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Abstract

Online agricultural supply chain finance, as an effective way to solve the financing difficulties of small and
medium-sized agricultural enterprises in the chain, has made rapid progress in recent years, and the cooperation
between banks and e-commerce has become the mainstream mode. Taking the electronic order pledge of agricultural
products as an example, this paper discusses the incentive contract design between banks and B2B platform from the
perspective of moral hazard prevention and the use of principal-agent theory. In this paper, the principal-agent model
is constructed by considering the bank's effort and no effort, and then give the optimal incentive coefficient and fixed
return. The results show that banks’ effort will increase the level of efforts of B2B platform, but also increase their
own variable payment; under the given conditions, the bank’s effort will increase its income, and at a certain level of
effort, the largest increase in revenue, In addition, improving the application level of B2B data processing technology
and the degree of data pledge development will contribute to the increase of incentive coefficient and revenue.
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1. Introduction

With the rapid development and maturity of internet technology, the e-commerce business of agricultural products is
developing rapidly. Many small and medium-sized agricultural enterprises and core enterprises in the supply chain
trade on the B2B platform. Upstream farmers, cooperatives and small and medium-sized enterprises have a large
number of electronic orders from the core enterprises. However, the upstream suppliers lack enough funds to
purchase raw material for production. They are unable to produce normally, resulting in the failure to perform the
contract on time. Therefore, it is an urgent task to solve the shortage of funds. The agricultural order financing
provides an effective way to alleviate the financing dilemma. Because of the huge advantages of business modes, it
has attracted wide attention. Kaplan and Sawhney studied the path and method of an electronic center introduced into
the order financing (Kaplan S, Sawhney M., 2000). Heng analyzed the impact of the e-commerce on the financial
system, and gave the concrete manifestation of the interaction between the two sides from three aspects (Heng M. S.
H., 2001). Gu Min studied the specific modes of the electronic order financing according to its characteristics (Guo
J.E., Shi J.Z., Wang Z. X., 2014). Li analyzed the difference of risk elements between online and offline order
financing in detail, and put forward the precautions against the financial risk of the online order financing (Gu M.,
2015). Guo et al. studied risk factors and management countermeasures of the online supply chain finance (Li Y.Q.,
2015). Shi et al. discussed the incentive contract design between a bank and a B2B e-commerce platform from two
aspects of joint credit and entrusted credit (Shi J. Z, Guo J. E., 2015) (Shi J. Z., 2015). Wang et al. studied the
evolution process of the principal-agent problem between the bank and the B2B platform, and analyzed the incentive
contract design considering fairness preference factors (Wang K. F., Shi K. R., 2016)(Wang K. F, Shi K. R.,, 2017).
Xu studied the construction of a risk index evaluation system of the online agricultural supply chain finance, and
evaluated risks in the business applying for analytic hierarchy process and structural equation model (Xu P., 2016).

However, compared with the traditional order financing business, the significant feature of the agricultural supply
chain finance is the participation of the B2B platform, and in the process of business development, the mainstream
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mode of cooperation between the bank and the B2B platform is gradually formed because of the respective
advantages of both sides (Guo J.E., Shi J.Z., Wang Z. X., 2014). The bank has scientific risk assessment mechanism,
risk prevention mechanism, strong financial strength et al. The B2B platform is outstanding in data collection, data
processing, big data application, information sharing et al. With the development of science and technology, the two
sides have made use of their respective advantages to cooperate to complete the business, which is in line with the
interests of both sides. So in recent years, the practical business based on the cooperation between the two sides has
developed rapidly (Gu M., 2015).

To the best of our knowledge, there is little literature on contract design between the bank and the B2B platform. We
fail to find a paper on moral hazard of the B2B platform during the course of their cooperation, this paper may be the
first to discuss the question in agriculture supply chain finance, and to give the equilibrium results of banks.

2. Assumptions

(1)Assuming that banks authorizes B2B platforms to examine financing customers, and work efficiency and effect of
B2B platforms will affect banks’ earnings.

(2)Based on references (Xu P., 2016), assuming that the utility function of B2B Platform is linear, the specific
expression is as follows: 7 =xa+wo+&

Where, a denotes effort level of B2B platforms, the more efforts they make, the greater the probability of
successful repayment of financing customers, the more the utility is. x denotes the examination efficiency of B2B

platforms, and & >0, it is highly related to their large data processing technology, experience, relationship with
financing enterprises, knowledge of core enterprises etc. The greater xis, the more the output income of B2B
platform is.

Based on the efforts of B2B platforms, the contract designed by banks is as follows.

¢:77+,8|:7r(a)—7r(0)]
Wherein, 77 denotes fixed reward paid to B2B platforms for banks, pdenotes incentive coefficient, which means
allocation proportion of output income, n(a)—;z(o) is output income level when B2B platforms choose to work
hard, so 7z (a)—7(0)>0, when B2B platforms does not make any effort, that is, a=0, so z(a)—x(0)=0,

B2B platforms only obtain the fixed rewards.

