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ABSTRACT
Payment term is an essential part of contract in a supply chain. We consider a supply chain with a
retailer who moves first to choose one of three payment terms, e.g. ‘early payment’ (EP), ‘delayed
payment’ (DP) and ‘punctual payment’ (PP) and a manufacturer whomay have a preference conflict
on the payment term with the retailer. Analysing with a sufficient cash flow as a benchmark, strate-
gic impact of insufficient cash flow on payment term and supply chain contracts is investigated to
mitigate the conflict. Our study shows that the retailer with cash constraint moves from EP to DP
when the initial cash is very small, otherwise holds EP either by borrowing a bank loan with a large
wholesale price or using up all initial cash with a small wholesale price. Moreover, a subsidy con-
tractwith largewholesale price under the retailer’s cash constraint absolutelymitigates the payment
preference conflict, while the revenue-sharing contract with small wholesale price may be effective.
Moreover, under themanufacturer’s cash constraint, the retailer is better off under EP,while theman-
ufacturer prefersDPwith (without) bank credit related to a small (larger) interest ratewhenwholesale
price is small, then prefers EP as cash flow decreases. Furthermore, the revenue-sharing contract is
more effective.
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1. Introduction

A routine transaction that occurs in a supply chain is that
products usually flow from a manufacturer to a retailer,
while cash flows from the retailer to the manufacturer
(Anupindi et al., 1998). Payment term, as an important
part of contract, influences cash flow and operational
decisions, such as procuring, producing and ordering etc.
In practice, three payment terms are usually used: ‘early
payment’ (EP), ‘delayed payment’ (DP) and ‘punctual
payment’ (PP). Generally, the retailer pays before receiv-
ing products under EP to get a discount ofwholesale price
(See-to&Ngai, 2018), which reduces the risk ofmanufac-
turer’s cash flow (Chen, 2015b). DPmeans the purchased
product is paid by the retailer in a fix allowed period
after receiving, which is usually linked with an interest
rate of procurement cost when the retailer faces finan-
cial constraint (Chen, 2015a; Jing & Seidmann, 2014).
Alternatively, the retailer pays on delivery under the PP
payment term, which seems fair for both manufacturer
and retailer, requiring enough cash for production or
procurement with neither discount nor interest rate.

In practice, retailers have their own channel power,
which manufacturer is more dependent on, to select
payment term. In the pharmaceutical industry, for

CONTACT Jia Qian jiaqian@shmtu.edu.cn

instance, a famous pharmaceutical retailer Li’an with suf-
ficient cash, who has many physical stores scattered in
various areas, benefits from EP with a discount procure-
ment cost paid to the Dongeejiao company, focusing on
producing gelatin by donkey skin. However, Lei Yun-
shang, the noticeable pharmaceutical retailer brand in
eastern China, often chooses DP due to limited cash
endowment. Clearly, cash flow level plays an important
role in a firm’s payment term decision. Operation may
fail when cash flow falls below a specific level (Kou-
velis & Zhao, 2012). However, manufacturers may have
a payment term preference conflict with retailers, which
may halt the transaction. For example, the famous elec-
tric appliance manufacturing company Sanyo and the
China’s domestic air conditioner brand Gree leave elec-
trical retailer Gome in 2008 and in 2011, respectively
as they cannot agree with the payment term offered
by Gome.

These observationsmotivate the research of this paper
is to address the following questions: First, how does the
retailer choose the payment term especially under insuf-
ficient cash flow? Second, how to mitigate the preference
conflict of the payment term among supply chain partners
to realise the transaction?
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To answer the above questions, we develop a basic ver-
tical supply chain with one upstream manufacturer and
one downstream retailer where the manufacturer sells
via an exogenous wholesale product to an incumbent
retailer who faces a linear demand of the product. In
addition, the retailer possesses more channel power that
he moves first to choose one of three payment terms, e.g.
‘early payment’ (EP), ‘delayed payment’ (DP) and ‘punc-
tual payment’ (PP). Then, themanufacturerwould decide
a discount of wholesale price for EP; or an interest rate of
procurement cost for DP; or neither for PP. Finally, the
retailer places the orders. We divide the analysis in this
study into two parts. In the first part, both supply chain
members are embedded with sufficient cash flow. As a
benchmark, we derive the optimal choice of the payment
term for the retailer and the payment term preference
conflict between the manufacturer and retailer, more-
over, a designed revenue-sharing contract can alleviate
the conflict. In the second part, either the retailer orman-
ufacturer has insufficient cash flow (but not both). We
examine the impact of insufficient cash flow on the pay-
ment term and preference conflict through comparisons.
In addition, we investigate the effectivity of a schemed
subsidy contract under the retailer’s cash constraint and
the revenue-sharing contract under cash constraint of
each member.

The contribution of the paper is twofold. First, we
study the strategic impact of insufficient cash flow on
the payment term through employing ordering quan-
tity effect, margin profit effect and cash constraint effect.
Under sufficient cash flow as a benchmark, the retailer
always benefits from EP that is due to both ordering
quantity and margin profit advantage effect, while the
manufacturer benefits from EP (DP) owing to order-
ing quantity (margin profit) advantage effect dominat-
ing margin profit (ordering quantity) disadvantage effect
when wholesale price is large (small). Under insufficient
cash flow of the retailer, ordering quantity and margin
profit probably become disadvantage effect under EP for
the retailer on account of her cash constraint disadvan-
tage effect. This can explain that the retailer holds EP
either by borrowing bank loan with a large wholesale
price or using up all initial cash with a small wholesale
price when his initial cash flow is above a certain level,
otherwise moves to DP finally, and the manufacturer
would prefer DPwhenwholesale price is large.Moreover,
owing to the manufacturer’s cash constraint disadvan-
tage effect that has little influence on the payment term
for the retailer, ordering quantity advantage effect would
dominate margin profit disadvantage effect for the man-
ufacturer when wholesale price is small. This is why the
retailer is better off under EP, while the manufacturer
would prefer EP as her cash flow decreases.

Second, we characterise the designed supply chain
contract that is investigated tomitigate the payment term
preference conflict. Under sufficient cash flow, we find
that a designed revenue-sharing contract under EP that
the corresponding procurement cost depends onnot only
a positive discount of wholesale price, but also a frac-
tion of supply chain revenue the retailer shares, sheds
light on the effect of alleviating payment term preference
conflict when satisfying certain conditions. Under insuf-
ficient cash flow, a subsidy contract under DP, regarding
the procurement cost not only depends on an interest
rate, but also a unit subsidy paid by the manufacturer,
absolutely mitigates the payment preference conflict in
the supply chain when wholesale price is large, and the
revenue-sharing contract under the retailer’s cash con-
straint may be effective when wholesale price is small,
while it is more effective under the manufacturer’s cash
constraint.

The rest of the paper is organised as follows. In section
2, we briefly review the related literature. In section 3,
we describe the model and key assumptions. In section
4 and 5, the model analyses under sufficient cash flow
and insufficient cash flow are presented, respectively. In
section 6, we present a set of numerical experiments to
examine the main analytical results. Finally, we sum-
marise this paper and suggest avenues for future research.
All Proofs are presented in the Appendix.

2. Literature review

Our work studies the choice of payment term for the
retailer and preference conflict on the payment term for
the manufacturer in a supply chain, and the viable con-
tract to mitigate the conflict between them. Related lit-
erature includes two streams: payment terms and supply
chain contracts.

In the payment terms literature, the first onewasGoyal
(1985) who analyses the vendor’s economic order quan-
tity with delayed payment. Following Goyal’s conclu-
sions, many researchers posed relative issues under more
general conditions: Chung (2012), Teng et al. (2012) dis-
cussed the situation that demand was a non-decreasing
function of time. Huang (2007) studied the economic
production quantity with two levels of delayed payment.
Besides delayed payment as a given setting, some papers
discussed the incentive, coordinated and financial effect
of delayed payment. Babich and Tang (2012) showed
the delayed payment, as an incentive mechanism, could
keep quality of products. Yang and Wee (2006), Luo
(2007) took delayed payment, as a decision variable, to
coordinate supply chains under a different setting. Jing
et al. (2012), Cai et al. (2014) investigated the financing
effect of delayed payment where the retailer was capital
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constraint, and compared itwith bank credit. Someprevi-
ous works also focused on early payment, such as (2009)
and Thangam (2012) who developed inventory mod-
els with early payment. Furthermore, some researchers
compared the different payment terms with newsven-
dor model. Mateut and Zanchettin (2013) and Jin et al.
(2018) inspected the interaction between supplier credit
sales and customer’s early paymentwith a discount. Chen
et al. (2013) further examined three payment schemes
and discussed the effect on inventory decision in a lab-
oratory study. Moreover, Jin et al. (2018) and Yang and
Birge (2018) investigated the influence of the retailer’s
cash flow level on choice of credit strategy, while Jin
et al. (2018) also assume that there exits only one pay-
ment term between a supplier and a capital-constrained
retailer, but Yang and Birge (2018) provided punctual
payment and delayed payment for a capital-constrained
retailer.

