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Financing and Ordering Strategies for a Supply Chain

under the Option Contract

Abstract

We study a two-echelon supply chain consisting of a capital-constrained retailer ordering via the
option contract to satisfy uncertain demand from a single supplier. The retailer can apply for either
a bank loan or trade credit from the supplier whenever necessary. In addition to economic revenue,
the supplier has a relationship concern and takes the retailer’s revenue into consideration. By
developing a Stackelberg game, we analyze the ordering and financing problems in the supply
chain. The results show that in the presence of the retailer’s bankruptcy risk, the supplier should
always finance the retailer at the risk-free interest rate. Given the supplier’s offer, the retailer will
always prefer to raise money from the supplier due to the lower interest rate. In contrast, under
trade credit, the supply chain’s efficiency is improved when the production cost is high but
decreases when the production cost is low. Furthermore, our results show that the supplier’s
relationship concern can improve the supply chain’s efficiency and the retailer’s revenue most of
the time, but increases the retailer’s bankruptcy risk when the production cost is high, implying
that the supplier’s attempt to help the retailer eventually harms its long-run survival.

Key words: supply chain; option contract; financing strategy; relationship concern

1 Introduction

In business, many firms face the capital constraint, especially small and medium-sized enterprises
(SMEs). According to a credit survey of 3,459 SMEs in the U.S., 47% applied for financing in
2015, while only half of those that did not apply had sufficient cash flow (Barkley et al., 2016). A
similar situation exists in developing countries. For example, about half of the SMEs in
developing countries applied for financing in 2011, for a total amount of US$2.1 to $2.6 trillion
(Owens and Wilhelm, 2017). The capital constraint can severely stymie firms’ operations, so it has
been considered as the biggest obstacle to firms’ growth (Xu and Birge, 2004; Ayyagari et al.,
2017). However, many classic studies of operations management (OM) are based on the
assumption of sufficient capital (e.g., Petruzzi and Dada, 1999; Lariviere and Porteus, 2001;
Cachon, 2003; Bernstein and Federgruen, 2005; Perakis and Roels, 2007), which means that their
results may be less relevant to current business practice.

Commercial bank loans are a popular way for firms to deal with the capital constraint.
However, due to complex application procedures and strict collateral requirements, SMEs are
usually ruled out from financing via bank loans. For example, only 4.7% of working capital loans
and 23.3% of bank loans are issued to SMEs in China (Tsai, 2015). Given this situation, trade
credit is widely accepted by firms in various industries, especially for SMEs where such credit is
extended by upstream partners within the same supply chain (Jing et al., 2012). For instance, in
2004, trade credit accounted for 22.9% of the liabilities in the non-financial industries in Canada
(Chandler, 2009). In China, this ratio was 20% in 2012 (Lin and Chou, 2015). In 2007, 90% of
worldwide merchandise trade, amounting to US$14 trillion, was underpinned by trade credit
(Williams, 2008). To facilitate operations in SMEs and to improve the efficiency of the entire



supply chain, large capital-rich upstream suppligten provide trade credit financing services to
downstream SMEs in practice. For example, Ford M&ompany provides wholesale loans to
dealers to finance the purchase of vehicle invgnts well as loans to dealers to finance working
capital and improvements to dealership facilitisance the purchase of dealership real estate,
and finance other dealer vehicle programs via Rotbr Credit Company LLC, a wholly-owned
subsidiary by Ford Motor Company (Ford Motor Comp&®18). Gree Electric, a Chinese major
appliances manufacturer, contracts with many ssiadld dealers who suffer from severe budget
constraints yet usually are not eligible for baokrs. Therefore, Gree Electric cooperates with
insurance and bonding companies to provide loanthése small-sized dealers (Zhuhai Gree
Group Finance Company, 2018), in order to develup @rotect its distribution channels. After
obtaining the loans, these dealers are able to imaiter operational decisions, especially ordering
decisions with Gree. Through IBM Global Financiagwholly-owned subsidiary of IBM, IBM
helps its clients to get access to IBM softwareoffgring them short and long term loans (IBM
Global Financing, 2016). GE Capital offers variofisancing products exclusively to GE
customers in capital intensive industries like there and energy (GE Capital, 2018).

Building on the trust of the partnership, the tradedit financing service provided by large
upstream suppliers not just helps the downstreanktsSkmooth out their operations, but also
creates potential revenues/profits for the suppliéirom the above examples, the upstream
manufacturers’ behaviour of offering financial g@us to their small-sized downstream partners
implies the manufacturers’ relationship concerrtheey try to improve those minuscule dealers’
situations, which is in return beneficial to thes@pliers by maintaining an ideal market share and
a sustainable supply chain cooperation. Many mod€glsupply chain management implicitly
assume that the decision makers are only concéonéldeir own earnings and ignore the interests
of their partners. However, behavioural economizsas that the decision makers may also have
a relationship concern in addition to focusing ba economic benefits (Bolton and Ockenfels,
2000; Charness and Rabin, 2002). For example, altitenmanufacturer like Ford, Toyota,
Nissan, and Honda maintain good relationships wfithir suppliers. They send their own
engineers to suppliers’ factories or provide tranicourses for suppliers’ employees to solve
operations problems; in return, they get a steagply of high-quality components (Sako, 2004).
In China, major appliances manufacturers like Goffer training and direct customer service for
their dealers. In the U.K., big brands like Pro&eBamble and Imperial Tobacco provide support
to small local retailers, and these retailers comoaie consumer needs to them (Baron et al.,
2001). Some researchers (Uzzi, 1996; Huberman, &Qdl4; Loch and Wu, 2008) have concluded
that relationship concern does exist among suppdyncmembers, which means that the decision
makers have incentives to maintain good relatiggsshiith others by improving the latter’s
economic benefits out of long-run consideration. ived by the aforementioned examples, we
study the joint decision on ordering and financiwgh suppliers’ behavioural concerns taken into
consideration. Specifically, in our study the sigapls a core firm with sufficient capital, while the
retailer is an SME suffering from capital consttaitWe consider the scenario in which the retailer
cares only about its own economic welfare to aghigvort-run survival, while the supplier cares
about not only its own revenue, but also the retsirevenue because of the relationship concern.

By considering a two-echelon supply chain congistiha single supplier and a single SME
retailer, this research also aims to explore thanfiimg problem in a distribution channel when
both bank loans and trade credit are available. é¥ew our work differs from recent research on



financing the supply chain (Kouvelis and Zhao, 20d&hg and Birge, 2017; Tunca and Zhu, 2017)
as we adopt an option contract as the purchasimgrazt and consider behavioural factors
embodied by the decision makers. An option contiet financial derivative instrument widely
used to hedge different kinds of risks in financrarkets. From the operations perspective, it
helps firms to hedge the risks due to price vaitgtahd demand uncertainty (Barnes-Schuster et
al., 2002; Burnetas and Ritchken, 2005; Breiter Budhzermeier, 2015). For example, in the
semi-conductor industry, Intel Corporation saveustef millions of dollars by implementing a
dual-mode equipment procurement framework that tise@ption contract (Peng et al., 2012). In
the retail industry, Suning Commerce Group avoidiglihg too much inventory by adopting the
option contract (Wang and Liu, 2007). The optiomtcact is used widely in various industries
such as petroleum, natural gas, electricity, armetalgure (Hale et al., 2002; Kang and Mahajan,
2006). Therefore, we depart from the literature tha supply chain financing problem by
considering the option contract instead of the wbale price contract, and studying the
interaction between the financing and ordering dtatss

To better understand the current business praatiedénvestigate the following questions in
this paper. First, concerning the financing decsialoes the supplier have an incentive to provide
trade credit to the retailer when a bank loan &labkle? If yes, what would be the optimal interest
rate for trade credit? From the retailer's pergpectwhich financing channel is preferred, i.e., a
bank loan or trade credit? What is the preferred sf the loan under either financing channel?
Second, considering the operations decisions, ightae supplier’s pricing decision for the option
contract? What is the retailer's optimal order ditgp Finally, considering the behavioural
impacts, how does the supplier’'s relationship comdmpact the retailer’s decisions and the
performance of the entire supply chain?

The results of our inquiry can be summarized devial. First, if the retailer chooses a bank
loan, both the supplier and retailer make the sdewmsions as in the traditional case where the
retailer has no budget constraint. By contrastthé retailer chooses trade credit, both the
supplier’s and retailer’'s decisions are influencgdhe budget constraint. Second, from both the
supplier’s and retailer’s perspectives, trade ¢regiakly dominates bank loans. Third, when the
retailer’s budget constraint is considered, theooptontract cannot coordinate the supply chain.
However, compared with the wholesale price contithet option contract encourages the retailer
to order more when the manufacturing cost of tluelpet is low; hence, supply chain efficiency is
improved. Finally, although the supplier’s relagbip concern can increase the retailer’s payoff in
most cases, it may also increase the retailer'«rbptcy risk when the production cost is
sufficiently high.

Our work contributes to the literature in the faliag ways. First, it bridges the gap between
operations and financing decisions in a supply chdian the option contract is adopted by the
supplier and retailer. Second, our results showwlfith a downstream capital-constrained retailer,
all the stakeholders in the supply chain can befrefit the use of the option contract; thus, higher
efficiency can be achieved when the manufacturirsg isdow. Third, it is always optimal for the
supplier to provide trade credit to the retailertlae former can influence the retailer’s decisions
both operationally and financially to realize a taghtility for the former. Finally, to the best of
our knowledge, this study is the first attempt tketaelationship concern into account in a
budget-constrained supply chain. Our study reviwels this behavioural factor has a significant
influence on the ordering and financing decisiond, @m the payoffs for each stakeholder in a



supply chain with limited capital.

We organize the rest of this paper as follows.2m& review the related literature. In 83 we
present the model and assumptions in detail. larg#t85 we consider the scenarios in which the
retailer chooses a bank loan and trade crediteotisply. We derive the optimal decisions for the
retailer, supplier, and bank. We compare the optoutcomes between bank-loan and trade-credit
financing in 86. In 87 we investigate the impacttbé& supplier’s relationship concern. We
conclude the paper and suggest topics for futltseareh in 88. We provide all the proofs in the
Appendix.

2 Literature Review

Our work is related to the literature on financing@y chains, option contract, and behavioural
concerns in supply chains. We jointly study therapienal and financial problems in a supply
chain with the capital constraint from the perspestof both the supplier and retailer.

Classical studies of supply-chain ordering dectsiosually assume that all the members in
the supply chain have sufficient liquidity (e.g.trBezi and Dada, 1999; Lariviere and Porteus,
2001; Cachon, 2003), so short-term financing issuesrarely covered. In contrast, corporate
financing problems have been extensively studidihamce and economics. A number of sources
of financing, such as bank loans, trade credit, dilaincing, and venture investment, are
commonly used in practice, especially for SMEs (@manur and Fulghieri, 1994; Jordan et al.,
1998; Hellmann and Puri, 2000). We refer to Breneiaal. (1988), Cufiat (2007), and Fabbri and
Menichini (2010) for theoretical studies on tradedit, which is the main focus of this paper.
Most research on trade credit focuses on probldnsfarmation asymmetry about default risk,
price discrimination by suppliers, customized prddpand the advantage of liquidation. However,
none of this research has considered the finanaiviggms in a supply chain, particularly when
the retailer, i.e., the SME, faces the capital traimg and is in need of financing.

The interaction between financing and ordering dmtss has received a great deal of
attention in recent years (e.g., Yang et al., 20fica and Zhu, 2017; Tang et al., 2018). Most of
these studies approach the financing problem infrdmmework of the classical newsvendor
problem. Dada and Hu (2008) analyzed the newsvepdislem under the assumption that the
retailer has the capital constraint and bank Ieaesviable. Kouvelis and Zhao (2011) extended
their work by taking bankruptcy cost into considiera and assuming that the bank loan is fairly
priced. They found that the retailer’s orderingigien is influenced by its wealth level, and the
equilibrium order size is smaller than that in thaditional newsvendor model. In Jing et al.
(2012), the retailer, which is a start-up firm, cdetgly relies on loans to purchase from the
supplier. When only trade credit is available te tatailer, the supplier will set the wholesaleeri
high to absorb all of the profit in the supply chaithen both a bank loan and trade credit are
available to the retailer, the retailer's choicewmen them is dependent on the supplier’'s
production cost. Considering a similar problem, ¥ais and Zhao (2012) relaxed the assumption
that the retailer has no initial capital. They destoated that the retailer’s optimal financing
choice is trade credit because the supplier haacamtive to set the trade credit interest rate no
greater than the risk-free interest rate. Whenrétailer can use a bank loan and trade credit
simultaneously, Cai et al. (2014) explored theileta optimal order size and financing portfolio.
Against the same background, Yang and Birge (2@howed the role of trade credit in risk
sharing and supply chain efficiency improvement. ©@o@mon feature of all these studies is the



adoption of the wholesale price contract in thenfeavork of the newsvendor problem. However,
few researches have ever considered the jointidasi®n financing and ordering based on the
adoption of option contract. Hence, our paper douttes to the literature by adopting the option
contract as the purchasing contract to investifaeinteraction between financing and ordering
decisions in a capital-constrained supply chain.alée investigate whether the option contract
can improve supply chain members’ payoffs compaveéd the wholesale price contract in the
capital-constrained supply chain, which has notbegplored before. Our analyses show that
option contract can improve the supply chain edficly to a higher level when the production cost
is low. On the other hand, the aforementioned magernot take behavioural factor into account,
instead, they assume all supply chain members &eliénterested. Nevertheless, as behavioural
concern becoming more common in practice, our vimtkased on the consideration of supplier’s
relationship concern. We show that it indeed hagwifitant influence on the interaction of
financing and ordering decisions.

