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Abstract

The evaluation of associated credit risk in supply chain is a difficult problem in the current credit risk
management practice. Based on graph theory and fuzzy preference theory, we put forward a new evaluation
method of associated credit risk in the supply chain. First, the credit risk of enterprises in supply chain are divided
into “self-own credit risk” and “credit risk contagion”. Second, the indicator system of self-own credit risk
evaluation of enterprises in the supply chain is designed, and the fuzzy comparative judgment matrix of self-own
credit risk evaluation indicator is obtained by using fuzzy preference relation, and the evaluation basic model of
“self-own credit risk” is established. On the basis, the evaluation derivative model of “credit risk contagion” is
established. Furthermore, by integrating the two kinds of evaluation results, the credit risk of enterprises in supply
chain is evaluated comprehensively, and the contagion effect of associated credit risk in supply chain based on
trade credit risk contagion (TCRC) is revealed.
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1. Introduction

With the intensification of economic globalization, the supply chain gradually extends to the depth,
showing the characteristics of cross-industry, cross-region, multi-member and multi-correlation. At present,
the supply chain has evolved into a complex supply chain system composed of a number of interassociated
enterprises[1]. The correlation relationship in the supply chain leads to the contagion effect among the credit
risks of enterprises, and forms the contagion network of the associated credit risk in the supply chain[2].
The associated credit risk in the supply chain presents a strong contagion effect, which directly endangers
the commercial banks that provide loans to the enterprises in the supply chain[3]. Therefore, when
commercial banks evaluate the credit risk of enterprises in the supply chain, they must focus on the
evaluation of the contagion effect of associated credit risk in the supply chain. Under the framework of
traditional credit risk evaluation of commercial banks, it is generally believed that the credit status of
enterprises changes independently. Therefore, when traditional credit risk assessment methods are used to
evaluate enterprises in the supply chain, they are often isolated from the supply chain environment and only
evaluate the credit status of a single enterprise without involving the interaction of credit risk among
enterprises in the supply chain, resulting in inaccurate evaluation results. It is difficult to provide scientific
theoretical basis for the credit decision and risk control of commercial banks.

As a short-term financing mode which widely adopted by enterprises in different regions such as China,
the United States and British, trade credit has gradually become a common correlation in the supply chain
[4]. About 70% of American and 80% of British businesses extend trade credit to customers. China’s
financial system is not perfect, the impact of trade credit on the development of enterprises, even more than
the bank credit [5-6]. However, with the widespread use of trade credit, the credit crisis caused by it has
emerged in an endless stream [7]. In 2008, the bankruptcy and reorganization of General Motors led to its
inability to pay off its trade credit, which caused a number of auto parts suppliers in China, Japan and South
Korea and other countries to face huge financial difficulties and operational crises. In 2015, V&D, a well-
known department store chain in the Netherlands, went bankrupt, putting hundreds of suppliers at risk and
going bankrupt. The crisis involved a number of associated companies in the supply chain network, and
affected several banks and financial institutions, which brought huge risks and hidden dangers to the
stability of the financial system. Fewings believes that trade credit leads to the formation of a Markov
payment chain among enterprises, and the credit crisis of any enterprise in the chain may lead to the
breakage of the whole chain, which will bring negative effects on banks, and affect the volatility of the
financial market [8].

Based on this, this paper puts forward an new evaluation method of the associated credit risk in the
supply chain in view of the common contagion effect exists widely among enterprises’ credit risks in the
supply chain. Since trade credit is the most widely used financing mode between upstream and downstream

enterprises in the supply chain, for many enterprises in the supply chain, the contagion of credit risk mainly
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comes from the trade credit among enterprises in the supply chain. In other words, the trade credit between
enterprises in the supply chain makes the associated credit risk in the supply chain have the contagion effect.
In this study, based on graph theory and fuzzy preference theory, we construct a credit risk assessment
model based on Trade Credit Risk Contagion (TCRC), and evaluate the credit risk of enterprises in the

supply chain. It reveals the contagion effect of associated credit risk in supply chain.