The aforementioned literatures focus on examining
the impact and effect of delayed payment and early pay-
ment, andmost literatures derive the optimal operational
decisions given a fixed payment term. Unlike them, we
consider the retailer’s best choice from three payment
terms (e.g. EP, PP and DP) and investigate the impact of
insufficient cash flow of the retailer or manufacturer (but
not both) on the choice, reveal the preference conflict
on payment term for the manufacturer, respectively. This
paper would be a complementarily to previous research
and give practical advices for the manager of firm on the
decision of payment term.

Our paper also relates to the literatures on supply
chain contracts, because vertically integrating with a
downstream retailer may not be the profit-maximising
strategy for a manufacturer under several settings (e.g.
Gupta, 2008 Moorthy, 1988;). To alleviate the double
marginalisation effect in the decentralised supply chain,
many literatures proposed the different contract, includ-
ing quantity flexibility (e.g. Tsay, 1999), return policies
(e.g. Krishnan et al., 2004; Song et al., 2008), quan-
tity discounts (e.g. Raju & Zhang, 2005; Weng, 1995),
revenue sharing (e.g. Cachon & Lariviere, 2005), rebate
(e.g. Ferguson et al., 2006) and others. These contracts
are all designed in a supply chain without capital con-
straint, while Kouvelis and Zhao (2016) examine that the
revenue-sharing contract with constrained working capi-
tal can also coordinate the decentralised supply chain. In
contrast to them, we focus more on designing the con-
tract to mitigate the preference conflict on payment term
between amanufacturer and a retailer, which has received
less analysis in above literatures. Moreover, the main dif-
ference in our paper is that we design a revenue-sharing
contract under EP and a subsidy contract under DP. To
the best of our knowledge, this contract schemed in our

paper is among the first few to mitigate even resolve the
happened conflict on the payment term. Furthermore,
we examine the impact of insufficient cash flow on the
payment term preference conflict, and investigate the
effectivity of the contract, respectively. In addition, the
revenue-sharing contract under EP can also coordinate
the supply chain simultaneously under certain condi-
tions, that is, our results not only enrich the performance
of contractwhich should bemore consistentwith practice
in a transaction, but also provide the support for the use
of revenue-sharing contract or subsidy contract between
firms.

3. Model description

We consider a vertical supply chain in which a retailer
(he) procures products from an upstream manufac-
turer (she) and suppose that consumer demand is a
linear, downward sloping function which is analytically
tractable (e.g. Arya et al., 2007), e.g. p(q) = a − b × q,
where a and b are strictly positive constants, p and q
represent the market clearing price and the quantity of
the goods, respectively. Moreover, the manufacturer pro-
duces at a constant marginal cost c. However, we assume
that the wholesale price w(c < w < a) for the manufac-
turer is exogenous (Dong & Rudi, 2004; Ozer & Wei,
2006; Wu et al., 2019), which takes advantage to distin-
guish the three payment terms, and identify the supply
chain members’ performance under each payment term
(Yang & Birge, 2012).

Furthermore, in our paper, we firstly consider the sce-
nario that each member in the supply chain has enough
cash endowment that is considered as the benchmark
scenario (Figure 1(a)). And then we consider the sce-
nario that either the retailer or manufacturer (but not
both) is constrained by cash flow and can have access to
bankmarket (Figure 1(b,c)). In addition, we suppose that
both the manufacturer and the retailer are risk neutral
and seek to maximise their own profits with symmetrical
information.

The sequence of the event is as follows. Firstly, the
retailer moves first to choose one of the three pay-
ment terms early payment (EP), delayed payment (DP)
and punctual payment (PP). Secondly, the manufacturer
decides the discount θ , (θ ≥ 0) for EP (e.g. Kouvelis &
Zhao, 2012), or the interest rate r, (0 ≤ r ≤ r̄ < 1) for DP
(e.g. Chen, 2015a). Thirdly, the retailer chooses an order
quantity q. The retailer pays to the manufacturer after
placing the order instantly under EP or after receiving the
products instantly under PP, while maybe approaching a
bank loan if his cash flow is not enough. The interest rate
of bank credit is rB. All the above decisions occur in the
first stage at time t = 0. At the end of the sales season,
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Figure 1. Cash flow and production flow under different scenarios.

t = 1, the retailer earns sales revenue and repays to the
bank if the bank loan is used in the first stage, or pays
to the manufacturer if he chooses DP in the first stage.
Alternatively, if the manufacturer is capital constrained,
he may get a bank loan to produce when the retailer
chooses DP or PP for producing and delivering in the
first stage and repays her bank loan after getting the trade
credit loan from the retailer in the second stage. In addi-
tion, following the convention in interfaces of finance and
operations in a supply chain, we assume that the risk-
free interest rate is normalised to zero without loss of
generality (e.g. Jing et al., 2012; Xu & Birge, 2004). A
zero risk-free interest rate grants the convenience by per-
mitting us to focus attention on the comparison of each
channel member’s operational decision and profit among
all payment terms.

Table 1 lists the notations and symbols used in this
paper.

4. Benchmark: analysis with sufficient cash flow

To quantify the impact of insufficient cash flow on the
payment term, we first establish a benchmark model
in which the retailer and the manufacturer both hoard
sufficient cash. We investigate the firms’ equilibrium
outcomes under each payment term and identify the
optimal choice for the retailer and preference conflict

Table 1. List of notations and symbols.

Notation Description

w The unit exogenous wholesale price
c The unit production cost
θ The discount of wholesale price for early payment
f (θ) = w/(1 + θ) Discounted wholesale price
r The interest rate of procurement cost for delayed

payment
g(r) = w × (1 + r) The wholesale price with interest rate
r̄ ∈ (0, 1) The upper bound of interest rate for delayed payment
rB ∈ (0, 1) The interest rate of bank credit
Fj Initial cash of firm j ∈ {R,M}
φ The fraction of supply chain revenue the retailer keeps
qiR The optimal ordering quantity of retailer under the

payment term i ∈ {P, E,D} where P represents
punctual payment, E represents early payment and
D represents delayed payment

π i
j The optimal profit of firm j ∈ {R,M} under the payment

term i where R represents the retailer and M
represents the manufacturer

Δi
j = π i

j /q
i
R The margin profit of firm j under the payment term i

in a supply chain, respectively. Moreover, we design a
revenue-sharing contract to mitigate the happened con-
flict on the payment term between them.

4.1. Solution derivation under each payment term

In this part, we analyse the equilibrium results regarding
operational decisions and profits for channel members
through backward induction under each payment term.
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(1) Under PP. When wholesale price w is exogenously
given, the retailer chooses output qPR to maximise his
profit. The problem is

πP
R = max

qPR
[p(qPR) − w]qPR. (1)

(2) Under EP. The retailer decides output qER to max-
imise his profit under a given discount of wholesale
price θ . The retailer’s problem is

πE
R = max

qAR
[p(qER) − f (θ)]qER. (2)

With the retailer’s response to discount, the manufac-
turer chooses θ to maximise her profit. Her problem is

πE
M = max

θ
[f (θ) − c]qER (3)

(3) Under DP. The retailer decides qDR to maximise his
profit as an interest rate r of total purchasing cost is
given. The retailer’s problem is

πD
R = max

qDR
p(qDR )qDR − wqDR (1 + r). (4)

Then, the manufacturer chooses r to maximise her
profit. Her problem is

πD
M = max

r
[g(r) − c]qDR . (5)

The profits under each payment above are all a con-
cave function; thus, through first-order condition for a
maximum and backward induction, equilibrium results
and the corresponding lowest cash flow level are shown
in Table 2 to analyse the scenario in which the retailer
or manufacturer suffers from insufficient cash flow
in section 5. For convenience, we denote the corre-
sponding lowest cash flow level by Fij,K , j ∈ {R,M},K ∈
{h,m, l}, i ∈ {P,E,D}, where h represents the high whole-
sale price (e.g. w ≥ ŵ), m represents the medium
wholesale price (e.g. w̃ ≤ w < ŵ), l represents the low
wholesale price (e.g. c < w < w̃), and ŵ = (a + c)/2,
w̃ = (a + c)/[2(1 + r̄)]; moreover, the difference in the
retailer’s (manufacturer’s) optimal profit between EP and
DP under different range of wholesale price is denoted by
RED
K (MDE

K ) e.g. REDh = πE∗
R − πD∗

R ,MDE
h = πD∗

M − πE∗
M .

