the optimal order quantity for the overseas
warehouse keeps decreasing while the selling price for the
cross-border e-commerce platform keeps decreasing as the
aversion coefficient increases.

(5) The overseas warehouse has the risk preference of
waste aversion, and the cross-border e-commerce platform
also has the risk preference of waste aversion.

It is assumed that α4 and β4 are the risk preference
coefficient per unit of product for the overseas warehouse’s
waste aversion and the risk preference coefficient per unit
of product for the cross-border e-commerce platform’s waste
aversion respectively. When α4 and β4 are higher, the
degree of aversion is higher. Meanwhile, it is assumed
that Um4(5m(Q)) and Uj4(5j(Q)) are respectively the utility
functions for the overseas warehouse and the cross-border
e-commerce platform with the risk preference of waste aver-
sion. Thus, the obtained expected utility functions for the
overseas warehouse and the cross-border e-commerce plat-
form can be expressed as:

E (Um4 (5m (Q)))

= pmS (Q) + bL (Q) − pjQ

− ω+
mL (Q) − ω−

mW (Q) − α4

∫ Q

0
(x − Q) f (x) dx

=
(
pm + ω+

m + ω−
m − b

)
S (Q) +

(
b− pj−ω+

m
)
Q

− ω−
mµ − α4

∫ Q

0
(Q− x) f (x) dx (21)

E
(
Uj4

(
5j (Q)

))
= pjQ+ (v− b)L (Q) − cjmQ

− ω+

j L (Q) − ω−

j W (Q) − β4

∫
∞

Q
(x − Q) f (x) dx

=

(
p−

j − cjm − ω+

j + v− b
)
Q

+

(
b− v+ ω+

j + ω−

j

)
S (Q)
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− ω−

j µ − β4

∫ Q

0
(Q− x) f (x) dx (22)

Proposition 4: According to Leibniz’s law, E(Um4
(5m(Q))) is a concave function on Q. To achieve the max-
imum value of E(Um4(5m(Q))), it is necessary to make
its first-order derivative dE(Um4(5m(Q)))/dQ=0 and its
second-order derivative d2E(Um4(5m(Q)))/dQ2<0. Thus:

Qm4 = F−1
(

pm + ω−
m − pj

pm + ω+
m + ω−

m + α4 − b

)
(23)

In the same way, the following equation can be obtained:

Qj4 = F−1

(
pj + ω−

j − cjm

b− v+ ω+

j + ω−

j + β4

)
(24)

The necessary condition to achieve supply chain equilib-
rium is Qj4 = Q∗. This equation can be used to get:

pj4 =

(
pm + ω−

m − cjm + ω−

j

) (
ω+

j + ω−

j + b− v
)

pm + ω+
m + ω−

m + ω+

j + ω−

j − v

+

(
cjm − ω−

j

) (
pm + ω+

m + ω−
m + ω+

j + ω−

j − v
)

pm + ω+
m + ω−

m + ω+

j + ω−

j − v

+
β4(pm + ω−

m − cjm + ω−

j )

pm + ω+
m + ω−

m + ω+

j + ω−

j − v
(25)

Lemma 4: In Proposition 4, Qm4 is negatively correlated
with α4; pj4 is positively correlated with β4; the degree of
correlation is jointly determined by pm, cjm, ω+

m , ω−
m , ω+

j
and ω+

j .
As can be seen from Lemma 4, when the overseas ware-

house has the preference of waste aversion and the cross-
border e-commerce platform has the preference of waste
aversion, the optimal order quantity for the overseas ware-
house decreases and the selling price for the cross-border
e-commerce platform increases as the aversion coefficient
increases.

E. SUMMARIZE
The detailed information of the optimal ordering strategy
under different risk preference combinations is shown in
Table 3.

IV. NUMERICAL ANALYSIS
A. CASE DATA AND COMPARATIVE ANALYSIS
The findings in Section III are analyzed numerically to pro-
vide a more intuitive picture of the impact of different risk
preference combinations on the performance of the supply
chain as well as the changing trends in the ordering strategy
for the overseas warehouse and the selling price set by the
cross-border e-commerce platform. Amazon, which currently
holds the title of the world’s largest online retailer, achieved
rapid growth between 2019 and 2022. Despite this success,
the company has faced criticisms from its suppliers. In fact,
between October 18, 2022 and January 1, 2023, around

TABLE 3. Results.