2. Evaluation model setup of associated credit risk based on TCRC

Considering a complex supply chain system composed of n enterprises S;, S, -, S, inthe supply
chain, node I represents enterprises in the supply chain, and the direction of edge (i, j) is i — j indicating
that trade credit flows from S; to §;. If the enterprise on the chain S; provides trade credit to §;, once §; falls
into financial crisis, its credit risk will be transmitted to S; along the contagion chain formed by trade credit.
Therefore, (1, j) represents the direction of credit risk contagion between S; and S; of enterprises on the
chain. The weight of (I, t) is the trade credit contract, / is the trade credit limit provided by S j t0 S;, and £ is
the corresponding trade credit period.

In the credit risk contagion network, the credit risk of the enterprise is expressed as TR = (R1 » Ry,

“ Rn) =Rs+R,, Rs= (Rsl » Rgps = Rsn) is the enterprise’s self-own credit risk, and R, =
(Rcl, Roys s ch) is the enterprise’s credit risk contagion. R; (i =1, 2, -, n) represents the
credit risk of the enterprise S;, Ry; represents the self-own credit risk of the enterprise S;, and R; represents
the credit risk contagion of the enterprise S;. In order to evaluate the enterprise’s credit risk 7R, a basic
model to measure the enterprise “self-own credit risk” R is constructed firstly. Then, based on the credit
risk contagion network formed by trade credit, a derivative model is established to measure the “credit risk
contagion” of enterprises in the supply chain. Finally, by integrating R and R, the credit risk of enterprises
in the supply chain based on TCRC is evaluated, and the contagion effect of associated credit risk in the
supply chain based on TCRC is revealed.

In order to measure the “self-own credit risk” R;, we draw on the basic framework of traditional
enterprise credit risk evaluation of commercial banks and designs the self-own credit risk evaluation
indicator system of the enterprises under the supply chain situation according to the characteristics of supply
chain. In particular, it focuses on the historical credit record of the enterprise in the supply chain, the
relationship with the core enterprises in the supply chain, and the operation of the whole supply chain. The
“credit risk contagion” R, of the enterprise is closely associated to the risk contagion network structure of
the trade credit, the source of infection and the size of the infected enterprise’s self-own credit risk. Different
trade credit to the same infectious object, or the same trade credit to different infectious objects, the intensity
of the contagion effect may be different. We use trade credit limit and period to measure the degree of

enterprise interaction in the supply chain.
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Assuming risk numerical matrix A=(ajj)uxn, Which represents the contagion path and contagion degree
among enterprise credit risks in the risk contagion network of supply chain. a;; reflects the degree to which
§; is affected by S;. For example, if a;;=0.4, it means that the self-own credit risk of the enterprise S; may
be transmitted to the enterprise S; and the probability of infection is 0.4. Since the associated credit risk in
the supply chain can be transmitted directly or indirectly, referring to the references [9] and [10], we uses
the reachable matrix Y7, A’ to measure the contagion degree of the associated credit risk. 7 is the length of
the channel, represents the contagion distance between credit risks of enterprises on the chain, reflects the
direct and indirect contagion of credit risks in the supply chain risk contagion network, and m represents
the maximum contagion distance in the supply chain risk contagion network. Therefore, in the supply chain
risk contagion network, “credit risk contagion” R, = Y/~ A!R,. Combining R, and R,, the enterprise
credit risk TR in the supply chain risk contagion network is :

(E + X, AR, ifmis afinite positive integer

()
(E—A)'Rg, ifm—> 4o

TR=Rs+R.=(E+X", A)R, ={

3. The basic model of self-own credit risk evaluation

3.1 Self-own credit risk evaluation indicator system

Drawing on the research work of scholars Xiong et al. [11], Hu et al. [12] and Dai [13], this paper
selects and constructs the self-own credit risk evaluation indicator system under the supply chain scenario
from three aspects: the external environment of the supply chain, the enterprise’s own factors in the supply
chain and the factors of the associated enterprises in the supply chain.

(1) External environment of supply chain. The fluctuation of the external environment of the supply
chain leads to the default of enterprises in the supply chain, which is called the systemic risk of enterprises.
External environment of supply chain includes macroeconomic environment, political environment,
industry growth and industry competition.

(2) Enterprise’s own factors in the supply chain. In the supply chain, as the financing subject, the
enterprise’s own operation and management status, debt paying ability and so on are the key objects of
commercial banks. The enterprise’s own factors in the supply chain mainly include the quality of enterprise,
profitability, operating capacity, solvency, and credit history.