Our research is closely related to the literaturegh® option contract in supply chains. As a
financial derivative instrument, options have begriaed by a large body of literature on finance
(e.g., Black and Scholes, 1973; Muravyev, 2016; ekgen et al., 2017). In the field of OM,
Ritchken and Tapiero (1986) were the first to btlmgoption contract into inventory management
to hedge the risks due to price variability and dedh uncertainty. Golovachkina (2003)
considered a two-echelon supply chain where aleetpiurchases from a capacity-constrained
supplier via the option contract in the presencea afpot market. They demonstrated that the
option contract can significantly improve supply iohefficiency. Considering a similar problem,
Pei et al. (2011) correlated the option price wtith retailer’s order size. Schummer and Vohra
(2003), Wu and Kleindorfer (2005), Fu et al. (2Q1&)d Andersen et al. (2017) studied supply
chains with multiple suppliers and a single retailwhere the retailer decides the optimal
purchasing portfolio from different suppliers vligetoption contract. Nevertheless, none of these
studies has ever considered a capital-constraimgolys chain. While, our work fills this research
gap by taking the retailer’s capital constrainbiatcount. The phenomenon of capital shortage is
not infrequent to witness in practice, especiadlysmall and medium-sized enterprises. Actually,
even though an enterprise knows it's better to tatf@poption contract to manage demand risk,
without enough cash flow, it cannot achieve itslgbkence, compared with prior literature, our
work is more consistent with practice. Furthermang, study enriches this stream of literature by
incorporating the supplier’s relationship concemmce none of the aforementioned studies has
considered before. More importantly, we show thatdupplier’s relationship concern can further
improve the supply chain efficiency when using opticontract in a supply chain with
budget-constrained retailer.

Some research has revealed that the option comtmaatoordinate the supply chain in proper
parameter settings (e.g., Barnes-Schuster et @02;2Zhao et al., 2010; Chen et al., 2014).
However, our results show that with the capitalstrint, the option contract cannot coordinate
the supply chain even though multiple financing sesirare available, i.e., bank loans and trade
credit. Although a study of supply chain coordioatis beyond the scope of this paper, our
analyses show that the combination of trade ciaadlit the option contract does improve supply
chain efficiency.

This study is also closely related to the literatun behavioural concerns, especially
relationship concern in supply chains. Researcheooanomics and sociology suggests that



decision makers may account for social preferermesh as fairness, reciprocity, and status, in
addition to economic payoffs (e.g., Bolton and Qukés, 2000; Charness and Rabin, 2002; Loch
et al., 2006). Assuming both the supplier and lextdiave preferences for reciprocity, Du et al.
(2014) found that their kindness/unkindness intentilays an important role in their decisions
concerning the equilibrium retail price and wholegarice. Loch and Wu (2008) incorporated the
social preference of relationship concern and staeeking in a supply chain through an
experimental study. They demonstrated that relahigm (status-seeking) concern has a positive
(negative) impact on the individual’s payoff andpgly chain efficiency. By focusing on the
impact of behavioural factors on pricing contra€ger and Zheng (2012) concluded that when
supply chain members care about one another,hiae a relationship concern, the effect of
double marginalization is decreased. Similarlyff@ni et al. (2006) and Yang (2009) empirically
showed that a closer supply chain relationship daorease conflict between supply chain
members and improve their performance. Our worfediffrom this area of the literature by
focusing on the scenario where the retailer is @talaconstrained SME and cares only about
short-term profit, while the supplier is a large fiwith a relationship concern that cares about the
long-term development of the supply chain. Consisteith the findings in prior literature, we
further confirm the positive impact of supplier&ationship concern on retailer’s payoff in such a
new context. However, our study also show that riflationship concern may increase the
retailer's bankruptcy risk when the production c@ssufficiently high, indicating the negative
impact of relationship concern. This result is farls contrast with the literature on behavioural
concerns.

3 Model Description

We study the Stackelberg game between a small-sigethstream retailer and a large upstream
supplier in two periods, indexed as= 0 and t = 1. Attime t = 0, the supplier offers an option
contract to the retailer and determines the optigce c,. Each option gives the retailer the right
but not the obligation to buy a unit of the prodfroim the supplier at a predetermined exercise
pricec, attimet = 1. Following Burnetas and Ritchken (2005), Li et(2009), Chen and Shen
(2012), and Liu et al. (2014), we assume is exogenous to keep our model tractdb@iven
this contract, the retailer determines the quantftpptions to buy, denoted hy, and pays the
supplier c,q in advance. The supplier then executes its praatuet the unit cost.

As an SME, the retailer is potentially capital-camed, i.e., its initial capital, denoted fy
may not be sufficient to cover its ordering coste Bupplier has enough capital, denotedvby
making it able to provide trade credit to the detaMWhenever the retailer is capital constrairied,
chooses to take either trade credit (if it is afkby the supplier) or a bank loan (which is always
available). Note that by offering trade credit, agsume the supplier provides the SME retailer
with a short-term loan to purchase from the suppbereflect the common practice in reality, as
illustrated in the examples presented in the Intctidn. We use the subscript= b,s to
represent the two financing channels, i.e., the lkmark supplier, respectively. Denateas the
interest rate on the loan, they and r; represent the bank's and supplier's interest rate,
respectively. Both the supplier and retailer, afegerving enough money for operations, invest
their leftover money at the risk-free interest rate We summarize the notation used throughout
the paper in Table 1.

The market demanb is uncertain at time = 0, with probability density function (p.d.f.)



f (), cumulative distribution function (c.d.f¥(-), and supporf0,N]. We assume that the
distribution has an increasing and convex failate (D) = f(D)/(1 — F(D)).? Attime t = 1,
the market demanB is realized, and the supplier and retailer bo#rrieof this demand. After
observing the demand information, the retailer clesao exercisenin{q, D} units of the option
and pays the supplier,min{q, D}. The product is then delivered from the suppliethie retailer
and sold to customers at the retail pniceAt the end of the selling season, the retailey the
obligation to repay the loan principal and inter#fsit does not have enough money to fully repay
the loan, bankruptcy will occur.

Bank offerst, Retailer orders] Retailer pays off bank
Supplier offers options and pays Information about loan or trade credit as
CHS €9 to the supplier demandD is realized much as it can

Retailer obtains . ) Retailer exercises
money from the Supplier begins min(q, D) options and pays
supplier or a bank producing ¢, min(q, D) to the supplier
t=0 t=1 —— > g

Figure 1. Sequence of events

Table 1. Summary of notation
D Market demand with p.d.ff(-) and c.d.f.F(:)
[0,N] Support of D
h(:) Increasing failure rate of the market demahdD): = f(D)/F (D)

P Retail price per unit of the product

c The supplier’s production cost per unit

y The retailer’s initial working capital

Y The supplier’s initial working capital

qi The retailer’s order size

Coi The unit option price

Ce Exercise price of the option

T¥ The risk-free interest rate

T; The interest rate of bank loah= b) or trade crediti(= s)

B; The amount of money the retailer borrowed fromlthrk ¢ = b) or supplier { = s)
Z; The minimum market demand for the retailer to fuépay the principal and intere
; The retailer’s expected ending cash level

I1; The supplier’'s expected ending cash level

0 The supplier’s relationship concern parameter

U; The supplier's expected utility

The retailer, as a short-run profit seeker, detegmihe channel by which it should take the
loan and the order quantity to maximize its expeetieding cash level. By contrast, in addition to
attempting to maximize the economic payoff, thepdiep tries to improve the retailer’s ending
cash level out of long-run consideration, i.e., thlationship concern. Therefore, to maximize its
utility, including its own and the retailer’s endircash level, the supplier determines not only



whether to offer trade credit and (if yes) the iiegt rate, but also the price of the option comtrac
Figure 1 shows the sequence of events correspotalihg game model.

We assume that the retailer can only apply for fimpnat t = 0, meaning that the retailer
must make sure it has enough money to cover bahofbtion-buying cost,;q; and the
product-ordering cost,q;. If the retailer chooses not to exercise all & gurchased options at
time t = 1, some money remains in its account until the drtieselling season with no interest.
In addition, to make the model feasible, we malee ftlllowing assumptions: (i) < N, which
guarantees the existence of positive market dem@ind(c,; + c.)(1 + 15) < p, which means
that the retailer always has an incentive to ofiden the supplier and then sell to consumers; (iii)
Coi(1+15) + ¢ = c(1 + 17), which means that the supplier always has an theeto produce
the product and will obtain a non-negative profitd &iv) r, = 7 and r; = 17, which guarantee
that profit from financing the retailer is no lesarththat from a risk-free investment by the bank
and supplier, respectively.

4 Equilibrium Analysis under Bank Financing

In this section we study the case where the retaileoses the bank loan, i.¢é.= b. The supplier
determines the option price,,. Given the option contract and initial capital dgvthe retailer
then decides the order sizg and the amount of money it needs to borrow froenktink B,,.

4.1 The Bank’s Interest Rate Decision

At time t = 0, the retailer borrows an amount of monBy = (c,,qp + c.qp —y)* from the
bank. At the end of the selling season, the reth#és an amount of cashbefore paying back the
loan to the bank, where

L = pmin{qy,, D} + c.(qy — D)* + (¥ — Conqp — Ceqp)* (1 +1%). 1)

The first part is the revenue from selling the paido the customers and the second part is the
retailer’s leftover money after exercising the parged units of the option at= 1. If the realized
demand is no less than the number of options ithasged, the retailer will exercise all units of the
option, i.e.,c.(q, — D)* = 0. The last part of (1) is the revenue from the-figle investment at

t = 0 if the retailer has money in excess of the ordgciost.

Because the retailer is an SME with limited liaijliit repaysmin{L, B,(1 + 1)} to the
bank. The bank loan offered by a commercial banf & perfectly competitive financial market,
i.e., the bank’s expected return from lending motweyhe retailer is equal to the return of the
risk-free investment with the same amount of mortégnce, the bank loan’s interest raje
satisfies the following equation

E[min{L, B, (1 + 1,)}] = Bp(1 + 17). 2

Given the retailer’s initial capital levgl and ordering decision,, the bank solves the optimal
interest rater,, from (2). Regarding whether the retailer encoumnbamkruptcy risk, there are two
possible cases. When there is no bankruptcy risthforetailer, i.e., the probability of bankruptcy
P(L < By(1+13)) = 0, the optimal interest rate ig, = rr. When bankruptcy risk exists, i.e., the
probability of bankruptcyP(L < B, (1 + 1)) > 0, it is obvious to set,, > r; Consequently, we
conclude thatr, > 1. Please refer to Chen and Wan (2011, Propositiciorihe proof of the
existence and uniqueness ofraithat satisfies (2).

4.2 The Retailer's Ordering and Financing Decisions



At the end of the selling season, the retailer lmasamount of cash before paying back
min{L, B, (1 + )} to the bank. Given the interest ratg and the option price,,, the retailer’s
expected ending cash level is

Ty (qp) = E[L — min{L, B, (1 + 1,)}]. )
Substituting (1) and (2) into (3), we have
7p(qp) = E[pmin{qp, D} + c.(qp — D)*] — (copqp + Ceqp) (1 +15) + y(1 +17). (4)

Equation (4) demonstrates that the retailer's etqebending cash level is not influenced by the
interest rate of the bank loan, which is consistégtit the results in Jing et al. (2012) and Kouveli
and Zhao (2012), where the wholesale price coniseadopted in the supply chain. Then, solving
the first-order condition of (4), we obtain the ietgs optimal order size as follows:

o = 1 (et ®
Equation (5) shows that the retailer’'s optimal oirtlg decision is independent of its initial capital
level y and the interest rate of the bank logh In other words, if the retailer chooses to raise
money from the bank, it always orders the same tifyaof the product from the supplier. The
underlying reason is discussed in Corollary 1. diditton, by substituting (5) int®,, we can
determine the amount of money the retailer shoatdov from the bank.

