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Abstract

In this paper, it considers a two-stage dual-channel supply chain model composed of a risk aversion manufacturer, a
risk aversion retailer and a risk-neutral e-commerce platform. Under the condition of information symmetry, it is
supposed that the manufacturer is financially constrained. Besides, the analysis is based on Stackelberg game theory.
The equilibrium price without capital constraint is compared with the equilibrium price in three cases of e-commerce
platform financing, bank loan financing and prepayment financing. Then the effects of risk aversion coefficients of
the manufacturer and the retailer on equilibrium prices are compared in four cases. The influence of different financing
rates on wholesale price, direct selling price and retail price is analyzed simultaneously.
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1. Introduction

As 0f 2023, the implementation of the SME Promotion Law of the People 's Republic of China has been lasted for
20 years. Over the past two decades, government departments at all levels have introduced an array of policies to
support SME financing. The problem of financing difficulties and expensive financing that has long plagued SMEs
has been gradually solved, and the availability of financing has been greatly improved. The financing cost has
decreased significantly, which has made important contributions to supporting small and medium-sized enterprises,
ensuring employment and promoting the healthy development of the national economy. In the meantime, with the
sustainable development of the Internet, in order to fully meet the needs of consumers, numerous manufacturers are
working to open up online channels. Products can be sold through online channels on e-commerce platforms, or sold
to consumers through traditional offline retailers. Therefore, in the dual-channel supply chain composed of three
members, the manufacturer and the retailer are no longer a single cooperative relationship, but also channel
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competition. At the same time, well-developed e-commerce platforms (such as Jingdong) can both profit from the
supply chain by acting as a sales intermediary, and well-funded e-commerce platforms can also provide financing for
other members. At the same time, due to the complexity of the market, in the face of competition and uncertain market
demand, manufacturers and retailers will make different decisions because of different risk attitudes. Therefore, when
the e-commerce platform can provide financing, what impact will different financing strategy decisions have on the
equilibrium pricing results? When supply chain members show a risk-averse attitude, what impact will it have on the
equilibrium pricing decision of the supply chain?

As to researches of pricing and financing decisions of dual-channel supply chain with capital constraint, scholars
tend to ignore the risk attitude of supply chain members and assume that they are risk neutral. Xiao[1] and Li[2] studied
the influence of different financing modes on the optimal pricing decision of enterprises in dual channel supply chain
under decentralized decision and centralized decision when both manufacturers and retailers are risk neutral. Guo[3],
Bai[4-5], Wang[6] studied the pricing decision and financing strategy selection of supply chain with capital constraints
in the face of internal financing and external financing respectively.

However, in practice, supply chain members cannot be absolutely rational and often have their own risk preferences.
In reality, supply chain members often face many risks, such as information opacity, capital interruption and macro
policy risks. Consequently, scholars have gradually begun to attach importance to the study of risk attitude. Li[7],
Chen[8], Xue[9], Li[10], Wang[11] have used the Mean-Variance model for risk measurement, considering the pricing
decision in a dual-channel supply chain when a single member is risk-averse. Cao [12], Shi[13] and Zhou[ 14] analyzed
the influence of risk aversion on financing choice and member utility. Wang[15], Wang [16], Kim[17], Raza[18§]
analyzed the supply chain pricing and financing problems under mean-variance when considering the risk aversion
attitude of supply chain members.

