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Abstract

The innovation of supply chain financial services can alleviate the plight of
SMEs financing difficulties. In the aspect of supply chain finance model, there
is a credit guarantee financing model, which is different from the simple ex-
ternal financing and internal financing mode of supply chain. Based on this,
this paper studies the decision-making of supply chain finance under the par-
tial credit guarantee of core enterprises. First of all, the paper constructs a
simple supply chain financing model, consisting of a bank, a core enterprise
and a retailer. And then, considering the credit guarantee financing model,
calculate the expected profit function. Stackelberg game model is used to give
the optimal decision of each subject in decentralized system and the optimal
decision in centralized system. Finally, in order to make a more specific and
detailed study on the profit and decision-making based on the credit guaran-
tee financing model, the important parameters of the model are analyzed.
Through the calculation, it is proved that under the credit guarantee of the
core enterprise, the retailer has the optimal ordering strategy, and the core
enterprise has the best wholesale price. The influences of the partial credit
guarantee coefficient and the retailer’s loan coefficient on the supply chain
finance decision-making are also studied.
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Supply Chain Finance, Decision-Making, Partial Credit Guarantee

1. Introduction

Considering the risk of SMEs, financial institutions have been cautious about the
financing of SMEs. Supply chain finance, through the integration of information
chain, capital chain, logistics chain, and so on, forms an internal circulation
ecosystem, which is a breakthrough to solve the financing difficulties of SEMs.

In the development of supply chain finance in China, the evaluation of the en-
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terprise’s credit, collateral is basically carried out by the bank or the bank com-
missioned by third parties. Therefore, the main mode of supply chain finance in
China is banking-oriented model. At the same time, as the most powerful lead-
ing enterprise in the supply chain, the core enterprise can help to improve the
whole supply chain with the advantage of information and credit. The credit
guarantee financing model, providing credit guarantee for the downstream re-
tailers, gradually appeared.

About supply chain decision-making and coordination, most scholars study
the wholesale price contract, risk sharing, revenue sharing, buy back contract,
rebate contract and other contracts based on two echelon supply chain, retailer-
manufacturer or supplier-manufacturer.

In the supply chain, only a small number of scholars consider the impact of
financial constraints on the supply chain decisions. The research about the deci-
sion-making of three echelon supply chain, retailer-manufacturer-bank, is also
less. In this paper, the credit guarantee contract is integrated into the supply

chain finance model, to study the decision-making of supply chain finance.

2. Literature Review

In recent years, many scholars have used the basic newsboy model and the
Stackelberg game model to do quantitative research on the supply chain with
capital constraints. Dada & Hu [1] consider the newsboy model of SCF with
capital constraints, and point out that the problem of supply chain financing
strategy is mainly focused on the optimal inventory management of retailers
when they have capital constraints. Srinivasa [2] further considers the problem
of single stage financing decision in two echelon supply chain with capital con-
straints, which shows that the performance of joint financing is greater than
separate financing’s. Kouvelis and Zhao [3] consider the financing decision
problem of supply chain with a capital constraint in the game framework that
manufacturer led. Yan e al (2014) [4] establish a multi-agent game model in
which the bank acts as a leader and the manufacturer acts as the sub-leader, and
study the joint financing decision problem of the supply chain financial system.
Nina ef al [5] design a partial credit guarantee contract for SCF, incorporating
the bank credit financing and manufacturer’s trade credit guarantee, to analyze
its equilibrium financing strategies. Yan & Sun [6] study the optimal strategy of
the capital-constrained retailer in SCF through warehouse receipt pledge under
the uncertain demand environment. Considering the credit limit and the ruin
probability of the retailer, the optimal financing interest rate, the retailer’s op-
timal order decision and the optimal wholesale price of the manufacturer are
analyzed. Lu et al. [7] establish a multi-stage supply chain decision model in-
cluding a supplier, a downstream manufacturer and a financial institution ac-
cording to accounts receivable financing model of supply chain, and study the
decision-making problem of the firms with and without financing. Yi & Zhou
[8] consider a two echelon supply chain consisting of a single supplier and a sin-

