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Highlights:
e This research investigates the effects of TPL-provided in-transit inventory financing on the
supply chain;

e We adopt a channel competition model to examine the substitution effect between in-transit
inventory financing and trade credit;

e The TPL-provided financing service to supplier could lead to fee reduction for trade credit and
in-transit inventory financing;

e The demand for each financing scheme is influenced by power relationship, financing and
logistics-related factors.
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Abstract
In-transit inventory financing is gaining popularity as an alternative way to access financing. However,
compared with other financing means such as trade credit and bank loans, the effects on the supply chain of a
third-party logistics provider (TPL) providing in-transit inventory financing are seldom investigated. This
study adopts a channel competition model to examine the impact of such financing on the supply chain.
Through comparative analysis with conventional financing approaches, we find that the availability of in-
transit inventory financing allows retailers to take advantage of a lower financing fee for trade credit, even
when the demand for trade credit decreases. In addition, the TPL-provided financing service can lead to a
reduction in financing fee for both trade credit and in-transit inventory financing when both the supplier and
retailers have financing demand or the TPL is subject to a high degree of risk aversion. Finally, when the
TPL has the first-mover advantage in setting its financing fee, the supplier with a financing demand pays a
lower financing fee to the TPL due to the decreased demand for in-transit inventory financing. In this case,
we find that the low logistics cost, the low unit product price without trade credit and a high financing ratio
can make in-transit inventory financing more attractive than trade credit. Our results have important

implications for the implementation of in-transit inventory financing in supply chains.

Keywords: Logistics; in-transit inventory financing; supply chain; trade credit; channel competition.

1. Introduction

Trade credit has been used widely as a financing scheme. It is particularly useful for small and medium-sized
enterprises (SMEs) without an established credit history who have difficulty accessing loans from traditional
financial institutions (YYang and Birge, 2018). According to the Federal Reserve Board (2019), trade credit in
the United States (US) increased by 17.77% in 2018, amounting to 15.35% of total assets on the aggregated
balance sheets of non-financial businesses. In recent years, third-party logistics providers (TPLs), such as
UPS, SF Express and Eternal Asia, have been cultivating their financing activities by providing in-transit
inventory financing—a financing service facilitated by their superior information on supply chain
transactions and strong cash reserves. Through the use of in-transit inventory financing, retailers can obtain
external financing more easily and receive price discounts from suppliers. For example, WD Music, a
leading US retailer of guitar parts, was able to order components from its suppliers and expand its
manufacturing capacity by relying on UPS’s financing service (UPS, 2018). Another example is the
financing service from SF Express, through which retailers pay the supplier at a discounted wholesale price,

while SF Express controls the products until the retailers sell them off and repay the loan plus a financing fee.

While missing out on early payment discounts is expensive for retailers, an alternative source of credit
can motivate retailers to take advantage of such discounts (Petersen and Rajan, 1997). In-transit inventory
financing enables retailers to pay the supplier in advance and benefit from discounted wholesale prices
(Yang and Birge, 2018). However, an alternative mean of financing also brings competition to the existing

financing approach in the supply chain. The increasing use of in-transit inventory financing reduces retailers’
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demand for trade credit—an important revenue stream for cash-abundant suppliers. The existing studies on
the supply chain financing have addressed several factors, including the ways in which suppliers can finance
capital-constrained retailers through trade credit (Haley and Higgins, 1973; Wu et al., 2018; Yang and Birge,
2018; Feng and Chan, 2019), and the potential for capital-constrained retailers to access financing services
from peer-to-peer (P2P) lending platforms (Gao et al., 2018). Moreover, several studies have explored the
role of TPLs in supply chain financing, such as the effect of TPL-provided credit on capital-constrained
supply chains (Chen and Cai, 2011; Huang et al., 2019), the cash flow advantages enjoyed by firms that use
TPLs for financing (Chen et al., 2019), and the impawn rate optimisation of TPL-provided inventory
financing (zZhi et al., 2020). However, despite the increasing popularity of the integrated logistics and
financial services offered by TPLs, to our knowledge, no research has yet systematically examined the
effects of TPL-provided in-transit inventory financing on the supply chain while also considering the
competition between alternative financing channels. In response to this oversight, this study examines how
TPL-provided in-transit inventory financing affects the supply chain when retailers need external financing.
In many cases, the supplier also faces financing demands despite providing trade credit service to retailers
and may seek financing services from TPLs (e.g., UPS and DHL). Therefore, what are the effects of TPL-
provided in-transit inventory financing on the supply chain when both the supplier and retailers have
financing demands? Additionally, the TPL may be risk sensitive when providing financing service to the
supplier and retailers. It is, therefore, interesting to examine whether and how the TPL’s risk-aversion can
affect the financing decisions of the supply chain members. Furthermore, TPLs can gain more power by
providing financing service and becoming dominant players in the supply chain. Consequently, how does the
power relationship in the supply chain influence the effects of TPL-provided in-transit inventory financing on
the supply chain?

To answer the above questions, we formulate a financing channel competition model by considering the
substitution effects of financing schemes provided by a supplier and a TPL. Our work contributes to the
existing literature in four ways. First, we explore the effects of TPL-provided in-transit inventory financing
on the supply chain with financing demands while taking into consideration the competition between trade
credit and in-transit inventory financing. This differentiates our study from previous studies that have largely
analysed the use of either trade credit or inventory financing by downstream retailers separately (Chen and
Cai, 2011; Chen et al., 2019; Huang et al., 2019). Our analysis also shows how logistics fees and costs affect
the financing costs and the demand for trade credit and in-transit inventory financing, thereby providing
important insights for TPLs. Second, we systematically examine the effects of in-transit inventory financing
on both partially (in which the retailer has a financing demand) and fully capital-constrained supply chains
(in which both the retailer and the supplier have financing demands). To the best of our knowledge, most
existing studies only consider the financing demands of retailers (Chen and Cai, 2011; Chen et al., 2019;
Huang et al., 2019). Third, we investigate how the degree of TPL’s risk-aversion can affect the impact of the
TPL-provided in-transit inventory financing on the capital-constrained supply chain, which contributes to the
existing literature that mostly assumes all relevant parties in the capital-constrained supply chain are risk-

neutral (Chen and Cai, 2011; Yang and Birge, 2018). Finally, we take into consideration the supply chain
2
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power relationship by studying how power relationships and other financial and operational factors influence
the effects of TPL-provided in-transit inventory financing on the supply chain. This consideration
complements existing studies that assume the supply chain is dominated by one specific member (e.g., the

finance-sufficient supplier) (Chen and Cai, 2011; Huang et al., 2019).

The remainder of this paper is organised as follows: Section 2 reviews prior research in related areas,
Section 3 describes the financing channel competition models, and Section 4 presents a benchmark model in
which retailers can obtain commercial loans from conventional financial institutions. Through a comparison
with the benchmark model, we reveal the optimal strategy and the advantages of TPL-provided in-transit
inventory financing to retailers who have financing demands. Section 5 extends the analysis to a supply
chain setting where both the retailers and the supplier have financing demands. Section 6 studies the impact
of TPL’s risk preference and supply chain power relationships on the effect of TPL-provided in-transit
inventory financing on the supply chain. A numerical analysis is provided in Section 7, while Section 8
discusses the key findings, managerial implications and recommendations for future research. All proofs are
presented in the Appendix.

2. Literature Review
With its focus on examining the effect of in-transit inventory financing on the capital-constrained supply
chain, our research is closely related to three streams of inquiry found in the literature: the capital-

constrained supply chain, in-transit inventory financing and channel competition.

The first stream investigates decisions'made in capital-constrained supply chains with trade credit. There
are two types of commonly used trade credit terms: net terms and two-part terms (Wilson and Summers,
2002; Klapper et al., 2012; Seifert et al., 2013; Yang and Birge, 2018). Net terms are interest-free loans
provided by a supplier to a retailer. For instance, ‘net 30’ requires the retailer to make a payment to the
supplier within 30 days of invoice issuance (Yang and Birge, 2018). Two-part terms allow the retailer to
benefit from a discounted price if they pay within a certain period (Klapper et al., 2012). For instance, 2/10
Net 30, a widely used two-part term, means a buyer can obtain a 2% discount by paying within ten days or
less. Otherwise, the undiscounted payment is required within 30 days of invoice issuance (Wilson and
Summers, 2002). In operations management, early studies on trade credit can be traced back to Haley and
Higgins (1973), who studied how members in a supply chain make decisions regarding optimal order
guantity and payment with trade credit under an economic order quantity (EOQ) model. Based on this
seminal work, numerous studies have investigated how various factors affect a firm’s optimal decision-
making strategies under trade credit conditions. For instance, Zhang et al. (2018) explored the effect of
customer balking in a two-level supply chain under trade credit. They demonstrated that the wholesale price
and order quantity at equilibrium increase with balking probability when the production cost is relatively low.
By considering the effects of both in-transit and retail deterioration on trade credit, Lin et al. (2019)
established more feasible solutions for the joint economic lot-sizing problem. Furthermore, based on the
assumption that the manufacturer’s production cost follows a learning curve effect, Feng and Chan (2019)

constructed an inventory model to determine optimal lot-sizing and pricing strategies for both upstream and
3
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downstream trade credit. They concluded that the learning curve effect significantly lowers the selling price
but increases both demand and profit. While the above-mentioned papers analyse the effects of various
factors on trade credit policies, however, the impact of other financing schemes on such policies is seldom
investigated. By focusing on the substitution effect of in-transit inventory financing on trade credit, this
research provides some new insights into how the competition between in-transit inventory financing
services provided by TPLs and trade credit provided by suppliers affects supply chain decisions and

performance.