4.3 The Supplier’s Option Price Decision

At timet = 0, after receiving the retailer’s order and the esponding payment, the supplier
produces the product at the unit costThe supplier then invests the money in excesthef
production cost at the risk-free interest raje At time ¢t =1, the supplier delivers the
corresponding quantity of the product to the retadffter receiving payment for the exercised units
of the option. Therefore, the supplier’s expectedirg cash level is

I, (cop) = (Y + copqp — C%)(l + Tf) + E[c.min{q,, D}], (6)

wherec,min{q,, D} is the revenue from selling the product via théaspcontract,cq, is the
production cost, andY + ¢,,q, — cqp)(1 + 757) represents the revenue from the investment at
the risk-free interest rate.

In addition to making a profit, the supplier hasetationship concern, i.e., it includes the
retailer's ending cash level in its objective fuontto improve the retailer's economic benefit.
Thus, its goal is to maximize its expected utilifly(c,,) instead of its expected ending cash
level, which is

Up(cop) = Mp(cop) + Oy, (7)

where 6 is the relationship concern parameter. The highds, the more the supplier cares
about the relationship with the retailer. In thentext of our research, it is natural to assume that
the supplier cares more about its own revenue tthanof the retailer; thus, we kedp< 6 < 1
throughout the paper. In particular, whén= 1, the supply chain turns into a centralized supply
chain. Thus, we provide conclusions for the casé ef 1 separately.

From (5), we know that there is a one-to-one mappietweeng, and c,,. By substituting
the inverse function of (5) into (7), we drive thgtimal order sizeg;, and option pricec;;,. Then,



combined with (2) and (5), the equilibrium undemkdinancing can be summarized in the
following proposition.

Proposition 1. When the retailer chooses the bank loan, the dmisifn (1., 0, Gp) iS
characterized by

By(1 +17) = E[min(L, B, (1 + 137))] (8a)
(P = cIF (@) [-2=— (1= Oh(a;)g5] = (c(1+77) +cory)  (8b)
1y, = Sy (80)

Proposition 1 implies that if the retailer choosedake the bank loan, both the supplier’s
option price decision and the retailer’s orderiragidion are independent of the interest rgte
and the retailer’s initial capitgl In other words, the financing-related decisiongeh#o impact on
the supplier's and retailer’'s operation decisioherefore, the following corollary is
straightforward.

Corollary 1. When the capital-constrained retailer purchasesthig option contract and borrows
via bank loan, the supplier’s and retailer’s eqoiium decisions are the same as those in the case
of no capital constraint.

The underlying reason for Corollary 1 is as folloB&cause the competition in the capital
market is perfect, the bank loan interest is coitipely priced. Equivalently, from the retailer’s
perspective, the expected cost of borrowing froenlink equals the cost of using its own money
when it is rich enough. This conclusion is obvieusen the retailer has no bankruptcy risk, as
m, = 17. In contrast, when the retailer’s bankruptcy risksts, it would seem that it has to pay
more for the bank loan, ag > rr. However, note that although the interest ratthefbank loan
r, is higher than the risk-free interest rate, thisreio need for the retailer to pay all of the
principal and interest if bankruptcy occurs, duditated liability. Consequently, the expected
cost of using the bank loan still equals the costsing its own working capital. In short, the bank
can be viewed as the retailer’s internal accountiggartment. Therefore, the retailer can make its
ordering decisions without considering the finangngpblem, and so can the supplier.

5 Equilibrium Analysis under Trade Credit

In this section we study the case where the rethitgrows using trade credit. The supplier
determines not only the option prieg,, but also the interest rate of the trade crediGiven the
supplier’s offer (c,s,15), the retailer then decides the order sizeand the amount of money it
needs to borrow from the supplié.

5.1 The Retailer’s Ordering and Financing Decisions

Define z, as the bankruptcy threshold, such that if and drilye realized demand > z; can
the retailer fully pay back both the loan princigald interest. Hencezg = {D: pD + c.(qs —
D)t = B;(1+1,)} when By(1+71) >c.qs, and z; =0 otherwise, whereB; = (c,sqs +
c.qs —y)T is the amount of money it borrows from the suppl&pecifically, z; = 0 implies
that the amount of money borrowed by the retagera more tharc.qs/(1 + 15), so that there is
no bankruptcy risk for the retailer. The reasoth& even wherD = 0, the retailer’s cash level
before paying back the supplier &= c.qs+ (¥ —cosqs — ceqs)* (1 +17); hence, the
probability of bankruptcyP(L < Bs(1 + 1)) = 0 always holds. Howeverz, > 0 implies that
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the retailer cannot pay back the supplier in tudince, there is bankruptcy risk for the retailer, i
P(L < B;(1+1))>0.

Lemma 1.When the capital-constrained retailer uses tradeddrto raise money, the bankruptcy
threshold is less than its order size, i.e,,< g;.

Lemma 1 indicates that the retailer always hasaaah to fully repay the loan and obtain a
positive cash level after the selling season, wiidhe necessary condition for the retailer ty sta
in the market. According to Lemma 1, given the digps decisions on the option price,; and
interest ratery, the bankruptcy threshold, can be written as

[Bs(1+715)—ceqs]*
= )

Z
s pP—Ce

Based on the relationship between the retaileit®ircapital levely and the ordering cost
(cos + €2)qs, the retailer’s expected ending cash level is

s(qs)
. Ceq
|(E[(p mln{q$v D} + Ce(Qs - D)+ - Bs(l + rs))+] (Cos + Ce)Qs >y + 1 :_:, (loa)
s
. Ceq
_ JE[pmin{qs, D} + c.(qs —D)*] = Bs(1+1) ¥ <(cos+C)qs<y+——  (10b)

1+
E[p min{qs, D} + c.(qs — D)+] (cos +Ce)qs =y (10c)
\E[p min{qy, D} + ce(qs — D)1+ (v — (cos + )qs)(1+77)  (cos+ce)qs <y (10d)

Concerning the interaction between the retaileaiskouptcy risk and need for financing, there are
four possibilities. Specifically, in (10a), the ri&tds budget constraint is tight compared with the
ordering cost; thus, a bankruptcy risk exists,, izg.> 0 or equivalently(c,s + c.)qs >y +
ceqs/(1+15). In (10b), there is no bankruptcy risk for thearketr, but it still needs to borrow
money from the supplier due to its limited initiabrking capital, i.e.,zs =0 andy < (c,s +
Ce)qs <y + coqs/(1+15). (10c) implies that the retailer has just enougbney to cover the
ordering cost, i.e.(c,s + c.)qs = y; thus, financing is not needed. In (10d), the lmtanas
sufficient money to pay for the order, i.€c,s + c.)qs <y, and to invest its leftover money at
the risk-free interest rate.

Given the supplier’s decisions on the option prige and the interest rate, the retailer’s

optimal order size is as follows:
Ce qS

(F_l([cos(l + rs) + Cers]F(Zs)/(p - Ce)) (Cos + Ce)Qs >y+ m (11a)
qs = i F_l([cos(l + rs) + Cers]/(p - Ce)) y < (Cos + Ce)Qs Sy+ % (llb)
y/(Cos + Ce) (Cos tCc)qs =y (11c)
F7 ([eos(1 +75) + ces] /(P — €e)) (Cos +Ce)qs <y (11d)

Obviously, the retailer’s optimal order sizg depends orr,g, 75, and y. Lemma 2 characterizes
the monotonicity of the retailer’s order size and expected ending cash level(q;).

Lemma 2.For any givenr, both m;(q;) and g, monotonically decrease in,;.

Lemma 2 shows that a lower option price can alveayourage the retailer to order more and
then fulfill more potential demand, which is coneigt with intuition. In addition, Lemma 2
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reveals a one-to-one mapping betwegnand c,s. Thus, ¢, can be expressed as a function of
g, according to (11). Before solving the supplierezidion, for ease of analysis, we convert the
constraints regardingc,s + c.)qs in (11a)~(11d) into constraints regardigg as follows:

_ y(l+7y)
asF(qs) > ——= (12a)
p—Ce
1+ _ C 1+ C
y(1+7) <0 F(q) + eds _ y(1+7) L Cels (12b)
) p—Ce p—Ce p—Ce p—Ce
1+ _ o 1+
y(1+75) < g F(q) + 5% y(1+7) (126)
p—Ce p—Ce p—Ce
_ C 14T
qsF(q) +—22 t) (12d)

b—~Ce p—Ce

Given anyr,, (12a)~(12d) are equivalent to four sets qf, denoted byQ; = (¢!, q),
Q, = (gL, ¢tJu A, Q3 =[qi q]uA,, andQ, = [0,q}) U A5, respectively (refer to Figure 2
for an illustration and Lemma A.3 in the Appendix the proof).A;, A,, and A; are sets ofg,
satisfying (12b), (12c), and (12d), respectiveliiose values are no less thah &lease note that

because the value d¥F(N) + pcilz can be greater tha¥:;1_+—cr~°') or less thanys_;crf), qy and g¥

may not exist in some cases. Therefore, weAjsé= 1, 2, 3, to represent the right part@f, i =
2, 3, 4, respectively.

Corresponding to the four constraints in (12), fiher sets ofqs, i.e., Q; (i = 1,2,3,4), can
be regarded as different levels of the order simepared with the retailer’s initial working capital
Specifically, Q, represents the interval af; in which the retailer orders significantly morernha
it can pay with its initial working capital and Banptcy risk exists;Q, represents the interval of
qs in which the retailer orders slightly more tharcén pay and no bankruptcy risk exists;
represents the interval in which the retailer hest gnough money to pay for the purchase; and
Q, represents the interval in which the retailer tmase money than it needs for purchasing.

= C
—_— q{(qs)+—e_qs
——--q,F(qy)
/'/./ ...... :[ ...... \\\
y(l+r,) i ' "~
p-c [T 2 Tt AN N
RN ' [ N
y(+r) B/ R e
1 1 1 1 1 1
PoG |/ i FEEN RN
G 0y G ot G G103 yN
078, 6.0 3, 3, 0.0,

Market demand

Figure 2 lllustration of four sets af, regarding the retailer’s initial capital level
Note. g, is the solution todg,F(qs)/dqs = 0, which satisfiesq,h(q,) = 1. By definition, the relationship

0<qt<q)<ql <q,<q*<b always holds.

5.2 The Supplier’'s Problem

The supplier decides the option pricg, and interest rate; at time t = 0. Then, according to
the retailer’s financing request, the supplier lemdgmount of mone, = (c,sqs + c.qs — ¥Y)*

to the retailer and receives the payment for thetmsed units of the option. Afterwards, the
supplier produces the product and invests itsveftononey at the risk-free interest raje Then,
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at time t = 1, the supplier receives the money for the exercisgits of the options from the
retailer and delivers the product. Finally, at tved of the selling season, the supplier receives
min{L, B;(1 + r;)} from the retailer as repayment of the loan. Ttereefthe supplier's expected
ending cash level is

Hs(cos: rs) = E[(Y - Bs + Cosqs — CQS)(l + rf) + Cemin{QS:D} + min{L: Bs(l + rs)}]- (13)

By substituting B; and L, we can write (13), with the retailer’'s order sitearacterized in (12),
as follows:

(Y +y —cqs)(1 +17) — ceqs7y + E[pmin{gs, DY) — m5(q5) g5 €Q, (14a)
(Y +y — cqs)(1 + 17) — c.qs17 + E[p min{q,, D}] — m,(qs) g5 €Q, (14b)
(Y + ¢o5qs — ¢q5) (1 + 1) + E[c, min{gy, D}] qs € Q3 (14c)
\(Y + cosqs — cq5) (1 + 17) + Elc, min{gy, D}] gs €0, (14d)

I (cosi75) =

Then, the supplier's expected utility function is

Us(Cosr T5) = lg(Cos, T5) + O715(qs5). (15)

To jointly analyze the supplier’s decisions og. and r, we first fix r; and find the optimak,.
By Lemma 2, we know that there is a one-to-one rimgppetween the retailer’s order sizge
and the option price,, which is characterized by (11). Hence, we detlieoptimal order size
from the supplier’'s perspective instead of findihg optimal option price. By substituting the
inverse function of (11) into (15), we re-write thepplier's expected utility as a function ¢f
instead ofc,g, i.e., Us(qs 15), because the supplier can manipulate the rewilerder size
decision by changing the option price. Therefohe first-order derivative ot/(qs, ;) with
respect tog, is

I{ G_\(qsr rs) s € Ql (168)
0Us(qs,75) 4 _ G(gemy) qs € Q, (16b)
aQS | epF(QS) - CeF(QS) — CelTy — C(l + 7ﬂf) qs € 'Q3 (lGC)
\ G(qs13) qs € Q, (16d)
where
A (p — ce)F(qs) [p(1 = 08) — c.5(1 —6)
G@sm) =75 — — (1= 0)q5h(qs)| = cory — c(1 + 1),
e
C@sm) = 0)ash(a5)| - oty — el +77),

and 8 = qsh(zs)[cos(1 +15) + co15]/(p — c.). It is noteworthy thatG (qs,75) = G(qs,7s) When
qs € [0,q,] and G(qs,75) < G(gqs,75) When g5 € (q4,N). The following lemma reveals that the
optimal g; has an upper boungy, where qz satisfiesqgh(qp) = p/[(p — c.)(1 —6)] and
qp > {qq-
Lemma 3.For any givenr, from the supplier's perspective, the optimal orsige g5 < qg.

