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MIXED FINANCING MODES FOR CAPITAL-CONSTRAINED SUPPLY CHAIN
WITH RISK-AVERSE MEMBERS

WENYAN ZHUO!, JIAWU PENG?, ZHIYUAN ZHEN? AND JINGRU WANG3*

Abstract. This paper considers a two-echelon supply chain consisting of a supplier and a capital-
constrained retailer. Both the supplier and the retailer are risk-averse decision makers. The capital-
constrained retailer may adopt two mixed financing modes: (1) bank credit and equity financing (BEF)
and (2) trade credit and equity financing (TEF). Using a mean-variance framework, we analyze the
supply chain members financing and ordering decisions in two cases: symmetric and asymmetric re-
tailer risk aversion threshold information. In the case of symmetric information, we characterize the
conditions under which both the supplier and the retailer prefer BEF or TEF. In the case of asym-
metric information, we demonstrate that the retailer has an incentive to pretend to be less risk averse.
To prevent this distortion behavior, we design a minimum quantity contract for the supplier. Finally,
we extend our model to a bank loan-trade credit-equity mixed financing mode (BTEF) in which the
retailer can borrow from the bank and the supplier and seeks financial support from investors. The
numerical simulations support our results.
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1. INTRODUCTION

The shortage of capital has already seriously restricted the development of small and medium-sized enterprises
(SMEs) [37,38]. For example, the World Bank Group survey shows that 62% of the 2700 enterprises interviewed
are SMEs, and 54.5% of them need loans to meet their capital needs [29]. In practice, the most common financing
methods for capital-constrained enterprises are debt financing and equity financing [30,35]. The most common
forms of debt financing are bank loans and trade credit. For example, Bradley and Rubach [2] investigated
3561 representative U.S. businesses and found that more than 60 of them resorted to bank credit. Shi [11]
indicates that 20% of all SMEs in China solve the problem of capital constraints through bank credit. Due to
the information asymmetry between SMEs and banks and high operational risk, SMEs often have difficulty
meeting the requirements of bank loans [31,46]. Then, SMEs attempt to use trade credit to address their
financial constraints [8]. In addition, trade credit is gradually becoming one of the most popular financing
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modes between upstream and downstream enterprises [23,26, 36]. For example, Yang and Birge [36] show that
for large public retailers in North America, accounts payable (the amount of trade credit owed by buyers to
suppliers) represent approximately one-third of their total liabilities. Another common financing method is
equity financing. Enterprises do not need to repay principal and interest under equity financing and instead
transfer a certain proportion of their profits as a return to investors. Equity financing can not only alleviate the
capital constraints of enterprises but also partially share risk. Compared with Kouvelis and Zhao [15] and Yang
et al. [40] in that only single debt financing, we find that equity financing reduces the supply chain members’
risk. Thus, many enterprises choose equity financing [30]. For example, JD, Baidu, Alibaba and Yahoo promote
the rapid growth of enterprises by introducing equity financing before listing. The retailer Qingyang adopted
equity financing from its supplier Haier in 2018 [39]. Some scholars explore the impact of equity financing on
supply chain members operation decisions [20, 37].

Many existing studies examine capital-constrained supply chain members financing and ordering decisions
under a single financing mode [13, 15,26, 43]. However, in practice, SMEs often adopt mixed financing modes,
including debt financing and equity financing. For example, Dingdong Fresh, an e-commerce company and start-
up founded in 2017 in Shanghai, directly provides users and households fresh produce, meat, and seafood and
other daily necessities. Dingdong has carried out several rounds financing since its establishment, including a
Series D round that reached 700 million. It is jointly invested by DST Global, Coatue and other shareholders.
Furthermore, Dingdong signed a bank enterprise strategic cooperation agreement with the Bank of Shanghai.
According to the agreement, the Bank of Shanghai will further expand the financial support for Dingdong to
8 billion yuan and will customize and develop various financial products according to the needs of Dingdong,
including project loans, supply chain financing and other forms, to help Dingdong achieve high-quality develop-
ment. Ofo, once as one of the two biggest bike-sharing firms in China, obtained 866 million from Alibaba, Trina
Solar Capital, Ant Financial, and Junli Capital and declared announced that it had completed the E2 round
financing. This round financing Ofo adopts mixed of equity and debt financing mode. Husk Power Systems
borrowed 17.75 million from Cisco and the Overseas Private Investment Corporation. In addition, Husk Power
Systems obtained 5 million through equity financing [30]. During Oct., 2016 to Jun., 2017, the institutional
investors, such as JOY Capital, Vertex, Hillhose Capital, and WI Harper Group, invested more than 1 billion
dollars to fund the Mobike’s business. (tech.caijing.com.cn) In addition, Mobike orders bikes from Foxconn.
Foxconn not only offers bikes to Mobike and but also allows delay payment. It reduces the Mobike’s ordering
cost from RMB 3000 per unit to less than RMB 2000 [33]. Therefore, the Mobike adopts trade credit and equity
financing. Some scholars study supply chain members decisions under mixed financing [33, 35].

Most of the above studies assume that supply chain members are risk neutral. However, in general, a capital-
constrained supply chain will face operations risk and financial risk. Therefore, risk management is very impor-
tant for enterprise operations. For example, Hewlett-Packard saved at least 100 million in costs through a
procurement risk management system to manage supply chain risks in 2008 [26]. In the second quarter of 2001,
Cisco Systems, Inc. wrote off 2.5 billion in inventory due to rapidly weakening demand and locked-in supply
agreements [24]. Due to inventory shortages, Nike lost 100 million in sales revenue in the third quarter of 2001
[24]. Different enterprises may make different inventory decisions because of their different risk averse attitudes.
Thus, the decision-making of enterprises is often related to their risk averse attitude. A survey conducted by
McKinsey Company shows that most executives exhibit extreme levels of risk aversion regardless of the size of
the investment, even if the expected value of the proposed project is positive [14]. In 2013, although sales in the
overall market increased, Marks and Spencer’s profits were declining. Retail experts think that the decline was
caused by the company’s risk-averse strategy. In addition, the risk averse attitude of cotton companies often
leads to changes in the corresponding production plan [1]. The data from consulting firm AlixPartners show
that the United States had 26 major retailers that went bankrupt in 2018 [27]. Therefore, enterprises’ risk averse
attitude has an important impact on their decision-making.

To answer these questions, we consider a two-echelon supply chain consisting of a supplier and a capital-
constrained retailer. First, we use a mean-variance framework to characterize risk sharing between supply
chain members under mixed financing modes. Second, we study risk-averse supply chain members’ operational
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decisions under mixed financing modes. Then, we explore the supply chain members’ financing equilibrium. We
find that the supplier is not always willing to provide trade credit and that the retailer’s financing preference
depends on their risk aversion threshold. In contrast, Kouvelis and Zhao [15] show that the supplier is always
willing to provide trade credit. When the retailer is very poor, the retailer may prefer bank credit; otherwise,
the retailer prefers trade credit. Next, we discuss the asymmetric information case in which the retailer’s risk
aversion threshold is private. We show that the capital-constrained retailer has an incentive to pretend to be
less risk averse. We design a minimum quantity contract for the supplier to prevent the retailer from reporting
false risk averse information. Finally, we extend our model to a bank loan-trade credit-equity mixed financing
mode (BTEF) in which the retailer can borrow from the bank and the supplier and seeks financial support from
investors.

The contributions of this paper are summarized as follows. First, we consider two kinds of mixed financing
modes and explore the impact of risk attitudes on supply chain members’ optimal decisions. Second, we char-
acterize the conditions under which supply chain members with risk constraints choose either BEF or TEF. We
find that the mixed financing strategy in equilibrium depends on supply chain members’ risk aversion attitude.
The results are different from the existing literature in which supply chain members without risk constraints
prefer trade credit or trade credit financing as a unique financing equilibrium only when the supplier’s risk
aversion threshold is moderate under single financing modes [15,40]. Third, we discuss the case of asymmetric
information in which the capital-constrained retailer’s risk aversion threshold is private information. We design
a minimum quantity contract for the supplier to prevent the retailer from distorting information disclosure.

The remainder of the paper is organized as follows. Section 2 reviews the related literature. Section 3 describes
the notation and assumptions. Sections 4 and 5 study the optimal decisions under two mixed financing modes
under symmetric information. Section 6 analyzes supply chain members’ financing equilibrium under symmetric
information. Section 7 explores the decisions in the asymmetric information scenario. Section 8 studies the opti-
mal decisions under bank loan-trade credit-equity financing. Section 9 concludes and discusses the management
insights.

2. LITERATURE REVIEW

This paper focuses on the impact of risk constraints on supply chain members’ financing and ordering deci-
sions. Our work is closely related to two streams of literature: supply chain financing and risk management in
the supply chain.

2.1. Supply chain financing

The vast literature on supply chain financing focuses on improving supply chain members’ performance
through different financing modes [26, 36, 43]. Many studies show that when the capital-constrained retailer
borrows from a competitive bank market, supply chain members’ decisions are the same as those of the uncon-
strained newsboy model [4,13,15]. From the supplier’s perspective, Lee and Rhee [17] explore the influence
of trade credit on improving supply chain performance and show that using trade credit in addition to the
markdown allowance can coordinate the supply chain. From an empirical perspective, Lee et al. [17] investigate
the impact of trade credit on firm performance under various types of competition in supply chains. Silaghi
and Moraux [26] show that trade credit may be a tool for supply chain coordination. Our paper differs from
the above studies, in which supply chain members are risk neutral, in that we assume that the supplier and the
retailer are risk-averse decision makers.

Many studies compare the performance of different financing modes [3,15,22]. For example, Jing et al. [10]
show that both the manufacturer and the retailer prefer trade credit when the production cost is relatively low;
otherwise, they prefer bank credit. Kouvelis and Zhao [15] present that compared with bank credit, trade credit
can improve both the supplier’s and the capital-constrained retailer’s profits. Cao et al. [3] study the capital-
constrained retailer’s financing strategy between bank credit and trade credit when consumers have low-carbon
preferences. They show that trade credit is also a unique financing equilibrium. Yang and Birge [36] show that
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compared with bank credit, trade credit benefits risk sharing between the supplier and the capital-constrained
retailer. In our paper, we show that equity financing can not only alleviate the capital constraints of enterprises
but also partially share risk. Yan et al. [35] investigate the capital-constrained supplier’s financing schemes
under retailer financing and retailer investment when the retailer is a loss aversion decision maker. Lu and Wu
[22] explore the capital-constrained retailer’s optimal financing strategy under bank credit and credit when a
multinational firm invests in a low-tax jurisdiction. They find that bank credit is an optimal financing strategy
under tax asymmetry. Our paper differs from the above literature, which mainly focuses on single financing
modes, in that we assume that the capital-constrained retailer adopts mixed financing modes, including debt
financing and equity financing and that both the supplier and the retailer are risk-averse decision makers.

The above literature mainly focuses on a single financing mode. However, an increasing number of SMEs
want to expand financing channels to solve the problem of capital constraints [33,36,41]. Specifically, Yang
and Birge [36] study the risk-sharing role of trade credit when the capital-constrained retailer adopts mixed
financing, including trade credit and bank loans. Yan et al. [35] explore the capital-constrained retailer’s optimal
financing strategy under financing portfolios, including supplier finance and supplier investment. Zhang et al.
[43] explore the preference of remanufacturing modes between outsourcing and authorization under original
equipment manufacturers with capital constraints and adopt financing portfolios including trade credit and
bank credit. Yan and Ye [33] investigate supply chain members’ optimal financing and ordering decisions when
a capital-constrained retailer adopts hybrid financing schemes, including bank credit and trade credit. Yang
et al. [40] study the impact of supply chain members’ risk averse attitude on their financing equilibrium under
bank credit and trade credit. Different from the above literature, we assume that the capital-constrained retailer
adopts mixed financing, including debt financing and equity financing. Debt financing includes bank credit and
trade credit from banks and the supplier. The retailer transfers a certain proportion of his profit to investors to
obtain equity financing from investors. Then, the capital-constrained retailer has two possible financing modes:
bank credit and equity financing (BEF) and trade credit and equity financing (TEF).

2.2. Risk management in the supply chain

Many scholars have proposed various methods for measuring risk; among them, the mean-variance framework
is one of most commonly used [6,19,27,28]. Specifically, Choi et al. [6] investigate the supply chain coordination
of a buyback contract under the mean-variance framework and show that buyback contracts do not always
coordinate the supply chain under risk constraints. Under a wholesale price and a profit-sharing contract, Wei
and Choi [28] study supply chain coordination under a mean-variance framework and obtain the necessary
and sufficient conditions under which supply chain coordination is achieved. Using a mean-variance framework,
Zhuo et al. [45] study supply chain coordination and supply chain member risk sharing under option contracts.
They show that option contracts do not always coordinate the supply chain under risk constraints. Li et al.
[19] study a risk-averse retailer purchasing consumption commodity futures contracts to conduct mean-variance
financial hedging and obtain a closed-form, time-consistent financial hedging policy. Based on the mean-variance
framework, Li and Jiang [20] study the influence of consumer return policy and the retailer’s risk aversion on
supply chain members’ decisions in a dual-channel competitive market. Choi et al. [7] explore pricing decisions
in a mass customization supply chain when both the manufacturer and two competing retailers are risk-averse
decision makers. Wang et al. [27] investigate the incentive effect of trade credit when the capital-constrained
retailer’s sales cost is private information. They obtain the optimal trade credit contract configuration and the
risk-averse retailer’s optimal decisions by maximizing the mean-variance utility function. Our paper differs from
the above literature in that we further consider both risk constraints and capital constraints in the supply chain
and mainly focus on supply chain members’ financing and ordering decisions.

Our work is most closely related to Kouvelis and Zhao [15], Yang and Birge [36] and Yang et al. [40]. Kouvelis
and Zhao [15] study the interaction of short-term single debt financing and inventory decisions. They present
that compared with bank credit, trade credit can improve both the supplier’s and the capital-constrained
retailer’s profits. Yang and Birge [36] explore how trade credit improves supply chain performance by allowing
the capital-constrained retailer to partially share risk with the supplier. Yang et al. [40] show that trade credit
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TABLE 1. Comparisons of the three models.

Literature Financing scheme Risk attitude Information structure
Kouvelis and Zhao [15] BCF or TCF Risk neutral ~ Symmetric information
Yang and Birge [36] BCF+TCF Risk neutral ~ Symmetric information
Yang et al. [40] BCF or TCF Risk averse Symmetric information

This paper BEF or TEF Risk averse Asymmetric risk information

Notes. BCF and TCF represent bank credit financing and trade credit financing, respectively. BEF and TEF represent
bank credit and equity financing and trade credit and equity financing. Asymmetric risk information indicates that the
retailer’s risk aversion threshold is private.

financing is a unique financing equilibrium only when the supplier’s risk aversion threshold is moderate under
single financing modes. The proposed mean-variance model with two mixed financing schemes and two risk-
averse members obviously differs from that with single debt financing presented by Kouvelis and Zhao [15]
and Yang et al. [40]. First, we assume that the capital-constrained retailer adopts mixed financing, including
debt financing and equity financing. Debt financing includes bank credit and trade credit from banks and the
supplier. Second, the above literature shows that trade credit can achieve risk sharing between supply chain
members, and we show that equity financing allows the retailer to partially share risk with investors. Third, we
discuss the case of asymmetric information in which the capital-constrained retailer’s risk aversion threshold is
private information. Our results reveal that the capital-constrained retailer has an incentive to pretend to be less
risk averse. We design a minimum quantity contract for the supplier to prevent the retailer from reporting false
risk averse information. In addition, Kouvelis and Zhao [15] and Yang and Birge [36] assume that supply chain
members are risk neutral. In our paper, we assume that supply chain members are risk averse and use variance
to characterize their risk. Table 1 summarizes the differences between this paper and the relevant literature.