A second relevant research stream focuses on the financing role of TPLs in the supply chain. Hofmann
(2009) first attempted to develop the concept of inventory financing, offering initial insights on the role of
TPLs in the field. He demonstrated that the value and quantity of goods can have a strong effect on the profit
yielded by inventory financing businesses. Li and Chen (2018) presented multiple case studies to show how
TPLs use financial services to generate a sustainable competitive advantage, while, in contrast, other studies
have explored this problem using analytical approaches. Specifically, Chen et al. (2019) investigated the
advantages of TPL-provided financial assistance for capital-constrained retailers and demonstrated that
supply chain profit can be higher under the leadership of TPLs than under that of manufacturers. Chen and
Cai (2011) built an extended supply chain model with a supplier, a budget-constrained retailer, a bank and a
TPL, and compared the different roles of the TPL in providing financial services. They demonstrated that the
entire supply chain performs better in a control role model where the TPL integrates logistics with financial
services. The papers discussed above mainly investigated the advantages of TPL-provided financial services
in the supply chain. However, there has been little research into strategies that help TPLs to develop in-
transit inventory financing services. By adopting the financing channel competition model, we are able to
identify optimal strategies that can be adopted by TPLs to develop in-transit inventory financing when facing

competition from trade credit provided by suppliers.

Our research is also closely related to channel competition. The existing literature on channel competition
mainly concentrates on vertical competition and horizontal competition. The former focuses on the channel
competition between manufacturers and retailers. For example, Giri and Roy (2016) studied how a single
manufacturer competes with multiple retailers on trading channels and found that the pricing strategies and
effort levels of supply chain entities were heavily affected by the direct and retail channels’ market shares.
The latter focuses on two areas: competition among manufacturers (Choi, 1996; McGuire and Staelin, 2008)
and competition among retailers (Brynjolfsson et al., 2009). Choi (1996) modelled price competition among
manufacturers with multiple common retailers and demonstrated that product differentiation is beneficial to
manufacturers while store differentiation is beneficial to retailers. McGuire and Staelin (2008) investigated
the effect of product substitutability on a Nash-equilibrium distribution structure in a duopoly where two
manufacturers distribute their products through their own channels. Brynjolfsson et al. (2009) empirically
investigated the competition levels among e-commerce and brick-and-mortar retailers, and found that the
competition structure depends on the characteristics of the products. Specifically, e-commerce retailers faced

strong competition from brick-and-mortar retailers when selling mainstream products. The studies mentioned
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above mainly investigated retail and distribution channel competition, rather than the competition among
financing channels. In contrast to those studies, we introduce channel competition into the financing services

and study the substitution effect between trade credit and in-transit inventory financing.

Among the relevant studies, this research is closely related to Chen and Cai (2011), Chen et al. (2019)
and Huang et al. (2019), all of which explored the role of TPLs in providing financing in the supply chain.
However, this study differs from them in several respects. First, both Chen et al. (2019) and Huang et al.
(2019) did not consider the scenario where retailers can also access trade credit, while Chen and Cai (2011)
separately considered the cases where a retailer can access either trade credit or financing from a TPL. This
study explores the case where retailers can access trade credit from a supplier as well as inventory financing
from a TPL and examines the substitution effects between these two financing schemes. In addition, we take
retailers’ preference for trade credit into consideration and examine the effect of in-transit inventory
financing on the capital-constrained supply chain under different levels of preference for trade credit. Second,
in comparison to studies that assume the supplier has no financing demand, we further consider the case
where a supplier has a capital constraint and investigate what impact the financing service provided by the
TPL has on the capital-constrained supply chain. Finally, in contrast to Chen and Cai (2011) and Chen et al.
(2019), we consider TPL’s risk preference by examining how the degree of its risk-aversion affects the
decision equilibrium in the capital-constrained supply chain. Furthermore, we investigate how different
supply chain power structures influence the effects of TPL-provided in-transit inventory financing on the
supply chain.

3. Model Framework

Our model consists of multiple retailers, one supplier and one TPL. We assume that all supply chain
members are risk-neutral. Retailers have financing demands and have limited access to commercial loans
from banks. They may not have sufficient capital to make an immediate payment when placing an order with
their supplier. Unable to make payments immediately, retailers may seek trade credit from the supplier but
will have to pay a higher unit product price. This is in line with the two-part terms discussed in the literature
review, through which the retailer can enjoy a discounted price by making an early payment (Klapper et al.,
2012). Existing empirical studies (Petersen and Rajan, 1997; Klapper et al., 2012) show that the supplier
would offer discounts to high-risk buyers in return for early payment. In this study, retailers are assumed to
have a high-risk profile and difficulty accessing credit from banks. Alternatively, retailers can seek a short-
term loan from the TPL in the form of in-transit inventory financing. In this way, retailers are able to buy
products from the supplier at a discounted price but have to pay a fee (i.e., interest) for the inventory
financing service from the TPL. The two alternative funding sources result in channel competition, as
illustrated in Figure 1. While the supplier and the TPL separately set the financing fee for trade credit and in-
transit inventory financing, respectively, the fee level for each financing channel is influenced by the fee

level of the competing channel.
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Figure 1. Trade credit and in-transit inventory financing.

The key variables and parameters of this study are described in Table 1. There are two decision variables:
ws, (denoted as the unit product price with trade credit set by the supplier) and f; (denoted as the unit
financing fee for in-transit inventory financing set by the TPL). The supplier allows retailers who have a
financing demand to buy products without making immediate payments, but the retailers must pay a higher
unit product price when the receivables are due. With in-transit inventory financing, retailers are charged a
low unit product price without trade credit—ws, (ws, < wg;)—but have to pay the TPL a unit financing fee
fr for the inventory financing service. The maximum demand for products from retailers who have a
financing demand is D, which can be financed through one of two channels: trade credit or in-transit
inventory financing. Demand for trade credit g5 is mainly affected by the unit product price with trade credit
and the difference between the financing fee of the two financing channels fr — (wg; — ws,), in which
W, — Wy, is the financing fee for trade credit. The sensitivity of retailers to the fee difference between the
two financing schemes is represented by 6. Similar to the existing channel competition literature (Chen and
lyer, 2002; Cai et al., 2013; Chen et al., 2014), we assume that the demand for trade credit is also affected by
retailers’ preference for trade credit p, which is influenced by retailers’ previous experience and funding
cycle of trade credit. Based on the transaction cost theory, trade credit reduces the transaction cost of paying
bills (Ferris, 1981; Fisman and Love, 2003; Seifert et al. 2013). For example, retailers can cumulate
obligations and pay them only monthly or quarterly, which can separate the payment cycle from the delivery
schedule (Petersen and Rajan, 1997). Therefore, the demand for products financed by trade credit can be

represented as

qs = D[ — ws1 + 0(fr — (Ws1 — Ws3))] 1)
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This type of demand function is commonly used in marketing and operations management (McGuire and
Staelin, 2008; Chen and Chang, 2013; Mitra, 2016). Similarly, the quantity of products financed with in-

transit inventory financing can be represented as

qr = D[(1 — ) —ws, — fr + 0((ws1 — wsz) — fr)] 2

The logistics market is assumed to be competitive, and the logistics fee is externally given and is
undertaken by the retailers. To focus on the channel competition between two financing schemes, we assume
that the demand for each financing scheme is mainly affected by the fee associated with each financing
scheme. Correspondingly, the profit functions of the supplier and the TPL are represented by Egs. (3) and (4),

respectively.
n§ = (Ws1 — c5)qs + (Ws2 — Cs)qr 3)

ny = frqr + W, —c1)qr 4)
Specifically, frqr is the profit that the TPL gains from its in-transit inventory financing service, (w, —
c)qr is the profit from its logistics service, and N denotes a case where the supplier has no capital
constraints. Furthermore, the profit of retailers can be represented as
g = (p —ws; —w)qs + (p —Wsz — fr —w)qr )

Similar to Yang and Birge (2018). we assume that the retail price is externally given and consistent due to

the market competition.

