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JOINT FINANCING AND ORDERING DECISIONS IN A
CAPITAL-CONSTRAINED SUPPLY CHAIN WITH RISK PREFERENCE

ZHIYUAN ZHEN"* AND JINGRU WANG?

Abstract. We consider a two-echelon supply chain consisting of one dominant supplier and one
capital-constrained retailer. The retailer needs to solve the shortage of working capital either from a
bank or from its core supplier, which offers trade credit when it is also beneficial to itself. We assume
the retailer is risk-averse behavior and the supplier has different risk preference behaviors that jointly
model risk-averse, risk-neutral, and risk-taking. With a wholesale price contract, we incorporate each
member’s risk preference behavior into its objective function. Then we derive the optimal decisions
in a Stackelberg game under bank credit financing and trade credit financing, respectively. We find
that there exists a supplier’s risk preference threshold that distinguishes financing scheme. When the
supplier is a relatively higher risk preference, trade credit financing makes both the retailer and the
supplier better off and is a unique financing equilibrium. Otherwise, the members prefer bank credit
financing. Besides, the supplier with relatively higher risk preference behavior prefers the retailer with
a low initial capital as a partner; the supplier with relatively lower risk preference behavior prefers
the retailer with a higher initial capital level. The above theoretical results are verified by numerical
analysis.
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1. INTRODUCTION

Working capital plays a significant role in making business decisions. However, limited working capital is a
frequent constraint, especially for SMEs (small and medium-sized enterprises) compared with large enterprises
[2]. Hence, it is very necessary to alleviate the working capital pressure of SMEs as the key component of
the supply chain. In recent years, supply chain financing (SCF) as an effective means to solve the financing
bottleneck of SMEs [4,14]. SCF has two main financing schemes, one is bank credit financing (BCF), which
is the most traditional financing scheme. According to the research report on the financing of SMEs in China,
bank loans to SMEs account for 37.8% of enterprise loans in 2017. The other is trade credit financing (TCF),
which provides a delay in payment by a seller to its buyer for ordering products. In the 674 listed enterprises
of the stock exchange in China from 2001 to 2007, nearly 9.1% of the total financing amount is obtained from
TCF [5].

Keywords. Risk preference, initial capital, trade credit financing, bank credit financing, financing equilibrium.

1 School of Business Administration, Hunan University, Changsha, Hunan 410082, P.R. China.

2 School of Information and Mathematics, Yangtze University, Jingzhou, Hubei 434023, P.R. China.
*Corresponding author: zhenzhiy@126.com

Article published by EDP Sciences © EDP Sciences, ROADEF, SMAI 2021


https://doi.org/10.1051/ro/2020094
https://www.rairo-ro.org
mailto:zhenzhiy@126.com
https://www.edpsciences.org

S2692 Z. ZHEN AND J. WANG

SCF activities inevitably bring SMEs bankruptcy risks. How to effectively choose a financing scheme has
become an important issue faced by many SMEs. In June 2011, Zhejiang Tianshi electronics company could not
repay 50 million yuan to the bank and declared bankruptcy. A similar situation also occurred in the bankruptcy of
SMEs such as Sanqgi Group, Jiangnan Leather, and Portman. With the research on SMEs’ operation decisions,
the scholars find the managers don’t always make decisions based on maximizing the expected profit and
minimizing the expected cost when commercial risk exists [1]. Payne et al. [25] show empirical evidence that
needs to incorporate aspiration target level into the analysis of the risk behavior decision. In addition, a survey of
1500 managers in 90 countries shows that even if the proposed project’s expected profit is positive, the extreme
risk-averse managers aren’t interested in entering the market [20]. Hence, many scholars have begun to break
through the traditional assumption that the supply chain members are risk-neutral behavior [32]. Tsay [31]
implies that the supply chain members have different risk preferences when commercial risk exists. From the
above empirical evidence, the supply chain member’s risk preference behavior has an impact on the operation
decisions of SMEs.

Based on the above business background, we attempt to investigate the interaction impact of initial capital
and risk preference behavior on the supply chain’s decisions under BCF and TCF. We focus on the following
research questions. (1) How does the retailer’s risk-averse behavior affect the supply chain members’ operation
decisions and performance? (2) How does the combination of initial capital and risk preference behavior affect
the members’ operation decisions and performance? (3) Which financing scheme will be preferred by both the
supplier and the retailer? Is there a win—win financing scheme situation for each member?

To address these above research questions, we consider a two-echelon supply chain consisting of a dominant
upstream supplier and a capital-constrained downstream retailer. The retailer’s initial capital is insufficient to
make its decisions, and needs to solve the shortage of working capital either from a bank or from its core supplier.
We consider the retailer to be an SME that facing relatively higher bankruptcy risk compared with the supplier
endowed with sufficient capital. The retailer is risk-averse and the supplier has different risk preferences. Then
we model each member’s risk preference behavior into its objective function, and derive the optimal decisions
in a Stackelberg game under BCF and TCF, respectively. Further, we analyze the impact of the members’ risk
preference and initial capital on the financing decision, and reveal how the degree of risk preference behavior and
initial capital affect the supply chain’s decisions. Our analysis shows that there exists a supplier’s risk preference
threshold that distinguishes financing scheme. Besides, we also discuss the impact of the retailer’s initial capital
on the supply chain financing decision by numerical analysis. Finally, our analysis provides guidance for the
capital-constrained supply chain’s operation decisions.

The remainder of the paper is organized as follows. Section 2 introduces the related literature review. Section 3
describes the framework of our model. Section 4 presents separately the members’ optimal decisions under BCF
and TCF. Section 5 derives financing equilibrium under two financing schemes. The numerical analysis of the
model is performed in Section 6. Section 7 gives the related conclusions and discussions of this paper. Finally,
all proofs are presented in the Appendix A.

2. LITERATURE REVIEW

The literature review of the paper is surveyed from two aspects: supply chain financing and supply chain risk
measurement.