3. THE MODEL

We consider a two-echelon supply chain consisting of a risk-averse supplier and a risk-averse retailer. The
capital-constrained retailer faces random demand. Demand is a positive random variable x. The probability
density function is f(z), the distribution function is F'(z) and the complementary distribution function is F(x).
Assume that z(z) = % is increasing in z [15,16, 36].

We assume that the supplier has sufficient capital to cover her production. However, the capital-constrained
retailer only has initial capital B, which is insufficient to cover his orders. Due to the high operational risk and
information asymmetry between the capital-constrained retailer and banks, the retailer’s loan amount from the
bank or borrowing from the supplier still cannot cover his orders. Hence, we assume that the capital-constrained
retailer adopts a mixed financing mode of debt and equity financing [30,35]. For debt financing, the retailer can
borrow from external banks or an internal supplier to satisfy uncertain market demand. The retailer has two
mixed financing modes: (1) bank credit and equity financing (BEF) and (2) trade credit and equity financing
(TEF). We assume that the equity financing ratio is ¢ and the debt financing ratio is 1 — ¢, where 0 < ¢ < 0.5
[5,9,10].

The sequence of events is as follows: the supplier, as the Stackelberg leader, first decides the wholesale price
wj,j = B,T, where the subscripts B and T" represent bank credit and equity financing and trade credit and
equity financing, respectively. Second, based on the wholesale price, the retailer determines the order quantity
gj. Then, the retailer borrows money from the bank, the supplier and invertors. Under mixed financing, the
retailer finances ¢(w;q; —B) from investors and (1—¢)(w;q; — B) from the bank or the supplier. At the end of the
selling season, the retailer first repays the loans and interest to the bank or the supplier and then transfers ¢ of
his profits to investors if his sales income is enough to cover his loans. Otherwise, the retailer goes bankrupt and
pays all sales income to the bank or the supplier. To avoid triviality, we assume c¢(1 4 r¢)w;(1 +r;)p,j = B, T,
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TABLE 2. Summary of notation.

Notation Definition

P Retail price

c Production cost

w; Wholesale price under financing mode j, where j = B, T

X Random demand, X € [0, +inf)

f(X) Probability density function of X

F(X) Cumulative distribution function of X

¢ Equity financing ratio

q; Order quantity under financing mode j, where j = B, T

P;; Profit of member ¢ under financing model j, where i = S, R and j = B, T

EP;; Expected profit of member ¢ under financing model j, where i = S, R and j = B, T

SP;; Standard deviation of the profit of member 7 under financing model j, where ¢ = S, R and
j=B,T

Vij Variance of the profit of member ¢ under financing mode j, where i = SC, S, R and j = B, T

K; Risk aversion threshold of member i, where i = S, R

qR,EP; Optimal order quantity that maximizes the retailer’s expected profit under financing mode
j, where i =S, Rand j = B, T

qR,sP; Retailer’s maximum order quantity that satisfies risk constraint under financing mode j,
where j = B, T

qR,MVP Retailer’s optimal order quantity that maximizes the mean-variance optimization problem
under financing mode j, where i = S, R and j = B, T

rB Interest rate of bank loans
rr Interest rate of trade credit
Ty Risk-free interest rate

Notes. For notation purposes, we use BEF and TEF to represent bank credit and equity financing and trade credit and
equity financing, respectively.

where c is the supplier’s production cost, p is the retailer’s retail price, 7 is the risk-free interest rate, rp and
rp represent the interest rate of bank loans and the interest rate of trade credit.

In this paper, we mainly consider the risk-averse members’ financing and ordering decisions under two mixed
financing modes. Therefore, we construct the mean-variance model to analyze the decisions in the presence of
two mixed financing modes. The aim of supply chain member 7 is to maximize his or her own expected profits
given risk constraints [6,45,46]. Therefore, the objective of the supply chain member i is formulated in (P) as
follows:

max EP”

v (P)

S.t. SP” < Kj,
where F;; and EP;; are the profit and the expected profit of member ¢ under financing model j, where i = S, R
and j = B,T. SP;; = \/Wj, where SP;; and V;; are the standard deviation and variance of the profit of
member ¢ under financing model j. K; > 0 is member 4’s risk aversion threshold. gr mv, is the retailer’s
optimal order quantity that maximizes the mean-variance optimization problem under financing mode j. qr gp,
is the retailer’s optimal order quantity that maximizes his expected profit under financing mode j. grsp;
is the retailer’s maximum order quantity that satisfies risk constraint under financing mode j. To facilitate
interpretation, we list the main notation in Table 2.

4. BANK CREDIT AND EQUITY FINANCING

In this section, the retailer borrows from the bank and seeks financial support from investors. Before the selling
season, the supplier sets the wholesale price wp. According to the wholesale price, the retailer determines the
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order quantity gp. The retailer’s initial capital B cannot cover his order, and he should finance the amount
wpqp — B from the bank and investors. We assume that the retailer’s equity financing ratio is ¢. Under BEF,
the retailer finances ¢p(wpgp — B) from investors and (1 — ¢)(wpgp — B) from the bank. In return, the retailer
transfers a fraction ¢ of his profits to investors. The interest rate charged by the bank is rg. Fully competitive
banks only earn the risk-free interest rate ry [3,4,15]. At the end of the sales season, the retailer obtains
sales income p - min{gp, z}. If p - min{gp,z} < (1 — ¢)(wpge — B)(1 + rg), then the retailer pays all sales
income to the bank and goes bankrupt. If p - min{gp, 2} > (1 — ¢)(wpgp — B)(1 + rp), the retailer first pays
(1 —¢)(wpgp — B)(1 + rp) to the bank and then transfers ¢(p - min{qp,z} — (1 — ¢)(wpgs — B)(1 + rg)) to
investors. Thus, the retailer’s profit is Prg = (1—¢)[p-min{gp, 2} — (1—¢)(wpgs — B)(1+7rp)]*. The following
Lemma 4.1 characterizes the variances of the members’ profits under BEF.

Lemma 4.1. Under BEF, the variances of members’ profits are given by Vgg = p (2 ka qB) (kp(wp,qB) —

x)F(x) dx_( OkB(qB F(x) dx) ) Vis = (¢p) (Zf qB) —x)F( (fB(qB dx) ) Vis = ((1—
( fB(qB) — z)F( (fB(qB) dﬂ?) ) Vep = 0, where kg = 1=9)(wsap=B)1+rp)

p

Lemma 4.1 shows that the bank and investors take on some of the supply chain risk and that the supplier does
not bear any risk under BEF. When x < kg, the retailer’s sales income is insufficient to cover his loans, and he
goes bankrupt. Correspondingly, the bank and investors suffer losses and bear default risk. When kp < z < ¢,
the retailer’s sales income is sufficient to cover his loans. The retailer first pays pkp to the bank and then
transfers a fraction ¢ of his profits to investors. As demand increases, the profits of the retailer and investors
increase. Investors share the retailer’s risk, which means that the retailer adopts mixed financing, including
equity financing, which can reduce his risk. These findings are different from those in Yang et al. [40] in that
only the retailer and the bank bear risk under bank credit financing.

4.1. Retailer’s decision

Before the selling season, the bank provides (1—¢)(wpgp — B) to the retailer. At the end of the selling season,
the bank receives min{p - min{qp,z}, (1 — ¢)(wpgs — B)(L +rp)}. In a fully competitive market, the bank only
earns the risk-free interest rate ry. Then, we have (1 — ¢)(wpgp — B)(1 + rf) = E[min{p - min{gp,x}, (1
¢)(wpgp — B)(1 + rp)}]. Thus, the retailer’s expected profit is

EPgp = (Emin{p - min{gp, z}] — (1 — ¢)(wpgp — B)(1 +r¢))(1 — ). (4.1)
max EPrg(¢B)

s.t. SPRB(QB) S KR,

where SPrp = +/Vgp, is the standard deviation of the retailer’s profit. We define qgrgspp(wg) =
argmax 4, {SPri(¢p) < Kgr}, which gives the retailer’s maximum quantity that satisfies SPre(¢s) < Krg.

Proposition 4.2. Under BEF, (i) the retailer’s optimal order quantity, qrwvmve(wp) =

min{qrers(WB), ¢r,spe(wp)}, where qrEpe(wp) = F”(%), and (ii) qrmve(wp) is increasing

pF(qr.spB(wB1)
(1-¢)(1+ry)

Proposition 4.2 presents the retailer’s optimal order quantity under BEF. When the retailer’s risk constraint
is active, the retailer’s order quantity ¢r Mmve(wp) = qr,spB(wp). When the retailer’s risk constraint is inactive,
the retailer’s order quantity ¢rmve(wg) = ¢reps(wp). When wp € (c,wp1), the retailer’s order quantity
grMmvB(wp) = qrspe(wp) is increasing in the wholesale price. As the wholesale price increases, the retailer
will borrow more from the bank, and investors will invest more. Thus, the risk of the bank and that of investors
increase. Furthermore, the retailer’s risk declines. For a given Kpg, the retailer will raise the order quantity.
When wp € [wp1,p), the retailer’s order quantity grmve(ws) = grEpe(wp) is decreasing in the wholesale
price wg.

inwp for wp € (¢,wp1) and decreasing in wp for wg € [wp1,p), where wp, =
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4.2. Supplier’s decision

From Proposition 4.2, we know that the retailer’s order quantity is ¢g mve(wg) under BEF. Before the selling
season, the supplier’s production cost is cqr mve(wr). At the beginning of the selling season, the supplier receives
wpqp. Then, the supplier’s profit is

EPSB = (’LUB — c)qR,MVB(wB)(l + T‘f). (42)

Lemma 4.1 shows that the supplier is risk-free under BEF. Therefore, under the mean-variance framework,
the supplier’s problem is

max EPSB (QR,MVB (U)B)) (PQ)
wp
The following Proposition 4.3 presents the supplier’s optimal wholesale price.

PF(gr,pB(wp0)

Proposition 4.3. Under BEF, the optimal wholesale price wi = max{wp1,wpo}, where wpy = (=) (1+17)

and pF (qrere(wpo)(1 — qr,ePE(WE0)2(¢R,EPB(WED))) — (1 — @)c(1 +1f) = 0.

Proposition 4.3 shows that with risk constraints, the supplier’s optimal wholesale price is higher than that
without risk constraints. The retailer with risk constraints reduces his order quantity. To obtain more profits, the
supplier will raise the wholesale price. When K is small, i.e., Kr < SPre(¢r,zpa(wn0)), the risk constraint
for the retailer plays a role. The retailer orders conservatively ¢ryve(wp) = ¢r,spa(wg), and the supplier
charges wp1. When Ky, is large, i.e., Kr > SPrp(qr,rpe(wp0)), the risk constraint for the retailer does not
play a role. The retailer orders aggressively ¢r mve(ws) = qr,Epe(wp). The supplier correspondingly charges
wpRo, which equals the wholesale price without risk constraints.

To clarify Proposition 4.3, we use numerical simulations, as shown in Figure 1. We maintain the following
assumptions across the simulations: (1) the random demand X is normally distributed with a mean = 100 and
a variance o = 30; (2) p = 100,¢ = 15,7y = 0.03,¢ = 0.1 and B = 2000 [28,41]. We calculate wpy = 87.3
and Kpo = SPrp(qrere(wpo)) = 672.8. When Kr < Kpo = 672.8, the retailer’s risk constraint is active,
and his risk aversion plays a role in the supplier’s wholesale price. From Figure 1, when Kr = 500 < Kpg, the
retailer’s risk constraint is active, and wpy = 93.7 > wpg = 87.3. Then, the supplier’s optimal wholesale price
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wp = wp1 = 93.7, and her profit is 5384.6. When Kr > Kpo = 672.8, the retailer’s risk constraint is inactive.
From Figure 1, when Kr = 1000 > K g, the retailer’s risk constraint is inactive, and wg; = 75.1 < wpg = 87.3.
Then, the supplier’s optimal wholesale price wj = wpo = 87.3, and her profit is 5495.1.

Figures 2 and 3 present that the profit of the retailer and the supplier change with K under BEF. When
Kpr < 672.8, the profit of the retailer and the supplier increase with K. In this case, the retailer’s risk constraint
is active. As Kp increases, the retailer raises his order quantity. When Kr > 672.8, the profit of the retailer
and the supplier remains unchanged. In this case, the retailer’s risk constraint is inactive. The retailer’s order
quantity equals gr gpp(wp) without risk constraints and remains unchanged.
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5. TRADE CREDIT AND EQUITY FINANCING

5.1. Retailer’s decision

In this section, we assume that the capital-constrained retailer uses TEF to order products. Before the selling
season, the supplier, as the Stackelberg leader, first charges the wholesale price wp. Based on the supplier’s
wholesale price, the retailer determines his order quantity gr. The retailer’s initial capital is B, and he needs
funds wpgr — B. We assume that the equity financing ratio is ¢ and the trade credit ratio is 1 — ¢. Under
TEF, the retailer finances ¢(wgpgp — B) from investors and (1 — ¢)(wpgs — B) from the supplier. At the end of
the selling season, if the retailer’s sales income generates enough trade credit payments, the retailer first pays
(1 = ¢)(wrgr — B)(1 + rr) to the supplier and then transfers ¢[p - min{gr,z} — (1 — ¢)(wrqgr — B)(1 + r7)]
to investors, where rr is the interest rate on trade credit. We assume that rp is a constant; for example,
trade credit rates may be determined by the industry benchmark interest rate [12,15,32]. If the retailer’s
sales income is not enough to cover his trade credit, the retailer pays all sales income p - min{qr,z} to the
supplier and goes bankrupt. The retailer’s profit is Prr = (1 — ¢)[p- min{qr,z} — (1 — ¢)(wrqr — B)(1+r7)]".
Before the selling season, the supplier’s production cost is cqr. At the beginning of the selling season, the
supplier receives ¢(wrqr — B) + B from the retailer. At the end of the selling season, the supplier receives
min{p - min{qr, z}, (1 — ¢)(wrqr — B)(1 + rr)} from the retailer. Thus, the supplier’s profit is PsT = min{p -
min{qr, 2}, (1—¢)(wrgr—B)(1+rr)+(¢(wrgr—B)+B)—cqr)(1+7y)}. The following Lemma 5.1 characterizes
the variances of the members’ profits.