The related research mentioned above on dual channel are the traditional dual channel supply chain, which means,
the secondary supply chain composed of a supplier or a manufacturer and a retailer. However, with the development
of e-commerce, e-commerce platforms have gradually joined the supply chain and become one of the significant
members of the supply chain. Such as Taobao, JD, Amazon, Suning Tesco and other large e-commerce platforms,
which can not only provide financing for supply chain members with shortage of funds, but also supply chain members
can sell through e-commerce platforms. At present, there are fewer studies about the dual-channel supply chain
involving e-commerce. Zhao[19], Tang[20] and others considered that when a single member in the dual-channel
supply chain faces financial constraints, make a comparative study on the basis of the bank lending financing strategy
and e-commerce factoring financing strategy ; Tao Yi[21] considered the optimal pricing decision of the supply chain
members and the impact on their utility when the e-commerce platform provided financing for the capital-constrained
retailer or the capital-constrained supplier when the retailer and the supplier showed a risk aversion attitude. Therefore,
different from the existing literature on the dual-channel financing of e-commerce platforms, this article studies the
effects of capital-constrained manufacturers on the optimal pricing in three cases of e-commerce financing, bank loan
financing and prepayment financing when considering the risk aversion of both the manufacturer and the retailer.
Section 2 introduces the basic model and the basic process of supply chain. Section 3 describes the model without
financial constraints. Section 4 describes three models under financing constraints and the results are compared and
analyzed. Section 5 uses specific values to verify the previous results. In the section 6, the conclusion is summarized
and elaborated.

2. Model description and basic assumptions

This paper considers a dual-channel supply chain composed of a manufacturer, a retailer and an e-commerce
platform. The manufacturer produces the same product and sells it through the direct channel by the e-commerce
platform and the traditional channel by the retailer. In the online direct channel, the manufacturer needs to pay a certain
proportion fees to the e-commerce platform. The manufacturer is the leader of the Stackelberg game, and the retailer
is the follower. At the same time, assuming that the manufacturer is capital-constrained, while the retailer and the e-
commerce platform are fully funded. In order to solve the problem of capital constraints, the manufacturer can choose
among three financing methods: e-commerce platform financing, bank loan financing and prepayment financing.



140 Yihua Ma et al. / Procedia Computer Science 221 (2023) 138—145

Tablel.Notations

parameters parameter declaration
di(i=e,r) Demand for channel
d Market demand
p. (i=N,E,B,A) Direct sales price
p'(i=N,E,B,A) Retail price
c Unit cost
) Charge ratio of e-commerce platform, 0<8<0.1
w' (i=N,E,B,A) Wholesale price
% Direct channel market share, 0<<6<1
A Cross price elasticity coefficient,0<<A<1
ki (i=m,r) Coefficient of risk-aversion
ri (i=e,b,a) Lending rate
L; (i=eb,a) Loan amount
IT; (i=m,e,r) Profits for supply chain members
U; (i=m,e,r) Utility for supply chain members
% E-connherence
I Platform
g r--+Manufacturer Consumer
i Retailer
|
‘ ]
— Logistics Flows = ------- + Financial Flows

Figl.Supply chain operation flow chart

Assuming that the capital market is in a state of complete competition, the risk-free interest rate is zero; the decision
maker is completely rational, and the information between the members of the supply chain is completely symmetrical.
The products made by the manufacturer sell both in the direct channel and the traditional channel. Suppose the total
market demand isd ,d = d + ¢ ,where & is a random variable. Here d is the average demand of the potential market
and ¢ ~ N(0,0?).The market demand of direct channel is: d. = 6d — p.+ Ap .

The market demand for retail channels is: d, = (1— @)d — p + A p. .The manufacturer 's expected profit function
is: E(wm) = (W—c)xdr+ (pe—c)xdex(1—0) — Lr .The retailer 's expected profit function is:

E(7r) = (pr—w)xd-. The expected profit function of e-commerce platform is: E(7rc) = O(pe—c) X de+ Le X 1e .

The E-commerce platform and the retailer have sufficient funds, but the manufacturer faces financial constraint.
Further assume that the initial capital of the manufacturer 's capital constraint is 0.