4.2. Payment term preference conflict and contract
design

In this part, we explore the optimal choice of the retailer
and the preference conflict between the manufacturer
and the retailer which are described in the Proposition

1. Then, we develop a viable supply chain contract to
mitigate the conflict, as described in Proposition 2.

Proposition 1. Under the scenario of each member with
sufficient cash flow, then

(i) When w ≥ ŵ, then qE∗
R ≥ qD∗

R = qP∗
R ,ΔE∗

R ≥ ΔD∗
R =

ΔP∗
R ,ΔD∗

M = ΔP∗
M ≥ ΔE∗

M ;πE∗
R ≥ πD∗

R = πP∗
R ,πE∗

M ≥
πD∗
M = πP∗

M , which means the retailer and manufac-
turer are all better off under EP.

(ii) When c < w < ŵ, then qE∗
R = qP∗

R > qD∗
R ,ΔE∗

R =
ΔP∗

R > ΔD∗
R ,ΔD∗

M > ΔP∗
M = ΔE∗

M ;πE∗
R = πP∗

R > πD∗
R ,

πE∗
M = πP∗

M < πD∗
M , which means the retailer is sel-

dom better off under DP, while the manufacturer is
better off under DP.

Proposition 1 states that if wholesale price is larger
than a threshold, the manufacturer sets a positive dis-
count under EP and a zero interest rate under DP. The
retailer orders the largest quantity to get the positive
discount and gets the highest margin profit under EP.
Although the manufacturer’s margin profit is the lowest
under EP, the ordering quantity advantage effect domi-
nates the margin profit disadvantage effect for the man-
ufacturer. In this case, the retailer absolutely chooses EP
under which the manufacturer is also better off. On the
other hand, if wholesale price is smaller than the thresh-
old, themanufacturer sets a zero discount under EP and a
positive interest rate under DP which results in the iden-
tical performances of retailer under EP and PP, the lowest
quantity and profit/marginal profit of retailer under DP.
While the marginal profit of the manufacturer under DP
is more than that under other payment, and marginal
profit advantage effect dominates the ordering quantity
disadvantage effect for the manufacturer. In this case, the
retailer seldom choosesDP fromwhich themanufacturer
would benefit.

Payment term preference conflict arises when whole-
sale price is smaller than the threshold. Thus, we would
develop a viable supply chain contract to mitigate the
conflict in the following proposition.

Proposition 2.Under sufficient cash flow of each member,
a revenue-sharing contract involving the procurement cost
TEC(φ, θ) under EP when the wholesale price is low, can
alleviate the payment term preference conflict between the
retailer and the manufacturer.

Where TEC(φ, θ) = f (θ)qECR + (1 − φ)p(qECR )qECR .
Proposition 2 states that when wholesale price is low

(e.g. w < ŵ), we characterise the revenue-sharing con-
tract, schemed by the manufacturer under EP, that the
corresponding procurement cost depends on not only a
positive discount of wholesale price, but also a fraction
of supply chain revenue the retailer shares. Moreover,
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we find that if the fraction of supply chain revenue is
always equal to one, unit procurement cost with the
contract is the same as that without the contract, e.g.
TEC(1, θ)/qECR = f (θ). Therefore, to distinguish the pro-
curement cost only depends on the discount; hereafter,
EP with revenue-sharing contract is indexed by EPC.

Furthermore, if both the fraction and the discount sat-
isfy certain conditions (see proof of Proposition 2), the
output of retailer under EPC is higher than those under
other payments, even equal to that of centralised sup-
ply chain. Then, the retailer extracts the highest profit
under EPC; meanwhile, the manufacturer earns more
profit than that under EP or PP. In other words, the opti-
mal profit of manufacturer under EPC may approach or
outweigh that under DP. Therefore, the revenue-sharing
contract sheds light on the effect ofmitigating the conflict
of the payment term. In addition, this contract also shows
the effect of coordination in a supply chain that the profit
of decentralised supply chain under EPC is equal to that
of centralised supply chain.

5. Analysis with insufficient cash flow

In this section, considering the scenario in which either
the retailer or manufacturer (but not both) has insuffi-
cient cash flow, respectively, we derive the optimal choice
for and preference of the payment term for the manufac-
turer to investigate the impact of insufficient cash flow on
the payment term and the payment term conflict, further
mitigate the appearing conflict through the designed sup-
ply chain contract. Moreover, both the retailer and man-
ufacturer can relieve the issue of cash constraint through

suitable payment term (Chen, 2015a, 2015b), or borrow-
ing bank credit (Kouvelis&Zhao, 2012; Yan&Sun, 2013),
that is, the initial cash flow of retailer (manufacturer)
FR (FM) raises up to FR + FRB (FM + FMB) by borrow-
ing a loan FRB (FMB), then he would pay FRB(1 + rB)
(FMB(1 + rB)) with an exogenous interest rate of bank rB
at the end of the period. It well fits the situation where
there is a competitive bank market. We also assume that
retailer (manufacturer) has no other investment oppor-
tunity besides his (her) retail (production) business.

5.1. Insufficient cash flow of the retailer

In this part, we consider that the retailer is endowed
with cash constraint to procure, that is, his initial cash
flows less than the lowest cash flow level under EP shown
in Table 2 e.g. FR < FER,K , while the manufacturer has
enough cash flow. Under this situation, to avoid repeti-
tion, wewill straightly focus on the optimal choice of pay-
ment term for the retailer that derived by the following
proposition.

Proposition 3. With insufficient cash flow of the retailer
FR < FER,K,

(i) If w ≥ ŵ, the retailer chooses EP with bank credit
when his initial cash is large, but not enough, e.g.
FER,h − REDh /(1 + rB) ≤ FR < FER,h, otherwise choo-
ses DP, e.g. 0 ≤ FR < FER,h − REDh /(1 + rB);

(ii) If w̃ ≤ w < ŵ, the retailer chooses EP or PP with-
out bank credit when his initial cash is large, but not
enough, e.g. F̂R ≤ FR < FER,m, otherwise chooses DP,
e.g. 0 ≤ FR < F̂R;

Table 2. The optimal decisions and profits under each payment term and the corresponding lowest cash flow level

EP DP

PP w ≥ ŵ c < w < ŵ w ≥ ŵ w̃ ≤ w < ŵ c < w < w̃

qi∗R
a − w

2b

a − c

4b

a − w

2b

a − w

2b

a − c

4b

a − w̄

2b

θ∗ —
2w − (a + c0)

a + c0
0 — — —

r∗ — — — 0
a + c − 2w

2w
r̄

π i∗
R

(a − w)2

4b

(a − c)2

16b

(a − w)2

4b

(a − w)2

4b

(a − c)2

16b

[a − w̄]2

4b

π i∗
M

(a − w)(w − c)

2b

(a − c)2

8b

(a − w)(w − c)

2b

(a − w)(w − c)

2b

(a − c)2

8b

(w̄ − c)(a − w̄)

2b

Δi∗
R

a − w

2

a − c

4

a − w

2

a − w

2

a − c

4

a − w̄

2

Δi∗
M w − c

a − c

2
w − c w − c

a − c

2
w̄ − c

FiR,K wqP∗R
a + c

2
qE∗R wqE∗R 0 0 0

FiM,K cqP∗R 0 0 cqD∗
R cqD∗

R cqD∗
R

Note: w̄ = w × (1 + r̄), ŵ = a+c
2 , w̃ = a+c

2(1+r̄) .
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(iii) If max
{
c0, 2ar̄

(2+r̄)r̄+4(1+rB)2

}
< w < w̃, the retailer

chooses EP or PP without bank credit when his initial
cash is large, but not enough, e.g. F̃R ≤ FR < FER,m,
otherwise chooses DP, e.g. 0 ≤ FR < F̃R;

where REDh = (a−c0)2
16b − (a−w)2

4b , REDm = (a−w)2

4b − (a−c0)2
16b ,

REDl = (a−w)2

4b − [a−w̄]2
4b , and F̂R = FER,m − w√

b

√
RADm ,

F̃R = FER,l − w√
b

√
REDl .

FromProposition 3, under insufficient cash flow of the
retailer, if wholesale price is large and the retailer’s initial
cash is large, but not enough, he adopts bank credit to
choose EP to get a positive discount, higher profit. In this
case, the increased profit with adopting bank credit can
compensate the increased bank interest cost. If wholesale
price is medium or small, and the retailer’s initial cash
is large, but not enough, then the manufacturer set lit-
tle EP discount that the retailer uses up his own cash,
not borrowing money from bank, to choose EP. While
the retailer would choose DP as his initial cash is not
large, decreasing below the corresponding threshold, to
get higher profit. It implies that the output of the retailer
under EP is much less than that under DP owing to lower
cash flow.

The next proposition summarises the preference of
the manufacturer under the insufficient cash flow of the
retailer.

Proposition 4. Under insufficient cash flow of the retailer
FR < FER,K,

(i) When w ≥ ŵ,
(a) If the retailer’s initial cash is large, but not

enough, e.g. FER,h − REDh /(1 + rB) ≤ FR < FER,h,
then the manufacturer is better off under EP;

(b) If the retailer’s initial cash is medium, e.g. FPR,h ≤
FR < FER,h − REDh /(1 + rB), then the manufac-
turer is better off under EP ifa > 3c, rB ≥ r̂B − 1
or c < a ≤ 3c; otherwise DP if a > 3cand0 <

rB < r̂B − 1;
(c) If the retailer’s initial cash is small, e.g. 0 ≤ FR <

FER,h − REDh /(1 + rB), then the manufacturer is
better off under DP;

(ii) When c < w < ŵ, the manufacturer is better off
under DP.

where r̂B = REDh
FER,h−FPR,h

.