12,600 comments were posted onAmazon’s redesigned seller
forum, conveying concerns about shipping stock to the com-
pany. To obtain relatively realistic data for the simulation of
our model, we investigate the products listed on Amazon.
Our focus is put on a specific bath towel product of which
the production cost is $5 and the normal selling price in
China is $10. However, if a large number of such towels are
transported to overseas warehouses and sold through cross-
border e-commerce, the unit price of this product could be
around $15, higher than the domestic price. This includes
an average charge of $1 for taxes and storage fees. After
transactions, the remaining products have a value of $3 and
would be repurchased by the cross-border e-commerce plat-
form at a price of $8 fee. The corresponding data above is
put into the model in this article, so that the initial selling
price for the overseas warehouse pm=15, the ordering price
pj=10, the transaction cost cjm =2, the out-of-stock cost for
the overseas warehouse ω−

m=1, the stock-up cost ω+
m=1, the

out-of-stock cost for the cross-border e-commerce platform
ω−

j =1, the stock-up cost ω+

j =1, the salvage value v=3, and
the repurchase price b=8. In addition, it is assumed that
the risk preference coefficients of the two decision makers
satisfy αi∼ [0,20] and βi∼ [0,20], and that themarket demand
follows the uniform distribution F(x)∼ [10], [20].

Firstly, the initial data is put into Equation 5, obtaining that
the optimal order quantity for the overseas warehouse in the
cross-border e-commerce supply chain is about 37.27 when
no risk is considered. Secondly, the equilibrium solutions
for cross-border e-commerce supply chain decision making
under different risk preference combinations are obtained
with an interval of 2, as shown in Table 4.

From Table 4, it can be seen that although the order quan-
tity for overseas warehouse is nonlinearly related to the risk
aversion preference coefficient in the equation, the results
concerning quantity are approximately linearly related after
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TABLE 4. Equilibrium solutions FOR cross-border e-commerce supply
chain decision making under different risk preference combinations.

retaining two decimal places due to the small out-of-stock and
waste cost for the overseas warehouse and the cross-border
e-commerce platform. When decision makers in the cross-
border e-commerce supply chain consider internal risks, even
when the risk preference coefficient is 0, the optimal order
quantity for the overseas warehouse decreases on the whole
compared towhen no risk is considered. This suggests that the
impact of risks on the cross-border e-commerce supply chain
results in higher costs [60]. Such costs can drive decision
makers to remeasure their behaviors and take the impact of
risks as a condition to gain value [13]. According to utility
theory, the losses caused by the costs triggered by risk shock
force decision makers to adopt a relatively conservative strat-
egy to ensure resilience of the supply chain, avoid disruptions
to the supply chain and appropriately reduce order quantity in
the supply chain. Furthermore, under situations where risks
are present, the price decided by the cross-border e-commerce
supply chain is typically lower than the initial wholesale
price, but higher than the transaction cost. This indicates that
the supply chain automatically adjusts pricing to address any
potential issues caused by excessive profits in the market.
This approach is consistent with the study byWang et al. [54].
Moreover, when faced with different risks, the cross-border
platform tends to appropriately set a price lower than their
initial wholesale price to ensure the smooth operation of
the supply chain. This pattern is also aligned with what we
observe in real-life scenarios involving the export of general
commodities via cross-border e-commerce.

B. TREND ANALYSIS
According to Table 4, the specific changes in cross-border
e-commerce supply chain decision making under different
risk preference combinations are shown in Figures 1-4.
As shown in Figure 1, when both the overseas ware-

house and the cross-border e-commerce platform have a risk
preference towards out-of-stock aversion, the optimal order
quantity for the overseas warehouse increases as the out-
of-stock aversion coefficient rises. Conversely, the optimal
price for the cross-border e-commerce platform decreases as
the out-of-stock aversion coefficient increases. This finding
confirms the validity of Lemma 1. Figure 1 also reveals that
the increase of the order quantity for the overseas ware-
house gradually slows as the risk coefficient rises. However,
the selling price for the cross-border e-commerce platform

FIGURE 1. Decision maker’s ordering strategy under the combination of
out-of-stock and out-of-stock aversion.

only fluctuates within a reasonable range and cannot decline
continuously, as low prices result in degraded supply chain
performance. Therefore, the main focus of Figure 1 should
be on the early stage where the risk coefficient is small.
As the out-of-stock risk aversion of the overseas warehouse
increases, its order quantity will also increase significantly.

FIGURE 2. Decision maker’s ordering strategy under the combination of
out-of-stock and waste aversion.