Lemma 3 implies that the supplier has no incertiivenduce the retailer to order more than
qp- The intuition is as follows: By purchasing vi@tbption contract, the retailer is able to share
part of the risk due to demand uncertainty withgbpplier; hence, it is encouraged to order more

of the product. However, if the retailer orders tooch, the risk of overproduction outweighs the
benefit from option selling; hence, there is an ugmaund on the optimal order size from the
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supplier's perspective. For convenience of expoessive define® = {q;|q; € [0,q5)} as the
interval in which g; lies. The following lemma shows the existence rofoatimal order size for
the supplier.

Lemma 4. For any givengs, there exists at least one optimal order size fiti supplier’s
perspective, i.e.qi = gor §, whereq satisfiesG(g,r;) =0 and § satisfiesG(4,7;) = 0.
is feasible only ifg € 2, U2, N O and § is feasible only if§ € 2, N 6.

In fact, g (§) is the optimal order size from the supplier’s gperctive when there is (no)
bankruptcy risk for the retailer. By comparir@®(q,,7;) with (8b), we find thatg = g;,, meaning
that the order sizes under trade credit and bardnéiing are the same when no bankruptcy risk
exists. The reason is as follows: Recall that urglk financing,q; is independent of the
interest rater,, because the operation decisions are independéme dihancing problem (refer to
Proposition 1 and Corollary 1). A similar propertg., q; = g being independent of;, also
occurs in the trade credit case as long as thidereianot very tightly capital-constrained.

However, wheng is feasible, it is unique due to the monotonicityG (q,,7;) Wwith respect
to g, (refer to Lemma A.4 in the Appendix for the dethiNevertheless, whe# is feasible, it is
unique only whenG(qq, 7)) < 0. When G(q,,7) >0, § is feasible but may not be unique
because the monotonicity af(qs,7;) is unclear in(qq, qg) and G(gs 1) <0 for gg €

’ ’ o ’ N p(1-66)—c.6(1-0) :
[ap.98), Where qp satisfiesqgh(qp) = BT Hence, in the case that more than one

feasible solution exists, i.e., both and § are feasible or multiplgf exist, we need to compare
all of the candidates to find the global optimalutoh. By definition, it is obvious that boti
and § are influenced by the unit production castThe following proposition introduces the
range ofqg; under different scenarios, as shown in Figure 3.

ouU (q,,r,) ouU (q.,r,)
oa, aq,

i é(Gs'rs)} i
\ Sl

N

o & q qa\ou“. % 9% 0 g G Q! \ Kqﬁ %
(a) High production costc > ¢. (b) Low production cost: < €.

Figure 3. Impact of the production cost on theroptiorder size

Lemma 5. For any givenr, g5 € (0,9,] Whenc = ¢ and g; € (qq,q9) Whenc < ¢, where
&= [(ce + 0 — c)F(a0) = cerp] /(1 + 7).

Lemma 5 states a significant distinction betweendbeilibria when the option contract
versus the wholesale price contract is used indéeentralized supply chain. Based on the
adoption of the wholesale price contract, Kouvafig Zhao (2012), and Jing et al. (2012) studied
the ordering problem in a supply chain with a budgmstrained retailer and found that the
optimal order size is never greater thapn Following the definition of the generalized faduate
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in Lariviere and Porteus (20019, is the point where the probability of stock-outlwlecrease
by 1% if the order size is increased by 1%. Newdeds, using the option contract, the optimal
order size may exceegl, when the production costis sufficiently low. The underlying intuition
is as follows: Recall that when the wholesale promtract is adopted, the order size in a
decentralized supply chain is small because thaleetbears all of the risk caused by demand
uncertainty. However, by using the option contraett of the risk is transferred from the retailer
to the supplier. When the production cost is Idve tost of overproduction is also low, which
means that the supplier is able to bear more @skisequently, the order size can be high enough
to exceed the upper boung,. Thus, higher supply chain efficiency is achiedadaddition, note
that this result holds regardless of the suppliefationship concern. Furthermore, from Figure 3,
we can determine the relationship betwegrand §. If ¢ = ¢, theng < § < q,; if ¢ <¢, then
q > 4 > q,. We elaborate on these relationships in Proposiio

After finding the optimal order size from the suppk perspective, the supplier’'s decision
on the option price can accordingly be obtainedhieyinverse function of (11a) or (11b). However,
note that the previous results (from Lemma 3 to inen®) are based on the assumption that the
interest rate, is fixed. In what follows, we relax this assumpttorexplore the supplier’s optimal
joint decisions on the interest rate and optiorcepriFor simplicity of notation, we define
C=(p—c.)GF(@/(1+1) and C= (p —c,)§F()/(1 +17) as the two thresholds for the
retailer’s initial capital level, wher€ < C always holds. Combined with the retailer’s optimal
response in (11), we summarize the equilibrium ut@ele credit in the following proposition.

Proposition 2. When the retailer chooses trade credit, the equilib (7,95, ¢5s) IS
characterized by

s = T'f,
q if y <G
¢; = { argmax(Us(4,75), Us(@,5)} if C<y<C,
q if y > C,
{F(Q)(p - Ce) Cers* . x _ A
[= - if gs =4
. QF(ZS)(l +r) 1+
Cos =\ =5,—
o |F(Q)(p - Ce) — CeTy ifa*=a
k 1+ T'f s @

Proposition 2 concludes the supplier’s optimal siecis on trade credit interest rate, order
size, and option price when the retailer is inedéht wealth levels. From Proposition 2, we can
see that the supplier always has an incentive ttéhgeinterest ratey” = r¢. Hence, the interest
rate set by the supplier is never greater thansialby the bank. Specifically,” = r, when there
is no bankruptcy risk for the retailer, whil§ < r;, when bankruptcy risk exists. By setting
s = 17, the supplier can decrease the retailer’s financist, especially when it has bankruptcy
risk, and hence encourage the retailer to choasle trredit instead of a bank loan.

In Lemma 4, for a giveny, we conclude that botlf and § are the potential optimal order
sizes for the supplier. In Proposition 2, afteredelining the optimaly’, we specify the supplier’s
decisions on the order size under different scesayi < C implies that the retailer’s initial
capital level is low and bankruptcy risk exists,®ty § is feasible andzi = §. y > C means
that the retailer’sy initial capital level is high and no bankruptcygkiexists, so onlyg is
feasible andg; = g. When the retailer’s initial capital level is im antermediate range, i.e.,
C<sy< C, both g and g are feasible, in which case the supplier needsmapare the expected
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utility for § and g. Note that if it is optimal for the supplier toadse g, then the retailer’s total
ordering cost is higher than that in the case efgipplier choosing;. In addition, in the former
case, there is bankruptcy risk for the retailet, hot in the latter case. After determining the
optimal order size, the option price can accorditg obtained by the inverse function of (11a) or
(11b).

6 Comparison between Different Financing Channels

6.1 The Preferred Financing Channel

In this section we study the preferred financingncleh from both the supplier's and retailer’s
perspectives. On the one hand, if the supplierepsed bank loan to trade credit, it will not lend
money to the retailer and decide the option prigéna84.3. Consequently, the retailer can only
finance itself via a bank loan. On the other haftihe supplier prefers trade credit to a bank loan,
it will make decisions on the option price and iast rate as in 85.2. Then, the retailer needs to
choose one financing channel, i.e., either a baak wr trade credit. In addition, based on the
following analyses, we find that the supplier andiker can reach an agreement on the choice of
the financing channel, which is summarized in thkofong proposition. For simplicity of
notation, we denotez, = [(c;,q5 + ceqy — V) (1 +15) —ceqplt/(p —c.) as the retailer’s
bankruptcy threshold under bank financing.

Proposition 3. Both the supplier and retailer weakly prefer tradedit to a bank loan. The
detailed preferences are summarized in Table 2.
Table 2. The supplier’s and retailer’s financinguhel preferences

Supplier y<C QSySE C<y
PP Trade credit> Bank loan Trade credit Bankloan Trade credit Bank loan
A Zy >0 Zy = 0
Retailer - -
Trade credit> Bank loan Trade credit Bank loan

Proposition 3 implies that trade credit weakly doatés bank financing in a
capital-constrained supply chain, from both thepdiep's and retailer’s perspectives. That means,
the supply chain should adopt trade credit instsfad bank loan when the retailer has budget
constraint. The underlying reason is as followsonfrrthe supplier's perspective, when the
retailer’s initial working capital level is low,d., y < C, by financing the retailer, the supplier is
able to maintain stronger control over the suppigie. In other words, by lending money to the
retailer, the supplier can influence the retailaetécisions on both operations and financing.
However, if the supplier does not offer trade dietfie retailer has to borrow money from the
bank, so the supplier can only influence the reatailéecision operationally. Whem > C, the
retailer is not capital-constrained and = r, = r¢; therefore, its decisions under bank financing
and trade credit are the same, and these two fimaratiannels are indifferent to the supplier.
When the retailer’s initial capital level is withinrange, i.e.C <y < C, in the trade credit case,
the supplier can influence the retailer’'s choiceveenh § and g by adjusting the option price for
a higher expected profit. Becaugeis the supplier’'s optimal decision under bank fitiag, the
output of trade credit is no worse than that oflihek loan.

On the other hand, from the retailer’s perspectiyieen the supplier’s offe(c}, ) and
combined it with its optimal response function unbdank financing, ifz, > 0, then there is
bankruptcy risk for the retailer ang > rr = r". Therefore, it is better for the retailer to cheos
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trade credit due to the lower interest ratezjf= 0, thenr, = =1, so trade credit and bank
financing are indifferent to the retailer.

6.2 The Optimal Order Size

When the retailer faces no bankruptcy risk, thelibgia under bank financing and trade credit are
the same; hence, the supplier's expected utilitg, ftetailer’'s expected profit, and the supply
chain’s efficiency are the same in these two cadesiever, when bankruptcy risk does exist,
things are different. Therefore, in this subsectiore mainly focus on the scenario when
bankruptcy risk exists. Proposition 4 summarizesabmparison of the optimal order sizes under
bank financing and trade credit.

Proposition 4. q;, < q; < g, whenc > ¢ and q, < g; < q;, whenc <¢.

Recall thatg;, = g and g; = § in the presence of bankruptcy risk. Referring igufe 3,
the relationship betweeg; and g; is obvious. The result of Proposition 4 implieatftwhen the
production cost is high, trade credit achieves &igdupply chain efficiency than bank financing,
in that the order size is higher. In contrast, wile@ production cost is low, bank financing
achieves higher supply chain efficiency than tragelic The intuition behind this observation is
as follows: On the one hand, when the producticst @ high, meaning that the option is also
expensive, the retailer cannot afford ordering moach. In this case, the supplier can encourage
the retailer to order more by providing the retail&h a more economical source of financing, i.e.,
trade credit. On the other hand, when the prodoatimst is low, meaning that the option is not
that expensive, the retailer has an incentive tteromore of the product. Under trade credit, the
supplier can better adjust the option price, whglbeneficial not only because it can obtain a
higher price margin, but also because of the dserkarder size and the consequential reduction
of the risk of over-production.

Proposition 5. In a decentralized supply chain with a capital-stwained retailer purchasing via
the option contract, neither bank financing nordeacredit can coordinate the supply chain, i.e.,

q; < q2 and qi < q¢ always hold, wherg? = F~! (@) is the order size under supply
chain coordination.