Proposition 4 shows how the retailer’s initial cash
and bank loan interest impact the manufacturer’s pref-
erence of payment term. When wholesale price and the
retailer’s initial cash are large, the manufacturer is better
off under EP, because the retailer borrows not too much

cash from the bank to realise the same order quantity
with the retailer’s sufficient cash. When wholesale price
is large and the retailer’s initial cash is medium, the man-
ufacturer is better off under DP if the interest rate of
bank is small (e.g. rB < r̂B − 1) and the production cost
is small (e.g. a > 3c), otherwise EP, while the retailer
orders the lowest quantity and gets lowest profit/marginal
profit under EP. The reason is that small bank inter-
est rate decreases the threshold of the retailer’ cash flow
e.g. FER,K − REDh /(1 + rB), in turn decreases the ordering
quantity under EP, and small manufacturer’s production
cost increases themanufacturer’smargin profit underDP,
all these enhance the margin profit advantage effect for
themanufacture under DP.Whenwholesale price is large
and the retailer’s initial cash is small or wholesale price is
small, the manufacturer sets a zero discount under EP, a
positive interest rate under DP and is better off under DP.
Therefore, the payment term preference conflict arises,
when wholesale price is small and the retailer’s initial
cash is large orwholesale price is large, the retailer’s initial
cash is medium and a > 3c, rB ≥ r̂B − 1 or c < a ≤ 3c
(Proposition 3).We compare the optimal choice andpref-
erence of the payment term with or without sufficient
cash flow in Section 5.3.

5.2. Insufficient cash flow of themanufacturer

In this part, we consider that the manufacturer is
endowed with cash constraint to produce, that is, her ini-
tial cash flow is less than the lowest cash flow level under
DP shown in Table 2 e.g. FM < FDM,K , while the retailer
has sufficient cash flow.Under this situation, to avoid rep-
etition, we directly derive the optimal choice of payment
term for the retailer in the following proposition.

Proposition 5. Under insufficient cash flow of the manu-
facturer 0 ≤ FM < FDM,K ≤ FPM,K, then

(i) If w ≥ ŵ, the retailer chooses EP;
(ii) If 3c < w < ŵ, the retailer chooses EP or PP with the

manufacturer’s borrowing from bank;
(iii) If 2c < w < 3c, then the retailer chooses EP or PP

with the manufacturer’s borrowing from bank if 0 <

rB < (w − 2c)/c, and EP if (w − 2c)/c < rB < 1;
(iv) If c < w ≤ 2c, then the retailer chooses EP.

From Proposition 5, we find that EP is always an opti-
mal option for the retailer regardless of wholesale price,
while PP would become an optimal choice only if whole-
sale price is medium (e.g. 3c < w < ŵ), or the interest
rate of bank is low (e.g. 0 < rB < (w − 2c)/c), because
PP requires the manufacturer to hold certain cash flow
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by borrowing from bank to satisfy the retailer’s order-
ing, and increased profit with bank credit under PP for
manufacture can compensate the interest through lower
interest rate or higher profit for the manufacturer under
PP with medium wholesale price.

Next proposition summarises the preference of the
manufacturer with insufficient cash flow.

Proposition 6.With insufficient cash flow of the manufac-
turer FM < FDM,K, then

(i) When w ≥ ŵ, then ∀FM , FM ≥ 0, the manufacturer
is better off under EP;

(ii) When w̃ ≤ w < ŵ and 0 < r̄ < min
{

2c(1+rB)
a−c−2crB ,

1
a+c√
2c(a−c) −1

}
≤ 1, manufacturer is better off under

EP if the manufacturer’s initial cash is small, e.g.
0 ≤ FM < F̂M, otherwise DP without bank credit if
F̂M ≤ FM < FDM,m;

(iii) When c < w < w̃,

Case 1: Ifc < w̄ ≤ 2c or 2c < w̄ < 3c and (w̄ − 2c)/c <

rB < 1, then, themanufacturer is better off underDPwith-
out bank credit when F̃M ≤ FM < FDM,l, and EP when 0 ≤
FM < F̃M ;

Case 2: If w̄ ≥ 3cor2c < w̄ < 3c and 0 < rB ≤
(w̄ − 2c)/c, then, the manufacturer is better off under DP
with bank credit when F̌M ≤ FM < FDM,l, and EP when
0 ≤ FM < F̌M .

where

MDE
m = (a − c)2

8b
− (w − c)(a − w)

2b
,

MDE
l = (w̄ − c)(a − w̄)

2b
− (w − c)(a − w)

2b
,

F̂M = FDM,m − c
√
2MDE

m

2
√
b

,

F̃M = FDM,l −
cMDE

l
w̄ − c

,

F̌M = FDM,l −
MDE

l
1 + rB

As demonstrated in Proposition 6, we find that when
wholesale price is larger than the threshold, themanufac-
turer benefits from EP without regard to her initial cash
flow. The reason is that in spite of insufficient cash flow,
the manufacture can wholly satisfy the retailer’s optimal
ordering under EP that also generates highest profit for
her. It implies that themanufacturer will fund its produc-
tion from the retailer in this case. While when wholesale
price is medium and the upper bound of interest rate for
DP is small, the manufacturer benefits from DP without

bank credit if her initial cash flow is not small (e.g.F̂M ≤
FM < FDM,m), and EP if her initial cash flow is small.

Moreover, on the one hand, If the upper bound of
interest rate for DP is small (e.g.c < w̄ ≤ 2c), or if inter-
est rate for DP is medium and interest rate of bank
((w̄ − 2c)/c < rB < 1) is higher, the manufacturer with
small wholesale price benefits from DP without bank
credit when the cash flow is more than a threshold (e.g.
F̃M), and benefits from EP when the cash flow is smaller
than the threshold. The main reason is that the lower
upper bound of interest rate for DP would decrease the
manufacturer’s profit under DP, and higher interest rate
of bank would increase the interest of bank credit, thus,
increased profit with bank credit under DP cannot com-
pensate the interest of bank credit. On the other hand,
if the upper bound of interest rate for DP is large (e.g.
w̄ ≥ 3c), or if medium interest rate for DP and interest
rate of bank is small (e.g. 0 < rB ≤ (w̄ − 2c)/c), theman-
ufacturer benefits from DP with bank credit when the
cash flow is more than a threshold (e.g. F̌M), and benefits
fromEPwhen the cash flow is smaller than the threshold.
Because increased profit with bank credit under DP can
compensate the interest of bank credit through higher
margin profit and lower interest rate of bank.

In addition, we find that although the manufacturer
suffers from cash constraint, she still benefits from DP if
the cash flow ismore than the threshold F̂M , F̃M ,F̌M . That
is, the cash flowof themanufacturer can still cover certain
product cost, and margin profit advantage effect domi-
nates the ordering quantity disadvantage effect under DP.

5.3. Impact of insufficient cash flow

We have presented the optimal choice of payment term
for the retailer and the preference conflict of the payment
term under sufficient cash flow scenario and insufficient
cash flow scenario, as shown in Figure 2. In this part, we
firstly examine the impact of insufficient cash flow on the
payment term and the preference conflict through com-
parisons. Secondly, we design supply chain contract to
mitigate the appearing conflict.

Proposition 7.

(i) Impact of insufficient cash flow on the payment
termdecisions: under insufficient cash flow of retailer,
he chooses DP instead of EP if his initial cash is smaller
than the threshold, otherwise he still chooses EP by
borrowing bank loan with a large wholesale price
or using up all initial cash with a small wholesale
price. Under insufficient cash flow of the manufac-
turer, the retailer chooses EP instead of EP or PP if her
initial cash is smaller than the threshold with a small
wholesale price.
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Figure 2. The optimal choice of payment term and preference of
payment term with or without sufficient cash flow.

(ii) Impact of insufficient cash flow on payment term
preference conflicts: under insufficient cash flow of
the retailer, there arises a new region of payment term
conflict when wholesale price is large and the retailer’s
cash flow is medium with small production cost (a >

3c), large interest rate of bank (rB ≥ r̂B − 1) or lager
production cost (c < a ≤ 3c). Under insufficient cash
flow of each member, the region of payment term con-
flict becomes small when whole price is lower than the
threshold.