Table 1. Parameters and variables.

Decision _
variables Descriptions
Ws1 Unit product price with trade credit
fr Unit financing fee for in-transit inventory financing
Parameters
D Maximum demand from retailers who have financing demand
Ws; Unit product price without trade credit
qs Demand for trade credit

Wg1 — Ws; Unit financing fee for trade credit
Sensitivity of retailers to the difference in financing fees between the two

0 financing schemes

u Retailers’ preference for trade credit

qr Demand for in-transit inventory financing
Cs Unit product cost

wy, Unit logistics fee

cL Unit logistics cost

p Retail price of unit product
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We formulated a Nash game model to examine the effect of in-transit inventory financing on the capital-
constrained supply chain. The sequence of events is illustrated in Figure 2. Based on the predetermined unit
product price without trade credit wg, and unit logistics fee w;, the supplier and the TPL simultaneously
decide the unit product price with trade credit and the unit fee for in-transit inventory financing, respectively.
When the receivables are due, the supplier receives payments from retailers who selected trade credit, while

the TPL receives payments from retailers who selected in-transit inventory financing.

G et payment from
retailers who choose
intransit inventory @G et payment from
financing retailers who choose
J/ l trade credit

TPL fr T
WL G et payment from

retailers who choose in-
transit inventory financing

Figure 2. Sequence of events when the TPL provides in-transit inventory financing.

4. Effect of In-transit Inventory Financing on the Partially Capital-constrained Supply Chain
4.1 Benchmark Model

To investigate the effects of the TPL-provided in-transit inventory financing service, we first established a
benchmark model in which retailers who have financing demands can access commercial loans from a
financial institution. In this case, the demand for conventional finance services can be expressed by
qr = D[(1 — ) —wg; — fr + 0((Ws; —wsy) — fr)] , while the financial institution’s profit from
conventional financing is & = frqr. The equilibrium decisions for the supplier and the financial institution
for this case are shown in Table A.1, where BN means that the financial institution provides a financing
service in the partially capital-constrained supply chain. In Table A.1, w;s and f;r are the thresholds of unit
product price with trade credit and the financing fee charged by the financial institution. The relevant proof

is provided in Appendix A.1.
Through a comparison of equilibriums in Table A.1, we derive the following lemma:

Lemma 1: (1) For trade credit, (i) the unit financing fee (W& — wy,) decreases with the unit product price
without trade credit (wg,); (i) if AN < u < ABN, the demand for trade credit increases with the unit
product price without trade credit (wg,); if A22¥ < u < a8V, the demand for trade credit decreases with the

unit product price without trade credit (wg,).

Y In reality, this is a special case because retailers often lack the fixed assets necessary to obtain a loan from the
financial institution. The reason we provide this benchmark model is to identify the effectiveness of in-transit inventory
financing.
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(2) For conventional financing, (i) the unit financing fee (fZ") decreases with the unit product price without
trade credit (ws,); (i) if 0 < u < 4BV, the demand for conventional financing decreases with the unit

product price without trade credit (ws,).

Lemma 1 indicates that the unit financing fees of both trade credit and conventional financing decrease
with the unit product price without trade credit (ws,). As the financing cost contributes to the product price, a
higher unit product price will drive down the fees of the two alternative financing services in order to
compete for demand. Consequently, a lower fee for trade credit will increase its demand when retailers’
preference for trade credit is within the threshold range A2N < u < A8V . Significantly, a low level of
retailers’ preference for trade credit (0 < u < AZV ) will incentivise the supplier to reduce the unit financing

fee (WEN — wy,) of trade credit further, and, as a result, the demand for conventional financing decreases.

Based on the optimal solutions in Table A.1, we can obtain the optimal profit gained by the financial

institution:
( D[(1 — ) — (6 + Dws, + Owis]? R
| 20+ 1D Osu<mt
D(1+ 6)[2(1 — ) — 2(26 + Dws, + Ocs + 02 — w)]? N A
ml:?N:{ GoEreIr T << (6)
| Dfirl6°wsa = (6 + 46 + 2)(fir + Ws2) +0cs + (2 =)0+ 2(1 — p)] 2BV <y < BN
| 20+ 1) HF S U< UF
( 0 B <u<i1

Eq. (5) suggests that when retailers’ preference for trade credit is lower than the threshold A2, the profit
gained by the financial institution is negatively affected by the unit product price without trade credit (wg,).
This is intuitive. If the unit product price without trade credit is high, the retailer will be less motivated to
pay the supplier in advance and thus keener to use the trade credit provided by the supplier. Otherwise, the
retailer is more willing to use the conventional financing provided by the financial institution, benefitting

from the low unit product price without trade credit.

4.2 In-transit Inventory Financing Model

In in-transit inventory financing, the TPL provides both financing and logistics services to retailers. The
optimal strategies devised by the supplier and the TPL are shown in Table A.1, where EN means that the
TPL provides in-transit inventory financing to a partially capital-constrained supply chain. In Table A.1, wig
and f; are the thresholds of the unit product price with trade credit and the financing fee of the TPL. Based
on the results obtained from Table A.1, we derive Lemma 2 to show how logistics-related factors (i.e., the

unit logistics fees and costs) affect the equilibrium decision under each financing scheme.

Lemma 2: (1) For trade credit, (i) if 25N < u < &V, the unit financing fee (W&N — wyg,) decreases with w;;

(i) if AEN < u < AEN, the demand for trade credit increases with c; .

(2) For in-transit inventory financing, (i) if 0 < u < AN, the unit financing fee ££V decreases with wy; (ii)

if 0 < u < AEN, the demand for in-transit inventory financing decreases with c; .
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This lemma indicates that the unit financing fees of both trade credit and in-transit inventory financing are
decreasing functions of the unit logistics fee w;. With the increase in the logistics fee, the TPL is motivated
to charge a lower financing fee, as it is able to gain more revenue from his logistics service. This intensifies
the competition between the two financing services and makes the supplier decrease the financing fee of
trade credit. Regarding the effect of logistics cost on the demand for each financing scheme, as the logistics
cost increases, the TPL is less willing to decrease the financing fee of in-transit inventory financing, resulting
in an increased demand for trade credit. In contrast, as the logistics cost decreases, the TPL can charge a
lower financing fee, which will increase the demand for in-transit inventory financing. This lemma shows
that major logistics service providers such as UPS and DHL have an advantage in providing in-transit
inventory financing because of their relatively low logistics cost and their economies of scale. Accordingly,

the optimal profit gained by the TPL is given by

0<p<pgh

40 +1)
D(1+60)[—2ws; (20 + 1) +¢s0 + 2 — )0 +2(1 — ) + (62 + 4+ 2)(w, — ¢))?

[ D[(1 = p) = (6 + Dws, + 0wy + (6 + D(w, — ¢)]?
N = i GOZ +80+4)° REY << i @)

D[0%ws, — (0% + 40 + 2)(fir + Ws) + Ocs + (2 — )0 + 2(1 — )] (fir + w, — ¢1)
20+ 1)
Lo Y <p<i1

At < p< pRy

Eq. (6) suggests that when retailers’ preference for trade credit is lower than the threshold £V, as the
logistics cost ¢, decreases, the TPL can make a larger profit from in-transit inventory financing. This is
intuitive because when the logistics cost is low, the TPL can gain more profit from its traditional logistics
services. Therefore, it will charge a lower fee for in-transit inventory financing, which can increase the

demand for both logistics services and in-transit inventory financing (see the proof in Appendix A.4).

Next, we examine the effect of in-transit inventory financing on the financing fee of trade credit and

derive the following proposition:

Proposition 1: (1) In the EN model, if ¢, < w,, —%, the financing fee of in-transit inventory

1+wgs,—2uU—Cs

financing is lower than the financing fee of trade credit, i.e., fEY < wEN —wyg, ;ifc, > w, — .

the financing fee of in-transit inventory financing is higher than the financing fee of trade credit, i.e.,

EN EN
T > Wsi — Wsa.

(2) When the TPL replaces the financial institution by providing in-transit inventory financing, if 0 < u <
3N compared with conventional financing, the fee for in-transit inventory financing is lower, i.e., ff"¥ <
BN Nf a8V < u < BN, the supplier will decrease the financing fee of the trade credit, i.e., w&N —wyg, <

BN
Wgi — Wga.

This proposition implies that the TPL charges a lower financing fee than the supplier when its logistics
cost is below a certain threshold. Intuitively, when the logistics cost is relatively low, the TPL has the
motivation to lower its financing fee to attract more retailers to adopt in-transit inventory financing. Higher
usage of in-transit inventory financing will increase the revenue from the TPL’s logistics service. In addition,
the threshold is negatively affected by the unit price without trade credit. This means that a lower unit price

without trade credit makes it easier for TPL to set a lower financing fee. This finding provides some practical
10
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insights into the operation of TPLs. TPLs who are able to control logistics costs will have a greater
competitive advantage in providing financing service. This advantage becomes more evident when the unit

price without trade credit is low.