gle retailer. The paper analyses the bank’s loan to value ratios when the retailer
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pledging his order contract in a newsboy supply chain. Li & Lou [9] establish a
one-to-one supply chain dynamic game model with a capital-constrained sup-
plier, and analyze the effectiveness to the improvement of the efficiency of
supply chain by retailer’s advance payment. Lin Chen et al. [10] study the pric-
ing and effort decisions of a supply chain with single manufacturer and single
retailer. The results imply that the uncertainty degree of sales effort elasticity has
an outstanding influence on the pricing and effort decisions, whereas the uncer-
tainty degree of price elasticity has a modest impact on these decisions. Z. Liu et
al [11] find that the retailer’s optimal order quantity is determined by the in-
verse distribution of the external demand and the confidence level considering a
contract-design problem for two competing heterogeneous suppliers working
with a common retailer. H. Chen et al [12] consider the optimal selling problem
of a supplier who sells the same product to two competing retailers under two
types of uncertainty—the selling costs of retailers and external demand and the
results demonstrate that higher risk levels correlate with lower belief-degree
costs of the two retailers and higher belief-degree sizes of the market.

On the basis of the scholars’ research, the credit guarantee contract is inte-
grated into the supply chain finance model. This paper innovatively set up the
credit guarantee coefficient and retailer’s loan coefficient and studied the in-

fluence of coefficients on decision-making of supply chain finance.

3. Model Description

Supply chain financing is generally short, this paper establishes a single order
cycle of supply chain finance model including a capital-constrained retailer, a
core manufacturers and a bank. Then we formulate a Stackelberg game model in

which the bank acts as a leader.

3.1. Variable Definitions and Parameters

In order to describe the analysis model easily, the relevant variables and pa-
rameters are defined as follows.

(1) p: Unit retail price

(2) ¢ Unit manufacturing cost

(3) w:The manufacturer’s wholesale price

(4) a: The retailer’s loan coefficient, 0<a<w

(5) B: The retailer’s loan amount, B=agq

(6) R.:The bank’s endogenous interest rate

(7) R, : The risk-free interest rate

(8) A:The credit guarantee coefficient, 0< A<l

(9) ¢: The retailer’s order quantity

(10) xx Random demand

(11) F(x): Distribution function of random demand

(12) f(x): density function of F(x)

Let ¢,w,R. respectively be the decision variables and q*,w*,R: respec-

tively be the retailer’s optimal order quantity, manufacturer’s optimal whole-
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sale price, and the bank’s optimal interest rate.

3.2. Model Assumptions

In order to describe the analysis model easily, make the following assumptions.

1) The supply chain finance system considers only one order cycle, consisting
of a retailer, a manufacturer and a bank.

2) It is assumed that the distribution function Ax) is a continuous function
which is consistent with the increasing rate of failure distribution (IGFR).

3) It is assumed that retailer only sells a single product and the manufacturer
can fully meet the demand of the retailer and the bank can meet the retailer’s
loan.

4) Assuming that the retailer’s financing volume is proportional to the order
quantity and let the loan coefficient be parameter a, where B=agq .

5) Assume that the product has no residual valueand p>a(1+R,).

6) In the supply chain finance system, the participants are risk neutral, and

the goal is to maximize the expected profit.

3.3. The Model Framework

A single cycle supply chain financial system consisting of a retailer, a manufac-
turer and a bank is established. The capital-constrained retailer needs to apply
for a loan. The manufacturer provides a certain credit guarantee for the retailer’s
loan, who will pay a certain proportion of the remaining loan when the retailer
can’t repay. Bank is the leader of supply chain finance system.

Supply chain finance process are assumed by Figure 1.

1) First of all, as the leader of the supply chain financial system, the bank gives
an appropriate loan interest rate R,

2) Secondly, the sub-leader decides a wholesale price w when the bank has
given the interest rate.

3) Then, the retailer makes a decision on the order quantity g after the bank
gave interest rate R and the manufacturer decided wholesale price w. At the
same time, the retailer apply to the bank for a loan B=aq because of capital
constraints.

4) At the end of the period, the retailer repay the loan according to sales. If the
retailer has the ability to repay the loan, the retailer bears all the principal

1-A

Apply for a
loan, B=aq

Retailer Manufacturer

<&
<«

Figure 1. Supply chain finance process.
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and interest. If the retailer’s total sales are insufficient to repay all of the loan, the
bank and the manufacturer take up the remaining loan together. The manufac-
turer bears A of the retailer’s remaining loan.