Lemma 5.1. Under TEF, the variances of members’ profits are given by Vip = (¢p)2(2 fkq; (gr — z)F(z) dx —
2 2
(S Pa)de) ), Vi = (1= 6 (2 (ar — 9)F (@) dz — ([ F(x)dz) ), Ver = p?(2Jy" (br -

2
z)F(x)dz — ( OkT F(z) d;v) ), where kp = (1_¢)(qu’];_B)(1+TT),

Lemma 5.1 shows that under TEF, the supplier, the retailer and investors share supply chain risk. Thus,
compared with single trade credit financing, the retailer can reduce his risk by adopting mixed financing,
including equity financing. This is because the retailer transfers some risk to the investors. These findings
are different from those in Yang et al. [40] in that only the retailer and supplier bear risk under trade credit
financing. Since investors share the retailer’s risk, mixed financing, including equity financing, can reduce the
retailer’s risk. When x < kr, the retailer’s sales income cannot cover his trade credit, and he goes bankrupt.
Correspondingly, the supplier and investors suffer losses. As the demand increases, the supplier’s profit increases.
When kp < x < gp, the retailer’s sales income is sufficient to repay his trade credit. Thus, the supplier has no
loss. As demand increases, the retailer’s and investors’ profit increases.

Under TEF, the retailer’s expected profit is

EPgrr = (1 — ¢)E[p - min{qr,z} — (1 — ¢)(wrqr — B)(1 + rT)P_. (5.1)
Under the mean-variance framework, the retailer’s problem is
max EPRT(qT)
qar
s.t. SPrr(qr) < Kk,

where SPrr = +/Vgrr, is the standard deviation of the retailer’s profit. We define ggpgspr(wr) =
argmax 4, {SPrr(¢r) < Kr}, which gives the retailer’s maximum quantity that satisfies SPrr(gr) < Kg.

Proposition 5.2. Under TEF, (i) the retailer’s optimal order quantity, qrmvr(Wr) =

min{CIR,EPT(wT),QR,SPT(U)T)}; where QR,EPT(wT) _ F‘—l((1—¢)w;(1+7‘T)F((1—¢)wT‘ZR,EPT(wT)_B)(1+TT)))

P
(ii) grmvT(wr) is increasing in wy for wr € (¢,wr1) and decreasing in wr for wr € [wri,p), where wry
satisfies qr wpT(Wr1) = qr.spT(Wr1).

, and
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Proposition 5.2 indicates that, with risk constraints, the retailer’s optimal order quantity is
min{qg gpr(Wwr), ¢r,spr(wr)}. When the retailer’s risk constraint is active, the retailer orders ¢r mvr(wr) =
gr,spr(wr). When the retailer’s risk constraint is inactive, the retailer orders ¢g mvr(wr) = ¢r,gpr(wr). The
retailer adopts a relatively aggressive ordering strategy. When wr € (¢, wr), the retailer’s order quantity
grmvr(wr) = grspr(wr). The supplier raises the wholesale price, and the retailer will borrow more from
the supplier and investors. Thus, the supplier and investors will take more risk. Correspondingly, the retailer’s

risk decreases. Hence, the retailer has an incentive to order more products. When wr € {le, ﬁ), the

retailer’s order quantity is ¢r mvr(wr) = grEpT(Wr). Obviously, the retailer’s order quantity decreases with
the wholesale price.

5.2. Supplier’s decision

Based on the above analysis, under TEF, the supplier’s expected profit is
EPgr = Elmin{p - min{qr, z}, (1 — ¢)(wrgr — B)(1 +r1)}| + (¢(wrgr — B) + B) — cqr)(1 +1y¢). (5.2)

Under TEF, the retailer’s optimal order quantity is ¢g mvr(wr) = min{gr gpr(wr), ¢r,spr(wr)}. Therefore,
under the mean-variance framework, the supplier’s problem is

max EPst(qrmvT(wr))
we (P4)
s.t. SPsr(grmvr(wr)) < Ks,

where Kg > 0 is the supplier’s risk aversion threshold.
We next explore the supplier’s optimal wholesale price under risk constraints. To obtain analytical results,
we assume that 82(1"”) > 0 [15,44]. Many commonly used distributions can satisfy this assumption, such as

truncated normal, uniform, exponential, and power distributions.

Proposition 5.3. Under TEF, (i) when Kg > max{SPsr(¢rmvr(Wr)), SPsr(¢rmvr(wri))}, then

wh = max{wri,wro}; (i) when Kg < max{SPsr(¢rmvr(Wr)), SPsr(¢grmvr(wri))}, then wh =
argmax {EPST (QR,MVT (’le ) ) B EPST (QR,MVT (wTu))}; where wTo satisﬁes equation (d)wTO (1 +
Tf) + (1 = Pwro(l + TT)F‘((1*(b)wTOQR,EPTzEwTO)7B)(1+TT))é‘(wTO) — ol + Tf) = 0, &wry) =

(-8 (wroar,epT (wro) AFrr) < P

1—qr,gpT(wr0)2(9R,EPT (WT0)) ((1—¢)(wTOQR,EPT(wTo)—B)(1+TT)) and wr. satisﬁes equation SPST(QR MVT(wT-)) _

. p
Kg,i=1,u.

When Kg > max{SPsr(¢r,mvr(wr)), SPst(¢r,MmvT(wr1))}, the supplier’s risk constraint is inactive under
TEF. The supplier’s wholesale price depends on K and is independent of Kg. Therefore, w4 = max{wp1, wro}.
The result is different from Kouvelis and Zhao [15] and Yang et al. [40] in that the capital constrained
retailer adopts trade credit financing. The supplier bears both the production costs and all the financing
risks if the retailer goes bankrupt under trade credit financing. However, under TEF, the supplier only
bears the production costs and partially bears the financing risks if the retailer goes bankrupt. Equity
financing can not only alleviate the capital constraints of enterprises but also partially share risk. When
Ks < max{SPsr(¢rmvr(Wr)), SPsr(¢r,Mmvr(wr1))}, the supplier’s risk constraint is active under TEF.
From the proof of Proposition 5.3, we know that EPgt and SPgt are concave in wp. Then, equation
SPst(grMmvr(wr)) = Kg has at most two solutions wy; and wp,. Thus, the supplier’s maximum expected
profit may be in wr; or wr,,. Therefore, wk = argmax {EPgr(¢r mvr(wri)), EPsT(qr MVT (WTW)) }-

Based on the settings in Figure 1 and Kr = 1000, we examine how the supplier’s EP and SP change
with wr under TEF in Figure 4. Based on Proposition 5.3, we can calculate that wpo = 89.3, wr; = 76.8.
When wyr < wp; = 76.8, the retailer’s risk constraint is active, and his order quantity qryvr(wr) =
qrspr(wr).. When wp > wpp = 76.8, the retailer’s risk constraint is inactive, and his order quantity
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qrmvT(wr) = qrepr(wr). From Figure 2, we find that the supplier’s expected profit and the standard deviation
are concave in wp. Then, we calculate that max EPgr(gr My (wr)) = 5654.9 and max SPgr(gr mvr(wr)) =
241.6. When Kg > 241.6, the supplier’s risk constraint is inactive. For example, when Kg = 260 > 241.6, then
the supplier’s optimal wholesale price w}. = wro = 89.3, and her expected profit EPgr(gr My (89.3)) = 5654.9.
When Kg < 241.6, the supplier’s risk constraint is active, and her risk aversion plays a role in the wholesale price.
For example, when Kg = 220 < 241.6, then wy; = 76.3, and wr,, = 94.4. Then, EPgr(qr mvr(wry)) = 5325.4,
and EPgr(grmvr(wry,)) = 5577.8. Hence, w} = wp, = 94.4. When Kg = 180 < 241.6, then wy; = 72.4. In
this case, equation SPsr(qrmvr(wr)) = Kg has only one solution. Hence, w} = wy; = 72.4.

Figure 5 presents the retailer’s profit changes with Kr under TEF. Obviously, the retailer’s profit increases
with K. In addition, we also find that when Kg increases, the retailer’s profit decreases. Since the supplier’s
risk aversion threshold increases, the supplier will charge a large wholesale price to obtain more profit. Thus,
the retailer’s profit decreases. Figure 6 shows that the supplier’s profit decreases with Kg. As Kg increases,
the retailer will raise the order quantity. Since the supplier’s risk aversion is active and remains unchanged, the
supplier reduces the wholesale price to avoid risk. Thus, the supplier’s profit decreases with Kg.

6. FINANCING EQUILIBRIUM

In this section, we investigate the impact of risk aversion on the financing equilibrium when
the capital-constrained retailer can choose either BEF or TEF. Define @wr as the wholesale price
such that EPRT(QR,MVT(@T)) = EPRB(QR,MVB(wE))‘ Define wT; such that EPRT((]R,MVT(wTi)) =
EPri(¢r,Mmve(wy)),i = m,n, where wr,, < wry,. Denote by the corresponding risk aversion threshold that

Kg; = SPsr(qr,mvr(wr,))-

Proposition 6.1. (i) If wr < max{wr,wr1}, when Kg,, < Ks < Ks, TEF is the unique financing equilib-
rium; otherwise, BEF is the unique financing equilibrium.

(ii) If wr > max{wr,wr1}, when Ks > min{Kgnr, K5}, TEF is the unique financing equilibrium; otherwise,
BEF is the unique financing equilibrium, where Kg = SPst(qr mvT(wr)), Wr = min{@r, wr,}.
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Proposition 6.1 shows the financing equilibrium under risk constraints. From the supplier’s perspective, the
supplier has no risk under BEF, while she may bear risk under TEF. Only when the suppliers expected profit
under TEF is greater than that under BEF does the supplier prefer to provide trade credit and bear risk. The
proof of Proposition 6.1 indicates that the supplier’s expected profit and standard deviation are concave in the
wholesale price. Thus, the wholesale price satisfies wry,, < wr < wr,. From the retailer’s perspective, he will
adjust his financing mode to obtain more profits while satisfying his risk constraint based on the supplier’s
decisions. The proof of Proposition 6.1 indicates that the retailer’s expected profit under TEF is decreasing in
the wholesale price. Thus, when wr < w7, the retailer with a risk constraint will obtain more profits under
TEF than under BEF. Therefore, only when wry, < wr < w7, TEF is the unique financing equilibrium.

If wr < max{Wr,wr1}, only when wr,, < wr < wr do both the supplier and the retailer prefer TEF.
This is because the standard deviation of the supplier’s profit is increasing in wr in the interval (wry,, Wr).
Correspondingly, the supplier’s risk aversion threshold satisfies Kg,, < Kg < Kg. When Kg < Kg,,, the
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supplier may charge a lower wholesale price than wp,, to avoid risk under TEF. Then, in this case, the supplier
is not willing to provide trade credit to the retailer. When Kg > Kg, the supplier’s risk aversion threshold is
high, and the supplier will charge a relatively high wholesale price, wr > wr, to obtain more profits. Then, the
retailer will choose BEF to obtain more profits. Thus, only when Kg,, < K¢ < Kg do both the supplier and
the retailer prefer TEF. Otherwise, BEF is the unique financing equilibrium. If wy > max{wr, wr; }, only when
wrm < wr < Wr do both the supplier and the retailer prefer TEF. This is because the standard deviation of
the supplier’s profit is concave in wr in the interval (wry,, @r). Thus, SPsr(grmvr(wr)) > min{ Kgp, Kg}.
When Kg < min{K sm, K 5}, then the supplier’s risk aversion threshold is small, and the supplier will charge a
relatively high wholesale price, wr > wr, or a relatively low wholesale price, wr < wr.,, to avoid risk. When
wr > wr, the retailer will choose BEF to obtain more profits. When wr < wr,,, the supplier is not willing to
provide trade credit to the retailer. Then, the retailer will choose BEF to obtain more profits. Thus, BEF is the
unique financing equilibrium. When Kg > min{K 5m, K S}, the supplier’s risk aversion threshold is high. To
obtain more profits, the supplier is willing to bear some risk. Thus, the supplier charges a moderate wholesale
price, i.e., wry, < wr < Wr. In this case, TEF is the unique financing equilibrium. In contrast, Yang et al. [40]
show that TCF is a unique financing equilibrium only when the supplier’s risk aversion threshold is moderate
under single debt financing modes.

For example, based on the settings in Figure 1, Figure 7 examines how the supplier’s SPgt changes with
wr under TEF. When Kr = 500, we calculate EPgg = 5384.6, EPrp = 2274.4, wr.,, = 93.9, wr = 94.1,
wry = 95.5 and wr = 86.1. Then, wr < max{wr,wr;}, Furthermore, Kg,, = 196.4, and R’S} = 198.1. The
retailer prefers TEF only when his profit is more than 2274.4 under TEF. Thus, the supplier’s wholesale price
wr < 94.1. Only when wr > 93.9 is the supplier willing to provide trade credit to the retailer under mixed
financing. Thus, only when the wholesale price satisfies 93.9 < wp < 94.1 do the expected profits of both the
supplier and the retailer under TEF exceed their profits under BEF. Therefore, when 196.4 < Kg < 198.1,
TEF is the financing equilibrium. Figure 7a presents the above results. Figure 7b illustrates that the supplier’s
SPgt changes with wr when Kr = 1000. We calculate EPgg = 5495.1, EPrpg = 2651.1, and wr,, = 80.2 <
max{wr,wr;} = 86.1 < Wy = 87.7. Furthermore, Kg,, = 234.5, and Kg = 240.9. When Kg > 234.5, then
the supplier’s wholesale price 80.2 < wp < 91.1. For a given Kg(Kg > 234.5), the supplier sets a wholesale
price 80.2 < wp < 87.7, and then the expected profits of both the supplier and the retailer under TEF are
greater than those under BEF. Therefore, when Kg > min{KSm, I_(S} = 234.5, TEF is the unique financing
equilibrium. For example, when Kg = 240, the supplier sets a wholesale price wy = 83.4. Then, we calculate
EPgt = 5582.0, EPgrr = 2924.8. Obviously, both the supplier and the retailer prefer TEF.
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Figure 8 presents the supply chain members’ financing equilibrium with a risk constraint. Note that the
black solid line denotes Kg, and the black dotted line denotes Kg,,,. When K < 715.2, we find that when the
supplier’s risk aversion threshold Kg falls into Area II (K sm < Kg < K S), TEF is the financing equilibrium.
Otherwise, BEF is the financing equilibrium. When Kp > 715.2, the supplier’s risk aversion threshold Kg falls
into Area IIT (KS > min{KSm,K’s}), and TEF is the financing equilibrium; otherwise, BEF is the financing
equilibrium.