On the one hand, comparing the results from
Figure 1(a) with that from Figure 1(b), we investigate
that insufficient cash flow of the retailer would make the
choice of payment that deviates to DP as his cash flow
decreases regardless of wholesale price. The reason is that
with the lower cash flow level, the output of the retailer
under EP (or PP) is much less than that under PP, then
ordering quantity and themargin profit probably become
disadvantage effect under EP on account of the retailer’s
cash constraint disadvantage effect. Therefore, the pref-
erence of payment for the manufacturer also moves from
EP to DP when wholesale price is high (e.g.w ≥ ŵ). This
result is consistent with that in Cai et al., 2014; Chen
2015a that DP shows the effect of financing for cash-
constrained retailer, and all channel members can benefit
fromDP, but the assumption of retailer endowed with no
cash flow in Cai et al., 2014; Chen 2015a is a special case
in our study.

On the other hand, comparing the results from
Figure 1(a) with that from Figure 1(c), we find that the
insufficient cash flow of the manufacturer has little influ-
ence on the optimal choice of the retailer and preference
of the manufacturer when wholesale price is high, oth-
erwise partly narrows the option of optimal choice for

the retailer and influences the preference for the manu-
facturer that would move from DP to EP as her cash flow
decreases. On account of the lower cash flow and small
wholesale price, the retailer can only choose EP, because
PP also requires the manufacture to endow certain cash
flow, in addition, the manufacturer cannot provide cer-
tain product under DP in spite of higher margin profit.
That is, the order quantity advantage effect dominates the
margin profit disadvantage effect under EP for the man-
ufacturer with her cash constraint disadvantage effect
when wholesale sale price is small. Moreover, whether
each channel member is endowed with sufficient cash
flow or cash constraint, the manufacturer rarely prefers
to PP. This result can explain why the firms rarely employ
PP in practice.

Next, we easily find that the payment term conflict
still happened under the retailer’s insufficient cash flow
shown in the right part of in Figure 2(b) when wholesale
price is higher than the threshold, e.g.w ≥ ŵ, the retailer
chooses DP, while the manufacturer still prefers to EP.
In the following proposition, we would develop another
contract to solve the happened conflict.

Proposition 8. When wholesale price is larger than
the threshold (w ≥ ŵ) and FPR,h ≤ FR < FER,h − REDh /(1 +
rB), a designed subsidy contract regarding procurement cost
TDC(ρ, r) = w · (1 + r)qDCR − ρqDCR under DP can solve
the happened conflict of payment term.
where qDCR is the output for the retailer under DP with the
contract, ρ ≥ 0 is unit subsidy paid by the manufacturer to
the retailer.

UnderDPwith the subsidy contract, the optimal profit
of the retailer is more than that without the contract;
moreover, the optimal profit of the manufacturer is also
more than that under EP. Therefore, the retailer andman-
ufacturer would agree with DP with the subsidy contract,
that is, such a contract can not only alleviate the conflict
of the payment term between the retailer and manu-
facturer, but also achieve Pareto improvement for each
channel member.

When wholesale price is lower than the threshold,
e.g. w < ŵ, there exists a payment term conflict where
the manufacturer still benefits from DP and the retailer
still chooses EP or PP under insufficient cash flow of
the retailer in the left part of Figure 2(b) or the man-
ufacturer in the left part of Figure 2(c). Therefore, we
examine whether the revenue-sharing contract men-
tioned in Proposition 2 is still effective in the following
proposition.

Proposition 9. When wholesale price is lower than the
threshold,w < ŵ, comparedwith that under sufficient cash
flow, then,
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Figure 3. The optimal profit for the retailer and manufacturer with sufficient cash flow under each payment.

Figure 4. The optimal profit for each member under EPC, DP and EP.

(i) Under insufficient cash flow of the retailer, the
revenue-sharing contract would be effective if the
retailer’s cash flow is not small, otherwise would be
ineffective;

(ii) Under insufficient cash flow of the manufacturer, the
revenue-sharing contract would be more effective to
mitigating the payment term conflict.

Executing the revenue-sharing contract under EP
requires retailers to be endowed with certain cash flow.
Therefore, Proposition 9 shows that on the one hand,
this contract under the retailer’s insufficient cash flow
would be ineffective if cash flow is small; on the other
hand, although the manufacturer with insufficient cash
flow prefers DP, the optimal profit is less than that with

sufficient cash flow. That is, the optimal profit of theman-
ufacturer with revenue-sharing contract is more likely
than that under DP under insufficient cash flow of the
manufacturer. Therefore, the contract would be more
effective. This result provides the advice of using the
revenue-sharing with capital-constrained downstream or
upstream firms.

6. Numerical study

In this section, firstly, we conduct a set of numerical com-
putation for demonstrating the optimal profit of each
member with sufficient cash flow under each payment.
Furthermore, we illustrate the optimal profit of each
member under EPwith revenue-sharing contract to show
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Figure 5. The optimal profit of the retailer with his initial cash flow under different payments.

Figure 6. The optimal profit of the manufacturer with the retailer’s initial cash flow under different payments.

the effect of contract on mitigating the payment term
conflict. To perform these experiments, we assume that
a = 11, c = 1, b = 1,r̄ = 0.2, rB = 0.1.

As shown in Figure 3, on the one hand, both the
retailer and the manufacturer extract the highest profit
under EP when wholesale price is larger than a thresh-
old e.g. w = 6, otherwise, the retailer earns the lowest
profit underDP, while themanufacturer earns the highest
profit. Thus, there exists a payment term conflict.

Then, by employing the revenue-sharing contract
from Proposition 2, we define δ = φ�I−πA∗

R
�I−πA∗

R −πA∗
M

∈ (0, 1),
which denote the rate of the retailer’s increased profit,
compared with increased profit for decentralised chan-
nel with the contract. Thus,πEC∗

M = (1 − φ)�I = πE∗
M +

(1 − δ)(�I − πE∗
R − πE∗

M ) and πEC∗
R = φ�I = πE∗

R +

δ(�I − πE∗
R − πE∗

M ). Moreover, without contract, the
performance of PP is the same as EP or DP, thus, we
do not plot the optimal profit for each member under
DP, hereafter. As depicted in Figure 4 e.g. δ = 0.1, the
optimal profit of the retailer under EPC is the highest,
and the optimal profit of the manufacturer under EPC
is more than that under EP, sometimes even higher than
that under DP. Therefore, the tailored contract shows
the effect of mitigating the payment term conflict, even
achieving the total agreement on EPC.

Secondly, under the insufficient cash flow of retailer, as
shown in Figure 5, we find that when wholesale price is
larger (smaller) than the threshold, e.g. w = 8 (e.g. w =
5.5 orw = 3.25), the retailerwould choose EPwith (with-
out) bank credit if cash flow is lower than FER,K , but more
than a threshold e.g. FER,K − REDh /(1 + rB) = 11.3636
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Figure 7. The optimal profit of the manufacturer with her initial cash flow under different payments.

(e.g. F̂R = 8.824 or F̃R = 7.5451), otherwise chooses
DP. For the manufacturer under the retailer’s insuffi-
cient cash flow, as illustrated in Figure 6, when whole-
sale price is larger than the threshold and interest rate
from bank is low, e.g. w = 8, rB = 0.1, she benefits from
EP if 11.3636 = FER,K − REDh /(1 + rB) ≤ FR < FER,h, oth-
erwise DP. When the interest rate from bank is high,
e.g. w = 8, rB = 0.4, the manufacture obviously benefits
from EP obviously if 12.1429 = FER,K − REDh /(1 + rB) ≤
FR < FER,h, then there exists a zone that the manufac-
turer still benefits from EP if 12 = FPR,h ≤ FR < 12.1429,
finally the manufacturer benefits from DP if 0 ≤ FR <

12. In addition, when wholesale price is small, e.g. w =
5.5 or w = 3.25, the manufacturer always benefits from
DP.

Thirdly, as Figure 7 shows the preference of the manu-
facturer depends on her initial cash flow, when wholesale
price is larger than the threshold, e.g. w = 8, the man-
ufacturer always benefits from EP; when the wholesale
price is smaller than the threshold, e.g. w = 5.5 (w =
3.25), the manufacturer still benefits from DP without
(with) bank credit if cash flow is lower than the low-
est cash flow under DP, e.g. FDM,h = 2.5 (FDM,l = 3.55),
but higher than a threshold e.g. F̂M = 2.25 (FDM,l −
MDE

l /(1 + rB) = 2.117). Finally, she would benefit from
EP if cash flow is lower than the threshold.

7. Conclusion

We derive several interesting results. Under the situation
of each member having sufficient cash flow, the retailer
would choose EP from which the manufacturer ben-
efits when wholesale price is higher than a threshold,
otherwise, the retailer seldom chooses DP from which

the manufacturer benefits. Therefore, a payment term
conflict between them exactly arises, thus a revenue-
sharing contract schemed by the manufacturer under
EP, regarding procurement cost depends on not only a
discount but also a fraction of supply chain revenue,
demonstrates the effect of mitigating the conflict and
coordinating the supply chain simultaneously.