If the TPL charges a lower financing fee than the financial institution when retailers’ preference for trade
credit is below a certain threshold (a2V), the difference disappears when retailers’ preference for trade credit
is relatively high (A2N < u < 1). This happens because when retailers’ preference for trade credit is
relatively high, the financing service provided by a financial institution or a TPL becomes less competitive
despite the low financing fee. In addition, although the TPL can set a lower financing fee than that of the
financial institution, there is a limited range in which to set the optimal financing fee. The TPL only
represents an optimal decision when the retailers’ preference is between 0 and g5V (a5N < aBV), whereas
the financial institution represents the optimal decision when retailers’ preference for trade credit is between
0 and A2V In addition, when retailers’ preference for trade credit is between g5N and A2V, as it increases,
the difference between the financing fees charged by the financial institution and the TPL decreases. This
shows that the advantage of in-transit inventory financing is more evident in the industry when retailers’

preference for trade credit is relatively low.

Furthermore, when retailers’ preference for trade credit is between g2V and 42N, the in-transit inventory
financing provided by the TPL decreases the trade credit financing fee. This indicates that the in-transit
inventory financing service is beneficial to retailers who have financing demands as it intensifies the
competition and pushes down the financing fees of the two competing financing schemes. However, when
retailers’ preference for trade credit is relatively low (0 < u < a2V), trade credit is not affected by in-transit
inventory financing. In this case, the supplier will set a low unit product price with trade credit to compete
with the TPL’s in-transit inventory financing service. When retailers’ preference for trade credit is relatively
high (AEN < u < 1), in-transit inventory financing also has little impact on trade credit. In this case, the
financing fees set by the financial institution and the TPL do not affect retailers’ financing decisions because
of their previous experience with trade credit. Therefore, a supplier is likely to adopt the same pricing
strategies. For instance, Haier, a leading manufacturer of consumer white goods in China, established a
financing platform known as ‘hairongyi’ that facilitates the provision of trade credit services to retailers with
flexible funding cycles (Hairongyi, 2018). This enables Haier to adopt stable pricing strategies in

competition with other financing services.

We now explore the effect of in-transit inventory financing on the demand for each financing scheme and

derive the following proposition:

Proposition 2: If 0 < u < BN, the demand for in-transit inventory financing will be higher than the
demand for conventional financing, i.e., gV > BV . If 2N < u < 4BV, the demand for trade credit

decreases, i.e., g5V < gV,

11
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This proposition reveals that when retailers’ preference for trade credit is between 0 and A2V, the lower
financing fee charged by the TPL makes in-transit inventory financing more popular than conventional
financing. When retailers’ preference is between A% and g2V, as retailers’ preference for trade credit
increases, the difference between the demand for conventional financing and the demand for in-transit
inventory financing decreases. This happens because when retailers’ preference for trade credit is above 2",
the TPL’s advantage over the conventional finance institution in setting a lower financing fee diminishes.
This advantage does not make any difference when retailers’ preference for trade credit is above A&V, so the
TPL and financial institution would set the lowest fixed financing fee. Significantly, when retailers’
preference for trade credit is between g2V and 42V, although the supplier reduces the financing fee of trade
credit, its demand decreases. Compared with the case of the conventional financing service, the TPL-
provided in-transit inventory financing service can set a more competitive financing fee because of the
multiple income sources from logistics and financial services, which will force the supplier to make trade
credit more attractive to retailers. When retailers’ preference for trade credit is above ﬁ?N , the TPL would
charge the lowest financing fee to ensure market competitiveness. As retailers’ preference for trade credit
increases further, the demand for trade credit will increase swiftly until retailers’ preference for trade credit

reaches the point where the financial institution sets the lowest fixed financing fee.

Based on the above two propositions, we can further analyse the performance of the financial institution
and the TPL and derive the following proposition:

Proposition 3: Compared with the case where the supplier is competing with the financial institution to
provide financial services in the supply chain, (i) if 0 < u < AV, the TPL can make a larger total profit
than the financial institution, i.e., &Y > 7BV (ii) if 0 < u < ABN, the TPL earns less profit from the in-

transit inventory financing than the bank from the conventional financing service, i.e., n}?” > n?}"; if

AgN < p < pgyY, the TPL-and the bank earn the same profit from its financing service. Here, nff =
fihat".

Proposition 3 shows that when retailers’ preference for trade credit is between 0 and AV, the TPL earns a
greater total profit than the financial institution even when it charges a lower financing fee. This is mainly
due to the TPL’s dual revenue streams: financing services and logistics. Taking an extreme case as an
example, if the TPL cannot earn a profit from its logistics service (i.e., w, = c;), its profit margin will be the
same as the financial institution’s; thus, it would follow the financial institution in charging the same
financing fee to retailers. Although the TPL can gain extra profit from its logistics service, the difference in
profit between the two financial service providers diminishes marginally when retailers’ preference for trade
credit is relatively high (42N < u < a8Y). However, when the profit of logistics service is deducted from the
TPL’s total profit, the TPL does not earn a greater profit than the bank. More specifically, when retailers’
preference for trade credit is extremely high (42N < u < 4Y), both the financial institution and the TPL
become less competitive despite the lowest financing fee being set by them. In this case, they earn the same

profit from their financing service. When retailers’ preference is between 0 and A2V, the TPL earns less
12
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profit than the bank. This result indicates an interactive effect between the logistics service and in-transit
inventory financing service. The advantage of in-transit inventory financing disappears if the TPL separates
its logistics and financing services. This result is echoed by industry practices. WD Music, who adopted the
in-transit inventory financing service provided by UPS, claimed that it had formed a long-term relationship

with USP regarding the usage of logistics service (UPS, 2018).

Proposition 4: Compared with the case where the supplier is competing with the financial institution to
provide financial services in the supply chain, (i) 22" < u < 1, retailers gain the same total profit, i.e.,
mEN = m7BN; (i) if 0 < u < BN and p > max(p,, P,, P3), the total profit gained by retailers is higher, i.e.,

mEN > g8V,

Proposition 4 indicates that when retailers’ preference for trade credit is between g2N and 1, retailers gain
same profit. This happens because both the TPL and financial institution charge lowest financing fee in this
case. The fierce competition forces the supplier to charge the same unit financing fee for trade credit.
Correspondingly, the unchanged financing fee and the demand for each financing scheme results in equal
profit of retailers. When retailers’ preference for trade credit is between 0 and A2V, there is no demand for
trade credit in both the BN and EN models. However, the TPL charges a lower financing fee than the
financial institution, and the demand for in-transit inventory financing is higher than that for the conventional
financing fee. Therefore, retailers earn a greater profit after adopting in-transit inventory financing.
Furthermore, when retailers’ preference for trade credit is between a2V and 42N, the TPL charges lower
financing fee than the financial institution and the demand for trade credit decreases, resulting greater total
profit for retailers.

5. Effect of In-transit Inventory Financing on the Capital-constrained Supply Chain

In many cases, the supplier also has a financing demand despite providing trade credit to retailers. To satisfy
the financing demand from the supplier, leading TPLs like UPS also provide financing services to suppliers
based on supply chain transaction information. This section investigates how the extra financing service

provided by a TPL affects the supply chain when both the supplier and the retailers have financing demands.

5.1 Sequence of Events

The sequence of events for this case is illustrated in Figure 3. Initially, based on the given unit product price
without trade credit (wg,) and unit logistics fee (w;), the supplier and the TPL simultaneously determine the
unit product price with trade credit and the fee for in-transit inventory financing, respectively. To satisfy the
orders from the retailers, based on the interest rate charged by the TPL, the supplier requests the capital
required to produce the products. The retailers who adopt in-transit inventory financing then pay the supplier
at the discounted price. When the receivables are due, the supplier and the TPL receive payment from

retailers who adopted their financing schemes.

13
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G et payment from retailers
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Figure 3. Sequence of events when the TPL provides extra financing service to the supplier.

The following equations describe the profit functions of the supplier and the TPL in the case where the
TPL provides extra financing service to the supplier. r is the interest rate. Based on the transaction amount
qr, the TPL provides capital pcgqr to the supplier to help it fulfil the order from the retailers. p (0 < p < 1)
is the financing ratio determined by the supplier. p = 0 means the supplier has no financing demand, while

p = 1 means that supplier exhausts the credit and asks the TPL to provide full financing support.

m§ = (Wsy — ¢s)qs + (Wsz — Cs)qr — pCsqrr (8)

n% = frqr + Wy — ¢,)qr + pesqrr 9)
Here, C is the case where both the supplier and the retailer have financing demands. =&, = frqr + (w, —
c;)qr is the profit from the in-transit inventory financing service, and ngf = pcsqrr is the profit from the

extra financing service to the supplier.