We also find that the supplier’s critical risk aversion thresholds Kg,, and Kg are non-decreasing in Kp.
When Kr < 672.8, wpo < wpy and Wr < wri, the retailer’s risk constraint is active under BEF and TEF.
The retailer’s expected profit increases with Kz under BEF. In this case, the upper bound of the wholesale
price Wy increases. Thus, the critical risk aversion threshold K increases with K. When 672.8 < K < 715.2,
wpo > wp and Wr < wrp. In this case, the retailer’s risk constraint is inactive under BEF. As Ky increases,
the retailer’s expected profit remains unchanged under BEF. When the supplier sets the wholesale price wr,
the risk constraint for the retailer is active under TEF. As Ky increases, the retailer’s order quantity increases
under TEF. Thus, the critical risk aversion threshold Kg increases with Kr. When Kp > 715.2, wgo > wa1,
and wr > wyi. The retailer’s risk constraint is inactive under BEF. When the supplier sets wholesale price wr,
the risk constraint for the retailer is inactive under TEF. Then, the retailer’s expected profit remains unchanged
under BEF and TEF. Hence, the critical risk aversion threshold Kg remains unchanged.

When Kr < 672.8, then wgo < wpg1, and wr,, < wry. The retailer’s risk constraint is active under BEF and
TEF. The supplier is willing to provide trade credit when her risk aversion threshold increases. Thus, the critical
risk aversion threshold Kg,, increases with Kr. When 672.8 < K < 912.3, wgy > wp1, and wp,, < wri.
In this case, the retailer’s risk constraint is inactive under BEF. Then, the supplier’s expected profit remains
unchanged under BEF. When the supplier sets wholesale price wry,, the risk constraint for the retailer is active
under TEF. As Kg increases, the retailer’s order quantity increases. Thus, the critical risk aversion threshold
Kg,, increases with K. When Kr > 912.3, wpg > wpgi1, and wr,, > wri. The retailer’s risk constraint is
inactive under BEF. Then, the supplier’s expected profit remains unchanged under BEF. When the supplier
sets wholesale price wr,,, the risk constraint for the retailer is inactive under TEF. As Kp increases, the
retailer’s order quantity remains unchanged. Thus, as Kg increases, the critical risk aversion threshold Kg,,
remains unchanged.
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7. ASYMMETRIC INFORMATION: THE RETAILER’S RISK AVERSION THRESHOLD IS PRIVATE

In the previous sections, we focus on the symmetric information case in which the retailer’s risk aversion
threshold is common knowledge. However, in practice, the information might be asymmetric, and then, the
retailer’s risk aversion threshold is unknown to the supplier. If the supplier’s risk aversion threshold is unknown
to the retailer, then the retailer can infer it from the supplier’s wholesale price. Then, the outcomes in equilibrium
are the same as in the case of symmetric information. Therefore, in this section, we consider a setting where
the capital-constrained retailer’s risk aversion threshold is private information.

7.1. Bank credit and equity financing

7.1.1. Retailer’s problem

Suppose that K}is the retailer’s risk aversion threshold disclosed to the supplier. Correspondingly, the supplier
adjusts the wholesale price wp1 to wp1(K};) based on Proposition 4.3.

Lemma 7.1. The capital-constrained retailer has an incentive to pretend to be less risk averse under BEF.

Lemma 7.1 shows that the capital-constrained retailer has an incentive to pretend to be less risk averse. If the
risk constraints of both K7, and K, are active for the retailer, then wi (K%) = wp1(Kg) < wi(Kgr) = wp1(Kg).
If the risk constraint of K, is inactive and Kp is active for the retailer, then wi(Kp) = wpo < wi(Kgr) =
wp1(KR). If the risk constraints of both K and K are inactive for the retailer, then wi(Ky) = wi(Kg) =
wpo. Thus, the retailer pretends to be less risk averse to induce the supplier to reduce the wholesale price
under BEF. From the proof of Lemma 7.1, we know that the retailer’s expected profit is decreasing in the
wholesale price under BEF. Therefore, pretending to be less risk averse will create a greater expected profit for
the capital-constrained retailer under BEF.

7.1.2. Supplier’s problem

Lemma 7.1 shows that the retailer has an incentive to pretend that K% > Kpg. This untruthful disclosure
benefits the retailer. Can the supplier, as the Stackelberg leader, prevent the retailer’s untruthful disclosure?
Similar to Wei and Choi [28] and Zhuo et al. [45], we design a minimum quantity contract that includes the
wholesale price and the minimum quantity according to the risk aversion threshold announced by the retailer.
The minimum quantity contract is designed such that the retailer will be worse off if he provides false risk
information. Therefore, by setting the appropriate wholesale price and a minimum quantity gmin, the supplier
can ensure that the retailer discloses true information. Proposition 7.2 shows how the minimum quantity contract
is designed.

Proposition 7.2. (i) Under BEF, (i) if wpo < wpi(K7%), then ¢gmin = qr,spe(wp1(Kg), KR), and wi(Ky) =
wp1(Kg); (i) if wp1(Kg) < wpo, then ¢pmin = qrErPB(WB0), and wi(KR) = wpo.

As discussed above, the supplier is risk-free under BEF. We therefore only consider the impact of
the retailer’s risk aversion threshold. If the risk constraints of both Ky and Kpg are active for the
retailer, then wi(K%) = wpi1(KR) < wih(Kg) = wpi(Kg). The supplier’s estimated order quantity is
qrmvB (Wi (KR), Ki) = qr,spe(wp1(KR), Kj). Based on wi(KY) and the true K, the retailer’s actual order
quantity is grmve(wi(K%R), Kr) = qrspe(wpi(K}), Kg). This is because SPrp(qr.spe(wpi(Kg), Kg)) >
SPre(¢r,spB(wr1(K%), Kr)) = Kgr. Therefore, the supplier setting the minimum order quantity as ¢pmin =
qr,spe(wp1(KR), K§) can prevent the retailer from untruthfully disclosing. If the risk constraint of K, is inac-
tive and K is active for the retailer, then wi(K%) = wpo < wi(Kgr) = wp1(Kg). The supplier’s estimated
order quantity is grmve(wi(Ky), K;) = qrers(wpo). Based on wj(KY%) and the true Kg, the retailer’s
actual order quantity is ¢rmve(Wi(KR), Kr) = qrspe(wpo, Kr). This is because SPri(¢r,rre(wpo)) >
SPrB(¢r,spB(wR0, KR)) = KR. Therefore, the supplier sets the minimum order quantity as gmin = ¢r,EPB(WB0)
to prevent the retailer from untruthfully disclosing. If the risk constraints of both K% and Kg are inactive for
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the retailer, then wj(K%) = wi(Kr) = wpgo. The supplier’s optimal wholesale price wpgq is independent of
the retailer’s risk aversion threshold. The retailer’s distorted information K has no impact on the supplier’s
decision. Hence, gmin = qr,ePB(Wn0).

Table 3 illustrates the supplier’s minimum quantity contract. The scenario of K}, = Kp represents the case
in which the retailer discloses the true risk aversion threshold. The scenario of K}, > Kp represents the case in
which the retailer discloses the distorted risk aversion threshold. Compared with case (1a), case (1b) shows that
the retailer pretends to be less risk averse (K3 = 600 > K = 500). Furthermore, the supplier sets a wholesale
price wi(K%) = 90.09 smaller than wi(Kg) = 93.7 based on the true information. This case is equivalent
to wpy < wp1(Kp) < wpi1(Kg) in Proposition 7.2 (wpg = 87.3). The supplier’s estimated order quantity is
qr,spe(wp1(KR), K) = 70.9. However, based on wi(Ky) = 90.0 and Kr = 500, the retailer’s actual order
quantity is gr sp(wp1(Kg), Kr) = 65.5, which benefits the retailer but harms the supplier. To prevent this
untruthful disclosure, the supplier sets the minimum order quantity gmin = ¢r,spe(wpi(Kfy), Kf) = 70.9.
Compared to case (1a), case (1c) is consistent with the case of wp1(K%) < wpo < wpi(Kg) in Proposition 7.2.
The supplier sets the minimum order quantity ¢min = ¢rEpB(Wpo) = 73.8. Compared to case (2a), case
(2b) is equivalent to the case of wp1(Kg) < wp1(Kgr) < wpe. The supplier’s optimal wholesale price wpg
is independent of the retailer’s risk aversion threshold. Untruthful information K7, therefore does not affect
the supplier’s decision. The supplier’s estimated order quantity equals the retailer’s actual order quantity; i.e.,
qrMvB(KR) = qrmve(KRr) = qrerB(wpo) = 73.8.

7.2. Trade credit and equity financing

7.2.1. Retailer’s problem

Suppose that K7, is the retailer’s risk aversion threshold to be disclosed to the supplier. Correspondingly, the
supplier adjusts the wholesale prices wr1(KRr), wrm(Kr) and wry,(Kg) to wri (Kg), wrm(Kg) and wr, (Ky)
based on Propositions 5.2 and 5.3. Lemma 7.3 presents the retailer’s information disclosure decision under TEF.

Lemma 7.3. The capital-constrained retailer has an incentive to pretend to be less risk averse under TEF.

Lemma 7.3 shows that the capital-constrained retailer has an incentive to pretend to be less risk averse under
TEF. If the retailer discloses K}, to the supplier. Then, the supplier’s estimated order quantity is gr mvr(wr) =
min{qr epr(wr), ¢r,spr(wr, Kz)}. When Kg > max{SPsr(qrnmvT(Wr)),SPsr(¢rMmvr(wr1))}, the sup-
plier’s risk constraint is inactive. From Proposition 5.3, under TEF, the supplier’s wholesale price w} =
max{le, wT()}. This is because qR’spT(wT, K}?) > qR’spT(wT, KR), le(K%ﬁ) < le(KR). When Kg <
max{SPsr(qrmvr(wr)), SPsT(gr,MvT(Wr1))}, then wi = argmax EPst(qrMmvr(wri)), EPsT(gr MvT (WTW))-
Similarly, wri(K%) < wri(KRg). Therefore, wi(Ky) < wh(Kg). Thus, the retailer pretends to be less risk averse
and can induce the supplier to reduce the wholesale price. From the proof of Proposition 6.1, we know that the
retailer’s expected profit is decreasing in the wholesale price under TEF. Therefore, pretending to be less risk
averse will create a greater expected profit for the capital-constrained retailer under TEF. Thus, the retailer
has an incentive to pretend to be less risk averse under TEF.

7.2.2. Supplier’s problem

The retailer has an incentive to pretend that K5 > Kg. This untruthful disclosure benefits the retailer under
TEF. Similar to the previous analysis under BEF, we design a minimum quantity contract to prevent the retailer
from cheating. Proposition 7.4 indicates how to design such a minimum quantity contract.

PI‘OpOSitiOl’l 7.4. Under TEF, (1) when KS 2 maX{SPST(QR,MVT(ﬁT))aSPST(QR,MVT(le))}; Zf wry <
wr1(KR), then qmin = qrspr(wri(Kg), Ki) and wi(Kg) = wri(Kg); if wri(Kg) < wro, then gumin =
qR7EpT(wT0), and w}(Kk) = wTo0;, (ll) when KS < maX{SPST(qRMVT(@T)),SPST(QRMVT(le))}, Zf w} =
Wl gmin = qrspr(wn(KR), Ky), and wi(Ky) = wri(Kg); if wh = wru, ¢min = ¢repr)(wr,) and
wi(KpR) = wry.
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As discussed above, the supplier would bear the retailer’s default risk under TEF. When Kg >
max{SPsr(¢r.Mmvr(Wr)), SPs1(¢rMmvT(wr1))}, the supplier’s risk constraint is inactive. If the risk constraints
of both K}, and Kp are active for the retailer, then w}(K%) = wri(K%) < wi(Kgr) = wri1(Kg). The sup-
plier’s estimated order quantity is grmvT(wi(K%), K;) = qrspr(wr (Kg), Ky). Based on wi(K%) and
the true Kp, the retailer’s actual order quantity is grmvr(wi(Kg), Kr) = qrspr(wr (K%), Kg). Then,
SPrr(qr,spr(wr (Ky), KR)) > SPrr(qr,spr(wri(Ky), Kr)) = Kg. Therefore, the supplier sets the mini-
mum order quantity as ¢min = ¢r,spr(wri (Kg), K5) to prevent the retailer from untruthfully disclosing. If the
risk constraint of K7, is inactive and K is active for the retailer, then w}.(K%) = wro < wh(Kg) = wr1(Kg).
The supplier’s estimated order quantity is grvvr(wi(Kg), K%) = qr,epT(Wwro). Based on wh(K%) and the
true Kpg, the retailer’s actual order quantity is grmvr(wi(KR), Kr) = qrspr(wro, Kr). This is because
SPrr(¢r,EpT(wr0)) > SPRT(9R,sPT (W0, KR)) = KR. Therefore, the supplier sets the minimum order quantity
as gmin = ¢r,EPT(W10) can prevent the retailer from untruthfully disclosing. If the risk constraints of both K,
and K g are inactive for the retailer, the supplier’s optimal wholesale price wrq is independent of the retailer’s
risk aversion threshold. The retailer’s distorted information K7, has no impact on the supplier’s decision. Hence,
Gmin = QR,EPT(U}TO)~

When Kg < max{SPsr(¢rmvr(Wr)), SPsr(¢rMmvr(wr1))}, the supplier’s risk constraint is active. If
wh = wyy, then wi(K}) = wn(KR) < wh(Kgr) = wr(Kg). The supplier’s estimated order quantity is
grmvr(win(KR), K) = qrspr(wri(Kg), Ki). The retailer’s actual order quantity is ¢r mvr(wi(K%), Kr) =
QR,SPT(le(K;{)7KR)~ Then, SPRT(QR,SPT(le(K%)aKﬁ)) 2 SPRT((]R,SPT(U)TI(K%);KR)) 2 KR. Therefore7
the supplier sets the minimum order quantity as gmin = ¢r,spr(wri(Ky), K) can prevent the retailer from
untruthfully disclosing. If w} = wypy, then wi(Ky) = wh(Kg) = wry,. The supplier’s estimated order quantity
equals the retailer’s actual order quantity; i.e., grmvr (Wi (KR), K&) = ¢rmvr(Wh(KR), Kr) = qrepT(Wry)-
Hence, Gmin = QR,EPT(wTu)~

To gain further insights into the supplier’s action under TEF, Table 4 illustrates how to set the mini-
mum quantity contract. Compared to case (la), case (1b) presents the case in which the retailer pretends
to be less risk averse (K = 600 > Kpgr = 500). Then, the supplier sets a wholesale price wi(Kp) = 74.9
smaller than w(Kg) = 80.0 based on the members’ true risk aversion thresholds, which is consistent with
the case of w} = wry, wr(K%) < wr(KR) in Proposition 7.4. The supplier’s estimated order quantity is
qr,spr(wri(Kg), Ky) = 67.9. However, based on wi(K}) = 74.9 and K = 500, the retailer’s actual order
quantity is qgr spr(wri(Kg), Kr) = 62.9. Obviously, this order quantity benefits the retailer but harms the
supplier. To prevent the retailer from untruthfully disclosing, the supplier sets the minimum order quan-
tity gmin = qr,spr(wri(Ky), Ky) = 67.9. Compared to case (2a), case (2b) is consistent with the case of
wh(Kgr) = wh(K}y) = wr, in Proposition 7.4. The supplier’s optimal wholesale price wrp, depends on her
risk aversion threshold and is independent of the retailer’s risk aversion threshold. The distorted risk aversion
threshold K7, therefore does not affect the supplier’s decision. The supplier’s estimated order quantity equals
the retailer’s actual order quantity; i.e., gr mvr (Wi (KR), Ki) = gr.mvr(WiH(K%), Kr) = qr,zpr(Wry) = 68.6.
Compared to case (3a), case (3b) is consistent with the case of wpi(K%) < wri(Kgr) < wro in Proposition 7.4.
In this case, wi(Ky) = wi(Kg) = wro = 89.3, the supplier’s optimal wholesale price wr¢ is independent of
the risk aversion threshold. The supplier’s estimated order quantity equals the retailer’s actual order quantity;
i.e., qrmvr(Wh(KR), Ki) = grmvr (Wi(K%R), Kr) = qr,epr(wro) = 74.3. Compared to case (4a), case (4b) is
consistent with the case of wrg < wr1(K%) < wr1(Kg) in Proposition 7.4. Then, the supplier sets the minimum
order quantity ¢min = ¢r,spr(wri(K%), Ky) = 71.5. Compared to case (4a), case (4c) is consistent with the
case of w1 (Kp) < wro < wri(Kg) in Proposition 7.4. Then, the supplier sets the minimum order quantity
Gmin = qr,EPT(Wr0) = 74.3.