2.1. Supply chain financing

Recently, SCF research mainly focuses on bank credit financing and trade credit financing. For example, the
capital-constrained supply chain uses BCF to mitigate limited working capital pressure. Specifically, Kouvelis
and Zhao [21] study the optimal decisions for a capital-constrained supply chain with bankruptcy costs under
BCF, and find that bankruptcy costs reduce the efficiency of the supply chain. Yan et al. [36] design an SCF
including a bank and a capital-constrained retailer under an imperfect capital market and non-zero bankruptcy
costs. Katehakis et al. [19] consider an SME’s inventory management with BCF to satisfy uncertain demand,
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and propose the optimal decisions for maximizing the expected profit of SME. With the bank’s risk attitude,
Guo and Liu [16] investigate the effect of BCF on mass customization program. Moreover, many scholars also
investigate the efficiency of TCF in a capital-constrained supply chain [37]. Chen and Wang [8] examine the
optimal decisions for a capital-constrained supply chain with limited liability under TCF, and find that limited
liability accounts for that the retailer with lower initial capital initiates a higher ordering level. Chang and Rhee
[6] focus on the coordination in a capital-constrained supply chain with TCF and markdown allowance. Giri
and Sharma [15] consider an inventory model under two-level TCF, in which the market demand is increasing
linearly and the shortages are allowed. Qin et al. [27] explore the optimal decisions in a dual-channel supply
chain under TCF. Furthermore, some scholars attempt to compare the efficiency of BCF and TCF to obtain
an optimal financing scheme. To be more specific, Kouvelis and Zhao [22] explore the impact of working capital
and collateral on a capital-constrained supply chain’s financing equilibrium under BCF and TCF. Chen [7]
studies financing equilibrium in a capital-constrained supply chain under BCF and TCF. Compared with the
above literature, our paper falls into the interaction of initial capital and risk preference behavior to explore a
capital-constrained supply chain’s financing and ordering decisions.

2.2. Supply chain risk measurement

At present, the key measurement criteria of a member’s risk-averse behavior are utility function, Mean-
variance, VaR and CVaR (conditional value at risk) in the supply chain [40], where CVaR criterion is a coherent
risk measure and consistent with a member perspective towards commercial risks [11,28]. In the supply chain
risk measurement, CVaR, criterion has been widely used in the newsvendor problem, coordination, and con-
tract design [3]. Specifically, Chen et al. [10] study the optimal ordering and pricing decisions for a risk-averse
newsvendor problem with multiplicative and additive stochastic demand, respectively. Xu et al. [34] explore
the optimal decisions for a risk-averse newsvendor problem by minimizing the expected legacy loss, the CVaR
of legacy loss, and the combination of expected legacy loss and CVaR of legacy loss. Under CVaR criterion,
Shen et al. [30] study the coordination in a fashion clothing supply chain with a risk-averse supplier’s discount
subsidy policy, and investigate the impact of markdown subsidy policy on the supply chain decisions. Ye et al.
[38] design a coordination contract in an agricultural supply chain with uncertain yield and demand. Yuan
et al. [39] study the option contract strategies with risk-aversion and emergency purchases. Chen et al. [12]
explore the coordination in a supply chain with a risk-averse manufacturer under TCF, and find that the supply
chain coordination needs an extremely long credit period, while the quantity discount contract is insufficient
to coordinate the supply chain. The above literature only considers the member’s risk-averse behavior in the
supply chain management. In order to characterize a supply chain member’s different risk preference behaviors,
Mean-CVaR criterion is proposed in [17], which is a convex combination of conditional expected values of low
and high profits. Recently, many scholars have widely applied Mean-CVaR, criterion to investigate the impact of
the supply chain members’ risk preference on the optimal decisions [13,24]. Xie et al. [33] study the coordination
in a supply chain consisting of a retailer with different risk preferences and a risk-neutral supplier.

The closely related studies to this paper are Chen and Zhou [9] and Yan et al. [35]. Both papers discuss the
optimal decisions in a capital-constrained supply chain under a single financing scheme, but there exist at least
some differences from this paper. Chen and Zhou [9] discuss the optimal decisions in a capital-constrained supply
chain with a risk-averse retailer and a risk-neutral supplier under TCF, and Yan et al. [35] discuss the optimal
decisions in a capital-constrained supply chain with a risk-neutral retailer and a risk-averse supplier under BCF
with the supplier’s credit guarantee. This paper discusses the optimal decisions in a capital-constrained supply
chain with a risk-averse retailer and a supplier has different risk preferences under TCF and BCF. In addition,
we incorporate the member’s risk preference and initial capital into its objective functions to explore the supply
chain’s financing and ordering decisions.
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TABLE 1. Notation and definition.

Notation Definition

P Unit retail price.

c Unit production cost.

B Retailer’s initial capital.

w; Unit wholesale price, where ¢ = B, T represents
two cases under BCF and TCF, respectively.

qi Retailer’s order quantity.

z Stochastic demand.

n; Risk-averse coefficient, where j = r, s represents
the retailer and the supplier, respectively.

As Supplier’s pessimistic coefficient.

T Retailer’s profit function.

II; Supplier’s profit function.

Ty The risk-free interest rate.

B The interest rate charged by the bank.

rT The interest rate charged by the supplier.

3. MODEL DESCRIPTION

We consider a two-echelon supply chain with a dominant upstream supplier (referred to as she) and a capital-
constrained downstream retailer (referred to as he). The retailer’s initial capital B is insufficient to make his
operation decisions. The retailer has two financing schemes to mitigate the pressure of limited working capital:
from BCF or from TCF, which the supplier provides TCF if it is also beneficial to herself. We consider the
retailer to be a risk-averse SME that facing relatively higher bankruptcy risk. In order to make the model more
general, we assume the supplier has different risk preferences that jointly model risk-averse, risk-neutral, and
risk-taking. Let the parameter n; € (0, 1] denote the degree of the member’s risk aversion. A smaller 7; means
a higher degree of risk aversion.

