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Abstract. We take the electronic warehouse receipt business patterns of online supply chain finance as the
research object, and based on the perspective of moral risk prevention and adverse selection, with the goal

of maximizing the overall benefits of supply chain, we focus on the incentive mechanism between banks
and B2B platform and its own logistics enterprises. By constructing the expected profit function, the
optimal profit function of the bank and the B2B platform can be deduced, which can directly stimulate the

B2B platform and its own logistics enterprises, so as to prevent the moral hazard of the B2B platform. The
relevant parameters are assigned and some parameters are simulated and analyzed by MATLAB. Therefore,

we get the variation trends of related functions and the influencing factors, and verify the incentive model
has certain practical value. Through the establishment of incentive mechanism we find that it is very useful
for reducing the risk of principal-agent and credit bank. Risk reduction will greatly improve the enthusiasm

of B2B platforms and their own logistics enterprises.

1 Introduction

With the development of B2B e-commerce, online
supply chain finance business based on B2B platform
has also begun to grow and develop, and its business
model has been constantly innovated, which not only
broadens the financing channels of small and medium-
sized enterprises, but also provides new profit growth
points for banks, B2B platforms and logistics enterprises
([1]). Because banks don't know the strength and
operating status of the platform when choosing the
cooperative B2B platform, and B2B platform and its
self-operated logistics companies have more information
about the platform transaction, logistics and supply chain
of financing enterprises. As an important basis for credit
granting, this information is generally privately owned
by B2B platform, so the information asymmetry between
banks and B2B platforms will lead to moral hazard and
adverse selection problems when conducting business
([2, 3]). In order to reduce the principal-agent risk of
banks and solve the problem of moral hazard prevention
and adverse selection, this study takes the electronic
warehouse receipt business model of online supply chain
finance as the research object, and studies the incentive
mechanism among banks, B2B platforms and their self-
operated logistics enterprises. By establishing the
incentive mechanism for B2B platforms, banks urge
B2B platforms and their self-operated logistics
enterprises not to hide information from banks and work
hard in credit review, so as to maximize the overall
interests.
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2 Research Design

2.1 Basic hypothesis

(1) The participating principal banks, B2B platforms and
their self-operated logistics enterprises are all bounded
rational decision makers, and they are all risk-neutral. In
the decision-making process, they all aim at maximizing
their own interests.

(i1) The logistics company that evaluates and
supervises the warehouse receipt goods is the self-
operated logistics company of the B2B platform. The
logistics company comprehensively determines the value
of the goods by analyzing the market price of the
warehouse receipt goods in recent years.

(iii) The expenses incurred in the credit review of the
B2B platform include the relevant expenses incurred in
the supervision and assessment of goods by its own
logistics company.

(iv) The credit evaluation report obtained by the B2B
platform through analyzing the transaction information
of the financing enterprise platform is valid and can be
used as the basis for bank credit.

(v) Under the entrusted credit, if the financing
enterprise repays according to the agreement, the bank
and the B2B platform will distribute the profits
according to the agreement. If the financing enterprise
fails to repay or overdue, the bank obtains the right to
dispose of the warehouse receipt goods and enjoys the
full payment after disposal.
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(vi) Loans from financing enterprises are repayable
with principal and interest in one lump sum. ([4, 5])

2.2 Model construction

2.2.1 Parameter settings of the model

Xp: Valuation of goods under warehouse receipt by B2B
platform's self-operated logistics company.

C: Pledge rate of goods under electronic warchouse
receipts of financing enterprises by banks.

B: Margin provided by a financing enterprise to a
bank.

L: Total amount of loans granted by banks to
financing enterprises, L=(Xy+B)+C.

r: The bank's lending rate (Annualized interest rate).

t: The loan term of the bank (Unit is years).

W: The realisation rate of the goods under the
warehouse receipt at maturity.