In 1959, Markowitz proposed the mean-variance method for risk measurement. The goal of the mean-variance
method is to achieve profit as high as possible and the lowest possible uncertainty risk, and to achieve the best balance
between these two mutually restrictive goals. In this paper, the mean-variance method is used to calculate the utility.
And it is assumed that the e-commerce platform is risk neutral, while the manufacturer and the retailer are risk-averse.
Then the utility measure formula of manufacturer and supplier is U; = E(r) - kin/var(sz:) . ki represents the risk
aversion coefficient of the manufacturer or retailer. According to Arrow-Pratt conclusion and Cao Yugui [22]'s
research method, the part of ki\/var(sz:) is equivalent to the risk cost of supply chain members. And the greater ki,
the higher the degree of risk aversion of manufacturers or retailers.
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3. Pricing decision model of supply chain without capital constraint

At this time, the manufacturer has sufficient funds to produce products. Each member of the supply chain produces
from the perspective of maximizing their own interests. The decision order of enterprises in the supply chain is as
follows: the manufacturer first determines the wholesale price of the product and the direct selling price through the
e-commerce platform, and then the retailer determines its own retail price. It is assumed that the proportion of
intermediary fees charged by the e-commerce platform § is an exogenous variable.

The utility function of supply chain members is as follows:

Un™ =W -c)x[(1-0)d - p-" + Ap ]+ (p -c)x[0d - p” + Ap"1x(1-5)
k(WY -)(1-0)+(p" -c)(1-6)0)o

UY =(p —w")x[1-0)d — p~ + Ap" |- kl[(p-" —w")A-0)]o
U =6(p" —c)x(0d — p* + Ap)
4. Dual-channel supply chain financing strategy under capital constraint
4.1. E-commerce platform financing

When the manufacturer's capital is constrained, the amount of loan financing to the e-commerce platform is all
used for production. The e-commerce platform sets the loan interest rate r. and provides funds to the manufacturer.
After the sales period ends, the manufacturer repays the principal and interest to the e-commerce platform, regardless
of the manufacturer 's bankruptcy risk and product residual value. The order of decision-making is consistent with
that without financial constraints.

The utility function of supply chain members is as follows:

Un® =(W* —c)x[(1=60)d — p:* + Ap" ]+ (p" —c)x[0d — p” + Ap"]x (1)
—c[d — (=) p" + p)re—kn[(W* — )1 —0) + (p~ —c)1—5)0 —crelo

U’ =(p’ —w)Hx[A1-0)d — p* + ApS - kl(pF —w")1-0)]o
Ul = E(n")=8(p —c)x(0d — p" + Ap™)+c[d —(1-A)(p" + p)re
4.2. Bank lending financing

Similarly, when manufacturers face financial constraints, they can also choose to borrow from banks for financing.
The bank sets the loan interest rate as ry. After the sales period, the manufacturer returns the principal and interest to
the bank.

The utility function of supply chain members is as follows:
Un® = (W —c)x[(1-60)d — p:* + Ap." 1+ (p” —c)x[0d — p.” + Ap"1x(1-0)
—c[d — (A=) (p® + p)rs — kn[(W? — )1 —=0)+ (p” —c)1—8)0 —crv]o

U‘B = (prB —WB)X[(I_ 9)d _prB +Z,peB]_kr[(prB — WB)(I—Q)]O'

Ul = E(n.”)=8(p” —c)x(0d — pe® + Ap.®)
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4.3. Advance payment financing

The manufacturer requires the retailer to pay in advance for financing, and give the retailer advance payment
discount r, for incentives. It is assumed that the value of the advance payment discount coefficient is within a certain
range, which is determined by the market, and the specific value is generally agreed by the manufacturer and the
retailer in reality. First, the amount of financing loans is determined before formal production and all of them are used
for production. After the production, the manufacturer decides the wholesale price and the direct selling price. The
retailer is provided with products with price discounts, and then the retailer purchases the remaining goods at the
wholesale price and determines the retail price.