We formulate a multilevel Stackelberg game model to characterize the inte-

ractions among the three SCF participants, which can be expressed as follows.
(L)maer |:7Z'B (Ry;q, w,x)}
(SL)max [ 7, (wiq.R,,x)]

(F)maxq |:7Z'R (q;R,,w,x)]

4. The Supply Chain Finance System’s Profits

Proposition 1

When the random demand x is greater than the minimum realized demand
x, , the retailer can pay the principal and interest by itself at the end of the period,
where x, = aq(l +R, )/p .And x, <g isalso obtained.

Proof: At the end of the period, the retailer need to repay the principal and
interest e. ag(1+R,).

If x<gq, the total sales of the retailer are px. Then, px> px,=aq(1+R))

holds for x=x, = aq(l+Rr)/p .

If x2>gq, the total sales of the retailer are pg. Then, pg = px, =aq (1 +R)
is obtained for p >agq (l + R},) .

Hence, x,=aq(1+R )/p<q holdsfor px =aq(1+R)<pq.

4.1. The Supply Chain Finance System’s Profits in Decentralized
System

At the beginning of the period, the manufacturer gives the wholesale price w,
and the retailer orders quantity ¢. Due to financial constraints, the retailer ap-
plies for a loan B=aq from bank and its own funds are wq =aq . The bank
gives a loan interest rate R and signs a credit guarantee contract with the
manufacturer who bears A of the retailer’s remaining loan.

At the end of the period, the retailer’s sales revenue is min{ X, pq}, who
need to repay the principal and interest aq(1+Rr). If the retailer can’t repay
the principal and interest, Ze. x<x,, the remaining loan is ag(l1+R )-px
that the retailer can’t repay. The bank and the manufacturer take up the re-
maining loan together. The manufacturer bears A of the retailer’s remaining
loan and the bank bears 1—A4 of the retailer’s remaining loan.

1) The retailer’s profit function can be expressed as in Equation (1)
—(wq—aq), x<x
R={px—aq(1+R)—-(wg—aq), x <x<gq (1)
pq—aq(l-i—Rr)—(wq—aq), g<x

The retailer’s expected profit function can be expressed as in Equation (2)
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7y = E(R)
:.f: —(wq—aq)f(x)dx+_[:(px—aq(1+Rr)—(wq—aq))f(x)dx (2)
+I;O(px—aq(1+Rr)—(wq—aq))f(x)dx

2) The manufacturer’s profit function can be expressed as in Equation (3)

M:{(W_C)q‘ﬂ[“‘l(”&)—px], x<x,
(w—0)q, ¥,

(3)

The manufacturer’s expected profit function can be expressed as in Equation
4)
Ty, =F (M )

= J':l ((w—c)q—/l[aq(1+Rr)—px])f(x)dx+_[:(w—c)qf(x)dx )

3) The bank’s profit function can be expressed as in Equation (5)

. ag(R,-R,)-(1-2)[ag(1+R,)-px], x<x
aq(Rr—Rf), XX ®

The bank’s expected profit function can be expressed as in Equation (6)
Ty = E(B) =Lj‘(aq(Rr —Rf)—(l —ﬂ)[aq(l + R,)—px})f(x)dx

w (6)
+Ll aq(Rr —Rf)f(x)dx

4.2. The Supply Chain Finance System’s Profit in Centralized
System

The supply chain finance system’s profit function can be expressed as in Equa-
tion (7)

(7)

g px—cqg—aqR,, x<gq
pq—cq—aqu, x=q

The supply chain finance system’s expected profit function can be expressed

as in Equation (8)

TTg =E(S):J':(px—cq—aqu)f(x)dx+J:o(pq—cq—aqu)f(x)dx (8)

5. The Supply Chain Finance System’s Optimal Decisions

We solve the model via backward induction to determine the optimal decisions

of the supply chain finance system.