5.2 Equilibrium Analysis

The equilibrium solutions are displayed in Table A.2, which shows the optimal decisions for the supplier and
the TPL when the TPL provides the exira financing service to the supplier. In Table A.2, EC represents the
case where the TPL provides in-transit inventory financing to the capital-constrained supply chain. In Table
A.2, wis and f; are the thresholds of unit product price with trade credit and the financing fee of the TPL.

To understand how the financing decision is influenced by relevant factors, we derive the following lemma:

Lemma 3: (1) For in-transit inventory financing, (i) if 0 < u < A£¢, the unit financing fee f£¢ decreases

with r; (i) if 0 < p < AEC, its demand ¢ increases with r; if A2¢ < u < ¢, its demand decreases with 7.

(2) For trade credit, (i) if A€ < u < 1, the unit financing fee (WE' — ws,) decreases with r; (ii) if 55 <

u < AEC€, its demand qE€ decreases with r; if A5¢ < u < 1, its demand increases with r.

This lemma shows that the fee for in-transit inventory financing decreases with the increase in the interest
rate charged by the TPL when retailers’ preference for trade credit is between 0 and A£¢. The explanation for
this is intuitive. On the one hand, a higher interest rate improves the profitability of the TPL’s extra financing
service to the supplier, while, on the other, it makes the financing fee of the supplier’s trade credit service
less competitive compared to the TPL’s in-transit inventory financing service. However, the situation

EC

changes when retailers’ preference for trade credit is relatively high (A2¢ < u < AES). In this case, the TPL

charges the lowest fixed financing fee to protect the profit gained from its in-transit inventory financing
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service. However, the higher interest rate continually lowers the trade credit financing fee, reducing the

demand for in-transit inventory financing.

When retailers’ preference for trade credit is high (A€ < u < 1), as the interest rate of the extra
financing service provided by the TPL increases, the financing fee for trade credit decreases. This is due to
the fact that a higher interest rate increases the profit margin of the TPL’s extra financing service to the
supplier, which enables the TPL to set a more competitive financing fee for its in-transit inventory financing
service. In response, the supplier has to reduce the trade credit financing fee to compete with the TPL’s
inventory financing service. Therefore, a lower fee will increase the demand for trade credit, and the supplier
can still ensure the profit margin of its trade credit service when retailers’ preference for trade credit is high
enough (u > AEC). However, the situation changes when retailers’ preference for trade credit is relatively
low (AES < u < AEC). In this case, as the interest rate of the extra financing service increases, the demand
for trade credit decreases. This happens because, on the one hand, the TPL would charge a lower financing
fee to increase the demand for in-transit inventory financing, and, on the other, the supplier can no longer
afford to further reduce the financing fee for trade credit while maintaining profitability.

When the TPL provides the extra financing service to the supplier, the optimal profit gained by the TPL is
given by

+ M, 0<p<pke

{ D[(1-pw)—(0+1)ws,+0wis+(8+1)(w—cp)+(0+1) pesr]?
i 4(0+1)

D(1+0)[-2ws, (20 + D +cs8+(2— ) 0+2(1—p)+(0%+4+2)(wl-cL)+2(20+ 1) pcst? L gc < u < GEC
mEC = { (367+86-+4)2 Hs™ S H=Hr (10)
1 D[6%ws,—(02+40+2) (fir +Wsz) + Bcs+(2-1) 0+2(1-p)+6%pcsr](frr+wp—cL) + M, ﬁ_br‘c <u< ﬁlTif

2(041)

Lo pE<pu<i1
M. = Dpcsr[1-pu+0wis+(0+1)(pcsr+wr—c—ws»)]
1 2
Dpcsr[2(8+1)—(2+0)u+8%ws, +0cs—(02+40+2)(fir+wsz)—602pcst]
andM, = :

2(6+1)

Lemma 4: When 0 < u.< 15, m7f increases with p and r. When a%¢ < u < pf§, nff decreases with p

and r.

Lemma 4 suggests that when retailers’ preference for trade credit is lower than A£¢, as the financing ratio
p and interest rate r increase, the TPL can gain more profit from the extra financing service. Therefore, when
retailers’ preference for trade credit is between 0 and A£¢, as the financing ratio p and interest rate r increase,
the TPL can earn more profit from its extra financing service. The situation changes when retailers’
preference of trade credit further increases to the range between AZ¢ and A£$. In this case, when the
financing ratio p and interest rate r increase, the profit of the extra financing service decreases. This happens
because when the financing ratio p and interest rate r increase, the demand for in-transit inventory financing
decreases. Thus, the profit from the extra financing service decreases. When the sensitivity to the difference

in financing fees is high, this effect becomes particularly evident (see the proof in Appendix A.11).

5.3 Comparison Analysis
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Now we examine the effects of TPL-provided in-transit inventory financing on the supply chain when both

the supplier and the retailers have financing demand and derive the following proposition:

Proposition 5: (1) In the EC model, if p > 1+W52_2“_Ci;(1+9)(qu), the financing fee of in-transit
S

inventory financing is lower than the financing fee of trade credit, i.e., f£¢ <wEf —w,, ; if p<

1+W52_2”_Ci:(1+9)(WL_CL), the financing fee of in-transit inventory financing is higher than the financing fee
S

of trade credit, i.e., f£¢ > wEF — wq,.

(2) 1f0 < u < pEN, the TPL will charge a lower in-transit inventory financing fee to retailers, i.e., f£¢ <
EN If pEN < u < 1, the supplier will charge retailers a lower fee for trade credit, i.e., wEl —wsg, <

EN
Wg1 — Wsa.

This proposition implies that the TPL charges lower a financing fee when the financing ratio is above a
certain threshold. Intuitively, a high value of the financing ratio p will motivate the TPL to reduce its
financing fee for in-transit inventory financing to attract more retailers to adopt inventory financing, thereby
increasing its revenue. This means that a lower unit price without trade credit makes it easier for the TPL to
set a lower financing fee. The TPL will have a greater competitive advantage in providing financing service
when the supplier is extremely capital-constrained. The advantage becomes more evident when the unit price
without trade credit is low.

This proposition also shows that if retailers’ preference for trade credit is below a certain threshold (AZV),
the TPL’s extra financing service to the supplier will lead to a lower financing fee for in-transit inventory
financing. As the extra financing service provides the TPL with an additional revenue stream, it enables the
TPL to reduce its fee for in-transit inventory financing to increase demand when retailers’ preference for
trade credit is low. However, when retailers’ preference for trade credit increases to a high threshold
(AE¢ < u < 1), the TPL would charge the lowest fixed fee for in-transit inventory financing. For trade credit,
when retailers’ prefereiice is between g5V and A%V, the supplier will reduce the financing fee for trade credit.
This happens because the decreased fee for in-transit inventory financing intensifies the competition between
the two financing schemes, which makes the supplier charge a lower financing fee for trade credit. This
situation continues even when retailers’ preference is high (45" < u < 1), because the supplier’s financing
demand reflects the favourable position due to retailers’ preference for trade credit. In contrast, when
retailers” preference for trade credit is extremely low (0 < u < AE¢), the supplier consistently charges a

fixed unit product price with trade credit to ensure its profit margin.

Accordingly, Proposition 6 shows the effect of the extra financing service on the demand for each

financing scheme.

Proposition 6: (1) For trade credit, if 42N < u < 1, there exists AZS between AEN and AE¢. If N < u <

AES, the extra financing service provided by the TPL decreases the demand for trade credit, i.e., g£¢ < gEV.

If A5¢ < u < 1, itincreases the demand for trade credit, i.e., g£¢ > q£V.
16



Journal Pre-proof

(2) For in-transit inventory financing, if 0 < u < 2N, the extra financing service provided by the TPL

increases the demand for in-transit inventory financing, i.e., g£¢ > £V,

This proposition reveals that when retailers’ preference for trade credit is between 0 and A%V, the lower
financing fee charged by the TPL results in an increased demand for in-transit inventory financing. When
retailers” preference for trade credit is between fiZ¢ and AEN, as it increases, the change in the demand
brought by the extra financing decreases. This happens because when the TPL provides the extra financing
service to the supplier and retailers’ preference for trade credit is above 1£¢, the TPL would set the lowest
fee for in-transit inventory financing to compete with the supplier. However, in the case where the TPL does
not provide the extra financing service, when retailers’ preference for trade credit is between %€ and AZV,
the TPL can continually choose an optimal financing fee. This decreases the difference in the demand for in-
transit inventory financing between the case where the supplier has a financing demand and the case where
the supplier has no financing demand. When retailers’ preference for trade credit reaches a2V, the difference
disappears. For trade credit, when retailers’ preference is between A5y and AES, the lower financing fee
charged by the TPL reduces the demand for trade credit. The low retailers’ preference for trade credit
(REN < u < pES) makes the supplier set the lowest fixed unit product price with trade credit. By providing
the extra financing service, the TPL can set a lower fee for in-transit inventory financing, which improves its
competitiveness and decreases the demand for trade credit. However, this situation changes when the degree
of retailers’ preference for trade credit is above AES. In this case, when the supplier charges retailers a lower

financing fee, the demand for trade credit increases.