8. BANK LOAN-TRADE CREDIT-EQUITY FINANCING

In this section, we assume that the retailer borrows from the bank and the supplier and seeks financial support
from investors. Before the selling season, the supplier sets the wholesale price wgr. According to the wholesale
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TABLE 3. The optimal wj and grmys for different Kr under BEF when the retailer’s risk
aversion threshold is private information.

Kr  Kir  wpi(Kg)(Kr) wg(KRr)(Kr) qrmvB(KR)(KR) gmin EPsg  EPrp  SPrs
(1a) 500 500  93.7(93.7) 93.7(93.7) 66.5(66.5) 66.5 5387.8 2274.4  500.0
(1b) 500 600 90.0(93 7) 90.0(93.7) 70.9(65.5) 70.9 5052.2 2477.7 500.0
(Ic) 500 1000 75.1(93.7) 87.3(93.7) 73.8(64.8) 738 48234 2621.1 500.0
(2&) 1000 1000 75.1(75 1) 87.3(87.3) 73.8(73.8) 73.8 5495.1 2651.1 672.5
(2b) 1000 1200 67.5(75.1) 87.3(87.3) 73.8(73.8) 738 5495.1 2651.1 672.5

TABLE 4. The optimal w7, and gg My for different K'g and Kr under TEF when the retailer’s
risk aversion threshold is private information.

Ks Kr Kp wr1 wr, wT qR,MVT gmin EPst  EPrr SPrr SPsr
(KR)(Kr) (Kg)(Kr) (Kg)(Kr) (Kg)(Kr)

(1a) 100 500 500 95.5(95.5) 80.0(30.0) 80.0(80.0) 63.5(63.5) 63.5 4245.1 3005.9 500.0 100.0
(1b) 100 500 600 92.0(95.5) 74.9(80.0) 74.9(80.0) 67.9(62.9) 67.9 3873.7 3264.4 500.0 77.6
(2a) 220 1000 1000 76.8(76.8) 94.4(94.4) 94.4(94.4) 68.6(68.6) 68.6 5577.8 2260.3 532.3 220.0
(2b) 220 1000 1200 68.6(76.8) 94.4(94.4) 94.4(94.4) 68.6(68.6) 68.6 5577.8 2260.3 532.3 220.0
(3a) 250 1000 1000 76.8(76.8) —(-) 80.3(83.9) 74.3(74.3) T4.3 56549 2556.4 673.3 238.8
(3b) 250 1000 1200 68.6(76.8) —(—) 80.3(80.3) 74.3(74.3) 74.3 5654.7 2556.4 673.3 238.8
(4a) 250 500 500 95.5(95.5) —(—) 95.5(95.5) 67.0(67.0) 67.0 5530.9 2199.6 500.0 212.4
(4b) 250 500 600 92.0(95.5) —(—) 92.0(95.5) 71.5(65.9) 71.5 5207.8 2387.8 500.0 178.3
(4c) 250 500 800 84.5(95.5) —(—) 89.3(95.5) 74.3(65.2) 74.3 4974.8 2529.9 500.0 156.3

Notes. The symbols a, b and c represent the retailer’s true and fake information disclosure, respectively. The symbol —
indicates that it does not exist.

price, the retailer determines the order quantity ggr. The retailer’s initial capital B cannot cover his order, and
he finances ¢(wpTgpT — B) from investors, (wprgpT — B) from the bank, and (1—¢—0)(wprgsT — B) from the
supplier. The interest rate charged by the bank is . Fully competitive banks earn only the risk-free interest rate

. We assume that the retailer’s bank loan is senior to trade credit [21,25,36]. Let kpo and kgt denote the bank
O(wsrgsT—B)(1+rB)
p
. At the end of the sales season, the retailer obtains

loan default threshold and trade credit default threshold, respectively. Then, we have kpg =
(6(wprgpr—B)(14r5)+(1—-¢—0)(wETger—B)(14+rT))

and k'BT =
sales income p - min{gpr,z}. If p- m1n{qBT, x} < pkpo, then the retailer pays all sales income to the bank and
goes bankrupt. If pkpo < p-min{gpr, 2} < pkpT, then the retailer first pays pkpo to the bank and then pays the
remaining sales income p - min{gpT, x} — pkpo to the supplier. If p- min{gpT,z} > pkpr, the retailer first pays
pkpo to the bank and pkpr — pkpo to the supplier and then transfers ¢(p - min{gpr, } — pkpT) to investors.
Thus, the retailer’s profit is Prp = [p - min{qpT,x} — pkpr]". Lemma 8.1 characterizes the variances of the
members’ profits under the BTEF.

Lemma 8.1. Under BTEF, the variances of members’ profits are given by Vppr = p2(2fOkBT(k:BT -

x)F(z)dz — (fOkBT F(x) d:m;) ) Vier = (¢p) ( T (qpr — 2)F(z) dz — ( ,f;TT F(x) d:c)Q), Veet = ((1 —

kT
19)* (2 27 (qur — @) () do — ({2 P(x) da:) ). Venr =92 (2 17 (ke — 2)F(x) e — ([ F(a ) )

Lemma 8.1 shows that under BTEF, the supplier, retailer, bank and investors share supply chain risk. When
x < kpg, the retailer’s sales income cannot cover his bank credit, and he goes bankrupt. Since bank loan is senior
to trade credit, the retailer only pays all sales income to the bank. Correspondingly, the bank, the supplier and
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investors suffer losses. When kpg < z < kpr, the retailer’s sales income cannot cover his trade credit, and he goes
bankrupt. The retailer first pays pkpg to the bank and then pays the remaining sales income to the supplier. In
this case, the bank has no loss. Correspondingly, the supplier and investors suffer losses. When kpr < = < ¢,
the retailer’s sales income is sufficient to repay his loans. Thus, both the bank and the supplier have no loss.
After payment of the loans, then the retailer transfers a fraction ¢ of his profits to investors. Compared with
BEF and TEF, more members share supply chain risks under BTEF, which reduces the retailers risk.

8.1. Retailer’s decision

Before the selling season, the bank provides 8(wprgsT— B) to the retailer. At the end of the selling season, the
bank receives min{p-min{gpr, 2}, 8(wprgsT—B)(1+75)}. In a fully competitive market, the bank earns only the
risk-free interest rate 7. Then, we have 6(wgrger—B)(1+7;) = E[min{p-min{ggr, 2}, (wsrger—B)(1+rgs)}].
Thus, the bank’s interest rate rp satisfies fOkBT pF(z)dx — (wprget — B)(1 + ry) = 0. Then, the retailer’s
expected profit is

EPRBT = (1 — qb)E[p . min{qBT, x} - pkBT]+' (81)
Under the mean-variance framework, the retailer’s problem is
max EPrpr(gBT)
qBT (P5)
s.t. SPrpT(¢BT) < KR,

where SPrpr = +/Vmpr, is the standard deviation of the retailer’s profit. We define grgsppr(wr) =
argmax ¢, {SPre1(97) < KRr}, which gives the retailer’s maximum quantity that satisfies SPrer(¢er) < Kg.

Proposition 8.2. Under BTEF, (i) the retailer’s optimal order quantity, qrmveT(WBT) =

. _ 0 : =
min{gg gper(WBT), ¢R,SPBT(WBT)}, wWhere qrpppr(wpT) = F 1(F(kBquJ(jFTJl;ZQT(HTT) F(kpt) ), and
P

(i) gr,mveT(WT) s increasing in wpr for wer € (c,wpT1) and decreasing in wyr for wyr € [wyT1,p), where
; PF dR,SPBT(WBT1
wpT1 Satisfies wT1 = ST (1 , (1 ))F P
m+( —¢— )( +7‘T)P ( BT)

Proposition 8.2 shows that the retailer’s optimal order quantity is min{gr gppT(WsT), ¢R,sPBT(WEBT)} Under
BTEF. When the retailer’s risk constraint is active, the retailer orders gr mveT(WsT) = ¢rsPET(WBT). When
the retailer’s risk constraint is inactive, the retailer orders gr mveT(WBT) = ¢R.EPBT(WBT). When wpr €
(c,wpT1), the retailer’s order quantity ¢r mveT(WBT) = ¢R,sPBT(WBT) is increasing in the wholesale price. The
supplier raises the wholesale price, and the retailer will borrow more from the bank, the supplier and investors.
Thus, the bank, the supplier and investors will take more risk. Thus, the retailer’s risk decreases. Hence, for a
given K, the retailer has an incentive to order more products. When wpt € {wBTl, ﬁ), the retailer’s order

quantity ¢rmveT(WwsT) = qRr,EPBT(WBT) is decreasing in the wholesale price.
8.2. Supplier’s decision
From the above analysis, the supplier’s expected profit is
EPgspT = E[p . min{maX{O, T — kBO}, kgt — IfBO}] + ((9 + ¢)(wBTqBT — B) + B — ch)(l + Tf). (8.2)

Under BTEF, the retailer’s optimal order quantity is gp mveT(wsT) = min{gr gpT(WET), ¢R,5PBT(WET)}-
Therefore, under the mean-variance framework, the supplier’s problem is

max EPspr(qrMmvBT(WBT))
s.t. SPspr(qr,MvBT(WBT)) < K3\
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FIGURE 9. SPgpT changes with wgr.

where Kg > 0 is the supplier’s risk aversion threshold. We next explore the supplier’s optimal wholesale price
under risk constraints. It is difficult to obtain analytical results for the supplier’s wholesale price due to the
complexity of the retailer’s order quantity and the supplier’s profit functions. Thus, based on the settings in
Figure 1 and 6 = 0.5, we use numerical examples to examine the supplier’s wholesale price and expected profit
under BTEF.

Figures 9 and 10 present the supplier’s standard deviation and expected profit change with wgT under BTEF.
We find that the supplier’s standard deviation and expected profit are concave in wgt. When Kg < 168.1(193.0),
the supplier’s risk constraint is active under Kz = 500(1000). When Kg > 168.1(193.0), the supplier’s risk con-
straint is inactive under K g = 500(1000). When Kg = 100, the supplier will set wholesale price wi = 85.3(66.1)
under K = 500(1000) to control risk. Then, the supplier’s expected profit is EPsgr(¢r,MmveT(85.3)) = 4654.2
under K = 500 and EPspr(grMmyver(66.1)) = 4365.9 under K = 1000. When Kg = 180 and Kr = 500,
the supplier’s risk constraint is inactive, and the retailer’s risk constraint is active. Thus, the supplier’s optimal
wholesale price wip = wpr1 = 95.4 is independent of Kg and dependent on K. Correspondingly, the supplier’s
expected profit EPspr(qr mveT(95.4)) = 5514.5. When Kg = 180 and K g = 1000, the supplier’s risk constraint
is active, and the retailer’s risk constraint is inactive. Then, the supplier will set a wholesale price of 76.9 or 93.0
to avoid risk. Since EPspr(qrmvT(76.9)) = 5361.5 < EPspr(grMmvT(93.0)) = 5595.6, the supplier’s optimal
wholesale price wgp = 93.0.

Next, we analyze the effects of supply chain members’ risk aversion threshold on their profits. Figures 11 and 12
present that the profit of the retailer and that of the supplier change with Kz under BTEF. When Kg = 100,
the retailer’s profit increases with K g, while the supplier’s profit decreases with Kg. In this case, the supplier’s
risk aversion threshold is small, and her risk constraint is active. As K increases, the retailer will raise the order
quantity. Then, the supplier will reduce the wholesale price to avoid risk. Thus, the retailer’s profit increases
with K, and the supplier’s profit decreases with Kr. When Kg = 200, the profit of both the retailer and the
supplier does not decrease with Kg. In this case, the supplier’s risk aversion threshold is large, and her risk
constraint is inactive. When K < 675.2, the retailer’s risk constraint is active. As K g increases, the retailer will
raise the order quantity. Thus, both the retailer’s and the supplier’s profit increase with Kr. When Kr > 675.2,
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the retailer’s risk constraint is inactive. The retailer’s order quantity and the supplier’s wholesale price are
independent of Kr. Thus, both the retailer’s profit and the supplier’s profit remain unchanged.

9. CONCLUSION AND MANAGERIAL INSIGHTS

In this paper, we consider a simple supply chain consisting of a supplier and a capital-constrained retailer.
The capital-constrained retailer adopts one of two mixed financing modes (BEF and TEF) to order. Under the
mean-variance framework, we investigate how supply chain members’ risk-averse attitudes affect their financing
and ordering decisions under two mixed financing modes.

Our main results are as follows. First, we obtain the conditions under which both the supplier and the
retailer prefer TEF or BEF. When the retailer’s risk constraint is active, only when the supplier’s risk aversion
threshold is moderate is TEF the financing equilibrium. Otherwise, BEF is the financing equilibrium. When
the retailer’s risk constraint is inactive, only when the supplier’s risk aversion threshold exceeds a critical risk
aversion threshold is TEF the financing equilibrium. Otherwise, BEF is the financing equilibrium. The results
are different from the results in Kouvelis and Zhao [15] in that the supplier is always willing to provide trade
credit and the retailer’s financing preference depends on his initial capital. Yang et al. [40] show that TCF is
a unique financing equilibrium only when the supplier’s risk aversion threshold is moderate under single debt
financing modes. Second, we characterize the risk sharing between the supplier and the retailer under mixed
financing. Compared with the single debt financing of Yang et al. [40], the risks of both the supplier and the
retailer will be reduced under mixed financing since investors share partial risk through equity financing. Third,
when the retailer’s risk aversion threshold is private, the retailer has an incentive to pretend to be less risk
averse under these two mixed financing modes. Minimum quantity contracts efficiently prevent the retailer’s
untruthful disclosure.