Sg. Sp: The respective efforts of the banking and
B2B platforms in the credit review (S € [0,1], S}, €
[0,1], Sz and S are continuous variables, the effort of
the B2B platform includes the effort of its own logistics
enterprises in assessing and supervising the goods under
the warehouse receipt).

ag. ay: The cost factor of banks and B2B platforms
during credit review can be understood as the
effectiveness of the efforts made by banks and B2B
platforms during credit review on the success of loan
business (Smaller value of @y and @, indicates that the
effort is more effective, ag, @) € [0,1]). Then the effort
cost functions of the two reviews can be expressed as

apSg? apSg”

2 0 2

Bs. Bp: Work efficiency of banks, B2B platforms
and their self-operated logistics enterprises in credit
review(Sg. Bp € [0,1]).

P: Probability of timely repayment by financing
enterprise. It can be expressed by the effort level and
work efficiency of banks, B2B platforms and their own
logistics enterprises, i.e. P = min(Sgfg + Spfp, 1). It is
assumed here that the size of P is only affected by the
effort level and work efficiency of banks, B2B platforms
and their own logistics enterprises.

A: Percentage of revenue of banks when financing
enterprises repay on schedule. The revenue ratio of B2B
platform is 1 — A. The B2B platform does not allocate
revenue when the bank receives revenue compensation
from the disposal of goods under the warehouse receipt
in the event of default by the financing enterprise.

Cg: The cost incurred by the bank in disposing of the
goods under the warehouse receipt after the overdue
financing of the enterprise.

2.2.2 Expected Revenue Function

aBSBZ _(

U, = LP(rt2 +1)+ (1- P)-(X,-W + B)—L— 1-p).c, (D

(Zb'sz
Up=LPre(1—2)— 22 @)

Formula (1) is a function of the expected revenue of
the bank derived from interest on the loan and the
realisation of the goods under the warehouse receipt if
the financing enterprise defaults. Formula (2) is the
expected revenue function of the B2B platform, whose
revenue is mainly derived from the allocation of loan
interest when the financing enterprise makes repayment
on schedule, and satisfies Ug > U, = 0.

The sum of the expected revenue of the bank and the
B2B platform can be obtained from formula (1) and (2),
and the sum of the revenue is greater than zero, i.e.

(1) Participation constraints for banks and B2B platforms

In formula (1), assuming that the minimum
acceptable revenue for the bank is 0, let Uz = 0, then the
minimum revenue allocation ratio A,,;, for the bank can
be obtained.

2

U,+U, :LP(rt+1)+(1—P)~(XU-W+B)—L—(1—P)-C8—a353
—L”S”z >0
2
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In formula (2), assuming that the minimum revenue

that the B2B platform can accept is 0, so that U, = 0, the
highest revenue allocation ratio A,,,, that the B2B
platform can accept the bank can be obtained.

apSp®

Anax =1 - (5

2LPrt

It can be obtained from formulas (4) and (5)
Up+U
Anax = Amin = ﬁ (6)

That is, Adpax > Amin » and satisfies 0 < A, <
Amax < 1.

It can be obtained from formulas (3), (4) and (5),
when A < A, Ug <0,U, >0 does not satisfy the
participation constraint of the bank, and therefore the
bank will not agree to the income distribution ratio 4;
when A > A4, then Ug > 0,U, < 0, the B2B platform
will not accept the allocation ratio A because the
allocation ratio cannot meet the benefit requirements of
the B2B platform; when 0 < A,,;,, < A < A4y, at this
time, simultaneously meets Uz > 0, U, < 0, it meets the
participation constraint conditions for both parties to
carry out the business.

(i1) Incentive constraints of banks and B2B platform

Incentive constraint means that both banks and B2B
platforms will choose actions or make efforts to
maximize their own interests in the process of joint
credit review, so as to maximize their expected revenue.
In this paper, Sz and S;, are mainly used to express the
effort level of banks and B2B platforms respectively.
Therefore, through studying the effort level of banks and
B2B platforms, this paper analyzes the incentive related
factors of both parties.