(3) Factors of associated enterprises in the supply chain. This indicator mainly includes credit rating,
industry characteristics, operating capacity and solvency of associated enterprises in the supply chain. The
qualification inspection of the core enterprises in the supply chain mainly reflects the debt repayment
willingness of the core enterprises in the supply chain. In the supply chain finance business, the core
enterprises in the supply chain play the role of counter-guarantee for small and medium-sized enterprises

(SMEs), and the credit status of the core enterprises directly affects the quality of transactions between
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SMEs and them. If the credit quality of core enterprises is good, the credit risk faced by commercial banks
can be reduced to a large extent. Our evaluation indicator system for the supply chain enterprise self-own

credit risk is described in Appendeix A.

3.2. Construction of fuzzy comparison judgment matrix

Suppose that enterprises S;» S,» -+, S, inthe supply chain risk contagion network have m self-own
credit risk evaluation indicatores, X;, X5, -+, Xp,. In order to obtain the comparative judgment matrix
of enterprises under a given quantitative indicator, we construct the utility function p* = ug (Xi(l)) of the
0]

evaluation object, and Xi(l) is the value of the quantitative indicator X; of the enterprise S;. y;

is the utility
value corresponding to the quantitative indicator X; of the enterprise S;, i =1,2,...,n. By comparing the utility
value yl@ and uf.l) of enterprises in different supply chains under the same quantitative indicator, the
preference degree of decision-makers for evaluation object S; and S; is judged.

Based on the setting of utility function in Tversky and Kahneman (1979)’s prospect theory [14], it is
assumed that the utility function of the evaluation object is lh@ = (Xi(l))a, 0<o<1. Where, o is the concave
and convex degree of the utility function based on the prospect theory, reflecting the different degrees of
risk avoidance of decision makers. Let X\, = Max(x",x{, -, xPy, xP = Mingx®, x{, -, xPy, i =
1,2,-:-,n . Therefore, /.tl-(]l-) can be used to measure the degree of decision-makers’ preference for
enterprises S; and S; under the quantitative indicator X;:

[0} O}

u; uj —_—
Wy =1-—g=—glmgi,j = 1,2,+,n (2)

T D~
uP+p®  uO4p

By the Equation (2), 0 < “3‘) <1, yl.(]l.) + u}? =1,uP =05vij=12,n Thus, ui(]l.) can be understood
as the fuzzy evaluation of decision-makers on the degree of self-own credit risk preference of enterprises
S; and §; under the quantitative indicator X;. The larger the ,ui(]l-) is, the more the decision maker thinks the
self-own credit risk of S; is greater than that of S;. To sum up, based on the quantitative indicator X;, the
fuzzy comparative judgment matrix FCIM of enterprises can be expressed as

C= (HE;))nxn 3)

The higher #8) is, it indicates that under the quantitative indicator X;, decision makers believe that the self-
own credit risk of enterprises S; is higher than that of enterprises S;.

When the decision maker evaluates the qualitative indicators of the self-own credit risk evaluation of
the enterprise in the supply chain, the decision maker mainly makes the judgment based on the subjective
judgment and the objective information of the indicators, and the judgment results are often difficult to be
measured by precise numerical values. According to the above analysis, this section defines the fuzzy
comparative judgment matrix FCJM on the enterprises in the risk contagion network of supply chain based

on a certain qualitative indicator X; by using the 0.1-0.9 scale method
RO = (1) @

nxn
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s a random variable, and its probability density function is f(r,\"

where, 7, )

s i ]
distribution function is F(r,{").

), and the cumulative probability

3.3 Weight calculation based on eigenvector method

For the self-own credit risk evaluation indicator X,, its fuzzy comparison judgment matrix of R®, | =
1,2,---,m. If the probability distribution function of rig.l) is known, then the set of all possible matrices of
fuzzy comparison judgment matrix H (RW) is obtained. v R® € #(R®), according to the feature vector

method and matrix set #(R®) in all R®, as well as the eigenvectors corresponding to eigenvalue w,w =
o
A

Max

(@4 g, 0 g, -+, 0, zw)- Then, the maximum eigenvalue of #(RW) can be obtained. The eigenvector
wpm measures the weight coefficients of enterprises in the supply chain risk contagion network under the
self-own credit risk evaluation indicator X;. Therefore, under the self-own credit risk evaluation indicator
X, n enterprises can be ranked according to the weight vector w,w.