Proposition 5 demonstrates that in a decentral&giply chain with a capital-constrained
retailer purchasing via the option contract, neithenk financing nor trade credit can coordinate
the supply chain, as the effect of double margmadilbn cannot be completely eliminated.
Nevertheless, as was explained in the paragrafgwiog Lemma 5, when the production cost is
low, the order size can exceeg, which is an upper bound on the order size iditemture using
the wholesale price contract.

7 Impact of Relationship Concern

7.1 Impact of Relationship Concern on Order Size

In this paper we assume that the supplier hasioe&dtip concern for the retailer. With > 0,
both the retailer’s and supplier’s expected endiagh level can influence the supplier’s decision
due to long-run development consideration. Thusijsitnatural to consider the impact of
relationship concerné under different financing channels. The followingopgosition
demonstrates the impact of relationship concertheroptimal order size.
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Proposition 6.Supposed < 0 < 1.

(i) When using a bank loary;, increases ing.

(i) When using trade credit, i£; = 0, q; increases ind; if z; > 0, q; increases in@ when
c=¢é,whereé = [F(@(p-2(p-c.)(1-0)) - Cetr]/(1 +17) <C.

Proposition 6 shows that the supplier’s relatiopstoncern always has a positive impact on
supply chain efficiency, i.e., order size, underkofimancing. The same result can be found when
there is no bankruptcy risk for the retailer, i.e,,= 0, under trade credit. However, when
bankruptcy risk exists, supply chain efficiency dasdrom the degree of relationship concern as
long as the production cost is not very low, i€z ¢;. Here, note that i and c, are small and
p—2(p—ce)(1—0) <c.r is satisfied, ther, <0. Then, g; consistently increases i6.
From Proposition 6, we know that when the suppsiethe core company in a supply chain and
cares about the development of the supply chaivelsole, it can improve the performance of the
supply chain by taking its partner’s payoff intme@eration.

Proposition 7. When 8 = 1, regardless of the financing channel, the decérgdhlsupply chain
reduces to the centralized supply chain and tleélees optimal order size is
ql,;‘s _ F_l (c(1+r;)+cerf). (17)

Note that the result in Proposition 7 holds reggssllof which financing channel is used.
When 6 =1, the supplier's objective function becomé&s ¢(c,,7s) = Iy, (co,75) + T 5(q),
which is the expected ending cash level of theremiipply chain. Therefore, the supply chain
achieves its highest efficiency under the optiontremh However, although the decentralized
supply chain becomes the centralized supply chaienv® = 1, supply chain coordination cannot
be achieved because the retailer has to keep sameynn hand from timg = 0 totimet =1
to exercise the purchased units of the optiomad ti = 1. Thus, the time value of this amount of
money is lost.
7.2 Impact of Relationship Concern on Retailer's Reenue
In this subsection we investigate the impact adtiehship concern on the retailer’'s welfare under
different financing channels.

Proposition 8.Assume0 < 6 < 1.

(i) Both m,(g) and m,(g) increase inf, and ,(§) increases in@ whenc > ¢;.

(i) When using a bank loar, increases inf if ¢ > ¢ and decreases i@ if ¢ < ¢. When
using trade credit,z; increases inf if ¢ > ¢ but decreases i if ¢; <c <¢.

Proposition 8(i) reveals that the retailer benefism the supplier's higher level of
relationship concern, in the sense of a higher eepeending cash level, under either bank
financing or trade credit without bankruptcy riskowever, if bankruptcy risk exists when using
trade credit, the retailer benefits from the supiglieigher level of relationship concern as long as
the production cost is not too low, i.e.> ¢;.

The result in Proposition 8(ii) is somewhat suilipgs Intuitively, one might expect that the
retailer can always benefit from the supplier’s tiefsship concern due to its long-run
development and collaboration consideration. Néedess, when the production cost is
sufficiently high, the bankruptcy risk in equilibniubecomes higher, regardless of which financing
channel is used. From the retailer’s perspectiveigh revenue comes at the cost of high risk.
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From the supplier's perspective, its intention tarec about the welfare of and long-run
collaboration with the retailer eventually harme tretailer's long-run survival and thus the
long-run development of the supply chain. Thereftine supplier’s relationship concern is not
always beneficial to the retailer. While helping tretailer improving its economic payoff, the
supplier should also take care of the risk facethbyretailer.

8 Conclusions

In this paper we investigate the joint ordering dinéncing problems in a two-echelon supply
chain consisting of a small-sized downstream matailith limited capital and a large upstream
supplier with sufficient capital. Facing uncertairarket demand, the retailer orders from the
supplier based on the option contract, with thegdetermined by the supplier. Nevertheless,
because of limited capital, the retailer may neethise money via either bank financing or trade
credit (if it is provided by the supplier) to maiitt a reasonable capital level to pay for option
orders. Moreover, the retailer cares more aboubvita economic welfare to achieve short-run
survival, while the supplier includes relationskipncern in its objective function to achieve
long-run development of the supply chain. By salvithe Stackelberg game, we obtain the
supplier’s optimal pricing and trade credit deaisipand the retailer’s optimal financing and
ordering decisions. Furthermore, we analyze thelgs and retailer’s preferences between the
financing channels and explore the impact of theplsengs relationship concern on the
equilibrium outcomes.

We summarize the main results of this researclolasafs. First, if the retailer chooses bank
financing, both the supplier and retailer make shme decisions as those in the traditional case
where there is no budget constraint for the ratailsder this circumstance, the bank can be
viewed as the retailer’s internal accounting departt, due to the perfectly competitive financial
market. By contrast, if the retailer chooses tradglit, things become more complicated because
both the supplier's and retailer’s decisions afuémced by the budget constraint. Specifically, the
retailer’'s optimal order size and choice of therfiring channel are dependent on its initial capital
level. For the supplier, its decision on the intéreate of the trade credit always equals the
risk-free interest rate.

Second, from both the supplier’s and retailer'sspectives, we find that trade credit weakly
dominates bank financing. To be specific, trade icrddminates bank financing when the
retailer’s initial working capital is low and banigtcy risk exists. Otherwise, trade credit is no
different from bank financing. This conclusion isneistent with the results of a small business
credit survey, which shows that the approval rdtsupplier financing at 84% among SMEs is
higher than for bank financing at 79% (Barkleylet2016).

Third, when the budget constraint on the retailsite is considered, we find that the option
contract cannot coordinate the supply chain, widcm stark contrast with traditional research.
However, compared with the wholesale price contrdet option contract can encourage the
retailer to order more when the manufacturing obshe product is low; supply chain efficiency
is hence improved.

Finally, the supplier’s relationship concern caarégase the equilibrium order size. However,
if the retailer chooses bank financing, the supplieelationship concern consistently improves
the retailer's ending cash level. If the retailapbases trade credit, the same conclusion stillshold
when the production cost is not too low. Furthemnaithough the supplier’s relationship concern
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can increase the retailer’s payoff in most casemay also hurt the retailer by increasing its
bankruptcy risk when the production cost is suffidiehigh.

By theoretical analyses, we figure out the theroatidecisions on financing, ordering, and
option pricing in a capital-constrained supply chailso, we explore the impacts of the supplier’s
relationship concern on the retailer and the ersineply chain efficiency. In what follows, we
summarize the managerial insights implied by oapthktical results. First, from the perspective of
supply chain financing, our results suggest tha& swpplier should finance the retailer by
providing trade credit when the retailer suffenfrbudget constraint. Moreover, it is optimal for
the supplier to set the interest rate as low agisikefree interest rate. The insights are two-fold
From the retailer’s perspective, it always (weakdygfers trade credit than bank loan since the
former is much cheaper, especially when it has hapt&y risk. From the supplier's perspective,
by lending money to the retailer, the supplier Beato proactively influence the retailer's
decisions both operationally and financially. Consedly, the supplier can benefit from trade
credit by having stronger control over the supghgin. In sum, our work sheds light on the
advantages of internal financing over externalrfoiag in a capital-constrained supply chain.
Second, regarding the adoption of option conti@at study indicates that option contract can be a
better choice than the wholesale price contractaf@apital-constrained supply chain when the
product manufacturing cost is low. This result pdeg insights on the selection of purchasing
contract in different scenarios. Lastly, our wodveals that in a supply chain consisting of a
capital-rich supplier and a capital-constrainedaitet, the supplier’s relationship concern can
further improve the expected profit of the entitgomly chain. However, it may increase the
retailer’s bankruptcy risk when the production cisshigh. Therefore, our research implies that
the supplier should pay close attention to not dhé/ economic payoff but also the bankruptcy
risk in order to achieve a long-run developmerthefsupply chain.

There are several future research directions wextthoring. First, in this paper, based on the
assumption that the supplier is a large firm and¢tedler is an SME, we only take the supplier’'s
relationship concern into consideration. Howevems studies (e.g., Cui et al., 2007; Loch and
Wu, 2008) have indicated that other behaviouraiofaclike fairness concern and status concern
may also have an impact on decision making. lthisstworth exploring the impacts of other
behavioural factors on a supply chain that hadbtldget constraint. Second, future research could
relax the assumption that the bank operates infaqtly competitive market to explore the bank’s
interest rate decisions in detail. Finally, it inth investigating how the retailer’s risk attitude
influences its ordering and financing decisions oteeentralized supply chain. In our study, we
assume that the retailer is risk-neutral and thatlli go bankrupt if it cannot fully repay the loa
We conjecture that the retailer’s decisions masgibaificantly different when it is risk-averse and
includes bankruptcy risk in its objective.
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Endnotes

! In some high-tech or capital-intense industriesioopprice is transferred to the supplier to build
capacity. By paying option price, the retailer cdoain flexibility in ordering and reduce market
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demand risk. The supplier can benefit by sellingiomg and obtaining market demand
information from the retailer’'s order. Under thiackiground, we can see option price as the price
of flexibility by the supplier to the retailer, anithe exercise price as the wholesale price
determined by other factors, such as market cotigretir government.

% This assumption can be satisfied by some commanmikdiSons, such as truncated normal,

uniform and Weibull f (D) = kAkD¥~1e=@D)* for A >0, k > 3.
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Appendices

Proof of Proposition 1. Since we show the analyses for bank loan interest and the retailer’s order deci-
sion in 4.1 and 4.2, we only provide the proof of Equation (8b) here. From (7), the supplier’s expected

utility can be written as

(Y + copqy — cqp)(1 +1f) + ce min{gy, D} +
Up(cop) = E

6 [pmin{gy, D} + ce(qp — D) — (copqp + ceqp — y) (1 +7)]

Based on the strict increase function F'(-), we have the inverse function of (5)

(p—ce)F'(qp) — cery
1 +ry '

Cob =

Substituting ¢, into Uy (cop), the first order derivative of Uy (q,) with respect to g, is

dUs (Qb)
dap

= (p—ce)F(q) { —(1- G)h(qb)qb] —c(l+rf) —cery

e

Define ¢4 that satisfies h(gg)qs = m. When ¢, > ¢3, Uy (g5) decreases in g;,. Thus the optimal

order size ¢; € [0, ¢gg). In [0, gg), the second order derivative of Uy (gp,) with respect to gy, is

d*Uy(q)

W = —(p—ce)f(a) [

-(1- 9)h<Qb)Qb} —(p—ce)(1—0)F(q) (W (qn)qs + h(gp)) <O,

Ce

which means Uy (gp) is concave in the interval [0, gg), and the optimal g; solves %q(fb) = (. Combined

with (5), the optimal option price under the bank loan case is ¢ = [(p—ce)F(q}) —cers]/(14+7f). O

Proof of Lemma 1. When the retailer chooses to finance via trade credit from the supplier, its expected

ending cash level is
. . + +
Ws(Qs) =E [(pmln{Q&D}‘i‘Ce(QS_D) _Bs(1+7"s)) :| )

where By = (Cosqs + Ceqs — y)T is the money the retailer borrowed from the supplier. To prove
Lemma 1, we firstly suppose zs > qs > 0. From pzs + ce(qs — 25)" = Bs(1 + rs), we have pzs =
Bs(14rs). Therefore E [(p min{gs, D} + cc(¢gs — D)" — Bs(1 + Ts))+] = 0 because p min{qs, D}+
ce(qs — D)™ < pgs < Bs(1+75), meaning that the retailer has no working capital left at the end of the
selling season and even its initial working capital is lost.

However, if the retailer chooses to purchase only with all its initial working capital, the expected

CostCe

+
ending cash level will be E [p min <ﬁ, D> + ce ( Y — D) ] > 0, which is strictly greater



than the former case. Thus the retailer will not finance itself via trade credit, which contradicts the

assumption. Therefore g5 > z is proved. O

Lemma A. 1. ¢F(q) is a quasi-concave function of q and its maximum value is achieved at q,, where

o satisfies qoh(qq) = 1.