With a wholesale price contract, we establish a Stackelberg game model in which the supplier acts as a leader
and the retailer acts as a follower under BCF and TCF. The sequence of events is as follows: the supplier
decides a wholesale price w;. Then the retailer decides order quantity ¢;, and deals with the shortage of working
capital by BCF or TCF. Under BCF, the bank charges the retailer an interest rate rp, which is determined by
a fully competitive bank market [8,18,22,26]. Under TCF, the supplier charges the retailer an interest rate r.
In addition, the supplier ensures the retailer’s profit under TCF is not less than that under BCF [7], which is
consistent with the firm’s financing selection based on its profit.

The market demand is stochastic which is denoted by & > 0. The probability density function is f(x) and
cumulative distribution function is F'(x), respectively. F'(x) is differentiable, increasing, F'(0) = 0 and F'(co0) = 1;
its failure rate h(x) = % is increasing in z, where F(x) = 1 — F(z); H(x) = xh(z) is the generalized failure
rate and monotonically increasing in x [7,18]. Without loss of generality, we assume that the products have no

salvage and p > w;(1 4+ r;) > ¢(1 +r¢) > 0 [21-23]. Table 1 summarizes the notations in this paper.

4. BANK OR TRADE CREDIT FINANCING

In this section, we investigate the equilibrium results of the risk-averse retailer and the supplier with different
risk preferences under BCF and TCF, respectively.
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4.1. Bank credit financing

At the beginning of the selling season, the supplier decides a wholesale price wg. The retailer decides an order
quantity ¢p, and borrows the shortage of working capital (wpgp— B) from a fully competitive bank at an interest
rate rg. Then the retailer pays wpgp to the supplier for ordering products. At the end of the selling season,
the retailer yields revenue pmin(¢p, x), and needs to repay the bank loans and interest of (wpgp — B)(1+rp).
If pmin(gp,z) > (wpgp — B)(1 + rp), the retailer repays (wpqp — B)(1 + rp) to the bank. Otherwise, the
retailer goes bankrupt, and must repay all of his revenue pmin(gp, ) to the bank. To obtain the equilibrium
solutions, we use the backward method to solve the Stackelberg game model. Based on a fully competitive bank
market, the bank’s interest rate rj; satisfies

(wpgp — B)(1 4 r¢) = E[min{pmin(¢p, z), (wpqs — B)(1 + 1)},

where 1} satisfies r; > r¢ to compensate the bank for the loss of the retailer’s bankruptcy risk.

According to the bank’s interest rate 5, the retailer’s profit function is given by 75 (¢g, ) = [pmin(¢p,x) —
(wpgs—B)(1+7r3)|T —B(1+7y), where [y]* = max(y,0) and 25 = le&—}'w is the retailer’s bankruptcy
threshold. To analyze the impact of the risk aversion behavior on the retailer’s decision, we adopt CVaR criterion
to incorporate his risk-averse behavior into the profit function. Hence, the risk-averse retailer’s objective function

under CVaR criterion is

1
CVaR,, (15(¢B,x)) = max {v — —FEv-— WB(qB,x)}Jr} .
veR Tr
The following proposition establishes the risk-averse retailer’s optimal ordering decision in the decentralized
system under BCF.

Proposition 4.1. Under BCF, (i) the risk-averse retailer’s optimal order quantity
N = " 1 .\ Oqh aq: aq;:
g =F~" ((1 =) + (1 — F(xB))%jg{)); (ii) g2 <0, g >0 and G <0.

Under BCF, when 7, € (0, 1) (i.e., risk-averse), the capital-constrained retailer transfers partially commercial
risks to the bank, but the capital-unconstrained retailer has to bear full commercial risks. Therefore, the capital-
constrained retailer’s optimal order quantity under BCF is more than that of the capital-unconstrained retailer.
This result is different for the risk-neutral and capital-constrained retailer [7,18,22]. To more specific, when
nr = 1 (i.e., risk-neutral), due to a fully competitive bank market, the bank plays the role of a money buffer at
no cost for the capital-constrained retailer. Hence, the capital-constrained retailer’s optimal order quantity is the
same as that of the capital-unconstrained retailer. This is identical to the findings in [7,18,22]. Besides, a lower
risk-averse coefficient means that the retailer is more sensitive to avoid commercial risks than to pursue higher
profits. The retailer further reduces his order quantity to avoid commercial risks. As the risk-averse retailer’s
initial capital increases, the retailer bears more commercial risks, thereby the lower products his orders. However,
when the retailer is risk-neutral, the retailer’s initial capital does not influence his order quantity under BCF.

At the beginning of the selling season, the retailer pays the supplier wpqy. With a wholesale price contract,
the supplier with different risk preferences under BCF does not bear any commercial risks. Therefore, the
supplier’s objective function under Mean-CVaR criterion is

U(llg(wg)) = p(wg) = (wp — ¢)gp(1 +7y).

The following proposition establishes the supplier’s optimal wholesale price in the decentralized system under
BCF.

Proposition 4.2. Under BCF, the optimal wholesale price wi = pq%{éq*fﬁgi(ﬁélfg?”)F(m}‘g),
- 5

1on,  (A=n)whas(4rg) g (o x
Flay) pFer ().

where pi(wy) =1—
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Proposition 4.2 implies that the supplier’s optimal wholesale price does not depend on her risk preference
behavior under BCF, and only depends on her retailer’s initial capital and degree of risk aversion. To gain
more profits, the supplier will adjust her wholesale price to affect the risk-averse retailer’s ordering decision.
For example, as the retailer’s initial capital increases, the supplier reduces the wholesale price to promote the
retailer to order more products.

4.2. Trade credit financing

At the beginning of the selling season, the supplier decides a wholesale price wr, and then the retailer decides
an order quantity gr. At the end of the selling season, the retailer yields revenue p min(gr, =), and needs to repay
the supplier’s loans and interest of (wrgr — B)(1 + rr). If pmin(qr, z)(wrqr — B)(1 + rr), the retailer repays
(wrqr — B)(1 4+ rr) to the supplier. Otherwise, the retailer goes bankrupt, and must repay all of his revenue
pmin(gr,x) to the supplier, Therefore, the retailer’s profit function is wr(gr,z) = [pmin(gr,z) — (wrqr —
B)(1+rr)]t — B(1 4+ ry), where xp = Wﬁ'w is the retailer’s bankruptcy threshold. The risk-averse
retailer’s objective function under CVaR criterion is as follows

1
CVaR,, (mr(gr, x)) = max {v — —Ev-— WT(qT,m)]Jr} .
vER Nr
The following proposition establishes the risk-averse retailer’s optimal ordering decision in the decentralized
system under TCF.