As shown in Figure 2, when the overseas warehouse
has a risk preference towards out-of-stock aversion and
the cross-border e-commerce platform has a risk preference
towards waste aversion, the optimal order quantity for the
overseas warehouse increases as the out-of-stock aversion
coefficient rises. Similarly, the optimal price for the cross-
border e-commerce platform also increases as the waste aver-
sion coefficient rises. This result confirms the validity of
Lemma 2. In addition, Figure 2 reveals that the increase of
the optimal order quantity for the overseas warehouse grad-
ually slows as the risk coefficient rises. However, the selling
price for the cross-border e-commerce platform cannot rise
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continuously or even exceed the initial market price, as high
prices reduce consumer demand. Therefore, themain focus of
Figure 2 should be on the early stage where the risk coef-
ficient is small. As the out-of-stock aversion of the over-
seas warehouse increases, its order quantity also increases
significantly.

FIGURE 3. Decision maker’s ordering strategy under the combination of
waste and out-of-stock aversion.

As depicted in Figure 3, when the overseas warehouse
has a risk preference towards waste aversion and the cross-
border e-commerce platform has a risk preference towards
out-of-stock aversion, the optimal order quantity for the over-
seas warehouse decreases as the aversion coefficient rises.
Similarly, the optimal price for the cross-border e-commerce
platform also decreases as the aversion coefficient rises.
This result confirms the validity of Lemma 3. Moreover,
Figure 3 illustrates that the reduction of the optimal order
quantity for the overseas warehouse gradually slows as the
risk coefficient increases. However, the selling price for the
cross-border e-commerce platform can only fluctuate within
a reasonable range and cannot decline continuously, as low
prices degrade supply chain performance. Therefore, the
main focus of Figure 3 should be on the early stage where
the risk coefficient is small. As the waste aversion of the
overseas warehouse increases, its order quantity decreases
significantly.

As shown in Figure 4, when both the overseas warehouse
and the cross-border e-commerce platform have a risk pref-
erence towards waste aversion, the optimal order quantity
for the overseas warehouse decreases as the waste aversion
coefficient increases, while the optimal price for the cross-
border e-commerce platform increases as the waste aver-
sion coefficient rises. This result confirms the validity of
Lemma 4. Furthermore, Figure 4 reveals that the decline
of the optimal order quantity for the overseas warehouse
gradually slows as the risk coefficient increases. However, the
selling price for the cross-border e-commerce platform can-
not rise continuously or even exceed the market price, as high
prices reduce consumer demand. Therefore, themain focus of

FIGURE 4. Decision maker’s ordering strategy under the combination of
waste and waste aversion.

Figure 4 should be on the early stage where the risk coeffi-
cient is small. As the waste aversion of the overseas ware-
house increases, its order quantity decreases significantly.

C. SENSITIVITY ANALYSIS
Under the basic structure of the cross-border e-commerce
supply chain, the parameters of risk preference in this article
are adjusted based on the optimal decision making by supply
chain members. This can be executed by designing a sensi-
tivity analysis which enables decision makers to understand
possible variations in the economic benefits of different risk
preferences, so that they can make rational decisions, reduce
decision costs and ensure efficient operation of the supply
chain.

A sensitivity analysis is conducted after adjusting the
risk preference coefficient of each decision maker in the
cross-border e-commerce supply chain to +20% and +40%
(whereby only the corresponding parameters of risk prefer-
ence are changed and other factors are remained unchanged).
The sensitivity analysis of the optimal decision making by
decision makers under different risk preference combinations
is shown in Table 5 below.

TABLE 5. Sensitivity analysis of the risk preference coefficient under
different risk preference combinations.

As can be seen from Table 5, when the risk preference
coefficient increases by 20%, the ordering strategy for the
overseas warehouse under the risk preference of out-of-stock
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aversion increases by 1.03 or 4.8%, and the ordering strategy
for the overseas warehouse under the risk preference of waste
aversion decreases by 1.21 or 9.4%; when the risk preference
coefficient increases by 20%, the pricing strategy for the
cross-border e-commerce platform under the risk preference
of out-of-stock aversion decreases by 0.25 or 4%, and the
pricing strategy for the cross-border e-commerce platform
under the risk preference of waste aversion increases by
3.75 or 48%.

Figure 5 shows that the pricing strategy for the cross-
border e-commerce platform is more sensitive to the risk
preference of waste aversion, while the ordering strategy for
the overseas warehouse is more sensitive to the risk prefer-
ence of waste aversion. Risk preference has a relatively small
overall impact on decision making by supply chain members.
This is consistent with the reality that decision making by
supply chain members is mainly affected by those factors
that are conductive to building competitive advantages such
as cost, quality and time [61]. Meanwhile, risk is not a major
influencing factor, but has the potential to cause serious losses
and bring disruptions to the supply chain [62].

FIGURE 5. Sensitivity analysis of the risk preference coefficient under
different risk preference combinations.