For the self-own credit risk evaluation indicator X;, the ranking function Rank;(wzw)=1+
The10(wp g > 0, g0) =7, 0(w g0 > 0 z0) =1, 0(w, z0 < 0, ,0) =0. The set of comparison judgment
matrix of all ordering r of enterprise S; is ] (R”)={R®: Rank;(wpw) =1+ Tio; 0(w, g0 > 0, 0) =1}
Therefore, under the self-own credit risk evaluation indicator X, for the fuzzy comparative judgment matrix
set # (RW), the probability that the overall ranking r of S; is

Piw = 2z P(RY) = Lz7w0) [Hri(jl)eR(l) p ()] (5

In order to obtain the overall probability of all possible ratings for enterprise S;, we need to integrate
the probabilities of each possible ranking of S;. Drawing on scholars Lahdelma and Salminen [15], we used
the weight coefficient to carry out the weighted sum of each sorting probability. Thus, The probability of

all possible ratings of the enterprisesS; is u” = X7, b'pl)) . Let p = u /( ?:1;11.(’)), p®@ = M)y =

(pf), pP, . ,p,(ll))T ,i = 1,2,--,n, pYmeasures the weight of each enterprise in the supply chain risk contagion
network for its self-own credit risk evaluation indicator X;.

In the same way, the weight vectors w = (w;, Wy, ***, Wy,) of the evaluation indicator system X;,
X,, -+, X, can be obtained by using the method of eigenvector. Thus, the measurement model

of the enterprise’s self-own credit risk in the supply chain risk contagion network can be obtained:
T
RS = (lewZJ"'Jwm)(p(l)Jp(Z)l”.'p(m)) = (Rsl’ RSZ’ o Rsn) (6)
4. Derivative model of credit risk contagion evaluation

According to the foregoing analysis, in order to obtain the “credit risk contagion” R, the core work is
to construct the risk numerical matrix A=(aij)axn in the risk contagion network of the supply chain.
Let
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0 < I* < 1,Ifthere is an edge that goes from i to j

A=(aij)NXN, a,:]' ={ (7)

I is the trade credit limit provided by enterprise S; to S;, and t is the corresponding trade credit period. The

0, Otherwise,

risk numerical matrix A reveals the contagion intensity of credit risks among enterprises with trade credit
correlation.
In order to analyze the impact of trade credit on the contagion effect from the perspective of supply

chain as a whole, a standardized treatment was carried out on the trade credit limit I:
I Ly (8)

lii=s——
Yo EL X By
If the maximum contagion distance m in the supply chain risk contagion network is a finite positive
integer, credit risk contagion R, = Y1, A R,. If the maximum contagion distance m in the supply chain risk
contagion network approaches infinity, credit risk contagion R, = lim ym AR,
m-+oo
In particular, “credit risk contagion” R, measures the contagion effect of associated credit risk on the
supply chain. Since enterprise credit risk is composed of “self-own credit risk” R and “credit risk contagion”
R., the credit risk of enterprises in the supply chain risk contagion network can be evaluated as a whole

according to Equation (1).

5. Conclusions

Traditional credit risk evaluation methods of commercial banks fail to consider the contagion of credit
risks among associated enterprises, leading to unscientific credit risk evaluation results of loan applying
enterprises, unreasonable credit decision-making and risk control measures, and thus the credit risks faced
by commercial banks themselves are increased accordingly. This paper divides the credit risks of enterprises
in the supply chain into “self-own credit risk” and “credit risk contagion”. Based on the risk contagion
network formed by trade credit, this paper constructs the evaluation basic model of “self-own credit risk”
and the evaluation derivative model of “credit risk contagion” in the supply chain, and combines the two
evaluation models to comprehensively evaluate the credit risk of enterprises in the risk contagion network
of the supply chain. The evaluation method proposed in this paper not only effectively evaluates the credit
risk of the enterprises in the supply chain risk contagion network, reveals the contagion effect of the
associated credit risk in the supply chain, but also helps the commercial banks reduce or even eliminate the
negative impact of the associated credit risk in the supply chain, and reduces the potential loss of the

commercial banks.
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