Proof of Lemma A.1. The first derivative of ¢F'(q) with respect to ¢ is F'(q) —qf(q) = F(q)[1—qh(q))].
Given increasing failure rate function h(-), d(¢F(g))/dq > 0 when q < qq, d(qF(q))/dg < 0 when
q > qo and d(qF(q))/dq = 0 at ¢ = q,. Thus, ¢F(q) is a quasi-concave function of ¢ and the maximum

value is achieved at q,. O

Lemma A. 2. Define § = %qsh(zs), then 6 < 1.

Proof of Lemma A.2. Based on (11a) and Lemma A.1, we know

9aF(qa) > qsF(gs)
Cos(1+7s) +cers =

= F(z
D—co gs ( s)
_ Cos(1 + Ts) + Ce"“sq Ia <Cos(1 + TS)QS + CeTsqs — y(l + rs))
P —Ce ° b—cCe
> Cos(1+15) + cersqsp <cos(1 +7s) + cers QS) '
D —Ce D —Ce
Meanwhile, since W < 1and C““;ﬁ%qs < gs, we have Ml;ﬁ#qs < (q. There-
fore,
L Cos(1+15) + Cersqsh(zs) S Cos(1+15) + Cersqsh (cos(l +75) + cersqs>
D —Ce D —cCe D —cCe

> 1 —gah(ga) = 0.

Cos (1+T5 ) +cCeTs

The “>" holds because gh(q) increases in ¢ and P

qs < qo- Then Lemma A.2 is proved. [J

Proof of Lemma 2. Firstly, we prove g5 in (11) monotonously decreases in c,s. In (11a), by implicit

function theorem, the first derivative of g5 with respect to ¢, is

(14 75) F(25) (1 _ mqsh(zs))

dQS p—Cce

dCos (p - CE)F((]S) |:h(qs) _ (Cos(l‘;zsc):‘CeTs)Q IJ;((Z))]
(L+75)F(25) (1 - 6) |
(b = co)Flgs) [h(g,) — tiErecre )|

P—Ce

The second “=" holds because of the retailer’s optimal response function F'(q,) = %F (2s).



Cos (1+Ts)+cﬁ7's
pP—Ce

d < 1in Lemma A.2, thus 8‘15 < 0.

Since mh( )

< 1 and Zg < q87 h(qs) - pP—Ce

> (0. Meanwhile, we have proved

Similarly, in (11b)~(11d), we can easily figure out that ¢; decreases in c,;.
Next, for any given r, we will prove that the retailer’s expected ending cash level 75 (gs) monotonous-

ly decreases in c,s. From (10a),

ﬂ-S(qS) :/qs [pQS - p(Qs - «T) + Ce(Qs - x) - (COQS + Ceqs — y)(l + 7’5)] f(x)dx

N
+ / [pC.Is - (COSQS + Ceqs — y)(l + 1"5)] f(:L‘)d$
qs

dzsc(oqss) = — (p — Ce)[F(QS) - F( )]jf; + [p (cos + Ce)(l + TS)]F(ZS):;C(];
—qs(L+75)F(25) + [(p — ce)(gs — 2s) — Pqs + (Cosqs + ceqs — y) (1 +75)] f(zs)jjjs‘

Substituting Ze = (Cos%'i‘ce(h_y)(1+Ts)—ceqs

into the last part,

P—Ce
dﬂ's(‘]s) . dgs = dqs =
dcos = —(p - Ce)[F(QS) - F(ZS)] dcos + [p — (Cos +ce) (1 + TS)]F(ZS)dCOS — qs(1+75)F(26)
dqs _ _ _
= de [(p —ce)F(qs) — (cos(1 +15) + CeTS)F(ZS)} —qs(1 +7s)F(2s)
= —qs(1 +75)F(25) <O.
Similarly, we can prove that dws(qs) < 0in (10b) ~ (10d). O

Lemma A. 3. The four constraints of (cos + ¢e)qs in (11) can be converted into sets 2,1 = 1,2,3,4,

in Figure 2 respectively.

Proof of Lemma A.3. Before the proof, we need to emphasize that Ay and A3 might be empty sets
in some cases. Particularly, when NF(N) + c.N/(p — cc) < y(1 +71¢)/(p — ce), i.e. N > ¢4,
Ar = [gf,¢5), A2 = [g3,08]. As = (g8, N]; when y(1 +1f)/(p — cc) < NF(N) + ceN/(p —
ce) <yl +715)/(p—ce) ie, g3 < N < g5, Ay = [g7,q3), A2 = [¢3,N], Az = & when
y(1+75)/(p—ce) K NF(N)+ceN/(p—ce), ¢t <N < g%, A1 =[¢",N]and Ay = A3 = @. N is
not less than g% because N F(N) = 0.

Now we prove Lemma A.3. According to Figure 2 and (11d), when the retailer is rich in capital,
qsF(gs) + ceqs/(p — ce) = (cos + ce)qs(1 +75) /(p — ce) and (cos + c)qs < y. Therefore, g5 F(qs) +
ceqs/(p—ce) <y(l+rs)/(p—ce)sie., gs € Q.

In (11b), when the retailer needs to borrow money and has no bankruptcy risk, gs F'(¢s) + ceqs/(p —
ce) = (Cos + ce)qs(1 +15)/(p — ce) and y < (cos + Ce)qs < Y + ceqs/(1 + 15). Therefore, y(1 +



7s)/(p— ce) < qsF(qs) + ceqs/(p — ce) < [Y(1+75) + ceqs]/(p — ce)s i€, gs € Qa.
In (11c), when the retailer just has enough money to pay, i.e., (cos + Ce)qs = Y, gs € Q3.

From (11a), we have ¢;F'(qs) = (605“6)‘1;96:“)*06%F(zs) > %F(zs). When 2z, = 0, ¢s = ¢}

or ¢i'; when 2z, > 0, g5 € 1. Thus, Lemma A.3 is proved. ]

Proof of Lemma 3. From (16a),

OUs(gs,7s) _ (p— Ce)F(QS) p(1 —00) —c.o(1 —0) — (1= 0)gsh(gs)| — Corf — o1+ Tf).

0qs 1—-9 D — Ce
When g.h(gs) > [p(1 — 08) — c.6(1 = 0)] / [(p — ce)(1 — )], it is obvious that 2=l < 0. Thus
the optimal order size ¢ satisfies ¢Xh(q}) < p(l(;e_&g;)fi&_(;)_e) < (p—cez)j(l—G)’ ie., q; <gs.

Similarly, if g5 > qg, %‘;’“) in (16b) ~ (16d) will be negative. Thus for any given ry > ry, the

optimal order size ¢ for the supplier is less than gg. O

Lemma A. 4. For a given rs and increasing convex failure rate h(-), G(qs, rs) monotonously decreases
in gs in [0, qg) with G(0,75) > 0 and G(qg,7s) < 0; G(gs, s) monotonously decreases in qs in [0, ¢o]
with G’(O, rs) > 0 and has unclear monotonicity in (qq, q%) but G‘(qs, rs) < 0forqs € [q/ﬂ, qg), where
q satisfies qzh(q) = [p(1 — 00) — ced(1 —0)]/[(p — ce)(1 — 0)] and g5 < gp.

Proof of Lemma A.4. For g5 € [0,qg), in G(gs,75), both F(gs) and 2~ — (1 — 0)gsh(gs) are positive

and monotonously decrease in g5. Hence G(gs, 75) is a monotonous decrease function of g; with G(gs =
0,7s) =p—cery —c(l+rs) > 0and G(gs = qg,75) = —cery —c(1+15) <O0.

As for G(gs, r5), we can rewrite it as

1- QSh(QS)

GA(qS, rs) = (1 — 9)(2? - Ce)F(QS) 1-5

+ (ce +0(p—ce))Flgs) — cery —c(l41y).

Based on the definition of § and z,, we have

00 1 5] 1 1

- [ ey cellbnen )y CollE T Bl o),
0qs p—ce  0gs b—cCe p—cCe
14+7rs 0cos  Cos(L+T7s)+ cers 0z

= h — qsh

D qs aqs D—Co qs (Zs)aqs qs (QS) )
% _ Cos(l + 7’5) + Cel's 1 - QSh(QS)
0gs D — Ce 1—-6



Then

a 1- QSh’(qS)
0qs n < 1-6

= a1 = ghla)) — (1= 0)
_ hlgs) + a5k (gs) -
T (e 1—9ﬁQ§%}%E%h@Q
_ —[h(gs) + g5l (g5)) + &>
1 = qsh(gs)

~[(g2) + quh(q2)] + oo oo [z, it (s,
B 1 — gsh(gs)
<0

The first “<” holds because Ses{ltra)teers =y "apq h(zs) < h(gs); the second “<” holds because

P—Ce
Cos(l“l""s)“l’cers 1— qsh(qs)
P—Ce

Therefore, when g5 € [0, o], F(gs) and 1%7%(‘15) in G(gs, r5) are both positive and monotonously

< 1 and the increasing convex failure rate A(-).

decrease in ¢,. Thus G (¢s, rs) is a monotonous decrease function in g5 for ¢ € [0, gq]-
When g5 € [g3, qp), it is obvious that G(gs,rs) < 0.
When ¢; € (4a, qj),

0G(gs,rs) _ (L= 6)(p — ce)F(gs)

aQS (1 - 5)

p(l — 95) — 665(1 — 9) Cos(1 + Ts) + CeTs
(4 PSR E)  nta ) na- 0 - IR ) (1 g

2
(1= 0)2q5h(gs) — (1 — gsh(qs))’ (c‘”(l ;f); Cers) ash (2)

Since the relationship between (1 — §)? and (1 — gsh(gs))? is unclear, the sign of the square brackets is

unclear. Then the the monotonicity of G(gs, r) is ambiguous for g5 € (qa, qg)

Additionally, since G(qs, rs) — G(gs,ms) = (p— ce)F(qS) (1= — ) [1—gsh(gs)], we have C;?(qs7 rs) >

G(Qs; 7’5) when g5 € [07 Qa)’ G(Qs; 7’s) < G<QS7 Ts) when ¢ € <QOC7 Qﬁ]a and G(Qs; 7’5) = G(Q& Ts) when
ds = qa- O

Proof of Lemma 4. For any given r,, we firstly define the left and right derivatives of Us(gs,7s) at ¢}



and ¢ with respect to g5 as follows:

G (qh,rs) = (1= 0)(p— co) F(q))(1 — qih(qh)) + (ce + 0(p — o)) F () — [cery + (1 + 7)),

G (ah ) = E PP Py (1 ghn(ab)) + (e + 000 — e () — Leory + 1+ 7))
G (afre) = TP Pty (1 gn(ap) + (e + 00 — e Fla) — leery + o1+ 7)),

G (gl rs) = (1= 0)(p — co) Flat)(1 — dih(a))) + (ce + 0(p — ce))F(at) — [cery + c(1+1y)].

It is obvious that G~ (¢4, rs) < G* (g}, 7s), G~ (g%, rs) < GT(q¥,rs). Based on the definitions, g and §
are the potential optimal order size for the supplier. However, when gz < ¢f' as shown in Figure Al, g is
feasible only if € [0, ¢4) U (g}, ¢}] and § is feasible only if §(rs) € (¢}, g3) ; when gg > ¢! as shown in
Figure A2, 7 is feasible only if ¢ € [0, ¢4) U (¢b, ¢}] U [¢¥, gs), and { is feasible only if G(rs) € (¢}, ¢¥).

Here we need to note that when ¢ is feasible, if G’(qa, rs) < 0,i.e., ¢ > ¢, ¢ is unique; if é(qa, rs) >
0, i.e., c < ¢, ¢ may be not unique.

Intuitively, {23 may also include potential optimal solutions for the supplier in the cases of Figure
Al (b) ~ (d) and Figure A2 (b) ~ (e). But next, we prove that the potential optimal candidate in {23 can
be ignored. {23 is the interval where the retailer uses all of its money for ordering without raising money

from the supplier. Firstly, we define
é(QSvrs) = HPF((]s) - CeF(qs) - C@'f’f — C(l —+ Tf)

Then 0G(qs,75)/0qs = —0pf(qs) — cef(gs) < 0. Let G be the potential candidate in Q3 N ©, then §
is either one of the end points of this interval or a point that satisfies G (gs,7s) = 0. According to the
defination, ¢ is independent of 7,. Therefore, we can consider the special case rs = r¢. Then qé = qé,
¢ = ¢4 and OU,(gs,7s)/dqs in continued in [0, ¢!] and [¢¥, N]. When g € [0,¢}] U [¢¥, N], q is
feasible and it is a solution no worse than ¢; when ¢ € (qll, q}), q is not feasible but ¢ is feasible and
it is a solution no worse than ql1 which is no worse than g. Consequently, for 7, = 7, ¢ is not a better
solution than g or 4. Hence we can ignore the discussion about qé in our following analyses.