Proposition 4.3. Under TCF, (i) the risk-averse retailer’s optimal order quantity
ap = F7 (1= mp) + (e = Flap) 2S00 ) i) 92 <0, 52 > 0 and 5 < 0.

Under TCF, the supplier is not only a producer but also an investor. The supplier has to bear the retailer’s
partial bankruptcy risks and the whole production costs. The lower bound of the supplier’s wholesale price wp
ensures that the marginal profit of the supplier exceeds or equals her marginal cost under Mean-CVaR, criterion.
Besides, the upper bound of wholesale price wr satisfies CVaR,,, (71 (wr)) = CVaR,, (m5(w}3)). Therefore, the
wholesale price’s feasible region satisfies [wp, wr]. Proposition 4.3 shows as the wholesale price increases, the
retailer uses TCF becomes more costly, thereby reducing his order quantity. Moreover, the capital-constrained
retailer’s marginal cost is less than that of the capital-unconstrained retailer. Hence, the capital-constrained
retailer’s optimal order quantity will be more than of the capital-unconstrained retailer. Moreover, the more the
retailer’s initial capital is, the lower quantity the retailer orders. This is because the retailer reduces his order
quantity to avoid commercial risks.

At the end of the selling season, the retailer needs to repay the supplier lim{p min(¢5, z), (wr¢}r—B)(1+rr)}.
The supplier’s profit function is given by Ilp(wr) = min{pmin(¢}, z), (wrg; — B)(1 +rr)} — cgp(1 +ry) +
B(1+ry). To analyze the impact of the risk preference behavior on the supplier’s decision, we adopt Mean-CVaR
criterion to incorporate the supplier’s risk preference behavior into her profit function. Hence, the supplier’s
objective function under Mean-CVaR criterion is

1— s
1_775

BE(Ir(wr)) + MCVaRm (I (wr)),

Uz (wr)) = =

where U(Ilp(wr)) is a convex combination of conditional expected values of low and high profits. The convex
combination is described by the pessimistic coefficient As € [0, 1]. The higher A is, the weight the supplier puts
to the low profits.

Based on the supplier’s objective function, the following proposition establishes the supplier’s optimal whole-
sale price in the decentralized system under TCF.

Proposition 4.4. Under TCF, when B = 0, the optimal wholesale price w} = wr.
When B > 0, if n, € (0, F(z%)), the optimal wholesale price wh = min{max{wy, wr}, wr},
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A~ (I=ns)c(A4ry)—p(A=n,)(A=As)p2(dT) |
where b1 = 0 S A T i)

if ns € [F(a%),1], the optimal wholesale price wi = min{max{wp, W}, wr},
e . ,* - — 10 _H(qh)
= maF(ep)e(4r ) —p(l—np) (n: =X F (@) pa (i) _ U Fy Hlar
where Wy = 2 (nTT_F(z*T)f)ufrT)(Zh—K,GF(I*T))L(ZJ;) = and pa(wr) = ~ia, _wiq}(lJrrT)h(m* )’
Flah) P T

Under TCF, when B = 0, the risk-averse retailer’s bankruptcy risks fully transfer to the supplier. The supplier
further increases the wholesale price to compensate for the loss caused by the bankruptcy of the retailer. Hence,
the supplier’s optimal wholesale price w; = wp. When B > 0, the retailer needs to bear partial bankruptcy
risks. From Proposition 4.4, the more the retailer’s initial capital is, the more commercial risks the retailer bears.
Moreover, we observe that the supplier’s risk preference behavior affects her optimal wholesale price. When the
supplier is risk-averse, the supplier is more sensitive to avoid commercial risks than to pursue higher profits.
Then the supplier increases her wholesale price to avoid more commercial risks. Otherwise, the supplier reduces
her wholesale price to promote the retailer to order more.

5. FINANCING STRATEGY

In the previous section, we obtain the equilibrium solutions in the Stackelberg game under BCF and TCF,
respectively. The above analysis naturally leads to a problem for the capital-constrained and risk-averse retailer,
that is, how to make an effective financing decision. Note that a special result whether the capital-constrained
and risk-averse retailer only chooses TCF, due to the supplier ensures that the retailer’s profit under TCF is
not less than that of the retailer under BCF. However, the supplier can decide whether to provide TCF for the
retailer based on her profit. Proposition 5.1 reveals a financing strategy with the supplier’s risk preference.

Proposition 5.1. If A, € [0, Xs), TCF is unique financing equilibrium; if Ay € [As, 1] the members prefer BOF,
where Ay = min(Ag(ns), 1) and

1= (1— ) (whap—cap—Bteay)(14r)—pF ' (n)+ 2 f& ) F(z) da
As(ns) = (g —B)(4rr)—p [y T F(x) dz—pF 1 (n)+ £ [ 9 F()da’
S (wrar—B)(A+rr)—c(gr—gp)(A+rs)—(wpgp—B)(1+ry) if *
Ns pfx*T F(z) ds ) if s > F(zy).
0

it 7, < F(27)

Under BCF, the supplier with different risk preferences under BCF does not bear any commercial risks.
Then the supplier’s Mean-CVaR is not influenced by her risk preference behavior. Under TCF, we show the
supplier’s Mean-CVaR is decreasing in \,. Correspondingly, there exists a supplier pessimistic coefficient \,(7,)
satisfies U(Ilp(w?)) = U(Ilg(w}g)). Based on the proof of Proposition 5.1, we have the supplier’s pessimistic
coefficient threshold Ay = min(\,(7,),1). Hence, if the supplier’s pessimistic coefficient is less than ), the
supplier provides TCF for the retailer. Then TCF makes both the retailer and the supplier better off, and is
the financing equilibrium of the supply chain. Otherwise, the members prefer BCF.