Our paper derived some managerial implications. The supplier with risk constraints sets the appropriate
wholesale price to induce the retailer to choose the mixed financing mode that benefits her. When the retailer’s
risk constraint is active and the supplier’s risk aversion threshold is moderate, the supplier charges a low
wholesale price and provides trade credit to induce the retailer to choose TEF. When the retailer’s risk constraint
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is inactive and the supplier’s risk aversion threshold is relatively high, the supplier charges the appropriate
wholesale price and provides trade credit to induce the retailer to choose TEF. The retailer can adopt mixed
financing, including equity financing, to reduce his risk.

In this paper, we use a mean-variance framework to explore how supply chain members’ risk-averse attitudes
affect their financing and ordering decisions under two mixed financing modes. In our model, we assume that
a two-echelon supply chain consists of a supplier and a capital-constrained retailer. However, when a supply
chain consists of a capital-constrained retailer and multiple suppliers, especially when one supplier provides
trade credit to the capital constrained retailer, there are spillovers when the capital constrained retailer order
products from other suppliers. Therefore, future research should consider the impact of the competition between
suppliers. Second, in our model, both the supplier and the capital-constrained retailer have a good knowledge of
the distribution function of random market demand. However, in practice, compared with the upstream supplier,
the retailer is endowed with superior information about market demand. It may be interesting to explore the
impact of demand information asymmetry on supply chain members financing and ordering decisions. Third, in
our model, the retailer’s equity financing ratio is exogenous; however, the retailer’s equity financing ratio is the
most important decision when there is a financial gap. It would be interesting to explore the endogeneity of the
equity financing ratio.

APPENDIX A. PROOF OF LEMMA 4.1

Let kg = ((1_¢)(w3qz_3)(1+7"3)). Based on the definition of variance,

Ve = Var((l — ¢)p[min{gp, v} — kBV) —plgp — )"
=(1- ¢)2p2Var((qB - x)+> + Var((k:B - x)+) - QCOV((kB — )" (¢ — :L‘)+),

where Var(kp — x)%) = (2f0k3(k3 — x)F(z)dz — ( OkB F(m)dx)Q) and Var((¢gg — 2)%) =

[El(an — 0)%) - [Blan — o] = (23" an — 0)F(e) do — ([i° Fa) o) ).
Based on the definition of covariance,

Cov((ks — )" (a5 — )" ) = E|(as — ) (ks — )] ~ B|(45 — )| B[ (ks - 2)"]

kg qB kp
- / (45 — @) (kg — ) f () dz — / (45 — ) f(z) dz / (ks — 2)f(z) dz

kp kp
kpasF (ks) — (a5 + ks) / rf(z)de + / 2 f(z) da

- /OQB F(a)dz /OkB F(z)dz

" () da) 2/0k3 2P (z) do — /OqB Flz)dz /OkB F(z) da

0
kp kB 4B kB
= (g5 + kB) F(x) dm—?/ zF(z) dz—/ F(z)dz F(z)dz
0 0 0 0

Therefore,

Vi = (1 - ¢>2p2{2 / " (45— 0)F(x) da - ( / " P dx)2 =7 " (ks — 2)F(@) da
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- (/OkBF(x)dm>

9B kB
+2 ; F(x)dx/o F(x)dx}

— (- ¢)2p2{2 /k (4 — 2)F(z) dz - ( /k Fa) dx)Q}.

2
Similarly, we have Vpp = p2<2fk3(q3)(k:3(w3,q3) — z)F(z)dz — (fOkB(qB)F(x)dx) ), Vi =

( Jiniam(an = 2)F( (f (am I d””) )

Slnce the buppher Without any risk under BEF, thus, Vg = 0.

2

kB kp
—2(q3+k3)/0 F(x)dx—|—4/0 oF(z)dz

APPENDIX B. PROOF OF PROPOSITION 4.2

The first derivative of EPrp with respect to ¢p yields BE(I% =(1-9¢)p (F(%)) The second-
order condition of EPgrp with respect to ¢p yields m = —(1 — ¢)pf(ge) < 0. EPgrp is concave. From

8%1;;‘3 =0, grgpp(wp) = F~1 (%) The ﬁrst derivative of qg gpp(wp) with respect to wp yields

9qr.EpB(wp) _ (1—¢)(1+ry)
owp - —pf(aB)

The first derivative of Vgp with respect to ¢p yields %—R; = 2(1 - ¢)2p2(13( B) [ oy Fla)de —
9%e B (kp) ,fB F(x )dx) Since (1 —¢)(wpgp — B)(1+7r¢) = E[min{p-min{gp, z}, (1 —¢)(wpgs — B)(1+rp)}],

< 0. Hence, ¢r gpe(wp) is decreasing in wp.

9qB
then 2k — (=Pwp(ltry) Thus,

9B pF(kp)
OVrp o2 2 » " x_(1_¢)w8(1+rf) qB_x 2
oo —a(1 = o (Flam) [ Fla) o~ Um0 o) ™ po)a

> 2(1 — ¢)%p? <F<q3> /k " Pyde - 12 ¢>w§<1 +rp)

k) (g5 - k3>).

Since the retailer’s order quantity with risk constraints is not more than the optimal order quantity without

risk constraint, i.e., ¢ggqr rps(wp). Thus, F(gg) > %. Hence,

OVRB
dqp

> 2(1 — Q‘))Spr(l + ’I"f) </qB (F(I) — F(kB))) dz > 0.

kB

Since SPRB = /Vap, SPri(¢p) is increasing in ¢p. Since ¢g, spB( p) = argmax 4, {SPre(¢s) < Kgr},
((1- (2 fir senws)( (qrspe(wp) — z)F(z)dx — ( :gspB(wB ) ) = K} for given Kp. The first-
order condltlon of gr.spe(wp) with respect to wp yields

_ qr,spB(ws) Oqr.spa(ws) qr,spB(WB) Okp
F(z)de Z4RSPBWE) 9By,
Flarsen(un) [ () e ST  F(hy) [ Py dn g <o
Since (1 — ¢)(wpgp — B)(1 +r¢) = Elmin{p - min{gp,z}, (1 — ¢)(wpgs — B)(1 + rp)}], then The first-order

condition of quR’SPB(;UB)(HrB) with respect to wp yields

ok
PF(kp)5 = =

8’(1}3

(A=) +7p) (quSPB(wB) + (wB)aqR»SPfW)
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Further,

1— w 1+4+r , n
(-dansen(wn)Utrs) gy (17570 000) f(g) da

dqr,spB(WB)

Owp F(qrspe(wg)) ;;m SPB(MB)F( ) dz
_a- ¢)w;3(1+rf)F(kB) I;ZR SPB(wB)F( )dz

> 0.

Thus, 2nseelws) >

Let qr.epB(wB1) = qr,spB(wB1). When wp < wp1, then qr spe(wp) < qr,epB(wp) and SPr(¢r erB(WB)) >
Kpgr. The optimal order quantity in (Pl) is qR,MVB(wB) = qR7spB(wB) < qR,EpB(wB). Hence, qRMVB (wB) is
increasing in wp in the interval (¢, wp1 ). Similarly, Mi‘gi% > 0. Therefore, SPr(qr rpa(wp)) is increasing in
qrepB(wp). When wp > wp:, then gr sp(wp) > qr,ep(wp) and SPrqr epe(wp) < Kg. The optimal order
quantity in (P1) is gr,mve(ws) = ¢r,gpe(wg). Thus, ¢r Mmve(wp) is decreasing in wp. Further, ¢gp myve(wg) =
min{qr epe(WB), ¢r,spB(wn)}.

APPENDIX C. PROOF OF PROPOSITION 4.3

From the proof of Proposition 4.2, when wg > wp1, SPre(¢r,epe(wr)) < Kpg. The supplier’s profit is
EPSB = (U)B — C)QR,MVB(U)B)(I + T'f) % (’LUB — C)QR,EPB(wB)(l + ’I”f). F{‘OHl PI‘OpOSitiOIl 4.2, QR,EPB(wB) =

o1 (= 1+ F F
F 1(7( d))w;( Tf)). Further, wg = 7(1;7%7)1?'1‘2’2)). Therefore, EPgg = (7(117%71‘1’7‘?2) - c)qu,EPB(l + 7). Thus,

the supplier’s problem is equivalent to choosing gr gpg. The first derivative of EPgp with respect to ¢r mpB

yields aaqiisz = (pF(QR,EP]El):g)f((IQf’;‘P;I;B)QR,EPB _ C)(1+Tf) _ (pp(qREPB)(1—q(1;,1521)36831:}1~;1313)) _ C)(l +7"f)- Let §

solve qz(q) = 1. Assume z(q) is the increasing failure rate. Then, gz(q) is increasing in ¢. When gr gpp > ¢, then
1 —qr,erB2(¢r,EPB) < 0. Further, % < 0. Hence, the supplier chooses ¢r gpe < G. When qgrrps < ¢, 1 —

9z(aRr,EPB)
9°EP _ (1—gr.erB2(qR,EPB)) i~ ( (4r,BPB)+q 94R EPB )
qr,epB2(qR,EPB) > 0. Ftirther, 5(!12%,;%]2 = —pf(qr.EPB) =) 0trs) —pF(qr.epPB) e <
0. From aaq}i% = 0,pF(qr,erB)(1 — qr.EPB2(qREPB)) — (1 — ¢)c(1 + 7¢) = 0. The optimal wholesale price
pF(qr,ePB(WB0))
Wh = W50 = "5 (1tr))

When wp < wpi, qrmv(ws) = qrspp(wp). The first-order condition of EPgp with respect to wp yields

OEPgp

rrale (QR,SPB(wB) + (wp — c)%’ng‘sz))(l + r¢). Since aqR’ZfUZ(wB) > 0, 85523 > 0. EPgp is increasing

in in wp. Hence, w} = wpy. Further, we have w} = max{wpo, wp1}.

APPENDIX D. PROOF OF LEMMA 5.1

For concision, let kr = W%T”_B). Based on the definition of variance,

Var = Var((1 — ¢)(p — kr)(qr — kr — (qr —2)* + (p— 2)™))
= (1 - ¢)*p*(Var(gr — 2)* + Var((kr — z)") — 2Cov((kr — 2)T, (g7 — z)T)),
where Var((kr —z)%) = 2f (kr —a)F(x )d:cf( OkT F(z) dx)2 and Var((qgr —z)") = [E((gr —2)?) — [E(qr —
)] =2 [ (qr — 2) (a:)da:—(o ()dx)

Based on the definition of covariance,

Cov ((kr —2)*, (ar — )" ) = El(ar — )*) = E((ar — ) B((kr — 2)")
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ko qT kr
/0 (47 — 2)(kr — 2) f(2) da — / (ar — 2)(kr — @) f(z) de / (kr — ) f(z) da

2 kT kr qr kT
_qu — X o s .’172 X T — X X X X
— "0 p(ky) (qT+kT>/O f()d +/0 f(x)d / F<>d/0 F(z)d

2 kT kr
wquF(kT) — (g7 +kT)<k:TF(kT) - /0 F(x) dsc) + K2 F(kr) — 2 /0 eF(z)da

_ /0 " Pl do OkT F2)dz
= (QT-I-/CT)/OkT F(x)dx—Z/OkaF(x)dx—/OQT F(x)dx/OkTF(x)das.

Therefore,

Ver = (1—¢) {(2/0 (gr —x)F )dx—(/hoF(x)dx>2>+2/OkT(kT—x)F(x)dx

Similarly, we have

(1 2 P2 b _ _ b )2
Voar = (1 —¢)°P (2/0 (kr — x)F(x) dx (/0 F(z)dx) )
T=¢°P <2/kT (qT—x)F(x)dx—< . F(z)dx) )

APPENDIX E. PROOF OF PROPOSITION 5.2

The first derivative of EPrr with respect to qr yields aEPRT =(1- gb)p(F(qT) - %F(l@)).

Let h(qr) = = ¢>wTF<1(Z€;)F(k ;- Further, Inh(gr) = InF(gr) — In %F(kﬂ. The first derivative

dln h(qT) (1=P)wr(1+ry)
p

= —(z(qT) - z(kT)) Since z(gqr) is increas-
ing in qr, z(qr) > %Z(k"p). Further, %(T‘IT) < 0 and h(gr) is decreasing in gy. Therefore,

h(gr) = 1 exists a unique root of Gr = F‘l(%}?(kﬂ) When gr < §r, h(qr) > 1 and

of Inh(gr) with respect to ¢r yields
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83% > 0. When qr > dr, hg; < 1 and 83% < 0. Therefore EPgry is concave. From agq% = 0,
qrEpT(WT) = F—l((1_¢)w;(1+"7)F((1_¢)(quR*EP;(wT)_B)(HTT))).

The first derivative of g¢rpepr(wr) with respect to wp  yields M%TT(“}T)

1 (A=) wpar gpr(wr)(+ry) 5 (A=¢)(wpar gpr(wr)—B)(A+r7)

P P
- =9 o) - B)(+r7) ‘
wT((l ¢)w£(1+TT)Z(( ) wTQRVEpz — e )*Z(CIR,EPT(UJT)))

Obviously, the denominator is nonnegative.

Next, we show that 1 — (1=#)wrgr.err(wr)itrs) (17@(quR'EPTp(wT)*B)(HTT)) > 0. Since, 7aqR’E§;(wT)

A=9)(trp) (1=¢)(wpar gpr(wp)—B)(1+ry)
P

< 0. Then, (1_¢)"UTQR,E;T(7UT)(1+"'T)Z

P
—¢)wp (147 (1—¢)(w (wp)—B)(1+r7)
wT((l ¢)u’£( +rr) v TqR,EP'f) wp T )*Z(QR,EPT(wT))>

((1—¢)(TUTQR,EPTP(7UT)—B)(1+7'T)) < (1—¢)wTQR,EP;“(“’T’O)(IJ’_TT)z((1_¢)(quR’E;T(wT’O)(1+TT) . In the case
of B = 0, grepr(wr,0) solves F(qrrpr(wr,0)) = “‘W";(HTT)F (1_¢)“’TqR’EP;(wT’0)(1+’"T)).
Thus, qgepr(wr,0)F(¢rEepr(wr,0)) = (1_¢)"’TqR’EP;(“’T’O)(HTT)F((1_¢)quR*EP;(“’T’O)(HTT)). Since,

Qortlar) — Fgr)(1 - grz(gr)) and 2(qr

| z(ar) -
solve Gz(¢q) = 1. When ¢r < q,%ﬁqﬂ > 0. When g7 > q,%ﬁ‘”) < 0. Therefore, g7 F(qr) is con-

cave in gr. The maximum value of grF(qr) is achieved at §. Since qREPT(wT,O)F(qREPT(wT,O)) =

is increasing in qr, 1 — ¢rz(gr) is decreasing in gr. Let ¢

(l—qﬁ)quR,Ep;*(wT,O)(1+TT)F((17¢)’LUT¢]R,EPPT(U)T7O)(1+TT) and (1*¢)1UTQR,EPPT(IUT;O)(1+7'T) < (]127]31;),1‘(“)7,,())7
~ _ (=¢)wrgr,wspr(wr,0)(1+rr) [ (1-¢)(wrgr,epT(wr,0)(1+rT)

qgrepT(wr,0) < §. Thus, 1 . z( - ) > 0. Further,

1— (1—¢)wT‘1R,E;T(wT)(1+7'T)Z((1_¢)(wTQR,EP”1;)(wT)_B)(1+7'T)) > 0. Therefore, 48qR’gfuTT(wT) <0.