V. RESULT AND DISCUSSION
Firstly, the risk preference of the cross-border e-commerce
platform in decision making has a more significant impact on
the supply chain. As the core enterprise in the cross-border
e-commerce supply chain, the platform possesses stronger
control over transaction information, occupies a leading posi-
tion in the supply chain, and is the dominant player in Stack-
elberg game. As shown in the research results presented in
Figures 3 and 4, when the cross-border e-commerce platform
holds a dominant position in the supply chain, it can regulate
the ordering strategy for the overseas warehouse by adjusting
the price, thereby enabling its macro-control over the supply
chain and achieving a comprehensive balance between risks
and the expected utility. These findings are consistent with

some of the conclusions drawn by Yu et al. [63]. When the
risk is relatively low, minor changes in the risk preference of
the overseas warehouse can result in significantmodifications
in the ordering strategy, because the overseas warehouse must
first consider the maximization of utility for the cross-border
e-commerce platform when developing an ordering strategy.

Secondly, if the overseas warehouse prioritizes out-of-
stock risk aversion, it would ordermore products. Conversely,
if it prioritizes waste risk aversion, it would order fewer
products. These findings align with those obtained by Cao
et al. [59] and Zhao and Song [64]. When the overseas ware-
house prioritizes out-of-stock aversion and the cross-border
e-commerce platform prioritizes waste aversion, the utility
loss incurred by the platform to reducewaste risk would result
in a higher selling price. Meanwhile, the order quantity for
the overseas warehouse would increase as its out-of-stock
aversion coefficient rises, leading to the implementation of
an aggressive ordering strategy. However, with progression of
the supply chain game, the ordering strategy for the overseas
warehouse is affected by the price hike made by the cross-
border e-commerce platform, eventually leading to a return
to rationality and coordination in the supply chain. Simi-
larly, when the overseas warehouse prioritizes waste aversion
and the cross-border e-commerce platform prioritizes out-of-
stock aversion, the results are similar to those where the roles
are reversed. With the progression of the supply chain game,
the conservative ordering strategy for the overseas warehouse
is affected by the price reduction made by the cross-border
e-commerce platform, leading to a reversion to rationality and
eventually coordination in the supply chain. These results are
more practical and general than those obtained by Cao et al.
[59] and Zhao and Song [64]. However, there are two special
cases in which the cross-border e-commerce platform shares
the same risk attitude with the overseas warehouse. In both
cases, the dual homodromous factors affect the ordering
strategy for the overseas warehouse, potentially disrupting
the supply chain balance. However, the introduction of the
repurchase contract allows the overseas warehouse to adjust
its ordering strategy and achieve coordination in the supply
chain, as concluded by Cao et al. [65]. Therefore, the decision
maker with risk preferences can regulate the supply chain by
creating repurchase contracts with other decision makers.

Thirdly, both the pricing strategy for the cross-border
e-commerce platform and the ordering strategy for the over-
seas warehouse are highly sensitive to waste aversion risk.
When the cross-border e-commerce platform is concerned
about waste aversion risk, there are more apparent changes
in its pricing, probably due to the presence of repurchase
contracts in the supply chain. When there are repurchase
contracts in the supply chain, the cross-border e-commerce
platform must undertake more complex operations, such
as repurchasing and reselling products, compared to those
with out-of-stock aversion risk. This makes the cross-border
e-commerce platformmore averse to waste aversion risk than
to out-of-stock aversion risk.
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VI. CONCLUSION
This article examines the risk preferences of cross-border
e-commerce platforms and overseas warehouses, specifically
out-of-stock aversion and waste aversion, and involves the
repurchase contract in the analysis of decision making in the
cross-border e-commerce supply chain under four risk pref-
erence combinations. Additionally, a numerical experiment
is conducted to quantify the relationships among the risk
preference coefficient, order quantity, and wholesale price,
and to gain insights into management practices.

However, there are still some limitations in this article,
and in the future, we will conduct further research from the
following aspects:

1) Despite the rapid development of overseas warehouses
after the outbreak of COVID-19, which once accounted
for 60% of the cross-border logistics market, cross-
border direct mail still plays an important role. In the
future, we can expand our research to cover dual chan-
nel supply chains.

2) In this article, we assume that the random variable
of consumer demand follows a uniform distribution.
This distribution is relatively simple, and in the future,
wewill incorporatemore distribution functions tomake
the conclusions of the article more rigorous.

3) Relatively accurate and real values collected from
research are used in the numerical simulation part of
this article. In the assumption part of the model, con-
sumer demand is considered as a random variable with
an accurate probability density function and cumula-
tive distribution function, but this is inconsistent with
reality. Especially for cross-border e-commerce supply
chains, many values are vague and unstable. To address
this issue, we will replace random variables with fuzzy
variables in the future, thus making the model more
scientific.
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