Furthermore, we will prove that there always exists at least one potential optimal solution for the
supplier.

When g5 < g%, if GT (¢}, r5) > 0, G(gs, 7s) intersects the horizontal axis in (g, qp), then at least
one § exists; if G (g}, rs) < 0, since G(gs = 0,75) > 0and G~ (¢}, 7rs) < GT(gl,rs) <0, Glgs,7s)
intersects the horizontal axis in [0, qll] and ¢ is a potential optimal solution.

Similarly, the same conclusion can be easily proved when gg > qf'.

Therefore, we can say that there always exists at least one feasible optimal sales volume for the



AE)U,‘.(cl‘.,r.\) ABUV(CIXJS)
g 9q,

K

. 4 G aN\d 9. 95 9 q
AN g, © I8

GING 9a 95 4
q '\ -
\~ 1

7 \\\ q,

!
T
1
1
1
1
1
1
1
1
1
1
1
1

N N
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Figure Al. Value of %;‘z’“) when ¢ < ¢
supplier in different cases. O

Lemma A. 5. Us(§,rs) decreases in rs in interval Q1 N O, Us(q, rs) decreases in ry in interval Q2 N O,

Us(q,rs) is independent of rs in interval Q4 N ©;

Proof of Lemma A.5. When ¢ € (23 N O, combined with (14b) and (15), the supplier’s expected utility

function is

Us(@,rs) = [(Y Ty —cqs)(1+7s) — cegsrs +p /0 " e (@)de + pasFqs)

_(1 - 9) [pQS - (p - Ce) /Oqs (QS - ."L‘)f(l’)dib] + (1 - 0) ((COSQS + Ce‘]s)(l + Ts) - y(l + Ts))
(Al)

Substituting gs = g and (cos + ¢¢)(1 +75) = (p — ce) F(q) + c. into it,
Us(q,7s) = [(Y +y—cq)(1+ryp) = ceqry +p/0q zf(z)dz + pgF(q)
-(1-190) [p@ —(p—ce) /Oq (q- x)f(fv)dfr} +(1=0) ((p— ce)TF(q) + ce —y(1 + 7))

Recall that ¢ = ¢ is the solution of (8b) and independent of ;. Meanwhile, since —y(1 + r,) decreases

inrs, Us(q,rs) is a decrease function of r.
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dq,
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U (q,.7)
N—————

)
\qs

'8

(e) when g € [¢1', gs)

Figure A2. Value o

aUS Sy!'s
f % when ¢3 > ¢}



When g € 24 N O, bases on (14d) and (15), the supplier’s expected utility is

_ ds
Us(q,1s) =(Y + Cosqs — cqs)(1 +17¢) + ceqsF'(gs) + ce/ xf(x)dx
0

+6 [pqu(qs) +p/0qs zf(z)dr +y(1+7f) — (Cos + ce)gs(1 + Tf))} :

By setting ¢; = ¢ and the fact that (cos + cc)(1 +7f) = (p — ce) F(q) + ce,

_ q
Us(q, Ts) :(Y + ¢osq — cq)(1 + Tf) + Ceq—F(Q) + Ce/ xf(:):)dx
0
_ q _
+0|paF(@ 4 [ 2f@da o1+ ) - (- cdaF @ - ]
Therefore Us(q, 75) is independent of 7.

To explore the impact of 75 on Ug(g, r5), Based on (11a) and (16a), we define

c(1+7p) +cery — (ce +0(p — ce)) F(gs)
(1-0)(p—ce)

vi= F(QS)(h(QS)QS - 1) + (1 - 5)7

_ 1 _
V2= F(g) - AT e g
p—Ce

ds(rs) and cos(rs) are both functions of r¢ and satisfy V! = 0, V2 = 0. For the purpose of simplicity,
we denote §s(rs) and c,s(7s) by g and c,s respectively in the following proof of this Lemma.
Next, we take the first order derivatives of V1 and V2 with respect to ¢, ¢,s and rg and denote them

by Vql, Ve V! and qu, V2, V;2 respectively.

_ T / 1- qh(‘]) Cos(1 + 7"5) + CeTs 2 ’
Vql—F(Q)CI<h(CJ) — < E— >h(zs)>
+ () - AT OEI T ) ()1 - ant) + S DO ‘”h<q>],
_ 1-— qh(q) ~ h(zs) (Cos(l + 7as) + Cers)q /
Ve, = 1, W@ty [p e T o) h (zs)] ;
V! = _Flzhéq)qﬁ(q) [C;S_*th(zs) L (cos(1475) Jr(;jc) ()c;sq +ceq—y) h,(zs)} 7
V2= ~Fla) [nlg) - LEELE Ty
147 Cos(L+75) + cers

2 = T 1 O g

2 _ (s Cos +Cc [Cos(1 4+ 15) 4 cers](Cosq + ceq — y) B
V2= () |t s )

Next, we define W = V!V2 — V! V2 W, = -VIV2+VIVZand W, = -V V2 + V]! V2

Ts ~ Cos Cos " Ts"



Meanwhile, after some algebra and simplification,

1 —qh(q)

7= (1-8)(p—c )2 (1+ Ts)quQ(q) [h,(zs) + h2(zs)} .

According to the total derivatives of V! and V2, we have V/}dg+ V. dces + V;ldrs = 0 and V;qu +

V2 dcos + V,2drs = 0. Thus
og VivE-vZvl w,

Cos " Ts Cos " Ts __

oy VIVZ —Vive T W

Cos

Ocos  VAVZE-VIVZ W,
rs V1V2 _ vZo oW

Cos Cos

The first derivative of z, with respect to r is

0z 1 Ocps 0
© |: c Q(l + Ts) + ai[(cos + Ce)(l + Ts) - CE] + (Cosq + ceq — y)

ars N p - Ce 87"3 ’[”s
1 V2(1+r)aF (q)yh(z:) 1 — qhlg) V(1 + 1) F(z0)y
- N 0S 1 S el s W
(p—ce)W p—ce 1-35 + b c + (Cos(1 + 1) + cers) Wy

(A2)

In (14a), take the first derivative of Us(c,s, 7s) With respect to r5, we have

8Us(¢os; Ts) . = aq = aCos
T = [pF(q) —cery —c(1+ rf)] or. + (1+0)q(1 +rs)F(zs) or.

+ (1 - 9)(cosq + Ceq — y)p(zs)

Combined with the first line of (A2), we have

aUﬁs(¢o& 7’5) o = — 8(] — 825
—or. = [0pF(q) + (1 — 0)ceF(q) — cerp — c(1+7y)] o T (p— CE)F<ZS)875'
Furthermore,

9Us(Cos, 7s) % [0pF(q) + (1 — 0)ceF(q) — cery — (1 +77)]

org
) (L4 79)aF(@yh(z:) 1 = qh(q) | 2
N F(zs) P — Ce 1-6 1
w 14+r)F(z
+ (p_)e)Vq1 + (Cos(1+15) + cers) W,
i (L+7)F()y 1 (L475)aF(@)yh(zs) 1= ghla) |2
_F(Zs) P —Ce e D —Ce 1-46 1
W OpF 1 —6)ceF(q) — cory — (1
+ p (q> i ( )C <q) ¢ /rf C( + Tf)Wq + (Cos(l + Ts) + Cers)Wq

F(z)

10



Since F(g) = ConrelteerlFGa) ang F(q)(1 - ghg)) = ST *ecrlectlomedllla) (g _ )

OpF(q) + (1 — 0)ccF(q) — cery — c(1 +1y)
F(zs)

_ (1 — qh(q))(cos(1 +7s) + cers)
=Wa |~ 1-6

Wy + (cos(1 +15) + cers) Wy

+ cos(1+7s) + cers]

Cos(1 4+ 1Ts) 4+ Cers Cos(1 4+ 1Ts) 4+ Cers
=W, ( 1 —)(5 q [h(Q> - ( p— )C h(zs):|
Cos(L+7s) + cers
=-W,V? _
7 (1-0)F(q)

Therefore,

8U5(0057 7’5) F(Zs) (1 + T’S)F<25)y 1 (1 + TS)qF(q)yh(zS) 1-— qh(q) 9 Cos(l + 7”3) T oeor )
N Vo ~ Vg =W, = qV~7| .
8T5 W p_Ce q p—ce 1_5 q (1_5)F(q) q
Meanwhile, since % F(z) = _%%2’

OUs(CosyTs) F(z)
Ors W

CYVEVE (L 4r)gF(@yh(z) 1 - Gh(9) 2y Cos(l+7s) + Cers 172
1-46 D — Ce 1—-6 ¢ T (1-6)F(q) 1

Based on the expression of W,

(L4 r9)gF(q)yh(zs) 1 —qh(e) . cos(1+ rs) + cers
p—ce 1-9 T (1-9)F(q)
(L4 75)ygF(9) 1 = ghlq) h(ze) + 7008(1;:);66qu (1 (25) + h?(2s)]
N D — Ce 1-6 ? 1-6
(L ryaF(a) 1 - ghlq) hizs) + It gl (2,)
D — Ce 1-6 1-6 ’
Combined with
1—- qh(Q) n h(zs) (Cos(l + Ts) + ce""s)q
| A 2 2 () TG RN (2
b= T R ) | L R R )
finally we get
Us(g,rs) _ 9Us(cos; T's) _ F(2s) _yVCiSV;} chloSVf _ _yF(ZS) <0
ors ors w 1—-946 1-6 1-6 —
Then Lemma A.5 is proved. g

Proof of Proposition 2. For the first part of Proposition 2, according to Lemma A.5, we can easily figure

out that the supplier’s optimal interest rate under trade credit case is ry = 7.

11



As for the supplier’s optimal decision on the order size, according to the right part of (12b), at ql1

and qf', y = (p — ce) 1 F (1) /(1 +75) = (p — ce)at Fq}) /(1 + 7).

1) If G’(qa, 7s) = G(qa,7s) > 0, as shown in Figure 3(b), we just need to focus on interval (qq, g3).

Since ¢, F'(gs) is a decrease function in g5 when ¢, € (¢a, ¢g), thus ¢} decreases in y.

When g3 < ¢, i.e., ¢ > q > ¢gandy < C, g is feasible but ¢ is not, thus the optimal order size
45 = 4

When ¢g > ¢, both ¢ and g could be feasible. Butif y < C, i.e., ¢i > ¢, then only g is feasible
and thus ¢¢ = ¢; if y > C, i.e., ¢ < §, only q is feasible and ¢* = ¢; if C < y < C, i.e,
4 < ¢} < g < g, both ¢ and § are feasible, so ¢; = arg max{Il;(q,r}),IIs(¢, %)}

(ii) Similarly, in the case of Figure 3(a), we only need to focus on interval (0, g, ). In this interval, ql1
increases with y. Therefore, ql1 < ¢ and only q is feasible when y < C; qll > ¢ and only ¢ is

feasible when yy > C; ¢ < ¢! < G and both G and § are feasible when C < y < C.
Therefore, Proposition 2 is proved. O

Proof of Proposition 3. We firstly prove the supplier’s preference.
When y > C, the optimal sales volume of options for the supplier ¢* = ¢y = ¢. Meanwhile, by

the one-to-one mapping between the option price and the order size, we know the optimal option price

Cop = Cos = %. According to the supplier’s expected utility under bank loan case

Up(cpp) =EA{(Y + cpq — cq)(1 +1f) + cemin{gq, D}

+0 [pmin{g, D} + co(q4— D)* + (y — cpq — ceq)(1 + 7))},

and trade credit case

Us(Cos75) =EA(Y + €550 — cq)(1 + 7f) + cemin{g, D}

+0|pmin{g, D} + co(a — D)* + (y = e — cca) 1 +71)| }.

it is intuitive that Uy (ct,) = Us(ch,, 735).

When C < y < C, both § and ¢ should be considered. Firstly, when ¢* = @, the retailer has

no bankruptcy risk and ¢, = ¢, thus Uy(c},) = Us(c},,75). However, since the supplier’s optimal

decision is ¢¥ = argmax{Us(q,7%), Us(4,7%)}, Us(chs,15) = Up(chy).