Furthermore, we formulate Proposition 7 to show whether it is beneficial for the TPL to provide the extra

financing service to the supplier.

Proposition 7: If 4£¢ < u <1, the TPL earns no profit from in-transit inventory financing. If 0 < u < &<,

the TPL can earn more profit by providing the extra financing service to the supplier, i.e., 7E¢ > £V,

Proposition 7 shows that when retailers’ preference for trade credit is extremely high, there is no demand
for in-transit inventory financing. Correspondingly, the TPL cannot earn a profit from its in-transit inventory
financing. When retailers’ preference for trade credit is between 0 and AZ§, although the TPL charges a
lower fee for in-transit inventory financing, the TPL still earns more profit. The extra profit gained by the
TPL mainly comes from three sources: increased demand for in-transit inventory financing service to
retailers, logistics service and extra financing service to the supplier. This is quite intuitive. Take an extreme
case as an example: if the TPL cannot earn a profit from its extra financing service (i.e., p = 0 or r = 0), the
TPL’s source of profit will be the same as in the case of the partially capital-constrained supply chain. Even
when the TPL can gain more profit from its extra financing service, the profit difference between the cases—
whether or not the extra financing service is provided by the TPL—is marginally decreased when retailers’
preference for trade credit is relatively high (a2¢ < u < p£). Specifically, when retailers’ preference for

trade credit is between gE¢ and p£V, the TPL that provides the extra financing service will set the lowest
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fixed financing fee, and in the case of not providing extra financing service, it still charges a higher fee for
inventory financing. However, as retailers’ preference for trade credit increases, the TPL that does not
provide the extra financing service charges a lower financing fee to increase the demand for in-transit
inventory financing. However, when retailers’ preference for trade credit is between A£¢ and £, although
the TPL continues to charge the lowest financing fee, the extra financing service can still generate more

profit.

Proposition 8: 1f 0 < u < 1 and p > max(P,, Ps), m5¢ > kN,

It means that when the retail price is higher than the threshold, i.e., p > max (P4, Ps), retailers
consistently earn a greater total profit in the EC model than that in the EN model. More specifically, when
retailers’ preference for trade credit is extremely low, i.e., 0 < u < £V, although the supplier charges same
financing fee in both the EN and EC models, the TPL charges lower financing fee in the EC model than it is
in the EN model, resulting greater profit for the retailers. When retailers’ preference for trade credit is

between AEN and 42N ie., aEN < u < pEN,  the lower financing fee charged by both the TPL and supplier
makes retailers more profitable. When retailers’ preference for trade credit is extremely high, i.e., u > ﬁgN ,

although the TPL charges same financing fee in both the EN and EC models, the supplier charges lower unit
financing fee for trade credit in the EC model than that in the EN model. In this case, the retailers continually
gain greater profit in the EC model.

6. Extended Analysis
6.1 The Effect of TPL’s Risk Preference

In previous sections, we assume all agents are risk-neutral. The TPL may be sensitive to risk when providing
financing services to both the supplier and retailers. Therefore, it is interesting to explore how supply chain
members’ decisions and profits can be affected by the degree of TPL’s risk-aversion. When considering the
risk preference of a TPL, the demand and utility function of TPLs can be represented by Eq. (11) and Eq.

(12).

qr =D[(1—H)—Wsz —fT+9((W51—Wsz)—fT)+5T] (11)

E[nﬂ = frar + (W, — c,)qr + pcsqrr (12)

Similar to Choi et al. (2019), here 61 is a random variable following the distribution with zero mean and
variance of o2, whereas 1 is the level of the TPL’s risk-aversion. Table A.2 identifies the equilibrium
decisions for the supplier and the risk-averse TPL (represented as ER in Table A.2). By taking variance and

then square root, the standard deviation of profits for the TPL can be represented as:.

SD[n§] = D[fror + (w, — c;)or + rpcsor] (13)

The mean-risk optimisation objective function for the TPL can be shown as
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Ur = E[n§] — ASD[r§], (14)
where 1 > 0 is the degree of risk aversion of the TPL.
Lemma 5: (1) For trade credit, (i) if A5R < u < [ER, the unit financing fee (WER — wyg,) decreases with A;
(i) if AER < u < AER| the demand for trade credit decreases with A.
(2) For in-transit inventory financing, (i) if 0 < u < R, the unit financing fee fFR decreases with A; (ii) if

0 < u < [ER the demand for in-transit inventory financing increases with A.

This lemma indicates that the unit financing fees of both trade credit and in-transit inventory financing are
decreasing functions of the degree of TPL’s risk aversion. It means that the TPL is motivated to charge a
lower financing fee with an increase in its risk aversion level, as it can gain more utility from lower risk due
to the demand uncertainty. This intensifies the competition between the two financing services and makes
the supplier further decrease the financing fee of trade credit. Regarding the effect of the TPL’s risk aversion
on the needs for each financing scheme, as the degree of risk aversion increases, the TPL is willing to
decrease the financing fee of in-transit inventory financing, resulting in a decreased demand for trade credit.
In contrast, as the degree of TPL’s risk aversion increases, the TPL charges a lower financing fee, which
subsequently increases the demand for in-transit inventory financing. This lemma shows that the supplier has
a disadvantage in providing trade credit when the TPL is risk-averse.

Proposition 9: Compared with the case where the TPL is risk-neutral, when the TPL is risk-averse,

(1) If 0 < u < pEC, the TPL charges lower financing fee, i.e., fER < fEC. If AE¢ < u < AEC, the supplier

will decrease the financing fee of trade credit, i.e., wER — wg, < wEF — wy,.

(2) If 0 < u < AEC, the demand for in-transit inventory financing increases, i.e., 2R > q£¢. If ¢ < u <

AEC | the demand for trade credit decreases, i.e., gER < q£¢.

As shown in Proposition 9, the TPL charges a low financing fee when retailers’ preference for trade
credit is below a certain threshold (A5¢). When retailers’ preference for trade credit is relatively high
(REC < p < 1), in-transit inventory financing becomes less competitive despite the low financing fee. When
AER < u < pEC there is a limited range to set the optimal financing fee. The TPL only makes an optimal
decision when the retailers’ preference is between 0 and 2R (AER < pEC), whereas the risk-neutral TPL
represents the optimal decision when retailers’ preference for trade credit is between 0 and A£¢. In addition,
when retailers’ preference for trade credit is between AiER and A£¢, the difference between the financing fees
in the ER and EC models decreases as u increases. This shows that the risk-averse TPL has more advantage
when retailers’ preference for trade credit is relatively low. Furthermore, when retailers’ preference for trade
credit is between AE€ and AZ€, the in-transit inventory financing provided by the risk-averse TPL decreases
the financing fee of trade credit, suggesting that retailers gain more benefit when the TPL is risk-averse as
the competition between two financing schemes intensifies. However, when retailers’ preference for trade
credit is relatively low (0 < u < AE°), trade credit is not affected by the degree of risk aversion of the TPL.

In this case, the same low unit product price with trade credit will be set by the supplier. When retailers’
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preference for trade credit is high (A5 < u < 1), the degree of risk aversion of the TPL has no impact on

trade credit.

Regarding the demand for the financing schemes in the ER and EC models, when retailers’ preference for
trade credit is between 0 and 4E¢, the low financing fee charged by the TPL makes in-transit inventory
financing more popular. When retailers’ preference is between fiER and AZ€, as retailers’ preference for trade
credit increases, the difference between the demand for in-transit inventory financing in the ER and EC
models decreases. This happens because when retailers’ preference for trade credit is above fi%%, the TPL’s
motivation to set low financing fee diminishes. Significantly, when retailers’ preference for trade credit is
between £ and p£¢, although the supplier reduces the financing fee of trade credit, its demand decreases.
Compared with the case where the TPL is risk-neutral, the risk-averse TPL sets a more competitive financing
fee because of reducing the risk brought by the demand uncertainty, which will force the supplier to make
trade credit more attractive to retailers. When retailers’ preference for trade credit is above %€, the TPL
would charge the lowest financing fee. As retailers’ preference for trade credit increases further, the demand
for trade credit will continuously increase until retailers’ preference for trade credit reaches the point where

the risk-neutral TPL sets the lowest fixed financing fee.