The utility function of supply chain members is as follows:

Un' =(W' =) x[(1=0)d — pr* + Ap ]+ (p —c)x[0d — p’* + Ap-"1x(1-5)
—cd — (A=) (p' + pr)ra—k[(W! =)A= O) + (p” —c)(1—5)0 —crdo

U’ =(p —wx[(1-0)d — p* + Ap* |+ c[d —(1— ) (p + pr')]ra
~k[(p' —w(A=60)+crdlo

UeA :E(ﬂeA):5(peA —c)X(Qd—peA +/1prA)

4.4. Comparative analysis

According to the obtained optimal solution without capital constraints and under different financing conditions, the
following analysis can be carried out:

ow) _a(pdy . a(p) o) _ o ) opH) _
Akn) <0 Okon) <0 o) ak) T otk) ok

0w o 95) o Aph) o) ) o) oo o ap) | o)
o(re) O(re) O(re) o(rb) o(rv) o(rv) O(ra) O(ra) O(ra)

(i=E,B,A)

>0

The first order derivatives of wi, p.' and p,' with respect to ky, are calculated respectively, and the relationship with
0 is judged. The result is shown as above. The risk aversion coefficient of the manufacturer ky, is negatively correlated
with w’, p.’ and p,’. The retailer 's risk aversion coefficient k. is negatively correlated with p,’, but positively correlated
with w’and p.'.

However, under three different financing modes, the change of wholesale price, direct selling price and retail price
is consistent with the change of financing interest rate. The higher the financing interest rate, the higher w', p.’ and p,.

Then it is supposed that financing interest rates ¥ =7b =¥e =7a.

It is concluded that:

W =W Wy <0, W —w" <0, pM = p T (pF ) <0, pNT = pet <0, pNT = p (PP <0,
pV = p* <0,

Therefore, the equilibrium w"" . peN* and prN* without capital constraint are lower than the equilibrium price in
each financing case.

VVA)’F > WE* (WB*) , peA* > peE* (peB*) , prA* < prE* (prB*)

Under the prepayment financing mode, the equilibrium w? and peA* are higher than the equilibrium price of e-
commerce financing and bank lending financing. But prA* is lower than prE* ( prB*) .

5. Example analysis

In order to intuitively see the effectiveness of the model and facilitate the comparison of the expected profit and
utility of various types of dual channels, a numerical example is used for comparative analysis. It is assumed that the
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total market demand of the dual-channel supply chain is d=100, the commission ratio charged by the platform is =0.05,
the unit cost of the manufacturer is ¢c=10, the market share of the direct channel is 6= 0.6, the cross-price elasticity
coefficient is A= 0.5, and the financing interest rate is r=r,~r.=r»=0.4.

Let k;=1, it can be seen from the calculation results that as the km continues to increase, that is, as the manufacturer
's risk aversion continues to increase, the wholesale price, direct selling price, and retail price changes without capital
constraints and under three financing conditions.

Table2 The impact of manufacturer risk aversion on pricing

Knm wh WE(WP) wh P PP pc* p pE:°) pt

0 70.8975 72.9235 73.7409 67.8253 69.9211 69.9310 775115 79.1533 783177
05 665451 68.5711 69.3885 64.6688 66.7646 66.7745 743913 76.0331 75.1975
1 62.1986 64.2246 65.0420 61.5124 63.6082 63.6181 712711 72.9129 72.0733
15 57.8521 59.8781 60.6955 583560 60.4518 60.4617 68.1509 69.7927 68.9571
2 53.5056 55.5316 56.3490 55.1996 57.2954 573053 65.0307 66.6725 65.8369

According to the table2, it can be seen that with the continuous increase of km, the wholesale price, direct selling
price and retail price are increasing in all cases. That is, the risk aversion coefficient k, of the manufacturer is
positively correlated with the wholesale price, direct selling price and retail price. Besides, when the manufacturer has
the same degree of risk aversion, w" is the lowest, and w” is the highest. When the financing interest rate is consistent,
the wholesale price of e-commerce financing is equal to the wholesale price of bank lending financing, wi=w®. The
relationship between the direct selling price under different financing modes is consistent with the wholesale price.
However, the relationship between retail prices under different financing models is different. According to the data
can be seen that p," is the lowest is unquestionable. But p,* is lower than p,%(p%).