When y < C, under the bank loan case, combined with ¢}, = %, the supplier’s expect-

12



ed utility can be written as

Ub(Cob) =E{(Y —cq)(1+7f) + cemin{q, D} + (p — ce) F(q)q — cerpq
(A3)
+0 [pmin{q, D} + (g — D) — (chd+cd—y)(1+77)] }.

Under the trade credit case, when the bankruptcy threshold level z5 > 0 and optimal order size ¢} = ¢,

the supplier’s expected utility is

Us(c3rr3) =E{(V 4y — e — ed) (1 + ) + comin{d, D} + min{L, B,(1 + 1))
+0|pmin{g, D} + ce(d — D) = (chd+ ced — y) (1 + 73] }.
Since
min {L, Bs(1 + )} = pmin{g, D} + c.(§ — D) — (p — c.)[min{g, D} — z,]"
= (p — ¢ce) min{zs, D} + c¢q,
we have
Us(Chg,T2) :E{(Y —cq)(1+7¢) + cemin{g, D} + (p — ce) min{zy, D} + y(1 +1f) — cegry
+0[pmin{q. D} + ced — DY* = (i + ecd — )1+ 7)) }.

When the retailer has no bankruptcy risk under bank loan case, z, = 0, 7; = ryand y(1+175) >

(cop +ce) (L +75)q = ceq,

Us(sor?) ZE{(V — cd)(1+77) + ccomin{d, D} + (p — co) min{zy, D} + (e + eo) (1 +7) — co — codiry

+0[pmin{g, D} + co(d — D)* = (chud + ced — y)(1 +73)| }

(p—ce) F(q)—cery

. .
Then, since ¢, = Thry s

Us(chs,75) >E{(Y —cq)(1+rf) + cemin{q, D} + (p — cc) min{z,, D} + (p — ce)F((j)cj — ceqry

+0[pmin{g, D} + c(d - D)* = (chu + ced — ) (1 +77)] |

Now, we define

/

Uy(chg,ma) :E{(Y —cq)(1+rf) + cemin{q, D} + (p — cc) min{z,, D} + (p — ce)F((j)cj — ceqry

+0[pmin{d, D} + co(d — D)* = (chud +ced — y)(1+72)] }.
(A4)

Then (A3) and (A4) have similar formats.
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A *

Referring to Figure 3(a), we know ¢} = ¢ > ¢ = ¢;. In (A4), we can increase ¢}, to c},’ so
that ¢ (c¢},’,7}) = g. Meanwhile, since r; = 5 = ry, we know ¢}/ = ¢}, and z(c}, = ¢,/) = 0.

0s 7" S S oS

Substituting ¢}, into (A4), we have

Ug(ess'r?) =E{(Y —cq)(1 + 1) + cemin{q, D} + (p — cc) F(9)q — ceqry
+0[pmin{g, D} + co(q— D)* — (ci/q+ e —y)(1+73)] }

:Ub(C:;b)'

However, since U (c,/,r¥) > Uy (¢, r¥) and (¢}, %) is the optimal strategy for the supplier, finally

R

*

we get the conclusion that Uy (¢}, 75) > U (¢ky, 7s).

Similarly, in the case of Figure 3(b), we can get the same conclusion.

When there is bankruptcy risk for the retailer under bank loan case, i.c., z, > 0 and y(1 +rf) <
(¢ + ce)(1 +74)@ — ceq. Since min{L, By(1+7;)} = L — (L — By(1 +7}))" and By(1 +7}) =

2p(p — ¢e) + ceq, the amount of money that the retailer can repay the bank can be rewritten as

min{L, By(1 + )} = pmin{q, D} + c.(q — D)" — (p — ¢o)(min{g, D} — )"

= (p — c¢) min{zp, D} + cq.

Then combined with (2), ¢*

@]

p@(1+1¢) = (p— ce)min{zy, D} — ceqry + y(1 + r¢). Substituting it into

the supplier’s expected utility in (7), we have

Up(cly) :E{(Y +y—cq)(1+7¢)+cemin{q, D} + (p — c.) min{zy, D} — c.qry )

+0 [pmin{g, D} + co(q— D) — (chd+ced —y)(1+77)] }.

Under the trade credit case, based on (14a) and (15), the supplier’s expected utility can be rewritten

as
Us(chorr3) =B{(Y +y = ced — e)(1 + 1) + ccomin{g, D} + min{L, By(1+77)}

+0[pmin{d, D} + co(d = D)* = (chud + ced — y)(1+75)] }.

Similarly, since min{L, Bs(1 4+ r})} = (p — ¢.) min{zs, D} — c.q,

US<Cst 7’:) :E{(Y +y— Cd)(l + Tf) + ce min{(j, D} + (p - Ce) min{ZSa D} - Cecjrf
(A6)
+0|pmin{g, D} + ce(d — D) — (chd + ced — y) (1 + 73] }.

Now, as shown in (AS5) and (A6), the supplier’s expected utility functions under bank loan and trade
credit cases have the same formats.

Next, we prove that for a given option price c,, when 2, > 0 and r; = 7, the retailer’s optimal order

14



size (denoted by ¢,’) under the trade credit case is greater than ¢;; = ¢ under the bank loan case.

Under the bank loan case, since By(1 + r¢) = E[min{L, By(1 + )},

(co@y + ceqy —y) (L +75) = (cogy + ceqs — y) (L +15)F(z) + /OZb (px + ce(qy — x)) f(x)dz,

1.e.,
_ b (px + ce(qf — x z)dx
1+rp = (1+1])F(z) + Jo" (v celdy — 7)) f@)de (A7)
Coqy + CeQy — Y

Under the trade credit case, in (10a), take the first derivative of m4(qs) with respect to gs,

dm _ _

S0 (p— ) Fla) ~ [feo +e(1+7) - el Fl) (A8)
S

When g5 = ¢} and ry = r}, substitute (p — c.)F(q;) = (co + ce)(1 + 7¢) — ce and (A7) into (A8), we

have

dmg B (co+ ce) [cqu‘F(zb) + foz” [px — cex)]f(:c)d:z:}
= * - —ceF(z)
dqs 4s=q; Coqp, + Ceqp — Y

> (Co + Ce)ceQZF(Zb)
COQE,k + CeQZ

—ceF(z) =0.

For a given ¢, and rs = rj, m is a concave function in g, and qs' is the optimal solution. Thus we have
/ *
qs° > qp.

Get back to the supplier’s preference, since g5’ decreases in c,s, We can increase c,s to cés so that

qs' = q; is satisfied and get

= s =

P —Ce b —Ce

_ (wt —0)(1475) +eagin (b —n) (L) ey

Then, according to (AS) and (A6), it is obvious that Uy(c,) < Us(cl,, 7). However, since r: = rs and
q; = q are the supplier’s optimal decisions in equilibrium, finally we have Uy (c};) < Us(c,, 75).

0s8? " S

The proof for the retailer’s preference is omit. O

Proof of Proposition 4. According to their definitions,

_ c(L+7¢)+cer _ c(1+7rf)+ cer o C(I47y)
F(a) = (1_9{(p—ce),f —~ F) = e ! (1—9)(pf—ce) ——, Fg) =~
D (1 - th((ﬁ) -5 - =5 h(d) p

Since 0 < 1 — %qh(q‘) < 1, we have F(q) > F(q°), i.e., § < q°. Meanwhile as we know
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Figure A3. The retailer’s optimal response curve in different cases

zs < q and
co(l+1yp) + cers

p—Ce
=1 —0)(p — ce)gh(q) > (1 = 0)(p — ce)d

:>p(1 - 6) >p—ced— (p - 06)05 - (1 - 0)(17 - Ce)qh((j)

P — Ced — (p - 66)96 . (1 - 9)(17 - Ce)cjh(qA)
P> -5 1-35 ‘

gh(q) > 6 = qh(z)

Thus, § < ¢¢. The first part of Proposition 4 is proved.

When the supplier sets 7 = 7, according to the one-to-one mapping between the option price and
the retailer’s order size in (5) and (11), we have the retailer’s optimal response curves in different cases
as shown in Figure A3. Then the second part of Proposition 4 can be easily figured out. But please note
that in Figure A3(a), the relationship between cj; and ¢, is uncertain, i.e., ¢;; = c,, or ¢, > c,; may

happen. O

Proof of Proposition 6. Under the bank loan case, g; = ¢. In (8b), by taking the first derivative of ¢

with respect to § we obtain

c(1 —i—pri)ct Cer' (@) + (1 — 6)(h(q) + g (@) F(q) 9 _ )

Then it is obvious that % > 0.

Under the trade credit case, in the presence of the bankruptcy risk, g5 = ¢. Based on (16a), we
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obtain the following by taking the first derivative of § with respect to 6

(1 — 9)(1]):50@)F(Cj> (h(d) +th/(d>):| %
(1= 0)(p— o) F(4) a1+ 75) + cery (1= Gh(@)\? Cos(L+77) +Cery ) dq
1—6 p—fce ! < 1-6 > (h(zs)+ p—fce fqh (Zs)> @
gh(q) — 0
1-90

(c(1+7g) + cerp)h(q) +

= (p - Ce)F(‘j)
(A9)

When the production cost is relatively high, i.e., ¢ > ¢, ¢h(¢) < 1. Then, in (A9), we know % >0

(1 . —Gh(§ . . . .
because % <1, 11%%'1) < 1 and h(-) is increasing and convex. When the production cost is

N 2 .
low, i.e., ¢ < ¢, since the relationship between (qufhéq)) and 1 is uncertain, the sign of % 18 uncertain.
However, if % <1, % > 0 for sure. According to (16a), we know

Ah(@) 1 _ (co+0(p— c)F(@) — c(l+79) = cory
1-9 (1=0)(p— ce)F(q) ’

F(§)(p—2(p—ce)(1-0)
1+ry

and % < 11is equivalent to ¢ > ¢;, where ¢; = )¢t~ & In summary, when
zs > 0, ¢ increases in 6 as long as ¢ > ¢;.
Under the trade credit case, when the retailer has no bankruptcy risk, ¢gi = ¢g. We can obtain the

same conclusion as in the bank loan case. O]

Proof of Proposition 7. When § = 1, no matter which financing choice is followed, the first derivative

of the supplier’s expected utility with respect to q is

an,s(‘]a Ts)

94 :pF(q)—c(l—i—rf)—cerf.

Therefore, q; . = F-1 (W) ]

Proof of Proposition 8. For the first part of Proposition 8, under both the bank loan case and the trade

credit case without bankruptcy risk, we can easily figure out that

dr(q)
dc,

dq 1+’I”f
— = < 0.
dco (p—ce)f(q)

=—q(1+7f) <0,and

Then we know 7(q) increases in ¢. Since € improves g under the condition that ¢ < ¢, it also improves
the retailer’s expected ending cash level.

Under the trade credit case and in the presence of bankruptcy risk, combined with Lemma 2, we
obtain the same conclusion.

For the second part of Proposition 8, we firstly focus on the supplier’s problem. We have shown

Cos(1+7%)+cert 1—gh(§)
pP—Ce 1-46

that %2 — in the proof of Lemma 3 under the trade credit case when there is
0q p
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bankruptcy risk for the retailer. When ¢ < ¢, 1 — ¢gh(¢) > 0. Since %—Z; > 0 and ¢ increases in 6, we

know z, increases in 6. When ¢; < ¢ < ¢, %‘Z; < 0, therefore 2z, decreases in 6.

Next, under the bank loan case, when there is bankruptcy risk for the retailer,

(o + ceq —y)(1 +15) — ceq
b —cCe

Zp =

Taking the first derivative of z; with respect to 8, we have

dzy, — _ wdch . N . B dr; dq
(p—ce)ﬁzq(lﬂb) d9b +(Cob+ce)(1+7’b)@+(COQ+Ceq—Z/) d«9b ~Cegp

From (8a) and (8c) we know
def, — p—ce

@~ i Vg

. _dry . dg 14 ~dg dq
(cop@ + ceG — y)F(2) d@b =—(p— ce)qf(q)@ +(p— ce)q1 - T;F(zb)f(Q)@ + (cop 4 ce) (1 + rf)@
dq * *\ 17 dq
— ceF(zb)@ — (e +ce)(1+ rb)F(zb)@.

Therefore, we obtain

(p - Ce)F(Q)% = (p - Ce)df(@)%g + (ch(l + ’I”f) + CeT‘f)%
=(p— c)P(@)(1 ~ h(2)) 3.

dzs . ~ dzs
, 5 > 0;whenc < ¢, <5 <0. ]

In Proposition 6 we have shown that % > 0. Hence, when ¢ > ¢
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