Proposition 10: Compared with the case where the TPL is risk-neutral, when the TPL is risk-averse, (i)

PEC < u <1, retailers gain the same total profit, ie., 7Ef =nE¢; (i) if 0 <pu < pE and p >

max(Pe, P7, Pg), the total profit gained by retailers is higher, i.e., 7ER > nEC¢,

Proposition 10 indicates that when retailers’ preference for trade credit is between AZ¢ and 1, the total
profit gained by retailers becomes the same as the case of the risk-neutral TPL. This is intuitive because the
TPL either risk-neutral or risk-averse charges lowest financing fee. Due to the intense competition, the
supplier charges the same unit fee for trade credit. In response, retailers gain the same profit due to the
unchanged financing fee and the demand for each financing scheme. When retailers’ preference for trade
credit is between 0 and 4Z¢, there is no demand for trade credit in both the ER and EC models. However, the
risk-averse TPL charges lower financing fee, and the demand for in-transit inventory financing increases.
Therefore, retailers earn a greater profit when the TPL is risk-averse. Furthermore, when retailers’ preference
for trade credit is between AE¢ and AEC, the risk-averse TPL charges low financing fee and the demand for
in-transit inventory financing increases, resulting in greater total profits gained by retailers. Therefore, when
the TPL is risk-averse, retailers are more likely to gain extra benefit when their trade credit preference is not

extremely high.

6.2 The Effect of TPL’s Power

In the previous sections, we assumed that the supplier and the TPL have a symmetrical power relationship
and simultaneously decide the unit product price with trade credit and the fee for in-transit inventory
financing, respectively. However, when the TPL provides a financing service to a supplier who has a

financing demand, the TPL is in a dominant position and has a first-mover advantage in setting the financing
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fee. This section further examines the impact that the supply chain power relationship has on the effects of

in-transit inventory financing.

The sequence of events in this scenario is similar to the sequence of events shown in Figure 3. The main
difference is that the supplier decides the financing fee for trade credit later than the TPL sets the fee for in-
transit inventory financing. Table A.3 identifies the equilibrium decisions made by the supplier and the TPL,
where the TPL is the Stackelberg leader. In Table A.3, TC represents the case where the TPL is the
Stackelberg leader.

Based on the optimal solutions in Table A.3, when the TPL is the Stackelberg leader, the optimal profit of

the TPL can be expressed as

fréar® + wy —¢.)qr¢ + pesqr®r 0<u<plt
D[(62+46+2)(wy—c)+2(20+1)pcsr+0cs—aws,0—(0+2)u+2(6+1)]? ﬁTC <u< ﬁTC
I = 8(62+460+2)(6+1) S T (55)
[ fF¢ar¢ + (wy — ¢)qr¢ + pesqr‘r i <p<pg§
0 i <u<1

An extremely low (0 < u < A5€) or extremely high (A1¢ < u < 1) retailers’ preference for trade credit is
rare, so we consider a more general case in which there is a medium preference for trade credit (2%¢ < u <
ATC) and investigate it in detail. The profit of the TPL (as the Stackelberg leader) has similar characteristics
to those in the case where the TPL and the supplier have symmetrical power. As the logistics cost decreases
and the interest rate increases, the TPL, as Stackelberg ieader, can gain more profit.

The following proposition describes the effect on the fee for in-transit inventory financing when the TPL
has the first-mover advantage:

S

Proposition 11: If max{¢, p1¢} < u < min{AE¢, 4T}, the TPL can earn more profit from its in-transit
inventory financing service (i.e., r¢ > mff) but gains less profit from its extra financing service (i.e, 777 <
nﬁf). Generally, the TPL, as Stackelberg leader, earns a greater total profit than in a symmetrical supply

chain power structure (i.e., mr¢ > m£°),

This proposition shows that when retailers’ preference for trade credit falls into the interval
of max{£¢, pT¢} < u < min{p&C, a1}, the TPL can benefit from a greater overall profit, i.e., 7F¢ > mEC.
This differs from the case where the TPL and the supplier have a symmetrical power relationship. This
finding is consistent with the existing literature (Shi et al., 2013; Chen and Wang, 2015; Chen et al., 2017),
which posits that a dominant power position in the supply chain enables firms to earn a higher profit.
Interestingly, the effect of the power relationship on in-transit inventory financing and extra financing
services is different. When the TPL is the Stackelberg leader, it can earn more profit from in-transit
inventory financing but less profit from the extra financing service. This happens because although the
TPL’s first-mover advantage allows it to set a higher financing fee to gain extra profit on in-transit inventory

financing, the retailers’ demand for trade credit increases. The decreased demand for in-transit inventory

financing reduces the profit that TPL can gain from the extra financing service.
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The following proposition further investigates the popularity of each financing scheme when the TPL is

more powerful:

Proposition 12: The demand for each financing scheme is governed by the following inequalities: (i) if
wy, > G(cy), q5€ > qI¢, otherwise qI¢ < qZ€; (ii) if p > G2(r), qI¢ > qF€, otherwise ¢ < qI¢; (iii) if
U< G3(wsy), qF¢ > qI¢, otherwise ¢ < qI¢ (G'(c,), G?(r) and G3(ws,) are presented in Appendix
A.21).

This proposition shows the preferred financing scheme under different conditions. We examine how three
factors—Iogistics fee, financial ratio and the unit product price without trade credit—affect the popularity of
each financing scheme. Figures 4, 5 and 6 are provided to illustrate the results. In line with Huang et al.
(2019) and Feng and Chan (2019), the following parameters are used. For Figure 4, the parameters are
D =100,u =0.5 wsg, =0.22,¢c4=0.15 ,0=0.1, ,p=1andr = 0.05. For Figure 5, the parameters
are D =100, u = 0.5, wg, =0.22,¢cs =0.15 ,6 =0.1, ,w, = 0.08 and ¢, = 0.02. For Figure 6, the
parameters are as follows: D = 100, ¢ = 0.2, 8 = 0.6, w;, = 0.08, ¢, = 0.02, p = 1 and r = 0.1. Note that

the results continue to hold for other parameters as long as they satisfy the assumption in the model.
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Figure 4. Effect of logistics fees and costs on the demand for each financing scheme.

Regarding the logistics fee, when the fee charged by the TPL is above a threshold (i.e., G1(c)), the demand
for in-transit inventory financing will be higher than that for trade credit (see the area shaded in blue in
Figure 4). Since G(c,) is positively affected by the logistics cost, a lower unit logistics cost will make in-
transit inventory financing more popular than trade credit. This indicates that for leading logistics service
providers who have a competitive advantage in logistics services owing to economies of scale, it is easier to
gain market share in the emerging supply chain financing market. This is intuitive. On the one hand, the
provision of in-transit inventory financing helps the TPL attract more customers and therefore increases its
market share of logistics services, while, on the other, multiple revenue streams from logistics and inventory
financing services also enable the TPL to set competitive financing fees to compete against other financing

service providers, such as banks and capital-adequate suppliers.
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Additionally, the financing ratio and interest rate also directly affect the popularity of each financing
scheme. In-transit inventory financing is more popular than trade credit only when the financing ratio of
extra financing service exceeds a threshold (see the area shaded in blue in Figure 5). Therefore, when the
supplier asks for a high financing ratio, the TPL can set a lower financing fee and improve the
competitiveness of its in-transit inventory financing. Furthermore, the unit product price without trade credit
also has a direct effect on the popularity of each financing scheme. Specifically, when retailers’ preference
for trade credit is low, a low unit product price without trade credit can make in-transit inventory financing
more attractive (see the left part of the area shaded in blue in Figure 6). From Figure 6, it is intuitive that
when retailers’ preference for trade credit is below a certain threshold, in-transit inventory financing is more
popular than trade credit. This threshold is negatively affected by the unit product price without trade credit,
which also indicates that a lower unit product price without trade credit can make in-transit inventory
financing more popular (see Figure 6). Therefore, those suppliers who would like to develop their trade
credit business need to improve retailers’ preference for trade credit by reducing punitive action, lengthening
the funding cycle or setting a relatively high unit product price without trade credit.
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Figure 5. Effect of financing ratio and interest rate Figure 6. Effect of preference for trade credit and
on financing demand. unit product price without trade credit on financing

demand.
7. Numerical Analysis

The analysis results reported in the previous sections highlight several important factors that influence firms’
decisions on in-transit inventory financing and performance. In this section, numerical analysis is carried out
to examine how the retailers’ preference for trade credit affects the financing fee and demand of each
financing scheme. In line with Choi et al. (2019), Feng and Chan (2019) and Huang et al. (2019), the
following parameters are used: w;s = 0.24, fir = fir = 0.02, wy, = 0.22, ¢, = 0.2, 6 = 0.6, w;, = 0.08,
¢, =0.02,p=1,r=0.1,0r =1and A = 0.05.