Next, we explore the impact of the retailer’s initial capital on the financing equilibrium of the supply chain.
Under stochastic market demand, the retailer is risk-averse behavior and the supplier has different risk pref-
erences that jointly model risk-averse, risk-neutral, and risk-taking. Due to the complexity of comparing BCF
and TCF analytically, we numerically illustrate the financing equilibrium with the retailer’s initial capital.
Similar to Chen and Zhou [9], the parameter settings are as follows: x ~ N(100,150%),p = 100,¢ = 20,
rp = 0.05,7y = 0,n, = 0.6,\; = 0.6 and 7y = 0.8. Figure 1 shows the capital-constrained retailer’s CVaR is
increasing in B, and the supplier’s Mean-CVaR, is decreasing in B. In addition, Figure 1 also illustrates the
supply chain’s financing strategy in the interval region of B. When B € (0, B), TCF is a unique financ-
ing equilibrium; when B € (B,6000), the retailer only chooses BCF. Moreover, there exists a B so that
CVaR,, (mr(B)) = CVaR,, (r5(B)). Furthermore, there exists a Pareto improvement region B € (B, B) under
TCF, which is a win—win financing scheme situation for each member.



S2698 Z. ZHEN AND J. WANG

6500 . , .
-
2 6000 1
-9
=9
2 5500 .
o N
2 ol TCF | BCF |
g =
= =]
& 45001 A ]
b )
o
= 40001 5:& ]
] u(Iiy) g
-
P 3500} --e--e- CVaR, (77) g
-9
S 3000 U(s) £ 1
8 | memeee CVaR, (75) ';
£ 2500} ] .
(=9 - L
2 SR P
£ 2000} B s DD - 4
1500- I | I \\ | / |
0 1000 2000 3000 4000 5000 6000

B
FIGURE 1. The profit of the members with B.

3500

3000

2500

2000

1500+

The retailers CVaR

1000+

500

FIGURE 2. The retailer’s CVaR with 7.

6. NUMERICAL ANALYSIS

In this section, numerical analysis is used to verify the above theoretical results. The parameter settings
are as follows: x ~ N(100,150%),p = 100,¢ = 20,7, = 0.05,7; = 0 and B = 1000. The stochastic variable
x ~ N(100,150%), which satisfies the property of failure rate and generalized failure rate. When the stochastic
variable x satisfies certain conditions, the normal distribution can transform other distributions, such as uniform
distribution, exponential distribution. In addition, we set p = 100 and ¢ = 20, which satisfy our above assumption
p > wi(l+7;) > c(1+ry) > 0. In order to meet the real business situation and our assumption w;q; > B,
we set B = 1000. Without loss of generality, we set r = 0.05 and ry = 0.

Figure 2 illustrates the impact of 7,- on the risk-averse retailer’s CVaR under BCF and TCF. Figure 2 shows the
risk-averse retailer’s CVaR is increasing in 7, under BCF and TCF, which is consistent with Propositions 4.1(ii)
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and 4.3(ii). In addition, the retailer’s order quantity is more sensitive to its risk-averse behavior under TCF
than under BCF.

Taking 0, = 0.6, we study the impact of w on the risk-averse retailer’s CVaR under BCF and TCF. Figure 3
shows the retailer’s CVaR is decreasing in w under two financing schemes, which is consistent with Proposi-
tions 4.1(ii) and 4.3(ii).

Taking A; = 0.6, = 0.2 and A; = 0.6,n5 = 0.8, respectively. We study the impact of w on the supplier’s
Mean-CVaR under BCF and TCF. Figure 4 shows the Mean-CVaR of the supplier with s = 0.2 under TCF
is less than that under BCF. Therefore, the supplier does not provide TCF, the members prefer BCF. The
Mean-CVaR of the supplier with 7, = 0.8 under TCF is more than that under BCF, the supplier prefers to
provide TCF, then TCF is financing equilibrium.

Taking B = 4000 and B = 1000, respectively. We study the impact of the supplier’s risk preference on the
supply chain’s financing strategy under BCF and TCF. Figures 5 and 6 show the supplier’s Mean-CVaR under
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BCF is not influenced by her risk preference behavior; the supplier’s Mean-CVaR under TCF is decreasing in A;.
In addition, Figures 5 and 6 show there exists a supplier’s pessimistic coefficient threshold A,(n,) such that
U(Ilp(wy)) = U(Ilp(w})). In addition, by comparing Figures 5 and 6, we find that the retailer’s initial capital
B affects the supplier’s risk preference threshold.

7. DISCUSSION AND CONCLUSION

In this paper, we consider a two-echelon supply chain consisting of a dominant supplier and a capital-
constrained retailer, where the retailer is risk-averse and the supplier has different risk preferences. With a
wholesale price contract, we use CVaR and Mean-CVaR criterion to incorporate each member’s risk preference
into its objective function, and derive the optimal decisions under BCF and T'CF. The results show that: First,
the risk-averse and capital-constrained retailer’s optimal order quantity is more than that of the risk-averse
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and capital-unconstrained retailer, and decreasing in his degree of risk aversion. Second, the retailer’s initial
capital can make his order decision more conservative. Third, there exists a supplier’s risk preference coefficient
threshold that affects the financing equilibrium. When the supplier’s pessimistic coefficient is less than the
threshold, TCF is a unique financing equilibrium. Otherwise, the members prefer bank credit financing. Finally,
the retailer’s initial capital affects the supply chain’s financing strategy.

The management implications of the paper are as follows: First, the risk-averse and capital-constrained
retailer needs to consider choosing the supplier with a relatively higher risk preference as a partner to obtain
higher profits. Second, the supplier needs to consider choosing a retailer with relatively lower risk aversion as
much as possible to pursue higher profits. However, note that the supplier will face a higher commercial risk,
and needs to pay attention to control the issues of the commercial risks. Third, the supplier has a relatively
higher risk preference behavior prefers the retailer with lower initial capital as a partner; the supplier has a
relatively lower risk preference behavior prefers the retailer with a higher initial capital level. There are two
directions for further research. First, in our proposed model, we focus on the financing and ordering decisions
in a capital-constrained supply chain under BCF and TCF. In a real-world business, there widely exists equity
financing. Incorporating equity financing in our model will discover more interesting results. Second, compared
with the upstream supplier, the downstream retailer has a better understanding of market demand information.
Hence, information asymmetry in the supply chain will be an interesting topic in feature research.