5.1. The Supply Chain Finance System’s Decisions in
Decentralized System

Proposition 2

Given the unit retail price p, the manufacturer’s wholesale price w; unit man-
ufacturing cost ¢, retailer’s loan coefficient a, the bank’s endogenous interest rate
R, and the risk-free interest rate R, for IGFR distributions of demand, the
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capital-constrained retailer’s unique and optimal order quantity that satisfies

g =F"

p—(w—a)—a(l-i—Rr)m

Proof:

,where x/ =aq"(1+R)/p.
p

From Equation (2), taking the first-order and second-order derivative of 7,

with respect to g, it follows that

T (wma)ma(1+ R ) F(x) < PP (3)

dg

2 2(1+R,)’
r TR fe) i)
q p

If the distribution of demand is IGFR, f(xl)S f(q) holds for x, <gq. Be-

sides,
2

d’z, <
dg®

Lemma 1

Proof:

a’ (1 +R, )2

<0. From the first-order condition of

<a(1+R)<p holds for a(l+R)<p. Hence, we have

7r

=0, we have
dg

p—(w—a)—a(1+Rr)F(xf)
p

q =F"

#

dg_
dw

%<0 di<0
"dR

-,

dw

From Proposition 2, we have

_ p—(w—a)—a(1+Rr)F(xl(q*))

F(4) -

Taking the first-order derivative of F (q*) with respect to w; we have

Hence,

99 0 holds
dw

vious that

dif( *):—p+a2(1+R,)2f(xl(q*))in
dw 1 P’ ’
dg" _ P

dw @ (14R Y f(w(q)) -1 (d)

for a2(1+Rr)2f(xl(q*))—pzf(q*)<0 and p>0. It is ob-

d _a(l+R)dg’
a dw

<0.
dw p

K2
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#

dq_ <0 can be obtained too.
dR,

Proposition 3

Given the unit retail price p, unit manufacturing cost ¢, retailer’s loan coeffi-
cient a, the bank’s endogenous interest rate R,, the risk-free interest rate R,

the credit guarantee coefficient A4 and the optimal order quantity

. :F{p—(w—a)—a(HR,)M}

p

for IGFR distributions of demand, the manufacturer’s unique and optimal

wholesale price that satisfies

Proof:
The wholesale price has a definite closed interval that we[c, p], and the
manufacturer’s profit function is continuous on the closed interval, there must

be a maximum expected profit.

. . aq (1+R
onsidaerin: q an x, =—— = from Proposition 2 an uation N
Considering d x 9 (4R) 4 o Proposition 2 and Equation (4)

p
ﬂM(q*)=E(M)

= [ ((w=)a ~2[ g (1+ R )= px]) £ (x)dx+ [ (w=c)g £ (x)dx

Taking the first-order derivative of =, (q*) with respect to w;

drz . dg" dg”
d_MA//I:q +(W—C)a—la(1+Rr)F(xl )E
. o dg”
=q —|—(w—c—ﬂva(l+Rr)F(x1 ))W
g and (w—c—ﬂa(l—i—R )F(xl*))d—q* monotonically decrease for d_q*<0
" dw dw
2
and hence, ﬂ;” <0. From the first-order condition of ddﬂ=o, we have
w
la(1+Rr)F(x1*)dqi -4
w = _Tdw +c
dg
dw’

Proposition 4

Given the unit retail price p, unit manufacturing cost ¢, retailer’s loan coeffi-

cient a, the risk-free interest rate R, the credit guarantee coefficient 4, the

p=(w-a)-a(1+R)F(x)
p

optimal order quantity ¢ =F '1[ J and the optim-

K2
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*

la(l-i—R,)F(xl*) dq* -q
al wholesale price w' = o dw + ¢, for IGFR distributions of
q
dw’

demand, the expected profit of the bank increases with the loan interest rate
when R, <(l—/1)a(l+Rr)F(xl*>+R/.

Proof:
dz, dm, d_q*
dR.  dq" dR
dq’ Ty . drz,
From Lemma 1, —— < 0. Hence, can be transformed into 2 Tak-
dR, dR, dg
ing the first-order derivative of dz, with respectto ¢
dz .
dqf =a(R,—R,)-(1-A)a(1+R)F(x})
dr, " dz, drz,
5<0 for R, <(1-A)a(1+R.)F(x")+R,. And then —£>0 for ——£<0
dg dR, dg
and dq_ <0.
drR

>

5.2. The Supply Chain Finance System’s Decision in Centralized
System

Proposition 5

In centralized system, given the unit retail price p, unit manufacturing cost ¢,
retailer’s loan coefficient a and the risk-free interest rate R/, for IGFR distribu-
tions of demand, the capital-constrained retailer’s unique and optimal order
quantity that satisfies ¢ = F"' (—p —cmak J .

p

Proof:
From Equation (8), taking the first-order and second-order derivative of 7

with respect to g, it follows that

dny_ o

” :pF(q)—c—aRf
d27Z'S _ f( )
dg’ IZAY

d2
It is obvious that d;[S =-pf(q)<0.