We first look at how retailers’ preference for trade credit affects the financing fee of each financing
scheme. From Figure 7, we found that when retailers’ preference for trade credit is above a certain threshold,
as it increases, the financing fee for trade credit increases. In contrast, when retailers’ preference for trade
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credit is below a certain threshold, as it increases, the financing fee for other financing schemes decreases.

Our results also show that the effects of retailers’ preference for trade credit vary between different models.
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Figure 7. The comparison of financing fee among different financing models.

Figure 7(a) shows how retailers’ preference for trade credit affects the difference between the financing
fee in the BN model and that in the EN model. When retailers’ preference for trade credit is between ZN
and A8V as retailers’ preference for trade credit increases, the difference between the financing fees for
conventional financing in the BN model and in-transit inventory financing in the EN model decreases. When
retailers’ preference for trade credit is extremely high, this difference disappears. However, Figure 7(b)
shows that the difference between the financing fee in the EN model and that in the EC model still exists
even when the retailers’ preference for trade credit is extremely high. Figure 7(c) presents how retailers’
preference for trade credit affects the difference between the ER and EC models in terms of the financing fee.

~NEC

a7k and Ur~,

When retailers’ preference for trade credit is between i

increases, the difference in the financing fees between the ER and EC models decreases. Figure 7(d) shows

as retailers’ preference for trade credit

the effect of TPL’s first-mover advantage on the financing fee for each financing scheme. Interestingly, the

effect of TPL’s first-mover advantage has more impact on in-transit inventory financing than trade credit. Its
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effect is related to retailers’ preference for trade credit; when this is very low, the financing fee of in-transit
inventory financing in the TC model could be lower than that in the EC model (see red and blue solid lines in
Figure 7(c)). This indicates that a TPL with dominant power tends to set lower financing fees when retailers
have had a negative experience of using trade credit. Correspondingly, it would be more beneficial for those

retailers to use in-transit inventory financing.

We then examine how retailers’ preference for trade credit affects the demand for each financing scheme.
The result is displayed in Figure 8, which is consistent with the finding of Figure 7. Lower financing fee will
lead to higher financing demand. When retailers’ preference for trade credit is medium, as it increases, the

demand for trade credit increases and the demand for in-transit inventory financing decreases.

Figure 8(a) shows that when the TPL replaces the financial institution to provide financing service, the
demand for trade credit decreases (See dashed blue line in Figure 8(a)). In addition, the in-transit inventory
financing is more popular than the conventional financing service (See solid blue line in Figure 8(a)). Figure
8(b) shows that when the TPL provides extra financing service to the supplier, the demand for in-transit
inventory financing increases. In contrast, the situation for the trade credit is more complex. When retailers’
preference for trade credit is low (A5 < u < pE%), the extra financing service provided by the TPL will
decrease the demand of trade credit. When retailers’ preference for trade credit is higher than A5, extra
financing service provided by the TPL will increase the demand of trade credit (See dashed blue line in
Figure 8(b)). Figure 8(c) shows that when the TPL is risk-averse, the demand for trade credit decreases (See
dashed blue line in Figure 8(c)). Figure 8(d) reveals how the TPL’s first-mover advantage affects the demand
for each financing scheme. Figure 8(d) shows that the TPL’s first-mover advantage has more impact on the
demand for in-transit inventory financing than the demand for trade credit. When retailers’ preference of

trade credit is low, the TPL can make in-transit inventory financing more popular.
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Figure 8. The comparison of financing demand among different financing schemes.

8. Conclusions

This paper examines the effects of TPL-provided in-transit inventory financing on the capital-constrained
supply chain. We begin with the case where retailers have financing demands and then extend the analysis to
a supply chain setting where both suppliers and retailers have financing demands. Furthermore, we
investigate how the risk preference and power relationship influences the effects of in-transit inventory

financing on the supply chain. The main findings are summarised below:

o For capital-constrained retailers, a lower unit product price without trade credit increases the financing
fee for trade credit. This means that the increased demand for financing due to a lower unit product price
without trade credit will increase the financing burden on retailers. Different from the financing fee, the
relationship between the demand for trade credit and the unit product price without trade credit is not so
straightforward, since it is affected by the degree of retailers’ preference for trade credit. This finding
extends the work of Yang and Birge (2018), which identified the mechanism by which retailers’ default
rate and market power affect the unit product price without trade credit.

e TPL-provided in-transit inventory financing drives down the financing fee for trade credit despite a
negative effect on the demand for trade credit. With in-transit inventory financing, the TPL’s logistics
fee and cost also have an impact on the financing fee and demand for each financing scheme. For
instance, a higher logistics fee decreases the financing fees of trade credit and in-transit inventory
financing, and a higher logistics cost increases the demand for trade credit but decreases the demand for
in-transit inventory financing. This finding is partially supported by Chen and Cai (2011), who claimed
that a higher logistics fee increases the probability of a low financing fee for trade credit.

o When the TPL provides the extra financing service to the supplier, the financing fees for both trade
credit and in-transit inventory financing decrease, while the demand for in-transit inventory financing
increases. The effect of the extra financing service on the demand for trade credit is more complex and

dependent on retailers’ preference for trade credit and its relationship with the relevant critical threshold.
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In addition, retailers’ preference for trade credit influences the effect of interest rates on the financing fee
and the demand for each financing scheme. We find that an increase in the interest rate charged by the
TPL decreases the financing fee of each financing scheme.

e The risk-averse TPL pushes down the financing fee of both trade credit and in-transit inventory
financing. However, the demand for trade credit decreases despite decreased financing fee. This finding
is partially supported by Choi et al. (2019), who demonstrated that when the upstream is more risk-
averse (i.e., A increases), the upstream firm will set a lower wholesale price. Furthermore, with a higher
degree of risk aversion of the TPL, both the financing fees of trade credit and in-transit inventory
financing and the demand for trade credit decreases, but the demand for in-transit inventory financing
increases.

e Finally, when the TPL is the Stackelberg leader, it can gain more profit from in-transit inventory
financing. This result is in line with Chen et al. (2019), who indicate that a TPL can gain more economic
benefit as the supply chain leader. In this case, the supplier asks for less financing support from the TPL
because of the decreased demand for in-transit inventory financing. Furthermore, the popularity of each
financing scheme is also influenced by financing and logistics-related factors such as logistics cost, unit
product price and financing ratio.

8.1 Management insights

The research findings provide some valuable management insights to supply chain firms. First, for suppliers,
the product price affects the demand for trade credit, and retailers’ preference for trade credit influences its
effect. When suppliers set up the optimal financing fee for trade credit, they should take into account the unit
product price, the financing fee for in-transit inventory financing, and retailers’ preference for different
financing channels. Second, for TPLs, the provision of financing services can increase the demand for their
traditional logistics services and their operating profits. Therefore, TPLs should actively extend their service
boundary to provide more in-transit inventory financing, which tends to be more beneficial for retailers who
adopt trade credit. In addition, TPLs should also provide extra financing services to suppliers in order to
boost the demand for in-transit inventory financing services and increase profit gain. Third, when the TPL is
risk sensitive, a higher degree of risk aversion decreases financing fees of both trade credit and in-transit
inventory financing. Therefore, for the retailers who would like to adopt in-transit inventory financing, they
can select risk-averse TPLs as service providers to reduce their financing cost. Finally, when the competition
between financing schemes is considered, a lower logistics cost will make the TPL more willing to set a
lower financing fee, thereby making trade credit less attractive. Therefore, retailers who are seeking
alternative financing sources may choose the in-transit inventory financing service provided by leading
logistics service providers because the TPLs’ economies of scale in their logistics operations enable them to

charge lower financing fees.

8.2 Future research
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This paper is the first study to examine in detail how TPL-provided in-transit inventory financing affects the
capital-constrained supply chain. The study does, though, have some limitations, suggesting several
promising future research avenues. First, this paper uses one parameter (u) to represent retailers’ preference
for trade credit. Generalising the usage of this parameter could omit the heterogeneity among retailers’
preference regarding trade credit. Further consideration of the heterogeneity among retailers’ preference on
the trade credit and study how it affects the competition between financing schemes would represent a
significant enhancement. Second, although the linear demand function used in our study is widely employed
for studying channel competition (Choi, 1996; McGuire and Staelin, 2008; Mitra, 2016), it would be
valuable to evaluate demand using stochastic methods and explore how the demand with different
distribution affects optimal decisions about trade credit and in-transit inventory financing. Third, we assume
that the logistics market is competitive and externalise the logistics fee, as is commonly done in the existing
literature (Chen and Cai, 2011). However, the logistics service provider could change the logistics fee when
providing in-transit inventory financing, which consequently influences the demand for each financing
scheme. One future research avenue would be to consider the logistics fee as an endogenous variable and
examine how the TPL coordinates financing and logistics services to improve their competitive advantage.
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