Acknowledgements. The research is supported by the Postgraduate Scientific Research Innovation Project of Hunan
Province under Grant No. CX20200456.

APPENDIX A.

Proof of Proposition 4.1. (i) Under BCF, the risk-averse retailer’s objective function under CVaR criterion is

1
CVaR, (ralgm. ) = max {0 = - Elo ~ maam. 0] | = maxlo(an. )}

then g5 = arg max {CVaR,, (r5(gp,))}. Thus g(¢p,v) = v— %E[v —75(¢p, )T =v— 7% 0 [v+ B+
a5 v v

ri)] T dF(2) = L [ [o—pr+ (wpgs — B)(1+1%5) + B(1+r)] " dF(z) — L [~ [v—pgp + (wpgs — B)(1+

rg)+B(1+ rfn)j * (fF(x), where zp = w. We have the follov:irngql‘zhree cases.

Case 1. If v < —B(1+ry), then g(¢p,v) = v, hence W =1>0.

Case 2. If —B(1 + ry) < v < pgg — (wpge — B)1 + r5) — Bl + ry),

v+B(l+rp)+(wpep—B)(1+rg)

then g(¢p,v) :U—n% OIB (v+ B +1y)) dF(z)—n%fIB E (v —px+ (wpgp — B)
(1+75)+ B(1+rs)) dF(xz), hence w = 1 - n%F (U+B(1+Tf)+(wp3q573)(1”’*3)). Thus
69(‘35)1]) v=—B(1+ry) =1- "LTF(;CB) and 89(55’@ v=pgs—(wpqp—B)(1+ry)—B(1l+ry) - %F(qB).

Case 3. If v > pgp — (wpgs — B)(1 + r3) — B(1 + 7r¢), then g(gp,v) = v — % o7
(v+B(1+7y)) dF(z) — o= [17 (v = pr + (wpgp — B)(1 +153) + B(1+ry)) dF (z) — - [ (v — pgp+

(wpqs — B)(1 +15)+ B(1+rf)) dF(z), hence W =1- % <0.
When v* = —B(1 +ry), then 0 < 7, < F(zp), we have ¢g(¢p,v*) = —B(1 + rs). Thus % =0.
When v* = pF~(n,) — (wpqs — B)(1 + 1) — B(1 +ry), then F(xp) <n, < F(qp),
we have g(¢p,v*) = pF~'(n,) — (wgqe — B)(1 +715) — B(1+ry) — = ;:;1(%) F(z)dx.
From a fully competitive bank market [7,18,22,23], we obtain (wggp — B)(1+ 1) = (wpgs — B)(1+15) —

1+
P OIB F(x)dx, then gz—i = 7;10}?,(1(;;;

1o) * F(x 2 KN wp(1+r F(x wp(1+r
Thus 28t = —p(1— £ B < 0 and TG = fla) (S + (0 - P TRGTER) G > 0.
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(i)

When v* = qu—(quB—B)(l—i-T*B)—B(l—i—Tf) then n, > F(qg), we have g(qg,v*) = pgg—(wpqp — B)
(1+75) — B(L+7s) — £ [22 F(x)do. Thus 22420) — (g — Eln) (g Flep)yus(fdrg))

, nr pF(zB)
. wp(1+r e} " F(q}
Notice that F(g¢g) = (1 — ﬁr) + (nr — F(xB))isé(;B{), thus 75((3;3);’) = p (757‘1:3)—

aB=q}
1 flap) ) (wp(rg)y2) ) ((1—mh(qg> _ (Q=mo)h(eh) (we(try)ye _ (n=F(h)high) w3g1+rf>) <0

(nrF(23))? F () P r r pF(z}) r pF (%) :

Therefore, due to the continuity of the retailer’s order quantity qp, ¢j satisfies F(qp) = (1 —n.) + (9, —

* wp (147
F(ach))%7 then

wp(l+7r f)) .
pF(a})

The following proofs give that ¢ is decreasing in wp. Taking the derivative of the implicit function

F(gg) =1 —=n.)+(n fF(scE))w with respect to wp yields f(q}) 94 _ flxs )(%B A=n)wp(l4ry)

G = F ((1 — ) + (= Fla))

- PF(zh) Pws dus  p(F(ar ))
L_I;(gw. Then taking the derivative of (wpqp — B)(1 + rf) = (wpqs — B)(1+7ry) —p [, ”
with respect to wp yields wg(1+ rf) 2 +qp(l+rp) = pF(:cB) . Based on the above formula, we have

I (o —Nr 1—n,)w 1+r
0qg 7P(F(x3))2(1:|—7"f) (1 - 1?11?;3) —{ "ngqu)() f)h( ))

Then taking the derivative of £; with respect to wp yields

o, PE@HF@p)(1+rp) (1- 455 — aphlap))
B (

dws — (PF(ap))?Flap)hlap) — (1—n,)(wp(1+7r4))?h(zp)

Similar to [7 8], we also use proof by contradiction to prove 33)3 < 0. Assume aﬁ > 0 holds, then both

xy and F( *) + q5h(qy) are increasing in wp. Let wy satisfy ﬁ + g5 (wo)h(xf(wo)) = 1. Recall the
wholesale price satisfies ¢ < wp < wp = 1—5-7* There exist the following three cases for wp.
— * 1—-n, * (= * (= 1—n,
Case 1. wy > wp, we have qB(wB)h(qB(*wB)) + WZ)B)) < gg(wp)h(gs(wg)) + WZ]DB)) <
¢ (wo)h(gs(wo)) + F(q;&'})) 1, thus gmf; < 0. It is a contradiction to our assumption.

Case 2. c < wy < W = we have z%; being decreasing in wp under [c, wo]. It is also a contradiction

to our assumption.