Furthermore, on the one hand, it is noteworthy that
insufficient cash flow of the retailer has deep effect on his
optimal choice that would move to DP finally regardless
of wholesale price because of cash constraint disadvan-
tage effect. In addition, the preference of the payment
term for the manufacturer would also deviate from EP to
DP when wholesale price is higher than a threshold; fur-
thermore, we design a subsidy contract to solve the hap-
pened conflict in this situation. While the manufacturer
still benefits from DP when wholesale price is smaller
than the threshold, and the revenue-sharing contractmay
be effective when the retailer’s cash flow is not small.
On the other hand, the manufacturer’s insufficient cash
flow partly narrows the option of optimal choice for the
retailer. While, the insufficient cash flow has little impact
on her preferencewhenwholesale price is higher than the
threshold, otherwise, causes her preference moving from
DP to EP owing to cash constraint disadvantage effect.
Furthermore, we find that the revenue-sharing contract
is more effective on mitigating the conflict under insuffi-
cient cash flow of the manufacturer. Our results provide
several advices of choosing payment term for the retailer
and support of using supply chain contract to alleviate the
payment term conflict under insufficient cash flow, such
as revenue-sharing contract and subsidy contract.

In our paper, we assume the linear demand rela-
tionships in a supply chain. However, more general
demand relationships that include different forms and/or
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uncertainty parameters can be considered, and then
other contracts in aforementioned literatures can be
examined regarding the effect ofmitigating the conflict of
payment. Secondly, based on the different payment tim-
ings, we investigate the three payments and focus more
attention on the impact of insufficient cash flow on the
payment term, but we consider little the time value of
cash flow. In addition, the exiting competition between
retailers or manufacturers deserves careful considera-
tion. Moreover, we do not consider that both the man-
ufacturer and retailer suffer insufficient cash flow. These
can present new interesting research which we leave for
future study.
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Appendices

Proof of Proposition 1: It is easily proved by comparing, thus
omits.

Proof of Proposition 2: when the wholesale price is low
e.g. w < (a + c)/2, firstly if the manufacturer and retailer are

integrated, the centralised supply chain generates the optimal
demand qI = a−c

2b , and the optimal profit �I = (a−c)2
4b .

Secondly, with the contract that involves the procurement
cost TEC(φ, θ), the retailer decides qECR to maximise profit. The
retailer’s problem becomes

πEC
R = max

qECR
[p(qECR )qECR − TEC(φ, θ)]

= max
qECR

[
φ ∗ p(qECR ) − w

1 + θ

]
qECR (A-1)

where TEC(φ, θ) = f (θ)qECR + (1 − φ)p(qECR )qECR . With the
retailer’s response, the manufacturer’s problem
becomes

πEC
M = max

φ,θ
[TEC(φ, θ) − cqECR ] (A-2)

Thus, if φ(1 + θ) = w/c

(i) We can easily yield optimal output qEC∗
R = qI = a−c

2b , and
we have qEC∗

R > a−w
2b = qE∗

R = qP∗
R > qD∗

R .
(ii) The optimal profits for each member with the con-

tract are denoted by πEC∗
M = (1 − φ) �I , πEC∗

R = φ �I ,
then πEC∗

M + πEC∗
R = �I . In addition, without the con-

tract, πE∗
R + πE∗

M < �I ⇒ πE∗
R

�I + πE∗
M

�I < 1 ⇒ πE∗
R

�I < 1 −
πE∗
M

�I . Therefore, if πE∗
R

�I < φ < 1 − πE∗
M

�I , then πEC∗
R ≥

πE∗
R = πP∗

R > πD∗
R , and πEC∗

M > πP∗
M = πE∗

M .

Proof proposition 3:With insufficient cash flow of the retailer
FR,

(i) If w ≥ ŵ and 0 ≤ FR < FER,h, then
On the one hand, the retailer’s problem under EP without

bank credit becomes:

πE
R = max

qAR
[p(qER)q

E
R − f (θ)qER] (A-3)

s.t. 0 ≤ f (θ)qER ≤ FR < FER,h (A-4)

After the retailer’s response to discount, the manufacturer
chooses θ to maximise its profit. The problem is:

πE
M = max

θ
[f (θ) − c]qER (A-5)

Thus, the optimal output is qER(θ) = FR
f (θ)

, substituting qER(θ)

into A-5 yields the optimal discount of wholesale price, that is
θ∗ = 0. Then, the optimal profit of the retailer is dependent
on his cash flow, while no more than that under DP, that is
πE
R (FR) = −b F2R

w2 + a−w
w FR ≤ (a−w)2

4b = πD∗
R .

On the other hand, the retailer would borrow from the bank,
so the cash flow with bank credit for the retailer would touch
the lowest cash flow level under EP (e.g. FER,h) according to
the optimal profit of the retailer without bank credit. There-
fore, the optimal profit of the retailer with bank credit under
EP also depends on his cash flow, that is πE

RB(FR) = (a−c)2
16b −

[FER,h − FR](1 + rB).

Consequently, if FER,h − REDh
1+rB ≤ FR < FER,h, then πE

RB(FR) ≥
πD∗
R ≥ πE

R (FR), the retailer chooses EP with bank credit.

If 0 ≤ FR < FER,h − REDh
1+rB , then πD∗

R ≥ max{πE
RB(FR),π

E
R (FR)},

the retailer chooses DP, where the proof of the inequality, that
is REDh < FER,h, is provided from below B-1 to keep a represen-

tation more than zero, that is FER,h − REDh
1+rB > 0.
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(ii) Ifw̃ ≤ w < ŵ and 0 ≤ FR < FER,m, then
In the same way, the optimal profit of the retailer with-

out bank credit under EP (or PP) depends on his initial
cash flow, that is πE

R (FR) = −b F2R
w2 + a−w

w FR, furthermore,
we denote F̂R = FER,m − w√

b

√
REDm > 0, then πE

R (F̂R) = πD∗
R =

(a−c)2
16b . Therefore, πD∗

R ≤ πE
R (FR) when F̂R ≤ FR < FER,M , and

πE
R (FR) < πD∗

R when 0 ≤ FR < F̂R.
Alternatively, the retailer borrows FRB = FER,m − FR, then

the optimal profit under EP is πE
RB(FR) = (a−w)2

4b − [FER,m −
FR](1 + rB) and πE

RB(FR) ≥ πD∗
R when 0 < FER,m − REDm

1+rB ≤
FR < FER,m, πE

RB(FR) < πD∗
R when FR < FER,m − REDm

1+rB , where
the proof of REDm < FER,m is provided from below B-2. Next, we
will prove that ∀FR ∈ [F̂R, FER,m), πE

R (FR) > πE
RB(FR).

Firstly, we define 	(FR) = πE
R (FR) − πE

RB(FR), FR ∈[
FER,m − REDm

1+rB , F
E
R,m

)
, and easily find that 	(FR) > 0 when

FR = FER,m − REDm
1+rB , lim

FR→FER,m
	(FR) = 0, and lim

FR→FER,m

d	(FR)
dFR <

0. There are two cases to consider, (1) if d	(FR)
dFR

∣∣∣
FR=FER,m− REDm

1+rB

≤

0, then d	(FR)
dFR < 0 for F̂R < FER,m − REDm

1+rB < FR < FER,m. Thus if

∃FR0 ∈
(
FER,m − REDm

1+rB , F
E
R,m

)
, 	(FR0) < 0, then ∃FR1 ∈(

FER,m − REDm
1+rB , FR0

)
, 	(FR1) = 0; therefore, ∃ε1 ∈ (FR1, FER,m),

d	(FR)
dFR

∣∣∣
FR=ε1

= 0, which leads to a contradiction. (2) if

d	(FR)
dFR

∣∣∣
FR=FER,m− REDm

1+rB

> 0, then there exits an unique point ε0 ∈(
FER,m − REDm

1+rB , F
E
R,m

)
, then d	(FR)

dFR

∣∣∣
FR=ε0

= 0. Thus if ∃FR2 ∈(
FER,m − REDm

1+rB , F
E
R,m

)
,	(FR2) < 0, then ∃FR3 ∈

(
FER,m − REDm

1+rB ,

FR2), 	(FR3) = 0; therefore, ∃ε2 ∈ (FR3, FER,m), d	(FR)
dFR

∣∣∣
FR=ε2

= 0. Furthermore, if 	′(FR3) = 0, a contradiction; if
	′(FR3) < 0, ∃ε3 ∈

(
FER,m − REDm

1+rB , FR3
)
, d	(FR)

dFR

∣∣∣
FR=ε3

= 0.

Again, a contradiction if 	′(FR3) > 0, 	(FR) is strictly
increasing in FR ∈

[
FER,m − REDm

1+rB , FR3
]
, thus 	(FR3) >

	(FR)|
FR=FER,m− REDm

1+rB

> 0, a contradiction with 	(FR3) = 0

above. Therefore πE
R (FR) > πE

RB(FR) must hold when FER,m −
REDm
1+rB ≤ FR < FER,m.