The first-order condition of Vgr with respect to ¢r yields aa‘i% = 2(1 — ¢)%p? (F(qT) leT F(x)dx —

(=@wr(4rr) fo g ,f; F(x) dx). The retailer’s order quantity with risk constraints is not more than

p
the optimal order quantity without risk constraint, i.e., grspr(wr) < gqrrpr(wr). There exist a
w’T SuCh that QR,EPT('LU%) = quspT(wT) S QR,EPT(wT) and w’T Z wr. Since F(qR,EPT(w/T)) =
8(1—¢)711T(1+7‘T)F<(1+TT)(“1T’1T—B))

(1—¢)w/T(1+TT)Fv (14rr) (wrgr,zpr (W) —B) Then P P (1—¢)(14r7)
P P ’ ’ owr B p
F((1+TT)(1UTQT—B) 1 — (1—¢)quT(1+TT)z((1—¢)(quT—B)(1+7"T) S (1-¢)(A+rT) F((l—H"T)(quT—B))
p p P p p
1 - U= wrer=B)(Atrr)  ((1=¢)(wrgr—B)(1+rr) ) Since wl > wp. dz@wr(trr) F((1+TT)(TUTQT—B)(1+TT))

P P ) T = % P P
< (1*¢)w'T(1+TT)F (+rr)(wrer—B)(A+rr) ~ Thus (1*¢)wT(1+7’T)F((1+TT)('LUT(IR,SPT('LUT)—B)(l“FT'T)) <
P P ’ P P
A—¢)wr(A4rr) F((1+?”T)(W'TQR,SPT(MT)*B)(lJrTT)) _ (A=puwp(itrr) F((1+TT)(w'TqE,SPT(wT)*B)(lJrTT))
p P P p
F(qrspr)
n R (w ) 1—)wh (147 i (wr) =
Therefore, F(qrspr(wr)) fg:(zifspTT; F(z)dx — WFWT(QR,SPT))I::@;EPTT) F(z)dx >

(anser(wr) = krlanser) Flkr(anser) (Flanser(wr) — G20 i (grpr))) > 0. Hence,

P
aa\gRTT > 0. Further, SPrr(gr) is increasing in ¢r. Since gr spr(wr) = argmax 4, {SPrr(¢r) < Kgr},

qr,spT(Wr) qr,spT(WT)

(1 - ¢)2P2 2/ (qR,spTF(x) dx) = K?%

kr(qr,spT)

(qR,spT(wT) — .TC)F(I’) d:L' — </k

7(qR,SPT)
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for a given Kg. Further,

1— w 147 '
6QR,SPT(’U}T) _ ( ¢)f1R,spr( T)( T)F(k'T(CIR — q:(ziTspT) ( )dx.
aU)T F(qR SPT (wT q:(szTSPT) F(.’L‘) dz
— G BB B (e (g o)) S oy F () da
Similarly,

OV B qr,EPT(WT) w
= 2(1 - ¢)%p? F(QR,EPT(wT))/ F(z)dz — lF(kT(QR,EPT))
Oqr,epr(WT) kr(qr,EPT) p

qr,epT(WT)
/ F(z)dx
kr(qr,EPT)
qr,BPT(WT)
=2(1 — ¢)*pwr(1 +rr) | F(kr(qr, EPT))/ F(z)dz — F(kr(qr.ePT))
kr(qr,EPT)

> 2(1 — ¢)?pwr (L4 rr)(
—F(kr(qr,epr))F (k
=0.

F(kr(gr,err))(¢rEPT(WT) — k7 (9R,EPT)).
(ar,eP1))(qr,EPT(WT) — k7 (qREPT)))

/QR EPT wT)
kr(qr,EPT)
)(F
T

Hence, %‘q/gq; > 0. SPRT(QT) is increasing in qr- Let QR,EPT(le) = qR7SpT(wT1). When wr <

wri, grser(wr) < grmpr(wr) and SPrr(¢repr(wr)) > Kg. The optimal order quantity in (P2)
is grmvr(wr) = gqrspr(wr) < gqrpepr(wr). Hence, grmvr(wr) is increasing in wp in the inter-
val (c,wri. When wrwri, qrepr(wr) < qrepr(wr1) = qrspr(wri) < gqrspr(wr). Therefore,
SPrr(¢r,epr(wr)) < SPrr(¢rspr(wri)) = Kpg. The optimal order quantity in (P2) is ¢rmvr(wr) =
qr,epr(wr). Hence, gr mvr(wr) is decreasing in wy in the interval [wr1, p). Further, we have ¢g My (wr) =
min{qr egpr(Wr), 9r,sPT(WT)}

APPENDIX F. PROOF OF PROPOSITION 5.3

The first-order condition of EPgp with respect to wyp yields 2EPsr — ((b(l + )+ (1 — @)1 +

8wT

p owr owr

,,,T)F‘<(1—¢)(’LUTIIR,MVT(wT)_B)(1+TT))) dwrqr,mvr(wr) (1 + Tf) dqr,mvT (Wr) .

(a) When wr < wri, gqrmvr(wr) = qrspr(wr) and grspr(wr) is increasing in wyp. The first-order con-

dition of EPgr with respect to wr yields ‘9}310& = ((1 —¢)(1 4+ TT)F((1_¢)(quR’SPTp(wT)_B)(HrT)) -

o1+ 7)) 25D S (6(1 4 ) + (1= 9)(1 + rr)F(kr(grspr))anser(wr) + pwr (1 + ry) 2mserlen),

Since qrspr(wr) < qrepr(wr), (1= @)wr(1+rp)F(kr(qrspr) > (1 — ¢)wr(1+r7)F(kr(grspr). Then,
(1 = Q)wr(1 + r7)F(kr(qrspr) > pF(qrepr). Since pF(qrepr(wr)) > c(1 + ry), otherwise, the trade
will not occurs. Thus, (1 — ¢)wr(1 + rr)F(kr(grspt) > ¢(1 + rf). Therefore, ‘r)BEwL;T > 0. The first-order

dVgm
oy . . — 12} w
condition of SPgr with respect to wp yields agziT = akTQ(q%STPT) @ d));HrT) (QR,SPT(wT) + %TT(T))’
where % > 2p2F'(kT(qR,spT)fOkT(qR‘SPT) dxz > 0. From Proposition 5.2, B‘ZR%TT(U}T) > 0. Hence,

ISPsT
9BPsr > 0.
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(b) When wr > wr1, gramvr(wr) = qrgepr(wr). The first derivative of EPgp with respect to
wr yields 2t = ((o(1+74) + (1= 9)(1+rr) Fkr(grspr))) —rotarasem i -
— > —z(kr(qr,EPT))
(1 + rf))aqR’gfuTT(W)' Letting &(wr) = 1 (1—¢>};ffé%§:;gu§)>z<gﬁﬁw(wT)) - Then, aggiT =
- —z(kT(qr,EPT))

((¢(1 +rp)+(1—-9¢)(1+ TT)F(kT(QR,SPT)))f(wT) —c(l+ T;))%%TT(UJT)'

Let qrepr(wr) = ¢. M(wr) = (pwp(1+75) + (1 — ¢)wr(1 + rp)F(kr(qrepr))E(wr) — c(1 + 1y).
When wr < wr, qrepr(wr) > ¢. Then, 1 — grrpr(wr)z(¢repr(wr)) < 0 and &(wr) < 0.
Thus, 2EPst >~ (0. When wr > ar, grepr(wr) < ¢. Then, 1 — grwpr(wr)z(¢repr(wr)) > 0.

owr
Let L = (1_¢)(wTQR’E;T(wT)(1+rT)7 Z(qrepr(wr)) = qrEepr(wr)z(qrepr(wr)). The first-order con-
I . . o&(w 0z 1] w
dition of &(wr) with respect to wr yields %(;‘TT) = (lsz(kT(lqR,EpT))V( 82?;222”;))) QRSZTT( T)(l -

La(br(qreer)) — (U — Zlneer(wr)( — “5Eraessd — Z(kr(oneer))) 2050l ) - >

_9Z@g,gpT(wr)) 99R,EPT (WT) (az(kT(qR,EPT))+Z(kT(qRYEPT))) 9Z(kr(ar,EPT))

(1= Z(qrppr(wr))) — R L T

82(%0(5;]5”)) = (1_@“);(1“7) 1_qRiEfzifkTT)(Z;}ZZETP)T)(wT)) 3q§£PT- Since kr(grepT) < L < grEPT(WT),
Lz(kr(qr.epT)) < Z(qrEPT(WT)). Then, OZ(kng(i};’EPT)) > aqgﬁj“fT. Thus,

9&(wr) ity e+ (Torran peay 2kt arer)) 20k (anser)

o’ > (1= Z(grepr(wr))) (A—Lz(kr(dnerr)))? I . Since
_6@1?;?(;(1};))) BQR'EZTT(W) aggngT(,(g;PTT))) + Z(kr(qr.EPT)) = —QR,EPT(wT)7822(125:5((5;))) —2(qr,ePT(WT)) +

9Z(kr(9r,EPT))
Okr(qR,EPT)

: 9Z(qr,epT(WT)) 90Z(kr(qr.ePT)) o¢(wr) OM (wr)
convex failure rates, then 8qR,EpTT(wTT) > BkTT(qRTEPT’IS . Further, WTTQ > 0. Thus, awTT > 0. Let wpo
E

satisfies M(wrg) = 0. When wr < wr < wrg, then M(wr) < 0. Thus, %ﬁf > 0. When wr = wrg, then
M (wrg) = 0. Thus, ngiiT = 0. When wr > wrg, then M (wr) > 0. Thus, %L? > 0.

+ Z(kr(grepT)). Our analysis in Section 5 assumes demand distributions with increasing and

When wriwrg, then EPgr is increasing in wp in interval (¢, wrg) and is decreasing in wr in (wrpo, ﬁ.
When wr; > wrg, then EPgr is increasing in wr in interval (¢, wr;) and is decreasing in wr in (wry, HPTT.

Therefore, EPgr is increasing in wr in (¢, max{wrog, wr1 }) and is decreasing in wy in (max{wTo, w1 }, ﬁ)

Vs
- iti i ; dSPst __ 9krlarerT) (1—9)(1+7T)
The first-order condition of SPgt with respect to wr yields D = o - gr.epT(WT) +
VT 7(1*¢)quR,EpT(wT)(1+TT)Z (A=¢)(wpar,gpr(wr)—B)(A+ry)
8qR,EPT(wT)) _ 9kplr,err) (1—¢)(1+rr) r L
Jwr T 2V Var P —$)w r (1—¢)(w (wp)—B)(1+rp)
(1—9) Z(H— T)Z T‘IR,EP’; T T —2(qr.err(wr))

When wr S ﬁT, QR,EPT(wT) Z Z]V Then, 1-— qRyEpT(wT)z(qREpT(wT)) S 0. Thus, %L;T Z 0. When

wr > ’[ET, qRyEpT(wT) < Z]v Then, 1-— QR,EPT(U)T)Z(QR,EPT(U}T)) > 0. ThUS, aggiT < 0.

When wr < @r, then SPgr is increasing in wr in interval (¢, wr) and is decreasing in wr in (ﬁT, ﬁ)
When wpy > @y, then SPgr is increasing in wr in interval (¢, wr;) and is decreasing in wr in (le, ﬁ .
. L . ~ . . . ~ »
Therefore, SPgr is increasing in wy in (¢, max{wy,wr;}) and is decreasing in wr in (max{wT7 le}ﬁ)
(1) If wr < wro < wyy, EPsr and SPgr are increasing in wr in the interval (¢,wri) and decreasing
in wr in the interval [le,ﬁ). When Kg > SPgr(grmvr(wri)), then wh = wri; When Kg <

max SPst(qr mvr(wr)), then wh = argmax {EPst(qr mvr(wry)), EPst(grMvT)(wry))}, where wr, sat-
isﬁes SPST(qR,MVT(wTL.)) = Ks,l' = l,u.
(2) If wr < wr; < wrg, EPgr is increasing in wy in the interval (c,wrp) and decreasing in wp in

the interval [wTO, ﬁ) SPs1(grmvT(wr)) is increasing in wyp in the interval (¢, wpq) and decreasing
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in wr in the interval [le,ﬁ). When Kg > max{SPsr(¢rmvr(wr1))}, then wj = wro; When

Ks < max{SPst(qr,mvr(wr1))}, then w} = argmax {EPst(qr mvT(wr)), EPsT(qrMvT(WTY)) }-

(3) If wr1 < wr < wro, EPgr is increasing in wy in the interval (¢, wpg) and decreasing in wr in the interval
[wTo, ﬁ) SPs1(grmyvT(wr)) is increasing in wr in the interval (¢, wr) and decreasing in wr in the
interval [@T, ﬁ) When KS Z SPST(QR,MVT(wT))a then U};« = wWT0; When KS < SPST(QR,MVT({&T))’
then w} = argmax {EPst(qr,MvT(wr1)), EPsT(qr,MVT(WTWY))}-

To summarize the proofs of (1), (2) and (3), we have that when Kg > max{SPsrt(¢rMmvr(Wr)),

)
SPst(gr,Mmvr(wr))}, then wh = max{wr1, wro}; when Kg < max{SPgr(¢r,mvr(Wr)), SPs1(qrMmvr(wr1))},
then w}, = argmax {EPsr(¢r,mvr(wri)), EPst(¢r,MvT(Wry))}

APPENDIX G. PROOF OF PROPOSITION 6.1

9grmvr(Wr) (1—

(i) The first-order condition of EPgr with respect to wr yields %L;‘T = pF(qrmvr(wr)) s

)1+ TT)p(k(qR’MVT)))w

8wT
(a) When wy < wr1, gr.mvr(wr) = gr,spr(wr) < ¢r,epr(wr). From Proposition 5.2(ii),

(1*¢’)QR,SPT(wT)(1+TT)F(kT(qR spT)) IR, SPT F‘(x) dx

aQR,SPT(wT) _ p kT (qr,sPT) )
8U)T X ) F(qR spT(’LUT qf((SIZZPT) ( ) dz—
(_W.%F(kT(QR,SPT)) g:(ZZTSPT) F(z)dzdx
Thus,
(wr)
_ (k‘T (qR SPT aR,SPT F(Z‘) da:—
(1-9)(1+ TT)F(k(qR,SPT)){ I Tc(;(faRsiiT(zuT)
OEPRrr _ (kT(QR SPT kT (9R,sPT) F( )dx
ey kr(qrspr)F(kr(qrspr)) [is0" wT) F(z)dx

kr(qr,sPT)