1+T*B’

Gase 8. wy = c we have plzter t UMD () < giohgh(e) + ity <
q*B(wo)h(qg(wo))+F(q77&’})) 1, thus qB < 0. Again, it is a contradiction.

From the above three cases, we find that it is contradictory to the assumptions. Therefore, we obtain % < 0.
The following proofs give that ¢} is decreasing in 7,.. Taking the derivative of the implicit function F(¢}) =

(1 —n)+ (n- — F(x%))w with respect to 7, yields

day _ (1—f(2) S8 ) F(ap)+f (o) (1~ F(ap)) S wp (Itrs)
_f(qB) e = 1+ = (F(zp)? ' P
Then taklng the derivative of (wpqs — B)(1+ 1) = (wpqs — B)(L+715) —p [, °
with respect to 7, yields wg(1l + rf)an pF(z% )‘%B Based on the above formula we have %% =

3 QF(mB)(pF(IB) wg(147y))
PF(z3))2Fap)h(ap)—(1—nr)(ws(1+rs))2h(z])

> 0.
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The following proofs give that ¢j is decreasing in B. Taking the derivative of the implicit function

P(a% ) — « \yws(1+7ry) 9qp _ (A—nr)f(zp) wp(l+ry) Oz}
F(gg) =0 —=n)+ (nr — F(xB));Txg)f with respect to B yields f(q5) 55 = (F(IE))QB B SE

Then taking the derivative of (wpqs — B)(1 + 1) = (wpqs — B)(1 + r}) — p [y " F(z)dx with
respect to B yields (wBa—B DA +ry) = pF(x%)?—BE. Based on the above formula, we have

aap _ _ (A-n)h(ah)ws(14ry) <0
b PF(@5))2 F(ag)h(ag)— (—n)(ws (1tr)2h(zg)

Proof of Proposition 4.2. The supplier’s objective function under Mean-CVaR criterion is
U(llp(wp)) =p(wp) = (wp — c)gp(1 +1y).

To obtain the supplier’s optimal wholesale price, we take the first-order derivative of U(Ilg(wg)) with respect
to wg. Then we have

oU (Hp(wg)) _ c(1 +rf) 04 (777" — Flgh) — qhflaqh) — c(1 +Tf)u1(w3)) ’

owg w1 (wp) Owp
where pi(wp) = 1 — Ff&’g) (- ”;();’fqu)()lj’"f)h( ). M%E:m)) depends on 7, — F(q}) — %.
AU (I (

When wp < wy, we obtain awaB)) > 0, the supplier’s profit is increasing in wg. When wg > wy,

we have 1, — F(q5) —q5 f(¢}) > 0. Then the following proves that u(wg) = 1, — F(¢}) — a5 f(q5) — %
is increasing in wg.

PUD) — (-21(a) + Flai) H () — 4 Pl (ap) G2 + LT (2}@2311@73)
(A —n)wpgp(L+ry) 0oy, 20— n)wsgp(L+rp)f(2h) o
BETIES P(F(w3)? i B)>
o (— Fa)2 = Fla5)  d Flai ) + LB I
cltry) (GL=m 20 =0 )wpgp(A+r)f(@E)Y o .
0 (ra P(F(wp)? )i B)>
0 (ym—Flay) - FGh) o 2wpg(tr)fGR)Y,
> e (g S+ )+ M)
Odp (o —Flap) nr—F(ap)  ,nr—Flap)  m—Flap) Y,
> o (R E R ) M) 0

We get u(wpg) is increasing in wp. When wp = ¢, then 1, — F(¢5(c)) — a5 f(g5(c) < %.
. oo c(l+rp)u (g55=)
When wp = £, B(i=)) —apflap(s) > PR

F(qx
Further, w, satisfies n, — F(q%) — ¢ f(q)) = SEromwp)
wp =

Pap f(ap) i (wp)e(l+ry)
e F@h)-

then 7, —

Based on g%, then we obtain w
O

Proof of Proposition 4.3. (i) Under TCF, the risk-averse retailer’s objective function under CVaR criterion is

vER Nr

CValy, (rr(ar. ) = mag { o~ ©Blo = mr(ar. 0] | = malalar, o).
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then ¢ = arg max {CVaR,, (7mr(¢r,x))}. Similar to the proof of Proposition 4.1, ¢;. satisfies

F(gp)=0—=n)+ (g — F(m}))w, then the retailer’s optimal order quantity

p wT(1+TT)> ]

G=F ((1 — ) + (e~ Fla) T

(ii) The following proofs give that ¢} is decreasing in wy. Taking the derivative of the implicit function
F(q;) =01-n)+ (n — F(x}))w with respect to wr yields

(9 * ax* w r T*F :E* 1tr

. Hence, we get

_ o whgh (it §
Gy pF(z5) (1 +r7) (1 — ;(EZT) _ TqTi) + T)h(xT))

owr — p?F(gp)h(a3) — (wr(l +r7)2F(af)h(zh)

Moreover, taking the derivative of =%, with respect to wr yields

o pF(ap)(1 +rr) (1 - 4005 — H(gp))

dwr — p*F(a)h(ay) — (wr(L+rr)2F(a5)h(zg)

gt

Similar to the proof the Proposition 4.1, we also use proof by contradiction to prove ur < 0. Assume
% > 0 holds, similar to the proof of Proposition 4.1, we find that it is contradictory to the assumptions.
Therefore, we obtain % < 0.

Taking the derivative of the optimal order quantity ¢} with respect to 7,, we obtain

dgr p? —wp(l +rr)

o, PRI — (wr(L+ 1) PR

Therefore, g} is increasing in 7.
Taking the derivative of the optimal order quantity ¢} with respect to B, we obtain that

ogp p(1+ ro) F(z7)h(z7)

9B~ 2PF(g)h(gs) — (wr(l+ro)2E@ ()

Therefore, g} is decreasing in B.