Knowing P = min(Sgfz + SpBp, 1), when Sgfp +
SpB, = 1, the value of P is always equal to 1. This
indicates that the financing enterprise will definitely
repay the loan on schedule, and its revenue will decrease
when the banks and B2B platforms improve their efforts.
Obviously, this is not the optimal effort level of both
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parties. Therefore, solving the optimal effort level of
both parties needs to meet Sgfp + S0, <1, ie. P =
SgPs + SpBy , at this time, the best effort level
Sg* and S,” should satisfy

maxs,*(Up) @)

maxsb*( Up) (3

By substituting P = Sgf5 + S8 into formulas (1)
and (2) and calculating the first derivative of S and S,
respectively, the optimal effort level of banks and B2B
platforms can be obtained. The specific calculation
process is as follows:

Gl = LB(rtd+1) — By (XoW + B) — apSp + CoBs
. )
b= Lyrt(1—A) — a5y (10)
Make the formulas (9) and (10) equal to 0 to obtain:
* LBp(rtA+1)-Bp(XoW+B)+Cpfp
Sg" = - (11)
S," = LBprt(1-2) (12)
ap

2.2.3 Joint revenue model

Under the joint credit model, whether the bank can
successfully recover the loan depends on the joint efforts
of the bank, the B2B platform and its own logistics
enterprises. In order to reduce the possibility that either
party to the cost may make no effort. Therefore, a joint
revenue incentive model can be established to solve the
optimal revenue allocation ratio between the bank and
the B2B platform, so as to maximize the joint revenue.
And analyzing it according to the changing trend, the
joint revenue model can be expressed as follows:
max; (Ug + U,)
5.t.(PC):0 < gpmin < 9 < Gmax (13)
(IC): maxgy+(Up), maxs,.(Up) (14)
Under the joint credit model, banks and B2B
platforms are satisfied with:(1) Both sides reached the
best level of effort Sg. S;; (2) 0 < gmin < g <
Imax > 0SS <1,0<5, <1,0< S50+ S8, <1,
the above constraints maximize the respective revenue
and joint revenue. At this time, the optimal distribution
ratio can be obtained:
Lrtﬁiﬂxow L+B— CB)
A= (15)
Lrt(ﬂi+&)
ap ap
Prove: Substituting formulas (11), (12) and P =
SgPs + SpBp into formula (3) of the joint objective
income function, and then deriving B, you can get:
0 (Uy+Up Lt B, — ﬂ,,a5+L Bila, B a, —(X+B=C,)- Bila, - a,
[Lﬂg)("l+1)—ﬁB(X0WiBh)+CsﬂB]‘ﬂ5 +£rfh,3,,(1—/1)ﬂh o
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Bg> Bp
Lrt=B—y (XoW-L+B—Cp)--—
ag +(Xo B)g,

Make it equal to 0 to get A* = T 2 )
Lrt(%+ljxi)

2

and the certificate is completed.

Through the analysis of the optimal allocation ratio,
it can be concluded that the influencing factors mainly
include the bank's credit line L, loan interest rate », loan

term ¢, value of goods under electronic warehouse
receipt Xy, margin provided by financing enterprises B,
bank's cost of disposing goods Cp, and the ratio
i and & bb between the sum of squares of work
efficiency of banks, B2B platforms and their own
logistics enterprises. When carrying out the online
supply chain finance electronic warehouse receipt
financing business based on the B2B platform, the B2B
platform and its own logistics enterprises hold electronic
credit information such as transaction information,
logistics, capital flow and supply chain relationship of
financing enterprises, which can provide banks with
more comprehensive and targeted credit information. In
addition, each of them has a relatively mature big data
technology, which greatly improves the work efficiency
and effectiveness of banks, B2B platforms and their own
logistics enterprises ie. the values of wvariables
i nd ‘8 b_are constantly increasing, while the change
range of other conventional influencing factors is
relatively small. Therefore, the research on the
respective work efficiency and work effectiveness of
banks and B2B platforms is of great significance to the
impact on the optimal allocation ratio.