Therefore, if F̂R ≤ FR < FER,m, πE
R (FR) > πE

RB(FR) and
πE
R (FR) ≥ πD∗

R , the retailer prefers EP or PP without bank
credit. If 0 ≤ FR < F̂R < FER,m − REDm

1+rB , πE
R (FR) < πD∗

R , and
πE
RB(FR) < πD∗

R , the retailer chooses DP.
(iii) if max

{
c, 2ar̄

(2+r̄)r̄+4(1+rB)2

}
< w < w̃ and 0 ≤ FR <

FER,l, we easily find that 0 < REDl < FER,l. Then,
Following the proof of (ii), if F̃R ≤ FR < FER,l, πE

R (FR) >

πE
RB(FR) and πE

R (FR) ≥ πD∗
R , the retailer chooses EP or PP

without bank credit; if 0 ≤ FR < F̃R < FER,l −
REDl
1+rB , π

E
R (FR) <

πD∗
R , and (a−w)2

4b − [FER,l − FR](1 + rB) < πD∗
R , the retailer

chooses DP, where F̃R = FER,l − w√
b

√
REDl > 0.

Additional proof of several inequalities for Proposition 3:

REDh < FER,h (B-1)

REDh − FER,h = (a − c)2

16b
− (a − w)2

4b
− a + c

2
× a − c

4b

= − 1
16b

[4(a − w)2 + (a − c)(a + 3c)] < 0.

0 < REDm < FER,m, (B-2)

Firstly, RED
m = (a−w)2

4b − (a−c)2
16b > 0; secondly, we define

f1(w) = 12w2 − 16aw + 4a2 − (a − c)2, then REDm − FER,m =
f1(w)

16b . We have �f 1 = 64a2 + 48(a − c)2 > 0, thus f1(w) = 0

has two real roots: w1 = 16a−√�f 1
24 < a+c

2 , w2 = 16a+√�f 1
24 >

a. We denote r̄∗1 =
√�f 1/16−(a−3c)
4a−√�f 1/16

, and find r̄∗1 > 1(see proof

B-3), then w1 = a+c
2(1+r̄∗1 )

< a+c
2(1+r̄) ; therefore, ∀w, a+c

2(1+r̄) ≤
w < a+c

2 , we have f1(w) < 0, then 0 < REDm < FER,m√�f 1/16 − (a − 3c)
4a − √�f 1/16

> 1 (B-3)

We have �f 1
4 − (5a − 3c)2 = 3a2 + 3c2 + 6ac > 0 where

�f 1 = 64a2 + 48(a − c)2, then 2
√

�f 1
16 > (5a − 3c) > 0 ⇒√�f 1/16 − (a − c) > 4a − √�f 1/16 > 0 ⇒

√�f 1/16−(a−3c)
4a−√�f 1/16

> 1.

Proof of Proposition 4: (i) If w ≥ ŵ, then

(1) ifFER,h − REDh
1+rB ≤ FR < FER,h. From the result of Proposition

3(i), themanufacturer is also better off under EP according
to the results of Proposition 1(i).

(2) if 0 ≤ FR < FER,h − REDh
1+rB .

Firstly, we define f4(w) = 12w2 − 16aw + 4a2 + (a − c)
(a + 3c), then FER,h − RED1 − FPR,h = f4(w)

16b and �f 4 = 16(a −
3c)2 ≥ 0, thus f4(w) = 0 has one or two real roots: w5 =
4a−|a−3c|

6 ,w6 = 4a+|a−3c|
6 . Therefore, if a > 3c, thenw5 = a+c

2 ,
w6 = 5a−3c

6 , then ∀w, a+c
2 ≤ w < w6, f4(w) ≤ 0, thus FER,h −

REDh ≤ FPR,h; If c < a ≤ 3c, then ∀w, a+c
2 ≤ w, f4(w) ≥ 0, thus

FER,h − REDh ≥ FPR,h ⇒ FER,h − REDh
1+rB > FER,h − REDh ≥ FPR,h.

Secondly, the optimal profit for the manufacturer under EP
isπE

M(FR) = w−c
w FR, while the profit of themanufacturer under

DP isπD∗
M = (w−c)(a−w)

2b , thenπE
M(FR) ≥ πD∗

M when FR ≥ FPR,h,
and πE

M(FR) < πD∗
M when FR < FPR,h. Therefore, we consider

three cases:
Case 1: If a > 3c, rB ≥ r̂B − 1, then FER,h − REDh

1+rB ≥ FPR,h,
the manufacturer benefits from EP when FPR,h ≤ FR < FER,h −
REDh
1+rB , and DP when 0 ≤ FR < FPR,h;

Case 2: If a > 3c, 0 < rB < r̂B − 1, then FER,h − REDh
1+rB <

FPR,h, the manufacturer is always better off under DP when

0 ≤ FR < FER,h − REDh
1+rB ;
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Case 3: If c < a ≤ 3c, then FER,h − REDh
1+rB ≥ FPR,h, then the

manufacturer benefits from EP when FPR,h ≤ FR < FER,h −
REDh
1+rB , and DP when 0 ≤ FR < FPR,h.

(ii) If c0 < w < ŵ. The manufacturer is always better off
under DP.

where r̂B = REDh
FER,h−FPR,h

Proof of proposition 5: With cash flow of the manufacturer
FM , EP is always an optimal option for the retailer, then

(i) If w ≥ ŵ, the retailer only chooses EP.
(ii) If 3c ≤ w < ŵ and 0 ≤ FM < FDM,K < FPM,K , that is,

the cash flow cannot cover the procurement cost under PP.
So, without bank credit, the optimal profits of the manufac-
turer and the retailer under PP are πP

M(FM) = (w − c) FMc ,
πP
R (FM) = − b

c2 F
2
M + (a − w) FMc <

(a−w)2

4b ; alternatively, with
bank credit, the optimal profits of themanufacturer and retailer
are πP

MB(FM) = (w − c) a−w
2b − (

c × a−w
2b − FM

)
(1 + rB),

πP
R = (a−w)2

4b . In addition, πP
MB(FM) − πP

M(FM) = (
c × a−w

2b −
FM)

(w−c
c − (1 + rB)

)
> 0; therefore, PP is also an optimal

choice for the retailer.
(iii) If 2c < w < 3c and 0 ≤ FM < FDM,K < FPM,K, then,

the retailer chooses EP or PP when 0 < rB < w−2c
c , because

πP
MB(FM) − πP

M(FM) > 0, otherwise chooses EP when w−2c
c <

rB < 1.
(iv) If c < w ≤ 2c, and 0 ≤ FM < FDM,K < FPM,K , the retailer

chooses EP, because πP
MB(FM) − πP

M(FM) < 0.

Proof of Proposition 6: With insufficient initial cash flow of
the manufacturer FM

(i) If w ≥ ŵ, then MDE
h < 0 < FDM,h, that is, the manufac-

turer benefits from EP regardless of her cash flow;
(ii) If w̃ ≤ w < ŵ and 0 < r̄ ≤ 1

a+c√
2c(a−c) −1 ≤ 1, then 0 <

MEA
m < FDM,m (see proof B-4). Thus, if 0 ≤ FM < FDM,m, firstly,

the manufacturer would not adopt bank credit, then her
optimal profit under DP depends on her cash flow, that is
πD
M(FM) = − 2bF2M

c2 + a−c
c FM . Furthermore, we denote F̂M =

FDM,m − c
√

2MDE
m

2
√
b

> 0, then πD
M(F̂M) = (w−c)(a−w)

2b = πE∗
M , thus

πE∗
M ≤ πD

M(FM)when F̂M ≤ FM < FDM,m, otherwiseπD
M(FM) <

πE∗
M ;
Secondly, the manufacturer can borrow FMB = FDM,m −

FM , the optimal profit for the manufacturer with bank credit
also depends on her cash flow, that is πD

MB(FM) = (a−c)2
8b −

[FDM,m − FM](1 + rB). Furthermore, πD
MB(FM) ≥ πE∗

M when

FDM,m − MDE
m

1+rB ≤ FM < FDM,m, otherwise πD
MB(FM) < πE∗

M .

Moreover, if 0 < r̄ < min
{
1, 2c(1+rB)

a−c−2crB

}
, then F̂M < FDM,m −

MDE
m

1+rB (see proof B-5). Following the proof of Proposition

3, we also find that if F̂M ≤ FM < FDM,m − MDE
m

1+rB , πD
M(FM) >

πD
MB(FM), and πD

M(FM) ≥ πE∗
M , thus the manufacturer is bet-

ter off under DP without bank credit; If 0 ≤ FM < F̂M , then
πD
M(FM) < πE∗

M and πD
MB(FM) < πE∗

M , the manufacturer is bet-
ter off under EP.