O
Proof of Proposition 4.4. Under TCF, the supplier’s objective function under Mean-CVaR criterion is
1—Xg . . *r
Utz (wr)) = 37—~ | (wrgt = B)A+rr) + B +77) —cqp(1+rg) =p [ = Flz)dz
— . 0
As— s | pF7H(ns) + B(1+7y) —cqp(l+71y) — fo x) da, if ns < F(a})
1 =ns (quT—B)(1+TT)+B(1+Tf)—ch( +rp) — OzT F(z)dz, if ns > F(a7).

When 75 < F(x), we get

8U(HT(U}T)) . 8(]3: 1— X = . B C(l + Tf)
8’LUT - aUJT 1— Ns F(qT)ILLQ (U)T) P )
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1— 3% —H(q}) _
_ Flap) T oU (r (wr)) 1—Xs * :
where po(wr) = T Py T - F(a7)p2(wr). Obviously, we can show
F(z}) P s

that %F’ (¢4) is increasing in wp. In this paper, we assume demand distributions with increasing and
convex failure rates, h'(&) > h'(&1) > 0 for & > & > 0 similar to [21,29], e.g., uniform, exponen-
tial, power and Weibull with parameter meet the assumption. Similar to the proof of Proposition 4.2,

we obtain show that po(wr) is increasing in wyp. wp is determined by tzsﬁ‘(q})uQ(wT) = W’
N 1-n)c(147 ) —p(1—1,) (1= s ) o (W " . n v -
then, wr = ( (gr)—é(z}];?(lﬁ-(iT)77(1)—(/\5);@)51215)T)' In summary, w4 = min{max{w,wr}, wr}.
When 75 > F(x), we get
oU (I (wr)) _ gy (775 - %sF(mT) P o (wr) — c(l+ rf))
Owr Owr nsF'(x%) P ’
OU(%(T“’T)) depends on %(F(I)T)F(q})ug (wr). We show L(F(I)T)F(q}) is increasing with wy, then obtain
%F(qﬁm(wﬂ is increasing in wy. Hence, Wy is determined by %F(q%)ug(wﬂ = W,
sF(x)e(14rs)—p(1—m:)(ns—As F (x5 ) « . ~ _
then iy = 2 e ity - In summary, wh, = min{max{wy, @1}, r}.
]

Proof of Proposition 5.1. Under BCF, with a wholesale price contract, the supplier with different risk prefer-
ences does not bear any commercial risks, the supplier’s objective function under Mean-CVaR criterion is

U(llp(wp)) = (wp — c)gp(l +7y)
= pEmin(z,z3)] — cqgp(1+1f) + B(1 +1y).

Under TCF, when n, < F(z%), the supplier’s objective function under Mean-CVaR criterion is

Uy (wr)) = = ((w*TQ% = B)(1+rr)+ Bl +rp) —cgr(l+75) —p OIT F(x) dx)

. F~1(n,)

L — (pF_l(ns) +B(1+ry) — g (L rp) = / F(x) dx> .
— s s JO

According to Proposition 4.4, taking the derivative of the above formula with respect to A yields

8U(1';E?UT)) - - :1773 ((qu; —B)(1+r7) —p/OwT F(z)dx

p [F0a)
prfl(ns)+f/ F(z)dz | <0.
0

S

Hence, U(Ily(wr)) is decreasing in A\;. When A; = 7, that is, the supplier is risk-neutral.

Similar to [15], we suppose that the interest rate rp satisfies 1 = r%. Under TCF, according to Proposi-
tions 4.1 and 4.3,

we get ¢ (wp,rs) > ¢ From the above discussion, we have zr(wjh) =
(wBQT(“’BaTB) B)(l‘H”B)

wrgr—B)(A+rr)
p

then x7% > as 5. The suppher s objective function under Mean-CVaR criterion is

Uz (wg,rp)) = pE[min(z, 27)] — cgr(1+75) + B(1+ry).
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Thus

U(llp(wg,rp)) — U(lp(wg,rp))
= pE[min(z, zr(wp))] — cqp (1 +ry) — pEmin(z, 23)] — cqp(1 +ry)

zr(wp)

— wiy(ah — )1+ 1) — e(gh — ah) (L +77) — / F(z)d

-

> (a7 — ) (Wi F (7 (wh)) (1 +15) — c(1 +14))

> (g7 — ap) (PF(q7) — c(1+1g)) > 0.

Then lim U(Ur(wyg,ry)) > U(Ilg(wg,ry)), thus lim U(rp(wy)) > U(Ilg(wsy)).

As=1s As=7s
_ ok k. * o1 » F Y ms)
There exists a )\S(ns) —1_ (1 _ 775) (wpap—cap B+Cqu)*(1+Tf) pF (775)"!‘715 fo — F(z)dw
(w35 —B)(1+rr)—p fo ' F(z)dz—pF=1(n)+2 [ ") F(z)da
satisfies U (Il (w4)) = U(IIg(w)).
When n, > F(z%), the supplier’s objective function under Mean-CVaR criterion is

Utin(w}) = (wiay — BYA+r1) + B+ rp) gL +rp) =2 | " F(a) de.
Ns Jo

According to Proposition 4.4, taking the derivative of the above formula with respect to A, yields %/\iwﬂ) =

—% Om*T F(z)dz < 0. Hence, U(Ilp(w4)) is decreasing in A\;. When Ay = 1, similar with the above

discussion, we obtain /\hm U(Ilp(ws)) > U(Mp(wy)). There exists a supplier’s risk preference threshold
Ns

5\3(778) =1, (wrgr—B)(A+rr)— C(qi :i)(l)zrf) (wpgp—B)(1+7y) satisfies U(HT( )) — U(HB(w*B))
?fo (z) dz

0, ) TCF is unique financing equilibrium; if Ay € [\, 1] the members prefer BCF,
an

In summary, if As € [0,
where A\, = min(\s(ns), 1)

| = (1 — ) (wBtE—ets=Beat)(Lr)—pF ()43 JE 09 pe) da
As(ns) = U wrap—B) () —p o T (@) dae—pF =t )+ fT ) F(a) do

s (“’T(IT_B)(1+7"T)_C(‘I'};;L;)((l)':"f)_(wBQB_B)(1+7’f), if s Z F(S(};w)
P Jo x)dx

, i ms < F(a%)
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