Find the partial derivative of A* to ﬁa B and ﬁb to get
B
BB
ox (X0W+B—L—CB—Lrt)-a—
e 5T 5 £ (16)
o Lrt(%+a—)2
BB
oz @rttl+cp-xow-B)EE
z = P Z “8 (17)
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From the formulas (16) and (17), it can be seen that

A*
the positive and negative of 22 5 and — depend on the

positive and negative of their molecules Xo,W + B — L —
Cg — Lrt and Lrt+L + Cg — XoW — B. When X,W +

B<L+Cs+Lrt, 2 <0and 25,>0, it can be
aﬁb aBB
ab IIB

2
concluded that A* decreases with the increase of BL and

increases with the increase of . When XoW + B >

it can be

L+Cg+1Lrt, ?>0 and 32<0,

F L 92B
llb aB
2
concluded that A* increases with the increase of il and
b

2
decreases with the increase of ii.
B

3 Empirical Analysis

In order to better study the impact of model parameters
changes on the model parameters established under the
joint credit model, we use MATLAB simulation
software to carry out numerical analysis on some
parameters, and can more intuitively observe the change
trend of the corresponding parameters. The parameters
are now assigned based on work experience and research
results([6]).
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At present, the annual interest rate of loans provided
by banks to enterprises is generally between 6% and 7%,
where 7=6.5%. The loan term is generally 3 months to 1
year, with value =1. In order to reduce the risk, the bank
will control the pledge rate to be low, generally at 50%-
70%, with value C=60%. Since the realisation rates of
goods will vary, the value here is W=70%. Assuming
that the total loan amount is L=100, the margin is
generally 10%-20% of the loan amount, which is
calculated as 12%, and the value is B=12. X;=154.67

can be calculated by formula L = (Xo+B) X C. In
combination with the logistics costs, taxes and
management fees incurred by enterprises in selling
goods, the bank's disposal costs of goods when the
financing enterprises are overdue are calculated here
according to 10% of the goods value, Cz = X, X 10% =
15.47 . As the effectiveness, effort level and work
efficiency of banks, B2B platforms and their own
logistics enterprises cannot be directly obtained, set
B =0.7,8,=06,5=0.7,5,=06,a5=0.7,0a, =
0.6, and after all the parameter values are set, study the
impact on other parameters according to the change of
one parameter, and the following relationship charts can
be obtained:

(i) The dynamic relationship between the optimal

2 2

distribution ratio 2* with 22~ and %= of banks

Substituting the set parameter value into formula (15)

to obtain:
85> Bp’
65281288 4.55+4.8-2—
1 = ap _ ap
T BBt L. B
6.5--B—+3.9 4.55+6.5-2—

0.95 | —8— 38%nB
—*— gblab
09
% 085
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e
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0.7

0o 1 2 3 4 5 8 7 8 9 10
3B2aBAI gb%/ab

Fig.1. Dynamic graph of and 22, £

ap ap
Fig.1. shows the change of the optimal allocation
b8’

ratio A* of the bank under the joint credit line with -
B

By”

o It can be seen from fig.1. that A* decreases with the
b

2 2
increase of % and increases with the increase of ii.
Therefore, the bank can reduce its own revenue
allocation proportion, give more credit review and
decision-making power to the B2B platform and its own
logistics enterprises, and further improve the enthusiasm
of the B2B platform and its own logistics enterprises and

the accuracy of credit review, and increase the
probability of repayment due from financing enterprises,
which is consistent with Conclusion 2.

(ii)) Dynamic relationship between optimal

2
distribution ratio A* and B2B platform Iii under
b

different goods realization rate .
Substituting the set parameter values and #=0.69,
0.70, 0.71 into the formula (15) respectively to obtain:

B 2
4.55+3.25--L—
When W=0.69, 1* = b when W=0.70,1* =
4.55+6.5-20
ap
2 2
4.55+4.8-[fo 4.55+6.35-€XL
——5- when W=0.71, 1* = P L
4.55+6.5-20— 4.55+6.5-20
ap ap
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Fig.2. Dynamic relation diagram of optimal allocation ratio 1*
2

and % under different goods realization rate W.
b

Fig.2. shows the change trend of the optimal
2

allocation proportion 1* with IZL under different goods
b

realisation rates . It can be seen that the change trend

2

of the optimal allocation ratio A* with % will be
different when the goods realization rate W takes
different values. The changing range of the value of 1" is
sensitive to the influence of the value of W. Improving
the goods realization rate W under the warehouse receipt
can win more dominant power for the bank in
cooperation, reduce the risk and improve the revenue.
Therefore, the banks can put forward higher
requirements for the goods under the warehouse receipt,
allowing the self-operated logistics enterprises of the
B2B platform to select some goods with the
characteristics of value preservation, easy preservation,
good circulation and low price fluctuation.