The higher the effort level of B2B platforms, the more the costs occur. Assuming that the efforts cost made by B2B
platforms are expressed as follow.

Wherein, A denotes work effectiveness, it is related to work experience, large data processing technology,
relationship with financing enterprises, knowledge of core enterprises etc. The smaller 4, the less the cost is.

Assuming that a bank is risk neutral, so its expected utility is equal to its deterministic equivalent income:
E(R)=7—¢=01-pB)ka+w-n
Assuming that B2B is risk-averse and risk-averse is p , the random net profits of B2B platforms is:

Aa’
R=¢-C, = ﬂlca+77——2
The deterministic equivalent income of B2B platforms is:
2

E(R[)zﬂ;cam—’%—pﬂT‘j
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3. Incentive Contracts in two Cases
3.1 Incentive Contracts without Banks’Effort

Under information asymmetry, banks design contracts to make B2B platforms work hard when they examine
financing customers. The purpose is to maximize their profits. The realization of this goal is restricted by two
conditions: participation constraint and incentive compatibility constraint (Guo Z Y, Luo Y X T., 2017). In other
words, under these two conditions, banks achieve most income by choosing fixed payment and incentive coefficient.
The model is expressed as follows.

max E (R,) @
2 2 _2
S.t.(|R),3Ka+7]—/1%—p'BTGZVO )
12 pBY
(IC)ma{ﬂKaH;—T— 5 } @

Where, V, denotes retained earnings of B2B platform, By Eq. (3), the optimal effort level of B2B platforms is as
follows:

« PK
)
In the case of equilibrium, the income of B2B platforms will not exceed their retained earnings, that is, the

a2 pﬂzaz _y

a (4)

deterministic equivalent earnings of B2B platforms equals their retained earnings, ﬂ/ca+77—7— > b
From this, we can see that the fixed payment expression of banks is as follows:
ﬂaz 202
77=v0—ﬂ1<a+—+L (5)

2 2

Substituting Eq.(4) and Eq.(5)into Eq.(1), and solving the first-order condition E(R% =0 forf gives best

incentive coefficient as.

2
* K

- = 6
p K° + Apo’ ©
Substituting Eq.(4) and Eq.(6)into Eq.(5), The best fixed payment is:
6 4 2
x K K Apo
n =Vot 2 2] 2 £ 2 ™)
2&[/{ + Apo ] 21[1{ + Apo ]
Substituting Eq.(4), Eq.(5)and Eq.(6) into Eq.(1), the expected return of the bank is:
4
* K
E(R J=w—-V,+ 8)
(R') " 24[ K+ Apo’ ]

3.2 Incentive Contracts with Banks’Effort

During the course of examination, banks give B2B platforms help in some activates, such as business training,
review guidance, risk control, information security, financial statement analysis, etc. Banks have an advantage in
these activities. By transferring knowledge and skills to B2B platform, it is undoubtedly of great significance to
improve the efficiency of review, and then to improve the output income.

With banks’ effort, the output function of B2B platforms is as follows:

r=(k+0)a+w+<¢
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Where, @ denotes increase in efficiency of examination with banks’ effort, which is related to the efforts level of
2
banks. Assuming that the corresponding cost of bank's effort is C, = ﬂ, € denotes the effort level of banks,
2

denotes the effectiveness of bank's efforts.

Based on the above analysis, the expected income of banks is:
2

E(Rb)=7z—¢=(1—ﬂ)(/c+z9)a+a)—77—%

Based on the above analysis, the deterministic equivalent income of B2B platforms is:

E(Rt)zﬂ(rc+¢9)a+77—/%—pﬂ g

2
Combining the above analysis, the optimal incentive contract design model with bank's effort is as follow.
max E (R,) ©)
iaZ pﬂZO_Z
st.(IR)B(x+0)a+n— T, 2V (10)
ia’ pBo’?
IC)ma +0)a+n— -
(C)mag sl o)asn -2 w
By solving the model, we get the equilibrium solution of the incentive contract.
« K+
Bl 0
A
5 = (x+ 0)2 )
(K' + 6)2 + Apo?
6 4 2
. K+6 Kk+0) Apo
7=V, + ( 2) | )2” (14)
22| (x+0) +2p0” | 22| (x+0) +Apo” |
4
. K+6 g’
£(R )= o
2/1[(K+9) + Apo } 2 (15)
3.3 Comparative Analysis of Equilibrium Results in Two Cases
We obtain some new findings through the comparative analysis of these two cases
Proposition 1: With banks’ efforts, the effort level of B2B platform increase.
The difference of effort level of B2B platforms in two cases is as follows:
- Kk+6 0
Aa=a —-a :M_&:’B_>O (16)

A A A

From (16), we see that B2B platform will work harder during the course of completing the entrusted task under
banks’ effort.

Proposition 2: With banks’ efforts, the incentive coefficient increases.
The difference of incentive coefficient in two cases is as follows:

2
AB=p"—f = (kv0) & _ 1 1 20 (17)
(x+0) +ipc® &' +ipo” |, lpazz 1 +/1pc272
(x+0) K
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From (17), we see that banks will give B2B platforms more incentive rewards under banks’ effort.