The numerator of 8EPRT namely F(kr(qr.spr) flg:((SJZTs(iT)) F(z)dz — F(kr(qr.spT) fq:(zzTS(;;T)) F(z) <

7(q
F(kT(QR,SPT))F(kT(QR,SPT))(QR,SPT(wT) — kr(qr,spr)) — F(kr(qr,spr))F(kr(qr,spT))(qR,sPT(WT) —
k‘T(qR)SpT)) = 0. Thus, % < 0.
(b) ‘When wr Z wT1, QR,MVT(U}T) = QR,EPT(wT) < QR,EPT(U}T)~ The first-order condi-
tion of EPgrp with respect to wp yields ‘EUL?T = (pF(qrepr(wr)) — (1 — ¢)wr(l +

TT)F(k(QR,EPT))w —(1 = ¢)grepr(wr)(1 + TT)F(k(QR,EPT)))%PT(W-

owr owr

From Proposition 5.2, pF(qrepr(wr)) = (1 — ¢)wr(l + r7)F(kr(grepr)). Thus, 3?%? = —(1 -

$)qrepr(wr)(1+7r7)F (k(QR,EPT))%W. Since 242 EZ)TT(“’T) <0, 95PET < 0. To summarize the proofs
of (a) and (b), we have that %L;‘T < 0. Let wy satisty EPgpp(wr) = EPrp(w};). Under TEF, the supplier sets
wholesale price wr < wr, otherwise the retailer chooses BEF. From Proposition 5.3(1), EPsr(wr) is concave
in wy. Define by wr, the corresponding wholesale price such that EPgr(grmvr(wr,)) = EPss(grMmve(wg)),
where ¢ = m,n. Under TEF, the supplier sets wholesale price wp,, < wr < wr,, otherwise, the supplier’s
profit less than under BEF. Hence, under TEF, the supplier sets wholesale price wry, < wr < min{wr,,, 0r}.
Let wr = min{wry,, Wr}. Let Ksm = SPst(qrmvr(wrm)) and Kg = SPst(qrmvr(wr)). From the Proposi-
tion 5.3, we have SPgr is increasing in wy in the interval (¢, max{@r, wr1}) and decreasing in wr in the interval
(max{@T, wr1 }y ﬁ) If wr < max{@Wr,wr;}, then Kg,, < SPst < I?s. Therefore, when Kg,, < Kg, TEF

is the unique financing equilibrium; otherwise BEF is the unique financing equilibrium. If wr > max{@wr, wr },
there exist the following two cases.
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Cases 1. Kg,, < Kg. When Kg < Kg,, from Proposition 5.3, the supplier’s wholesale price w = wg; or
Wy = Wry. Since Kg < Kgy, and Kgy, < Kg, then wp; < wrps, and wp > wp. When wy = wry, then
supplier’s profit under TEF less than under BEF. The supplier is not willing to provide trade credit to
the retailer. Thus, BEF is the financing equilibrium. When wj}. = wr,,, then the supplier’s profit or the
retailer’s profit under TEF less than under BEF. Hence, TEF is not the financing equilibrium and BEF is
the financing equilibrium. When Kg > Kg,,, the supplier’s wholesale price wp > wr,,. For a given Kg, the
supplier can set wholesale price wry,, < w} < wr. In this case, TEF is the financing equilibrium.

Cases 2. Kg,, > Kg. When Kg < Kg, from Proposition 5.3, the supplier’s wholesale price w} = wr; or
W} = Wry,. Since Kg < Kg and Kg < Kg,, then wp; < wpy, and wp > wp. Thus, either the supplier’s
profit or the retailer’s profit under TEF less than under BEF. Hence, TEF is not the financing equilibrium
and BEF is the financing equilibrium. When Kg > Kg, the supplier’s wholesale price wy < wr. For a given
Kg, the supplier can set wholesale price wy,, < w7} < wr. In this case, TEF is the financing equilibrium.

To summarize the proofs of the two cases, we have when Kg > min{K Sy K s}, TEF is the unique financing
equilibrium; otherwise BEF is the unique financing equilibrium.

AprPENDIX H. PrROOF OF LEMMA 7.1

Since K}, > Kr, qrspe(wp, Kg) > qrspe(wp, Kg). Furthermore, wp1 (K%) < wpi(Kg). There exist the
following three subcases.

Subcase 1. If wpy < wpi(Ky) < wpi1(Kg), then the estimated wholesale price is wi(K%L) = wpi(Kg),
while the optimal wholesale price based on the true information is wj(Kr) = wp1(Kg). Thus, wi(K%) <
wp(KR).

Subcase 2. If wpi(K}) < wpo < wp1(KR), then the estimated wholesale price is wi (K%) = wpo, while the
optimal wholesale price based on the true information is wi(Kg) = wp1(Kg). Thus, wi(Ky) < wi(KRg).

Subcase 3. if wp1(K%) < wp1(KRr) < wpo, then the estimated wholesale price is equal to the optimal whole-
sale price based on the true information, i.e., wj(K%) = wi(Kr) = wpo.

To summarize the proofs of the three subcases, we have wph(Ky) < wp(Kg). Taking

the first derivative of EPgrp with respect to wp yields 7325? = (pF(grmve(ws)) — (1 —
Swp(l + rp))2mavelin) (1 — g)gpyvp(wp)(l + r4). When gqruve(ws) =  qrseB(ws),
35“’#’?3 - (pF(QR’SPB(wB)) - (1 = Qup(l + rf))aqR%BB(wB) - (I = ¢)grsp(wp)(l + rf) =
(1—¢)qr,spe(wB)(1+rf)F(qr,spB(wB)) fggii:z:;f))(F(Z)—F(kB(QR,spB))) e
{ F(kB(QR,SPB))F(QR,SPB)f;f;(’(slfs(gf)) F(z)dx
_W‘wF(kB(QR,SPB)) f;f;*(f,?sﬂj‘jg) F(z)dx

When grmve(ws) = qrrre(wn), F(4rrre(wp)) = %~ Thus, 25782 = (pF(grmve(wp)) —
(1= @)wp(1 +rp))22maven) (1 — gygp \vp(wp)(1+rp) = —(1 = ¢)grave(ws)(1 + r4) < 0. Therefore,
EPgp is decreasing in wp. Since wi(Ky) < wi(Kr), EPrp(Ky) > EPrp(KR). Therefore, the retailer has
incentives to pretend to be less risk averse.

APPENDIX I. PROOF OF PROPOSITION 7.2

Since K;% > Kg, QR,SPB(wBaK;z) > QR,SPB(U}B;KR)- Furthermore, ’LUBl(Kk) < ’LUBl(KR). There exist the
following three subcases.

Subcase 1. If wpy < wp1(Ky) < wpi(Kg), then wi(Ky) = wpi1(Ky) < wi(Kgr) = wpi(Kg). Therefore,
the supplier’s estimated order quantity is ¢r Mmve (Wi (KR), K%) = qr,spB(wp1(KR), Ki). Based on wi (K7%)
and true Kp, the retailer’s actual order quantity is ¢p mve(wi(Kg), Kr) = qr,spe(wp1(Kg), Kr). Since
K% > Kg, qrspe(wp1(Kg), KR) > qr,spe(wp1(Ky), Kr). Hence, ¢min = qr,spe(wp1(K3), K3).
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Subcase 2. If wpi1(Ky) < wpy < wpi(Kg), then wih(Ky) = wpo < wi(Kgr) = wpi(Kg). There-
fore, the supplier’s estimated order quantity is gr mve(wi(K%R), K%) = qrers(wpo). Based on wi(KFg)
and true Kpg, the retailer’s actual order quantity is ¢rmve(wi(KR),Kr) = qrspe(wpo, Kr). From
the proof of Proposition 4.2, qrspp(wg) is increasing in wp, while gr ppp(wp) is decreasing in wg.
Furthermore, ¢rspe(wpo, Kr) < qrsp(wpi(KRr),Kr) = qrrr(wpi(KRr)) < qrreps(wpo). Hence,
qmin = qr,EPB(WB0)-

Subcase 3. If wpi1(Ky) < wpi1(Kr) < wpo, then wi(Ky) = wi(Kgr) = wpe. Therefore, the sup-

plier’s estimated order quantity equals the retailer’s actual order quantity, i.e., grmvB(Wh(KR), K5) =
qrmvB (Wi (K%), Kr) = qr,EpB(WB0). Furthermore, the supplier’s optimal wholesale price wp is indepen-
dent of the retailer’s risk aversion threshold. The retailer’s distorted information K’ has no impact on the
supplier’s decision. Hence, ¢min = ¢r,zpB(WwpB0)-

APPENDIX J. PROOF OF LEMMA 7.3

Since K;% > KR, qR7SpT(wT, K;%) > qR,spT(wT, KR). Furthermore, le(K}%) < w7 (KR)

(i) When Kg > max{SPsrt(¢rMmvr(Wr)), SPs1(grMmvT(wr1))}, the supplier’s risk constraint is inactive. the
supplier’s wholesale price wk = max{wrpi,wro}. There exist the following three subcases.

Subcase 1. If wpy < wr1(Kg) < wri(KR), then the estimated wholesale price is wj.(Kp) = wri(Kp),
while the optimal wholesale price based on the true information is w4 (Kg) = wy1 (Kg). Then, wi(K5) <
wi(KR).

Subcase 2. If wr (Ky) < wro < wri(KR), then the estimated wholesale price is w}.(Kj) = wro, while the
optimal wholesale price based on the true information is wi(Kg) = wr1(Kg). Then, w}(K%) < wh(Kg).

Subcase 3. if wr(Ky) < wri(Kg) < wro, then the estimated wholesale price is equal to the optimal
wholesale price based on the true information, i.e., wi(K%) = wi(Kgr) = wro.

(i) When Kgs < max{SPst(¢rmvT(Wr)), SPsT(¢r,MvT(Wr1))}, then wi = argmax {EPsr(qrnmvr(wri)),

EPst(grMvr(wr))}-

If wh = wyy, then the estimated wholesale price is wi(Ky) = wr;(K}), while the optimal wholesale price

based on the true information is w4 (Kg) = wri(KRg). Since K, > Kg, qr,spr(wr, K) > qrspr(wr, Kg).

Letting U(Kg) = (1_¢)(quR"SPT(imKR)_B)(HTT)» then U(KR) > U(Kg). Since SPsr(grspr(wr, Kr)) =

p\/Q fU(KR) (U(KR) — ) (fU(KR) F(x ) and SPst(qr spr(wr, Kg)) is increasing in U(Kg

),
SPsr(qr,spr(wr, Kg)) < SPST(qR’SpT)(wijR)). From Proposition 5.3, we have SPsr(qr spr(wr, Kr))
is increasing in wr. Since KS = SPST (QR,MVT (’LUTl(KR), KR)) = SPST(QR,MVT(WTZ(KEQ% K;%)), ’LUTZ(K;%)
’le(KR)).

If w} = wr,, then the estimated wholesale price is equal to the optimal wholesale price based on the true
information, i.e., wi(Ky) = wh(Kg) = wry.

To summarize the above proofs, we have wi(K%) < wh(Kpg). From Proposition 6.1(i), we have EPgy(wr)
is decreasing in wy. Since wi(Ky) < wi(Kgr), EPrr(Kg) > EPrr(KR).

APrPENDIX K. PROOF OF PROPOSITION 7.4

(i) When Ks > max{SPsr(¢rmvr(Wr)),SPsr(¢rMmvr(wr1))}, the supplier’s wholesale price wh =
max{wp1, wrg}. There exist the following three subcases.
If wry < wri(KR) < wri(Kg), then wh(K}) = wri(KR) < wi(Kgr) = wr1(Kg). Thus, the supplier’s
estimated order quantity is qrmvr(wh(Kg), Ki) = qrspr(wri(Kg), K5). Based on wi(KFy) and true
KR, the retailer’s actual order quantity is gr mvr(wi(Ky), Kr) = qr.spr(wri (KR), Kr). Since K, > Kp,
qr,spr(wri(KR), K) > qrspr(wri(Ky), Kr). Hence, ¢min = qr,spr(wri (Kg), Kf).
If wri(K%R) < wro < wri(Kg), then wi(Ky) = wro < wj(Kr) = wri(Kg). Thus, the supplier’s
estimated order quantity is grmvT(wi(KR), KR) = qrepr(wro). Based on wi(K%) and true Kpg, the
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(i)

Ac

retailer’s actual order quantity is ¢r mvT (w5 (Ky), Kr) = qr,spr(wro, Kg). Since K, > Kg, qr,gpT(Wwro) >
qrepT(Wr1, KR) = qRrSPT(WT1, KR). Hence, ¢min = qr,epT(Wr0).

If w1 (K) < wri(Kr) < wro, then wi(K%) = wi(Kr) = wro. Therefore, the supplier’s estimated order
quantity equals the retailer’s actual order quantity, i.e., gr mvr (Wi (KR), K%) = qrmvr(wi(Kg), Kr) =
gr,epT(wro). Furthermore, the supplier’s optimal wholesale price wr¢ is independent of the retailer’s risk
aversion threshold. The retailer’s distorted information K’ has no impact on the supplier’s decision. Hence,
dmin = qr,EPT(WTO0).

When Kg < max{SPst(¢r,mvr(wr)), SPsT(¢rMvT(Wr1))}, then wi = argmax{EPst(¢rmvT(wr1)),
EPst(¢rMmvr(wry))}. There exist the following three subcases.

If wy = wp, then wi(Kg) = wn(Ky) < wi(Kg) = wp(Kg). Thus, the sup-
plier’s estimated order quantity is grmvr(wh(K%R),KR) = qrspr(wni(Kg), Ky). Based
on wh(K}p) and true Kpg, the retailer’s actual order quantity is g¢rmvr(wi(KgR),Kr) =
qrspr(wri(KR), Kr). Since SPgr(qrspr(wri(KR),Ky)) =  SPst(qrspr(wri(Ky), Kr)) =
Ks, (1*¢)('LUTZ(K52)QR‘SPT(“;TL(Kja)vKR,)*B)(1+TT) _ (1_¢)(le(KR)qR,SPT(1;Tl(KR)»KR)_B)(l'H"T).
Thus, wri(KR)qrspr(wn(Ky), Ky) = wrni(Kgr)qrsper(wr(Kgr), Kr). Since wr(KgR) <

wri(KR), qr spr(wri(KR), K) > qrspr(wri(Kr), Kr). Hence, gmin = qr.spr(wri(Kg), Kz).

If wh = wry, then wh(K%) = wi(KRr) = wry. Therefore, the supplier’s estimated order quantity equals the
retailer’s actual order quantity, i.e., ¢gr Mmvr(WH(KR), K%) = grmvr (wi(K%), Kr) = qr,epr(Wry). Hence,
Gmin = QR,EPT(wTu)~

APPENDIX L. PROOF OF LEMMA 8.1

Proofs of Lemma 8.1 is similar to that of Lemma 4.1 and, hence, are omitted.

APPENDIX M. PROOF OF PROPOSITION &.2

Proofs of Proposition 8.2 is similar to that of Lemma 4.1 and, hence, are omitted.
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