(ii1) Dynamic relationship between optimal allocation

2
ratio A* and B2B platform ii under different margin B
b

Substituting the set parameter values and B=10, 13,
16 into the formula (15) respectively to obtain:
2

6t 1455
When B=10, A* = —2——: when B=13, 1* =

6.5 1455
2 2
4—.55+5.8-[fo 455+6.4-”;L
————2%- when B=16,1* = 3
658" 1455 4.55+6.550
ap ap
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Fig.3. reveals the changing trend of the optimal
2

distribution ratio A* with IZL under different margins. It
b

can be seen that when the margin provided by the
financing enterprise is different, the change trend of the
2

optimal allocation ratio A* with lii will also be different,
b

and the change range of A" value is sensitive to the
amount of margin. Therefore, when negotiating with the
financing enterprises, the banks should allow the
financing enterprises to provide higher security deposit
or lower goods pledge rate to reduce the risks. At the
same time, the banks can also reduce the dependence on
the B2B platform and its own logistics enterprises for
credit, and can also play a role in preventing the moral
risks of the B2B platform and its own logistics
enterprises.

1e
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—%— B=13
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0 1 2 3 4 5 6 7 8 9 10
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Fig.3. Dynamic relationship between optimal allocation ratio

2
A" and [:;L under different margin B.
b

4 Conclusion

Conclusion 1: Under the joint credit review model, in the
process of online supply chain finance electronic
warehouse receipt financing business between banks and
B2B platforms, the bank's optimal effort level is directly
proportional to the total loan revenue, the bank's revenue
allocation ratio and the bank's cost of disposing the
goods under the warehouse receipt, and inversely
proportional to the value of the goods under the
warehouse receipt, the margin level and the realized rate
of the goods. The optimal effort level of the B2B
platform is directly proportional to the total revenue of
the loan and inversely proportional to the revenue
allocation ratio of the bank.

Conclusion 2: In the actual process of doing business,
it actually exists under the condition of X,W + B < L +
Cg + Lrt. Because if X,W + B > L + Cp + Lrt, even if
the financing enterprise fails to repay when due, the bank
can cover the loss of bank loans, disposal fees and
capital costs through the income and security obtained
from disposing the goods under the warehouse receipt,
and the banks, B2B platforms and their own logistics
enterprises do not need to review and supervise the
financing enterprise, so this situation generally does not

exist in reality. Therefore, it can be concluded that A*
2

decreases with the increase of ’ii and increases with the
b

2
increase of ii. The improvement in the efficiency and
B

effectiveness of the bank credit review will increase the
2

value of %, and the value of A* will increase. The
increase in the value of A" will reduce the revenue of the
B2B platform, which will result in the B2B platform and
its own logistics enterprises not willing to pay more
efforts, and ultimately reduce the probability of
successful recovery of bank loans.

Similarly, the improvement in the efficiency and
effectiveness of credit review work of the B2B platform
and its own logistics enterprises will lead to an increase

2
in the value of %, and the value of 1* will decrease. The

decrease in the value of A* indicates that the revenue
distribution ratio of the B2B platform will be increased,
which can mobilize the enthusiasm of the B2B platform
and its own logistics enterprises and further improve the
level of effort.

With the rapid development of big data and cloud

2
computing, the value of IZL will be further increased, and
b

the B2B platform and its own logistics enterprises will
have more say and decision in the process of credit
review to obtain more benefits. Therefore, banks can
reduce their own revenue allocation ratio to motivate the
B2B platform to pay more efforts, thus reducing their
own credit risk.
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