(iii) If c < w < w̃ and 0 ≤ FM < FDM,l, then 0 < MDE
l <

FDM,l (see proof B-6), then the manufacturer would not adopt
bank credit, then her optimal profit is πD

M(FM) = w̄−c
c FM . And

we denote F̃M = FDM,l −
cMDE

l
w̄−c > 0, πD

M(F̃M) = (w − c) a−w
2b =

πE∗
M , so πD

M(FM) ≥ πE∗
M when FM ≥ F̃M , otherwise πD

M(FM) <

πD
M(F̃M). Alternatively, the manufacturer can borrow FMB =

FDM,l − FM , the optimal profit is πD
MB(FM) = [w̄ − c] a−w̄

2b −
(FDM,l − FM)(1 + rB), and πD

MB(FM) ≥ πE∗
M when FM ≥ F̌M =

FDM,l −
MDE

l
1+rB > 0, otherwise 0 ≤ πD

MB(FM) < πE∗
M . Therefore,

(a) If c < w̄ ≤ 2c, then F̌M > F̃M . Then, the manufacturer is
better off underDPwithout bank credit when F̃M ≤ FM <

FDM,l, and EP when 0 ≤ FM < F̃M ;
(b) If 2c < w̄ < 3c and w̄−2c

c < rB < 1, then F̌M > F̃M . Then,
the manufacturer is better off under DP without bank
credit when F̃M ≤ FM < FDM,l, and EP when 0 ≤ FM <

F̃M ;
(c) If 2c < w̄ < 3c and 0 < rB ≤ w̄−2c

c , then F̌M ≤ F̃M . Then
the manufacturer is better off under DP with bank credit
when F̌M ≤ FM < FDM,l, and EP when 0 ≤ FM < F̌M ;

(d) If w̄ ≥ 3c, then F̌M < F̃M . Then themanufacturer is better
off underDPwith bank credit when F̌M ≤ FM < FDM,l, and
EP when 0 ≤ FM < F̌M .

Additional proof several inequalities for Proposition 8:

If r̄ <
1

a+c√
2c(a−c) − 1

≤ 1, then MDE
m < FDM,m, (B-4)

We define f5(w) = 4w2 − 4(a + c)w + (a + c)2 − 2c(a − c),
thenMDE

m − FDM,m = f5(w)

8 and�f 5 = 32c(a − c) > 0, thus the

equation f5(w) = 0 has two real roots: w7 = a+c
2 −

√
2c(a−c)
2 ,

w8 = a+c
2 +

√
2c(a−c)
2 . In this case, if r̄ < 1

a+c√
2c(a−c) −1 ≤ 1, then

w7 < a+c0
2(1+r̄) : therefore, ∀w, a+c0

2(1+r̄) ≤ w < a+c0
2 , f5(w) < 0,

thenMDE
m < FDM,m.

If 0 < r̄ < min
{
1,

2c(1 + rB)
a − c − 2crB

}
, then

√
2bMDE

m
c0

< 1 + rB

(B-5)
we define f6(w) = 4w2 − 4(a + c)w + (a + c)2 − 4c2(1 + rB)2,
then 2bMDE

m − c2(1 + rB)2 = f6(w)

4 , �f 6 = 64c2(1 + rB)2 > 0,
thus f6(w) = 0 has two real roots: w9 = a+c

2 − c(1 + rB),

w10 = a+c
2 + c(1 + rB). In this case, if 0 < r̄ < min

{
1,

2c(1+rB)
a−c−2crB

}
,w9 < a+c

2(1+r̄) , then ∀w, a+c
2(1+r̄) ≤ w < a+c

2 , f6(w) <

0, then
√

2bMDE
m

c0 < 1 + rB.

MDE
l < FDM,l (B-6)

We define f7(w) = −(2 + r̄)r̄w2 + [c(1 + r̄) + (a + c)r̄]w −
ac, then MDE

l − FDM,l = f7(w)

2 , we find that f7(0) = −ac < 0,

f7(w) is decreasing on
(
0, c(1+r̄)+(a+c)r̄

2(2+r̄)r̄

]
,�f 7 = [c(1 + r̄) +

(a + c)r̄]2 − 4(2 + r̄)r̄ac. If �f 7 > 0, the equation f7(w) = 0

has two real roots: w11 = −[c(1+r̄)+(a+c)r̄]+√�f 7
−2(2+r̄)r̄ < 0, w12 =

[c(1+r̄)+(a+c)r̄]+√�f 7
2(2+r̄)r̄ > 0, in this case f7(w11) < f7(0) < 0, this
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leads to a contradiction. Therefore,�f 7 ≤ 0, then∀w, c < w <
a+c

2(1+r̄) , f7(w) < 0, thenMDE
l < FDM,l.

Proof of Proposition 7

(i) The result is easily proved through comparing the results
in Proposition 1 with those in Proposition 3 or 5.

(ii) On the one hand, comparing the results in Proposition 3
with those in Proposition 4, we can get the payment term
conflict under insufficient cash flow of the retailer; On the
other hand, we also get the payment term conflict under
insufficient cash flow of the manufacturer by comparing
the results in Proposition 5with those in Proposition 6.
Then, we can derive the impact of insufficient cash flow
on the payment term conflict through comparing the con-
flict under sufficient cash flow in Proposition 1 with that
under insufficient cash flow of each member.

Proof of Proposition 8: From the results in Proposition 3 and
4, we have shown that if FPR,h ≤ FR < FER,h − RADh /(1 + rB), the

retailer chooses DP, his optimal profit is πD∗
R = (a−w)2

4b ; while
themanufacturer is better off under EP under certain condition
when wholesale price is higher than the threshold, her optimal
profit is πE

M(FR) = w−c
w FR.

Next, we present the problem of retailer and manufacturer
under DP with the subsidy contract, that is

πDC
R = max

qDCR
p(qDCR )qDCR − TDC(ρ, r) (A-6)

πDC
M = max

r,ρ
TDC(ρ, r) − c0qDCR (ρ, r) (A-7)

where TDC(ρ, r) = w · (1 + r)qDCR − ρqDCR .
By generating the optimal profit for each member, as

πDC∗
M = (a−c)2

8b , πDC∗
R = (a−c)2

16b , we can easily have πDC∗
M >

πA
M(FR), πDC∗

R > πD∗
R . Therefore, the retailer and manufac-

turer would agree with DP with the subsidy contract, that is,
such a contract can not only alleviate the conflict of payment
term between the retailer and manufacturer, but also achieve
Pareto improvement for each channel member.

Proof of Proposition 9: From the results of Proposition 2, we
find that the purchasing cost of the retailer under EPC depends
onφ, while it decreases inφ, that is T̂EC(φ) = a2−c2

4b − φ
(a−c)2
4b ,

T < T̂EC(φ) < T̄, where T = a2−c2
4b − (�I − πE∗

M ) and T̄ =
a2−c2
4b − πE∗

R . Then,

(1) If w̃ ≤ w < ŵ and F̂R ≤ FR < FER,m, then
(a) The revenue-sharing contract is effective if max{F̂R,

T̂EC(φ)} ≤ FR < FER,m;
(b) The revenue-sharing contract is effective under borrow-

ing T̂EC(φ) − FR by the retailer if max{T̂EC(φ) − �(FR), F̂R} ≤
FR < T̂EC(φ). Because πEC∗

R − πE
R (FR) − (T̂EC(φ) − FR)

(1 + rB) > 0;
(c) The revenue-sharing contract is ineffective if F̂R ≤ FR <

T̂EC(φ) − �(FR) < T̂EC(φ). Because the retailer’s initial cash
flow highly falls below the purchasing cost under EPC, and
the retailer would not borrow from bank. Because πEC∗

R −
πE
R (FR) − (T̂EC(φ) − FR)(1 + rB) < 0.
(2) if max

{
c0, 2ar̄

(2+r̄)r̄+4(1+rB)2

}
< w < w̃ and F̃R ≤ FR <

FER,l, then there are also three cases to consider for given φ

(a) The revenue-sharing contract is effective if max{F̃R,
T̂EC(φ)} ≤ FR < FER,l;

(b) The revenue-sharing contract is effective under borrow-
ing T̂EC(φ) − FR by the retailer ifmax{T̂EC(φ) − �(FR), F̃R} ≤
FR < T̂EC(φ);

(c) The revenue-sharing contract is rarely effective if F̃R ≤
FR < T̂EC(φ) − �(FR) < T̂EC(φ).

(ii) Firstly, with enough cash endowment, the retailer would
accept the revenue-sharing contract from Proposition 2; in
addition, the optimal profit of the manufacturer with insuffi-
cient cash flow under DP is less than that with sufficient cash
flow, that is, the optimal profit of the manufacturer under EP
with revenue-sharing contract is more likely than that under
DP. Therefore, the contract is more effective on mitigating the
conflict of payment term.
where �(FR) = [πEC∗

R − πE
R (FR)]/(1 + rB) and πE

R (FR) is
the optimal profit of the retailer under EP that depends
on his insufficient cash flow, that is πE

R (FR) = −b F2R
w2 +

a−w
w FRif F̂R(F̃R) ≤ FR < FER,m(FER,l).
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