2

p—c—aRf]

p

d
From the first-order condition of dﬁs =0,wehave ¢;=F"" (
q

6. Numerical Example

Assuming that distribution function of random demand obeys uniform distribu-

tion with a mean of 200, the unit retail price p = 8, manufacturer’s wholesale
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price ¢ = 6, the risk-free interest rate R, =0.03.

Given the retailer’s loan coefficient a =6 and credit guarantee coefficient
A =0.9, Figure 2 describes the change of retailer’s optimal order quantity with
the loan interest rate R in decentralized and centralized system. Figure 3 de-
scribes the change of SCF participants and system’s optimal profit with the loan
interest rate R in decentralized and centralized system.

(1) From Proposition 5, the retailer’s optimal order quantity is only related to
p»¢,a, R, in centralized system. Therefore, the retailer’s optimal order quantity
and the optimal profit of the supply chain finance system do not change with the
loan interest rate R .

(2) After the game analysis, the retailer’s optimal order quantity decreases
with the increase of the loan interest rate R in the decentralized system. On
the other hand, the bank’s optimal profit increases with the increase of loan in-
terest rate R , and the growth rate slows down with the increase of loan interest
rate R . The retailer, manufacturer and SCF system’s optimal profit decrease
with the increase of the loan interest rate. In order to encourage retailer and

manufacturer, the bank should choose the appropriate interest rate R .

100
90
80
70
60
50
40
30
20
10

0
0.03 0.08 0.13 0.18 Loan interest rate

gs

Retailer’s optimal order quantity

Figure 2. Retailer’s optimal order quantity underdifferent loan interest rate.

90

80
70
60
50
40

Optimal profit
5
Py

30
20
10

0
0.03 0.08 0.13 0.18 Loan interest rate

Figure 3. SCF participants and system’s optimal profit under different loan interest rate.
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(3) The bank’s optimal profit is higher than the retailer’s one after the bank’s
interest rate reaches about 0.07, and the bank’s optimal profit is higher than the
manufacturer’s one after the bank’s interest rate reaches about 0.14.

(4) According to Figure 3, the optimal profit of the supply chain financial
system in centralized system is always higher than the sum of the three SCF par-
ticipants’ optimal profit in the decentralized system. The higher R is, the larg-
er optimal profit gap between the decentralized and centralized system is.

Given the bank’s endogenous interest rate R and credit guarantee coeffi-
cient 1=0.9, Figure 4 describes the change of retailer’s optimal order quantity
with the retailer’s loan coefficient a in decentralized and centralized system.
Figure 5 describes the change of SCF participants and system’s optimal profit
with the retailer’s loan coefficient a in decentralized and centralized system.

120

100

80

60

40

gs

20

Retailer’s optimal order quantity

0 1 2 3 4 5 6 7 8
Retailer’s loan coefficient

Figure 4. Retailer’s optimal order quantityunder differentretailer’s loan coefficient.
120
100
80

R — e TTM

40

Optimal profit

—1TB

20 e TTD

L Bi

0 2 4 6 8

Retailer’s loan coefficient

Figure 5. SCF participants and system’s optimal profit under differentretailer’s loan
coefficient.
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1) In centralized system, the retailer’s optimal order quantity and the optimal
profit of the supply chain finance system decrease with the increase of the loan
coefficient a.

2) In decentralized system, the retailer’s optimal order quantity decreases with
the increase of 4, and then increases at a faster rate. The bank’s optimal profit
increases with the increase of a. And with the increase of a, the retailer’s optimal
profit firstly declines at a faster rate, then decreases slowly, and finally decreases
sharply. The manufacturer’s optimal profit decreases with the increase of a, and
then increases at a faster rate. The variation tendency of the three SCF partici-
pants’ total optimal profit is approximately the same as that of the manufacturer.