2

Proposition 3: With banks’ effort, when ¢,>£, AE(Rb)>O sthat is, banks’ profits increase, where,
2

(K‘+t9)4 «

_ - 0
v 2,1[(“0)2 +sz2] 24[ K + Apo” | g

The difference of the incentive coefficients in two cases is as follows:

(K"‘r‘g)4 _ K4 _ﬂ_ez
24[(x+0) +Apc* | 2A[x+2p0’ ]| 2

AE(Rb)= E*(Rb)_E*(Rb)z

Banks provide some help in activities, such as financial indicators analysis, risk control methods, review procedure
design, etc. In these activities, banks are very experienced. In other words, the effectiveness of efforts will be high,
2

e 2
so the value x4 will be small. When 1« —0, ﬂT —0, so ¢,>ﬂ is satisfied. As a result, banks’ profits
2

increase.
Proposition 4: When iz decreases, both banks” incentive coefficient and profits increase.
K
By (6), then B = 1 . When iz decreases, ﬁ* increases. By (8), then
1+—2,00'2 K
K
1 A

E ( Rb*) =w—V, + We see that banks’ profits increase with the decrease of the value —.

2 K
2{/12+(/12) paz} '
K K

With the deep application of big data technology and data pledge technology, and the "three streams™ will be highly
integrated. In this case, the work efficiency and effectiveness of B2B platform will be enhanced, that is, the value «

will be larger, the value 1 will be smaller, the value iz will be significantly smaller. Although banks’ incentive
K

coefficient increases, their profits still increase.
4. Numerical Examples

To further verify the feasibility and validity of research conclusions, the paper gives one example. Our example is
generated as follow, the function between @and € is given by e=4@ other parameters are given by x =2,

0=1, 2=05, u=02, p=1, w=15, v,=12, &° ~ (O, 36) . The optimal effort level, banks’ optimal
incentive coefficient and profits in two cases are listed in tablel
Table 1. Optimal effort level, banks” optimal incentive coefficient and profits in two cases

Var. Without effort With effort Comparison

a 0.728 1.998 Aa 1.270
Y. 0.182 0.333 AS 0.151
E (R 2.127 4.400 AE(R,) 2.273

With banks’ efforts, the effort level of B2B platforms, banks’ incentive coefficient and profits vary with their efforts.
The results are shown in table 2.
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Table 2. Changes of equilibrium solution with banks’ effort

Var. e=1 e=2 e=4 e=6 e=8 e=10
a 0.99 1.29 1.998 2.870 3.592 4,761
Aa 0.262 0.562 1.270 2.142 2.864 4,033
Y:; 0.220 0.258 0.333 0.410 0.449 0.529
AS 0.038 0.076 0.151 0.228 0.267 0.341
E(R,) 4.003 4.210 4.400 4.350 4,119 3.753
AE(R,) 1876 2.083 2.273 2.233 1.992 1.626

From the above figures, we see that the efforts level of B2B platforms and banks’ incentive coefficient will increase
with increase of banks’ effort level. Within a certain range, the profits will increase with the increase of banks’ effort
level. When banks’ effort level reaches a certain value, their profits will maximize, and then decrease with the
increase of their efforts.

To further verify the change of banks” incentive coefficients and profits with iz six groups of data of 2 and x°
K

are given by (0.6,1), (0.5,2), (0.4,3), (0.3,4), (0.2,5), (0.1,6). The results are shown in Table 3.

Table 3. Change of both banks ‘incentive coefficient and profits with iz

K
(0.6,1) (0.5,2) (0.4,3) (0.3,4) (0.2,5) (0.1,6)
72 Var.
Yz; 0.04 0.18 0.39 0.59 0.81 0.90
E(R,) 3.04 3.73 7.41 18.63 103.00 145.86

From Table 3, we can see that both banks’ incentive coefficient and profits increase with the decrease of 4 , and the

KZ

growth rate is from rapid growth to slow growth, among which the changes of banks profits are most obvious in the

two groups of data (0.3,4) and (0.2,5). The change in value 4 is closely related to the application level of large
KZ

data processing technology, the development of pledged data, work experience and the aggregation of “three

streams" (logistics, information flow, capital flow) of B2B platforms.

5. Conclusions

In recent years, with the rapid development of internet technology, the integration of “internet+” traditional industries
is getting deeper and deeper. On-line supply chain finance of agricultural products is a brand-new financing mode
promoted by supply chain finance with the help of internet technology. This mode overcomes the limitations of
traditional finance mode. It provides a path for small and medium-sized agricultural enterprises to achieve loans from
banks. But on-line agricultural products supply chain finance is a complex business type with multi-subjects,
multi-procedures and multi-links. It faces many risks, especially the principal-agent problem, which is one of the key
issues. Based on this, this paper uses principal-agent theory to study the contract design. The results show that banks’
efforts will improve effort level of B2B platforms, and increase their profits under certain conditions.
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