Identically, let kn,=1.With the increasing degree of risk aversion of the retailer, the changes of wholesale price,
retail price and direct selling price can be obtained as following.

Table3 The impact of retailer risk aversion on pricing

ke wh wE(wB) wh p P p:t P p"(0:%) p"

0 59.6805 61.7065 62.5239 61.4816 63.5774 63.5873 72.5028 74.1446 73.3090
05  60.9396 62.9656 63.7830 61.4970 63.5928 63.6027 71.8870 73.5288 72.6932
1 62.1986 64.2246 65.0420 61.5124 63.6082 63.6186 712711 72.9129 72.0773
15 63.4576 65.4836 663010 61.5278 63.6236 63.6335 70.6552 722970 71.4614
2 64.7166 66.7426 67.5600 61.5433 63.6391 63.6490 70.0694 71.6812 70.8456

From the results of table 3, with the increase of k., the wholesale price and direct selling prices are increasing, that
is, the wholesale price and direct selling price are positively correlated with k;. On the contrary, the retail price shows
a decreasing trend, which is negatively correlated with k.

Similarly, the relationship between wholesale prices is wN < w® =wB< w*; the relationship between direct selling
prices is pe™ < pef =p.2< pe?; the relationship between retail prices is different, which is embodied in p/™ < p* <pf=p5.

Then, taking the wholesale price w as an example, the change of wholesale price with financing interest rate is
analyzed.
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Fig2.The change of w with financing interest rate r

According to the Fig2, it is easy to see that as the financing interest rate continues to increase, the wholesale price
w under the three financing methods continues to increase. And when r. = 1, the wholesale prices under the two
financing modes are equal. The analysis of direct selling price and retail price is the same as wholesale price, so it is
no longer repeated.

6. conclusion

This paper considers the dual-channel supply chain with the participation of e-commerce platform, and in the
supply chain, both the manufacturer and the retailer show the characteristics of risk aversion. It analyzes and compares
the equilibrium prices under the three modes of e-commerce financing, bank loan financing and early payment
financing, and draws the following conclusions:

(1) Regardless of the financing mode chosen by the capital-constrained manufacturer, the retail price, direct selling
price and wholesale price decrease with the increase of the manufacturer 's risk aversion. In contrast, as the retailer 's
risk aversion increases, the retail price decreases, but the wholesale price and the direct price increase. Therefore, the
greater risk aversion the retailer, the more benefits the manufacturer will acquire. The same is true for retailers.

(2) When the financing interest rate is equal, the size of the wholesale price is: wB=wE<w*; the size of the direct
selling price is: pcP=peF<pc*; the size of the retail price is: p.P=pF>pi?.

(3) No matter what kind of financing mode, because the emergence of the financing process will lead to an increase
in the cost of manufacturers, resulting in the whole chain of wholesale prices, direct selling prices, retail prices have
increased to varying degrees.

(4) No matter what kind of financing model, with the continuous improvement of financing interest rates, will lead
to higher wholesale prices, direct selling prices and retail prices.

From the perspective of management, the enlightenment that can be obtained is that manufacturers are more willing
to cooperate with risk-averse retailers, and manufacturers will increase market demand by reducing wholesale prices,
thereby making them more profitable; the more risk-averse the manufacturer, the negative impact on the profit of the
entire supply chain.

At the same time, there are still limitations in the research of this paper. For instance, it is assumed that the initial
capital of the manufacturer is 0. It is ignored that the influence of the initial capital. Moreover, this paper assumes that
the manufacturer and the retailer are information symmetric, and there may be some information that is private in
reality. Future research can start from other aspects: such as considering the situation of information asymmetry, the
manufacturer’s risk aversion or the retailer 's risk aversion is its private information; we can study other financing
situations such as equity financing and compare the results under different financing methods; it can also be considered
that there are two retailers, and there is competition between retailers.
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