3) The bank’s optimal profit and the retailer’s optimal profit are equal at about
6.5 of a.

4) From Figure 5, the optimal profit of the supply chain financial system in
centralized system is always higher than the sum of the three SCF participants’
optimal profit in the decentralized system too. When the the loan amount is the
same as the order cost (ag = wq), that is, the retailer’s own capital is zero, the op-
timal profit of the SCF system in centralized system is equal to the sum of the
three SCF participants’ optimal profit in the decentralized system. Appropriately
increasing retailer’s loan coefficient can narrow the optimal profit gap between
the decentralized and centralized system.

Given the bank’s endogenous interest rate R, = 0.06 and the retailer’s loan
coefficient a = 6, Figure 6 describes the change of retailer’s optimal order quan-
tity with the credit guarantee coefficient A in decentralized and centralized sys-
tem. Figure 7 describes the change of SCF participants and system’s optimal
profit with the credit guarantee coefficient A in decentralized and centralized
system.

1) In centralized system, the retailer’s optimal order quantity and the optimal
profit of the supply chain finance system do not change with the credit guaran-

tee coefficient A.

100
90
80
70 \
60
50
40
30
20

10

0
0.5 0.6 0.7 0.8 0.9 1

Credit guarantee coefficient

qgs

Retailer’s optimal order quantity

Figure 6. Retailer’s optimal order quantity under different credit guarantee coefficient.
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90
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T 40
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30
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20
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10
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) ] < : i 1
10 0 0.6 0 0.8 0.9

Credit guarantee coefficient

Figure 7. SCF participants and system’s optimal profit under different credit guarantee
coefficient.

2) In decentralized system, the optimal order quantity of the retailer decreases
with the increase of 1. The bank’s optimal profit increases with the increase of A
at a faster rate. The optimal profit of retailer and manufacturer decreases with
the increase of A, whose variation tendency is approximately the same. The sum
of the three SCF participants’ optimal profit in the decentralized system also de-
creases with the increase of A.

3) When A is below about 0.6, the bank’s best profit is negative. The bank’s
optimal profit is positive only when A is large enough.

4) According to Figure 7, the optimal profit of the supply chain financial sys-
tem in centralized system is always higher than the sum of the three SCF partic-
ipants’ optimal profit in the decentralized system. The higher A is, the larger op-

timal profit gap between the decentralized and centralized system is.

7. Conclusions

This paper studies the decision-making problem of three echelon supply chain,
retailer-manufacturer-bank, in centralized and decentralized systems. Through
the calculation, it is proved that under the credit guarantee of the core enter-
prise, the retailer has the optimal ordering strategy, and the core enterprise has
the optimal wholesale price. Besides, the optimal profit of the SCF system in
centralized system is always higher than the sum of the three SCF participants’
optimal profit in the decentralized system.

The retailer’s loan coefficient and the credit guarantee coefficient can narrow
the optimal profit gap between the decentralized and centralized system to a
certain extent. It is embodied in two aspects. On the one hand, when the retail-
er’s loan coefficient is consistent with the wholesale price, that the retailer’s loan
amount is 0, the optimal profit of the SCF system in centralized system is the
same as the sum of the three SCF participants’ optimal profit in the decentra-

lized system. Considering that the principal and interest of the retailer are the
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retailer’s total sales when the supply chain financial system is balanced, ie. the
retailer’s profit is zero. Hence, the retailer’s loan coefficient can narrow the op-
timal profit gap between the decentralized and centralized system to a certain
extent. On the other hand, the smaller A is, the narrower optimal profit gap be-
tween the decentralized and centralized system is.

Considering that the bank’s expect profit is negative when the credit guaran-
tee coefficient is too small, the credit guarantee coefficient can narrow the op-
timal profit gap between the decentralized and centralized system to a certain
extent.

There are also shortcomings in this paper. In this paper, the decisions of pa-
rameter a and /A are not taken into account in the game model, but the influences
on the game result are analyzed. On the other hand, this paper considers a
simpler supply chain model. The actual situation is that supply chain finance fi-
nancing is facing a more complex supply chain system, and involves dynamic

evolution.
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